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Abstract: Lavender started its journey of discovery from the Mediterranean in
the Mediterranean Sea and conquered the whole world. Its unbroken popularity
is due, among other things, to its many uses, its medicinal properties and the
tradition that has been built up around it over thousands of years. In recent
times, lavender has infiltrated the household, been discovered by the
pharmaceutical industry, and has also retained its natural beauty through the
sight of a continuous field of purple lavender. During our work, we compiled
technological issues related to cultivation with the help of Hungarian lavender
producers and performed calculations related to lavender cultivation using
company data.

We formulated the methods to be used for the study, the Workday Recording
Method for manual work and the Operational Cycle Method for machine work.
Based on the available data, we presented the norms and time requirement of
establishing plantations and cultivation operations on productive plantations.
Based on our tests, we calculated the norms and time requirements of the
cultivation operations. Unfortunately, in our conclusions we reported that there
are no specific publications on this topic and that most of the producers do not
consider the possibilities offered by the study of work organization.

Keywords: medicinal plant cultivation, aromatic plant cultivation, lavender
cultivation, lavender production, work organization

1. INTRODUCTION

1.1. The current state of medicinal and aromatic plant cultivation
worldwide

Europe is one of the leading importers of spices and medicinal plants,
accounting for around a quarter of total global imports. More than 95% of
imports from outside Europe come from developing countries. Between 2019
and 2021, the European market showed renewed growth, particularly in
imports from developing countries. Imports of spices and herbs grew by 9.0%
annually during this period, reaching $1.8 billion and accounting for 60% of
European imports. European imports are likely to continue to grow at a
moderate pace in the coming years (Gustavo 2022). Developing countries play
a key role in supplying Europe with medicinal and aromatic plants.
Approximately 61% of European spice imports come directly from developing
countries, with the remainder coming from stocks within Europe.
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EUROSTAT (2022) data show that imports of spices and herbs from
developing countries to Europe have increased significantly (by an average of
10%) in recent years. With more than 260 hectares of cultivated land,
Bridestowe Estate is currently one of the world's largest privately owned
lavender farms. They cultivate 650,000 lavender bushes (Bridestowelavender
n. d.).

In Europe, dried medicinal herbs are mainly produced in France, Italy,
and Greece. Bulgaria, Poland, Romania, Spain, and Hungary boast the highest
yields in Europe. However, surveys show that domestic production in these
countries has declined in recent years. If this trend continues and lower
domestic or regional supply is supplemented by imports, this will create
opportunities for suppliers from developing countries (Food and Drink Europe
2021). France and Bulgaria are of particular importance in the European
Union. France is the birthplace of lavender cultivation. Bulgaria rose to
prominence among the largest producers in 2012, when it became the world's
leading producer of lavender oil. Almost 40,000 hectares of land are used for
lavender cultivation in the country. In order to reduce technological
dependence on France, they manufacture their own machines. In addition, they
are engaged in successful breeding activities in order to create plants that
perform best in a given environment (levendulamagazin n. d.).

According to the Medicinal Plant Association and Product Council
(2022), demand for medicinal and aromatic plants and extracts made from
them has been growing steadily in Europe in recent years. The next decade is
expected to see tremendous growth in organic herbs and spices, in line with
the rapidly growing organic food trend. The global organic spice market
reached $17 billion in 2021 and is estimated to reach $20 billion by 2026. This
means that an annual growth rate of 7.5% is possible between 2021 and 2026.
Western and Northern European countries, led by Germany and Switzerland,
are expected to show the highest growth (Market Data Forecast 2023).

Saiyem et al. (2022) state that medicinal and aromatic plants provide
significantly higher income than traditional crops. However, sales represent
an important constraint on cultivation. Understanding the economics of
medicinal and aromatic plant cultivation is an important step in shaping future
policies. Dar et al. (2017) also found that cultivation systems based on
medicinal and aromatic plants are more profitable than those based on
traditional crops. However, significant marketing and promotional efforts are
needed (Cadar et al. 2021). According to Rathore (2022), farmers can earn up
to €3 million per hectare from the cultivation of medicinal and aromatic plants.
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1.2. The status of medicinal and aromatic plant cultivation in Hungary

Joining the European Union brought about major changes. The VIII
Hungarian Pharmacopoeia, which has been in force since July 2006, was
prepared on the basis of similar European documents, which covered a much
broader spectrum. As a result, the number of species recognized as medicinal
plants in Hungary has almost doubled. The range of accepted herbal drugs has
expanded to more than 160, essential oils to 34, and fatty oils to 20 (Bernath
2022). In 2014, the country's medicinal plant cultivation strategy was also
completed, which placed the sector under a different type of regulatory
framework. Hungary can compete in terms of quality even with France, which
tops the list, but in terms of cultivation volume and system, there are
significant shortcomings on the part of growers (Kiss 2015). Changes in
consumer habits have had a negative impact, but have not caused the complete
decline of the Hungarian medicinal plant sector. Table 1 shows the
performance of Hungary in 2022 in numerical terms.

Description Quantity
Annual output of domestic medicinal plant 20.000 tons of dried
sector materials

Area under cultivation of medicinal and

) 18-20.000 hectares
aromatic plants

Seasonal medicinal plant collector 7.000 heads
Compagy engaged in medicinal plant 20-25 pes
cultivation

Employees of the above-mentioned companies 1.500-2.000 heads

Annual revenue of the domestic medicinal
plant sector
Manual labor required for 1 hectare of plants
in horticultural cultivation
Labor hours required for 100 kgs of medicinal
herbs processing

Table 1. Performance of the domestic medicinal plant sector

Source: Czékus (2015) — edited by authors

100-125 thousand euro

250-300 hours

300-350 hours

In contrast to previous years, the Hungarian Central Statistical Office
had numerical data available for lavender for 2022, according to which the
quantity imported from Hungary was 6,310 kg dried materials, while 6.220 kg
dried materials was used for further processing in Hungary (Fekete 2015).
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1.3. The role of medicinal and aromatic herb production in increasing
sustainability

According to Csiba et al. (2024), as sustainable farming is becoming a
prerequisite for long-term economic production, sustainable production and
the knowledge and attitudes associated with it will also become a key factor
in the future. It is also becoming increasingly well known that sustainability is
now and will increasingly be understood not only as sustainability from an
environmental point of view, but also as sustainability from an economic point
of view. In the future, only environmentally sustainable agricultural
enterprises will be able to access funding, operating subsidies and bank loans.
Future sustainability is also of key importance from an economic point of view
in order to keep farms running and to ensure a fair level of income as a
prerequisite for generational change. One of the conditions for maintaining
agricultural production is to ensure compliance with increasingly stringent
environmental legislation, while another very important condition is
generational change, which, in addition to being difficult to achieve, has a
number of advantages. One of the benefits of generational change is that young
people are able to adapt more quickly to changes in the economic and
professional environment. For example, a shift to alternative or even organic
farming that is more sustainable. The dissemination and widespread use of
these technologies, which offer many benefits, can in future be based on young
people's openness. The cultivation of medicinal and aromatic plants can
contribute to increasing sustainability and the transition to organic farming, as
most of these plants, such as lavender, are particularly suitable for organic
farming.

The dissemination of agricultural production using sustainable
technologies that are still considered alternative or even organic farming is a
particular priority, as the European Union has set a target of 25 % of
agricultural production to be organic in the future (Csiba et al. 2024).
Knowledge transfer and innovation are the means of increasing sustainability
and are included in the post-2020 objectives of the Common Agricultural
Policy as horizontal objectives, i.e. as means of implementation. This also
implies that the use of precision technologies in agriculture will be a priority
in the future, both in terms of production efficiency and sustainability.

According to Erdei-Gally and Vagany (2022), precision farming is the
practical application of digital agriculture, where developments are aimed at
more competitive farming and increased efficiency, while at the same time
placing great emphasis on environmental sustainability.
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2. MATERIALS AND METHODS
2.1. Conditions of lavender cultivation examined

The average annual temperature is around 10.5 °C under Hungarian
conditions. The average annual temperature range is 22 °C, and the average
annual precipitation is around 670 millimeters. The business is located on a
south-facing hillside covered with gravelly forest soil, which is used for
lavender cultivation. The climate, soil and topographical conditions were
taken into account when growing the plant, as well as the results achieved with
previously grown plants. Thanks to previous agricultural activities, the tools
needed for lavender cultivation were already available.

The Budakaldsz (Hungarian) variety was used for cultivation. It is
characterised as a long-lived semi-shrub, which can reach 60-120 centimetres
in height when cared for. The plant's bush is hemispherical in shape and can
consist of several hundred branches. The plant blooms in late June to early
July.

2.2. Methodology

In order to develop standards specific to the business, the right method
needs to be selected. The standard always refers to a work operation and is
specific to the enterprise because of the growing conditions there.

The most effective method for developing a standard for manual work
in the cultivation of medicinal and aromatic plants is the recording of the
working day. The working day recording should be carried out several times
for the same operation. The person on whom the measurement is to be made
should be selected and informed that he is now under observation. The location
of the work, the exact indication and time of the work, the data indicating the
state of the crop, the characteristics of the working equipment and the working
method should be indicated. The recording and evaluation of the working day
should be carried out only after the structure of the working day has been
established. The working day has an internal structure consisting of useful
time (normal time) and loss time. When the norm is constructed, the worker's
performance for the whole day is recorded, from which the performance per
hour can be calculated. To calculate the norm, the time elements of the norm
time (basic time + preparation and finishing time + time to serve the workplace
+ rest and personal need time) are summed up and divided by the daily output.
Another result of the workday mapping is that it is possible to extract from the
structure of the workday those uses of time that can achieve a much higher
performance.

The mechanical works were tested using the artificial-cycle method.
An operation cycle is a set of operation elements that includes work activities
defined by the influencing factors in a given area and that are repeated in the
work process in a regular manner (Felleg 1979). The characteristics of the
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operation cycle method are that it is suitable for the study of machine work
only and that it takes into account the factors that influence the operation. The
cycle time is influenced by technical parameters, technological parameters and
workplace factors which have an objective effect. Technical parameters may
vary from one type of machine to another, but they are considered constant for
a given job. It is this property that makes it possible to set the working time
standards for each type of machine. Technological parameters can also be
considered as constant values on a given field, because they are both defined
by a technological standard (e.g. quantity of seed per hectare) and are also
recorded in practice as a single value (e.g. yield average). The length of the
field, the transport distance, etc. is taken into account as a work factor. To
calculate the standard, the cycle time for the work and the area worked during
this time, i.e. the cycle area, are established. The quotient of these two figures
gives the output of the job, which is corrected by the time taken to obtain the
norm of the operation. Dividing the area of cultivation by the norm gives the
time requirement of the activity under consideration. By multiplying this value
by the cost of labor per hour, we arrive at the cost of the operation.

3. RESULTS
3.1. Organization of lavender planting

When planting lavender, the most important consideration is to prepare
the soil surface properly. This consists of plowing in the fall and at the same
time working in 35 tons of organic fertilizer. This is followed by leveling the
soil surface, harrowing, and removing weeds. The area is left empty during
the spring and summer of the following year. The soil is leveled before
planting. The most important consideration is to have a well-tilled, weed- and
clod-free, ideally structured growing area available in the days leading up to
planting.

The lavender was planted by hand in October to avoid the milder frosts.
Bare-root lavender seedlings were used for planting, as they were much
cheaper than seedlings with root balls. The planting consisted of two stages.
First, the roots were pruned and damaged root parts were removed to
encourage the formation of a dense root system. The second step was the
actual planting. Table 2 shows the characteristics of the planting.

Row spacing 100 cm
Plant spacing 80 cm
Number of plants per hectare 12.500 plants

Table 2. Parameters of lavender planting
Source: Based on the data of the examined company
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The most important mid-season work in the lavender plantations, the
ploughing of the rows, was carried out 4 times a year, supplemented by two
hoeing operations. In the first year of the plantation, the plants were cut back
at the end of May to a height of 8-10 cm. The operation was carried out with
sickles, as a result of which the shoots did not draw energy from the growing
vegetative parts and were able to develop dense, compact bushes by autumn.
The cutting back of the shoots was carried out in the second year, leaving a
height of 15-20 cm. This was done so that the shoots would not just produce a
few branches, so that the elongated branches would not spread under the
weight of the flower in the future. The second pruning was also done by hand.
In the first year, the dead specimens were replaced in order to avoid a reduction
in the subsequent yield. According to the information available to us,
replacements in the 3rd and 4th years are rarely successful, as the closed rows
that are formed make it almost impossible for the younger plants to develop.

The operations, norms and time requirements for planting are shown in Table
3.

. Operation time
. Operation .
Description requirement
standard(hours)
(hours)
Plowing 1 hectare 1
Disc harrowing 2.5 hectare 0.4
Fertilization 1 hectare 1
Planting 60 plant 210
Mechanical row cultivation 2 hectare 0.5
(3x)
Hoeing (2x) 100 m? 100
Shoot pruning - 2x (in the
Ist and 2nd year) 140 pe 180
Replacement (8%) 40 plant 25
Harvesting of products 40 m? 250

Table 3. The work organisation parameters of the lavender plantation
Source: own calculation

3.2. Organization of work operations on a productive lavender plantation

Mechanical cultivation is carried out 4 times a year, 3 before and 1
after flowering. The operation is carried out with a Steyer Kompakt 4115 Hilo
HD power machine and an attached adjustable row spacing cultivator, which
can also be used in maize. The working time for row cultivation is 2 hectares
cultivated in 1 hour. The time required is defined as 1 ha/2 ha = 0.5 shift hour,
1.e. the total time required for the operations is 2 hours.
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The lavender is hoed twice a year, in April and May, by seasonal
workers. The performance of the hoeing depends to a large extent on the
condition of the soil, its preparation and the amount of weeds that have
sprouted from the seeds. The average output of hoeing is 40 m? per hour. The
time required for the operation is 1 ha/0.004 ha = 250 man-hours, which can
be calculated as 500 man-hours in total. The operation is organised in such a
way that 5 workers can work for 5 days at a time, 10 hours a day.

From the third year onwards, shaping pruning is no longer necessary.
Excessive nitrogen supply can reduce flower yield. No fertiliser is applied to
the plantation and no pesticides are used.

Given the high essential oil content of lavender, it is important to
choose the most ideal time for harvesting. The operation is carried out when
the plant is in full bloom, narrowing the recommended time for harvesting to
about 8 to 10 days. Hand harvesting of lavender takes place at the end of June.
A yield of 3.5 tonnes can be expected in the third year. The working time for
harvesting is 15 m? in 1 hour, which corresponds to 5.25 kg. The total harvest
(3500 kg/5.25 kg/hour) requires 667 man-hours. An important aspect of work
organisation is that a maximum of 10 days is available, thus avoiding
deterioration in quality. To carry out the operation for 10 days, 7 workers are
needed.

The lavender is harvested by hand, but recently the possibility of
mechanisation (e.g. with a lavender harvester) has been raised because of the
high costs. For a larger area it would be advisable to purchase a tractor-drawn
harvester, but for our one hectare area a smaller machine would be sufficient.
The company is considering purchasing a machine that was originally
designed for harvesting tea and has been improved for harvesting herbs. The
machine is operated by two people and one person holds the bag into which
the cut lavender is fed. The device works on a similar principle to the
alternating cassettes, and then nozzles deliver the lavender into the bags. The
mechanisation allows a much faster harvest than the manual, sickle version.
The standard for mechanical harvesting is 625 m*/hour, which means that the
operation can be completed in 16 hours. Mechanical harvesting requires 5
people working 8 hours a day for two days. The standards and time
requirements for a lavender plantation are shown in Table 4.

. Operation Op era.tlon time Total time
Description requirement .
standard required
(hours)
Disc harrowing (4x) 2 ha/h 0.5 2h
Hoeing 40 m?/h 250 500 h
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Manual harvesting 5.25 kg/h 667 10 days 7
workers
Mechaglcal 625 m? 16 2 days 5
harvesting workers
Table 4. Operating standards and time requirements for productive lavender
plantations

Source: own calculation

4. DISCUSSION

The smaller a business is, the less information it has about operational
standards and time consumption. Fortunately, the management of the business
under review shared a lot of information that affects production standards. In
some cases, however, it was unable to provide answers about the activities and
characteristics of operations within its own business, e.g., standards.
Therefore, two methods were presented in the Materials and Methods section,
which we were able to use to calculate the standards and time requirements
for certain manual and machine work in the company under review. It was
important to break down the operations involved in establishing a plantation
and cultivating a productive plantation, as companies do not generally
consider these to be important. However, in order to accurately determine and
allocate costs, the time and number of operations, the working time of those
involved, and the actual time required are the basis for economic calculations.

It is definitely recommended that smaller companies also analyze their
activities from a work organization perspective. It would be necessary to
establish precise standards and use them to plan machine and manual work
and the number of workers required for a given period. At the same time, the
information obtained from the work organization analysis provides a basis for
economic calculations, e.g., time requirements and comparisons of
technological changes. An example of the latter is that the cost of manual
harvesting is so high that it calls into question the profitability of cultivation.
Mechanical harvesting and pick-your-own solutions result in significant cost
savings, but the exact values can only be obtained through economic
calculations.

Overall, it can be concluded that lavender and any medicinal and
aromatic plant growers, regardless of the size of their business, need
knowledge of work organization and economics, as well as the ability to
calculate these factors.

In the long term, sustainable farming and the knowledge and attitudes
associated with it will become a key factor. In the future, only environmentally
sustainable agricultural enterprises will have access to finance, operating
subsidies and bank loans. The promotion of agricultural production using
sustainable technologies is a high priority, as it will also ensure greater
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competitiveness and increased efficiency in the production of medicinal
plants.

The authors of this paper did not use Al to write this article.
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