
Modeling of the harvesting process as a 
subsection of an information and controlling 
system for horticultural production

L. Müller1*, R. Luer1, W. Lentz2

1 Centre for Business Management in Horticulture and Applied Research, Stuttgart, Germany
2 University of Applied Sciences, Dresden, Germany
* Presenting author 

Horchimodel 2023 - 26th to 28th June 2023 – Universidad de Almería

Contact: Luis Müller
l.mueller@uni-hohenheim.de



Introduction

 Aim of this study?
 Model the apple harvesting process in order to investigate how digital technologies can support business 

management decision-making
 Generate blueprint for a partial model of an information and controlling system (ICS)
 Generate learning effects for the conception of an overall ICS model 

 Why focus on fruit growing?
 Fruit growing dominates the German horticultural production sector

 31 % of German horticultural companies specialised on production are fruit growers (Isaak and Hübner, 2021) 

 Why focus on apple cultivation?
 A total of 12,112 German fruit growing farms cultivate a fruit area of 64,077 ha, planted to 85 % with tree fruit (ibid)
 Tree fruit cultivation area is clearly dominated by apples to 2/3 (Statistisches Bundesamt (Destatis), 2022)

 Why focus on harvesting process?
 Labor costs are the largest cost factor in apple production, accounting for about 45% of total costs (Dietiker et al., 2017) 

 Within apple production process, harvesting ties up the highest share of labor time with approx. 50 % (ibid)
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controlling is usually applied rarely 
and not very intensively in German 
horticultural companies
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Figure 2: Hypothesis: Digital 
technologies as drivers of business 
management controlling in horticulture

Giua et al., 2020
Lentz & Dister, 2012

Müller et al., 2022
Wolfert et al., 2017
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Barriers to technology 
adoption, e.g.:
• high learning costs (Pivoto et 

al., 2019) 
• high acquisition costs (Zheleva 

et al., 2017) 
• perceived insufficient benefits 

(Rosskopf et al., 2003)

Figure 3: Hypothesis: Barriers to 
technology adoption weaken the 
driving effect of technologies on 
business management controlling

Giua et al., 2020
Lentz & Dister, 2012

Müller et al., 2022
Wolfert et al., 2017
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Materials and methods

 Graphical modeling is suitable for visually structuring and integrating operational 
process flows and data streams (Engelen and Van Den Brand, 2010)

 In this study graphical modeling should serve as a tool to reduce the complexity of 
the real harvesting process in order to be able to… (cf. Lentz, 1998)

1. … investigate how the benefits of controlling application must be designed to outweigh the costs 
2. … to investigate how new digital technologies can strengthen the benefit side of controlling 
3. … uncover potentials of ICS usage by providing digital business management decision support 
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Figure 4: BPMN symbols (Winter, 2019)

 Graphical specification languages are used in business informatics and process 
management across industries (Chinosi and Trombetta, 2012)
 Standardised means of communication for academia and practitioners (Aguilar-Savén, 2004)
 Use of predefined symbols (Winter, 2019)

 In this study the widespread graphical specification language BPMN is used (cf. Wolfert et al., 2010)

Materials and methods



Results and discussion

 In order to reduce the complexity of reality, the first step in modeling an ICS is to 
break reality of operations down into individual parts (cf. Lentz, 1998) 

 Harvesting process was divided into 3 sub-processes (cf. Büchele, 2018): 
1. Determination of harvesting time
2. Harvesting 
3. Storage 
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Figure 5: BPMN model of the 
overall harvesting process
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Results and discussion

Creating BPMN sub-model for determining harvesting time in
3 steps…

ICS sub-model for the determination of optimal harvesting time 
supports the decision which variety to harvest and when:

 Test results of various ripening indicators can be digitally 
processed and aggregated, increasing measurement accuracy 
(Büchele, 2018) 

 If harvest maturity is determined transition to the harvesting 
sub-process takes place

 If harvest maturity cannot be determined ripening tests are 
continued

Figure 6: BPMN sub-model 
for determining harvesting 
time (Step 1)
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Figure 7: BPMN sub-model 
for determining harvesting 
time (Step 2)

6/25/2023 10

Results and discussion

During the entire production process and finally at the 
time of concrete intention to harvest, forecasts of 
harvesting time based on current and historical 
production data and external data can be evaluated 
via an ICS:

+ Add production data from the current season
 Number of past days from full bloom 
 Number of days from T-stage 
 Data from crop protection documentation 

(e.g. prescribed waiting period after 
application of crop protection signals 
earliest possible harvest time)

+ Add historical production data 

+ Add external data (e.g. harvest recommendation of 
consulting institutions, weather data)

+ Add effect of environmental factors (e.g. 
precipitation, temperature, hail events)
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Results and discussion

Interaction with sub-process of business 
management controlling: 
 E.g.: Efficient scheduling of harvest workers, 

harvesting equipment and technology several 
months before harvest maturity and during 
harvesting 

Fruit physiological estimation models need to be 
integrated into ICS to support business management 
decisions:
 E.g.: Fruit related variables enrich the forecast 

equation of the need for harvest workers and 
equipment 

 Variety specific harvest times, quantities and 
qualities

 Environmental influences
 E.g.: Planning of downstream sub-processes

 Guarantee sufficient variety specific storage 
capacity for expected harvest date

 Decision-making basis for communication 
and negotiation with downstream elements 
of the value chainFigure 8: BPMN sub-model 

for determining harvesting 
time (Step 3)
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Figure 9: BPMN sub-
model for harvesting

Results and discussion

Interfaces to upstream, downstream and parallel sub-processes, 
e.g. Personnel management:
 Staff leadership, e.g.:

 Allocation of tasks and places of work
 Regular instructions und regular training

 Administration, e.g.:
 Arrival & departure, accommodation, insurance and payroll accounting

Data management: 
 Forecast of harvest quantity needed for organization of resources

 Number of harvest workers with different skill levels
 Amount of harvesting equipment and technology

 Recording of working hours is central to…
 comply with payroll accounting and the legally required documentation 
→ generate a database for business management evaluations, e.g. 

optimization of labour productivity

 Production data recording level of detail:
 Harvest date, field, variety, harvest quantity, quality indicators such as 

fruit size and weight
→ Identify the causes of quality deficiencies 
→ Control and optimize crop management

 Sub-process of labelling harvest boxes
 All fruit-related data can be accessed for consecutive sub-processes via 

(QR) codes on harvest boxes (cf. Yang et al., 2018) 
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Overall harvesting process ends with the completion of the sub-process of 
storage
 Add data to the already collected data for each harvest box:

 Selected storage room and its settings
 Individual position of the harvest box inside of the storage room 

 Suitable storage location and expected storage period = 
 Variety-specific fruit physiological storage characteristics (Büchele, 2018) 

+
 Expected time of optimal variety-specific market demand 

 Digital twins of the storage rooms can be created within the ICS (cf. Verdouw et al., 2021)
 Suitable tool to check the stock and to react quickly to market demands

Production process is continued by entering the sub-process of sorting and 
distribution…

Results and discussion
Figure 10: BPMN model 
of the overall harvesting 
process focussing storage



Conclusion

 Clear necessity of developing holistic ICS approaches in order to be able to take into account the 
numerous interactions of sub-processes that affect decision-making processes

 High theoretical potential for benefitial ICS usage regarding the collection and transformation of 
data into decision-relevant information during the harvesting process

 Graphical modeling of the harvesting process has proven to be a helpful methodical tool to…
 structure complex real processes of operations at model level
 show at which process stages digital technologies can support business management decision-making
 provide a basis for discussion for further development of ICS in horticulture for both science and practice using BPMN

 Future research
 Empirical validation
 Variation of abstraction level of modeling 
 Transfer of findings into the context of the entire production process and its accompanying business management controlling
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Thank you for your attention!

Luis Müller, M.Sc.
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