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Abstract

Accurate and easy to use Farm Management Information Systems (FMIS) are of
fundamental importance for a successful operational farm management. However, still
today many farmers do not use FMISs for various reasons, like lack of knowledge and the
complexity of many available FMISs. In particular for small to medium-sized farms and for
multifunctional farms appropriate FMISs hardly exist.

This paper aims on the deduction of a concrete FMIS from a general FMIS. The concrete
FMIS has to focus on the needs of medium-sized and multifunctional farms. This means that
the farmer has to be empowered to allocate the scarce resources of the farm. Therefore, we
picked a German farm from the state North Rhine Westphalia as a case-study to apply a
system analysis. The case study farm helps to identify and to analyze relevant material and
information flows, production processes, and their interconnections and synergies.

Key words: Management, Farm Information System.
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Introduction

Accurate and easy to use Farm Management Information Systems (FMIS) are of
fundamental importance for a successful operational farm management. Unfortunately, most
farmers do not use FMISs when it comes to operate their business, despite the increasing
professionalism in the agricultural sector and its increasing usage of IT technologies.

This research paper’s subject are functioning FMISs for multifunctional farms that support
farmers in managing their farms both effective and efficiently. Within the scope of this
paper the term “Management” incorporates the following activities:
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Planning;
Organization;

el

Monitoring;
4. Controlling.

This paper’s objective is to deduction of a specific FMIS from a general FMIS to support
the management of multifunctional and medium-sized farms. To test the developed
FMIS we have introduced it to a multifunctional, medium-sized German farm, serving
as a case study.

The intended FMIS has to accurately display all branches of the farm at hand, so that the
newly developed FMIS represents a valuable tool for the farmer to successfully manage
his farm. Successful farm management in this context means that the farmer is capable of
allocating scarce resources in a way that maximizes his profit. To empower the farmer in
achieving this aim the FMIS has to master the planning, the organization, the monitoring,
and the controlling of all the farm’s production and business processes. Besides, the FMIS
has to pay special attention to the farm’s internal interdependences of the different branches
of production and services. Lastly, the FMIS has to be easy to understand and to use, and
to be readily adaptable. Only then the system will be most likely used by the farmer. Only
if all the mentioned conditions are met the IS might be capable of enhancing the farmer’s
decision making process and of finally increasing his/her income.

Literature Review

The skillful and conceived management is one of the most important success factors
for today’s farms (Mishra et al., 1999; Muhammad et al., 2004). Only when a farm is
well managed, it can generate the funds to finance its sustainable development and
thereby its survival in today’s fast changing environment. However, a sophisticated
management is a challenging and time-consuming task, and has to be organized as
efficiently as possible (Forster, 2002; Doye et al., 2000).

Reasons that explain the importance of a sophisticated farm management are certainly
diverse, however, three major factors have been identified in the ongoing academic
discourse (Inderhees, 2006; Serensen, Bochtis, 2010):

1. A complex environment;
2. Complex farm structures;
3. The introduction of modern technologies to the agricultural sector (Glauben et al., 2006).

The environment the farms are involved in has become more and more complex over
the past decades. Until the late 1980s it was enough to supply a society with cheap and
sufficient food products. Today however, much more is expected from the agricultural
sector, in particular when it comes to environmental concerns (Rohwer, 2010). Overall
the agricultural business has shifted from a simple production sector to a multifunctional
service sector (Schope, 2005). The expectations incorporate compliance with regulations
to be entitled for EU subsidies (Morgan et al., 2012; Serensen, Bochtis, 2010), new and
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stricter guidelines for the use of agrochemicals (Villaverde et al., 2014), food safety
(Magnuson et al., 2013) and animal welfare requirements and environmental concerns
(Malcolm, 2004a; BMELYV, 2004). Furthermore, agricultural production has become
an international business because of the liberalization of agricultural markets (Weiss,
Thiele, 2002; MuBhoff, Hirschauer 2004). Together with the decrease of shipment costs
it became economically feasible to trade agricultural commodities on the world market.
This development makes it possible that a farmer in one country is affected by a drought
or a change of agricultural policy in another country by more volatile prices (Malcolm,
2004a; Kristensen, Halberg, 1997).

The second reason, why farm management became more and more difficult lays within the
farms them-selves. In Germany the total number of farms has decreased since the 1970s
whereas the cultivated area did not change substantially (© Statistisches Bundesamt, 2012).
Consequently, the remaining farms have become larger to benefit from economies of scale
(Nause, 2003) but they also became more difficult to manage (Glauben et al., 2006). But not
all farmers reacted in the way of augmenting their cultivated area. A significant number of
farmers started to diversify the business, by introducing new branches of production, offering
services or by starting direct-marketing of crops (Weiss, Thiele, 2002; Horstmann, Schulze,
2011). Either way, the management of farms became more complex.

Lastly, the introduction of modern technology contributed to the challenge of sophisticated
farm management. In this context modern technology incorporates in particular the usage of
PCs coupled with the application of the corresponding software of the financial statements
of farms, planning tasks for land cultivation husbandry etc. Additionally, many farmer
introduced GPS added tractors and “smart” machinery, GIS-supported landscape modeling
and other state of the art technology, making special knowledge indispensable (Linseisen
et al., 2000; Zeddies, 2001). All these technologies can be combined under the expression
“Wired Farm” or “Precision Farming” (Sigrimis et al., 1999).

A major outcome of the three developments described is the generation of large data volumes.
To handle and to benefit from theses enormous data volumes farmers have to be capable of
performing the following tasks:

1. Collection of Data;
2. Processing of Data;
3. Providing Data;

4. Using Data.

To deal with these four tasks farmers have to introduce an integrated Information System
(IS) - sometimes also called DSS (decision support systems). Integrated in this context means
that the IS has to be the connecting part between the farm’s ERP (enterprise resource planning
system) and the FMIS (management information system), (Serensen, Bochtis, 2010). Only
when an IS fulfils, both the data handling and the integration requirements it can satisfy
its overall goal, namely to make the available data usable (McCown, 2002; Bryant, 1999;
Kuhlmann, Brodersen, 2001), to contribute to a better decision-making process, and finally
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to a better management of the farm (Fountas et al., 2005). At the end farm management is
always about analyzing data and making choices in order to allocate the scarce resources of
the farm in the best way (Malcolm, 2004b, Parker, 2003).

Today, most IS or DSS have a special focus. “Dairy Comp 305” for instance, is an IS
especially for the herd management of milking cows (Cerosaletti et al., 2004, Enevoldsen
et al., 1995), whereas MicroLEIS (Meyer et al., 2013), DSSAT (Sonam, Sawhney, 2014)
are developed as very useful tools land cultivation. AFFOREST sDSS is especially
developed for silvi-culturist (Orshoven et al., 2007) and StocKeeper for herd management
of bulls (Grubb, 2010). Others, like FAMOUS e.g. focus particularly on huge and highly
professional managed farms (Schmid, 2004). However, a well-designed and easy to use
FMIS for medium-sized and multi-functional farms has not been developed yet.

Methods and Data Sources

In a first step, the authors reviewed historical and contemporary literature to analyze different
general ISs. Then we examined the medium-sized, multifunctional German farm, which
serves as a case study farm. The examination focused particularly on the question how
this farm is organized and which kind of data is available. Therefore, we applied a system
analysis to the case-study farm to identify and to analyze all the material and information
flows, the production processes, and their interconnections and synergies. The data collection
incorporated visual inspections (fields, animal facilities, machinery etc.), interviews with the
farmer and his laborer and a thorough analysis of the farm’s financial data, including balance
sheets and profit and loss statements, the operating plan including spraying and fertilizing
dates and crop rotation scenarios. We consequently aggregated the gathered information in a
farm fact book comprising all relevant data concerning the external and internal conditions of
the selected farm. Moreover, the collected data provided the basis for the development of an
individual (specific/concrete) IS, which describes all relevant factors of the system like input
and output prices, resources, production processes and activities, services and administration.
We attached particular attention to the interconnections between the different production
process to identify synergies between them these synergies might be positive and thereby
increasing the overall farm profitability or they might be negative and thereby decreasing the
overall farm profitability.

Result of Research

The research has started with a thorough System analysis of the case-study farm. This
system analysis incorporated the preparation of “Farm fact book™ as Figure 1 displays.
The “Basic information” includes details about the “Legal status”, “Mode of operation”,
and the “Aim of operation”. The examined farm is like the vast majority of German farms
an independent business, meaning that the farmer is personally liable for his farm. Despite
the fact that the spouse of the farm is working externally the farm is considered a “Main
income farm” since the farm supplies major funds to the total household income. The
“Aim of operation” is of special interest respecting the scope of this paper. Unsurprisingly,
the farmer named profit maximization as one goal. Moreover he plans to further develop
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“Direct marking” in connection with “Strawberry cultivation”, since he considers this
a growing market in the future. The most interesting point however, is the fact that the
farmer himself obviously estimates that there is some optimization potential within his
farm. This self-induced recognition plays a major role for the motivation later on during the
introduction and application phase of the FMIS.

As for every farming business the “Natural conditions” are of vital importance. The
local climate and the annual amount of rainfall provide good conditions for land
cultivation. Additional most of the soil used for cultivation is of extraordinary quality.

Figure 1. Farm Fact Book

Basic information Buildings
Legal status Agricultural independent business Pig stall (Slatted floor)
Mode of operation Main income farm No. of places 750
Aim of operation Profit maximization Subfloor liquid manure storage 900m3 capacity
Expansion strawberry Animal feed silos 2; Capacity 20t (12t and 81)
cultivation/Direct marketing Horse stable 11 Litter bays (3 with outdoor
Optimal coordination of all farming paddock
activities Barns 3 (650m2 total area)
Grain elevator 200t
Natural conditions Farm details
Elevation 104m above sea level Productive Land 91.7ha
Climate Sub Atlantic climate with Agricultural land 72,6ha
continental influence Forrest 11.0ha
Rainfall 680mm-800mm per year Grasshand %0t
Average temperature 2.9°C Farm area 1 ha
Sunshine 1.435 hours per year Hushandrv
Sail elassification No. (crop land) 64 Points Hogs 750
Sail classification No. (grassland) 48 Points Race Danish landrace/Pietrain
Terrain Northern location on a slope of the Annual production 1950 hogs
Wiehengebirge, Flat country (North Average slaughter weight 94.5kg
German Plaimn) Pension horses 11 (different races)
Machinery Infrastructure
Tractors 2 (96 PS/85PS with Front loader) Internal Infrastructure All buildings are located close to
4 mould board plough 1 each other and are conmected by a
Grubber 1 paved area, the pig stall is located
Rotary cultivator 1 400m away from the actual farm
Cambridge drum 1 and accessible over a public tarred
Sowing machine 1 10ad
Fertilizer spreader 1 E;: area partially adjoining the
?;},‘;?:mﬂ_ 1 M.aj(?nr_\, Pf cropland is located
Tedder 1 within a distance of 3 km (90% of
cropland)
Mulcher 1 — -
Some strawberry fields lLie up to
Agricultural sprayer 1 20km distant
Straw chopper ! All crop areas are accessible by
Rotary mower L paved roads (partially dirt roads)
Shurry m“l"ﬂ ! External Infrastructure
Manure stirring device 1 Slaughter house 1.5km
Inland port 2.5km
Animal feed suppliers 25-100km
Riding School 200m
Human resources
Permanent personnel
Operating manger (Cwner) 1
Skilled helper 1
Seasonal personnel
Foreizn pickers 15
Vendors 35

Source: Research results
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The so called loess soil is one of the riches soils existing. The soil quality of the farm’s location
is comparable with fertile areas such as the “Soester Borde” and the “Magdeburger Borde”.
For the examined farm one can state that these conditions are favorable.

The “Machinery” is generally in good condition, maintained regularly and on the latest
state of technology. The 85 HP tractor represents the only exception. It is more than 20
years old and although it was completely overhauled seven years ago it is not up to date.
Thus the farmer intends to replace it within one year time.

The “Human resources” display three different types of employees. The farmer employs
one additional full time helper. Due to the natural variation in work load between summer
and winter a time account provides the flexibility needed. Beside the full time helper
the farmer employs 15 foreign pickers and up to 35 vendors during the strawberry and
raspberry season. Most pickers are of Polish origin whilst the vendors are mostly German
pensioners, students or pupils. According to their occupational background all employees
are either marginal employed or short term employed, to achieve a minimum tax charge.

“Buildings” incorporate all premises need for the production processes. The “Pig stall” was
erected in 1978 and augmented in 1990 to a capacity of 750 hogs. The installation of a fully
automated feeding system at the same time reduced the workload per hog dramatically.
The stall serves additionally as a platform for solar panels. The 11 boxes for the pension
horses are accommodated in two buildings, both build in 1975. Three boxes with outdoor
paddock situated in one building, the residual ones in another. The average size of the boxes
amounts to 16m2 and all are equipped with automated drinking water supply. Barely- and
wheat-straw serves as litter. All barns are more than 40 years old, however well maintained
and appropriate equipped for storing machinery, tools, etc.

The “Farm details” display, how the 91,7ha “Productive land” are split up. As one can
see the agricultural land represents by far the largest share. Forrest contributes the second
largest part; however, its effect on the farm’s total profitability is minor.

The “Internal” as well as the “External infrastructure” are advantageous. Concerning the
internal infrastructure one can state, that all production facilities are located centrally at the
farm. The majority of cultivated land is closely situated as well. Some strawberry fields
represent exceptions, yet. The preference of many customers to swiftly access strawberry
field for self-picking causes the wide dispersion of the fields. The “External infrastructure”
provides all facilities to source raw material and to sell finished products cost efficient.
The close-by riding school causes a constant need for horse boxes. The fact book provides
valuable input for the setting up of the actual FMIS. It contains all the basic information
needed for a germane development of the model and it helps the researcher to better
understand the farm’s productions processes and their interdependencies.

In a second step we analyzed three general FMIS models. Most FMIS models in literature
have quite simple structure. The structure of the basic FMIS described in Figure 2
incorporates two different technologies, namely plant production (PP) and livestock
production (LSP). When all activities and the input respectively output factors of these
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technologies are evaluated with prices, then an accurate calculation can be conducted.
In terms of livestock production the “Herd Organization Structure” has to be considered
additionally. From the calculations of both the plant production and the livestock production
one receives the coefficients necessary for the linear programming program (LP-Program).
This program also considers market limitations (e.g. max. quality sellable of a good) and
production limitations (e.g. the max. available agricultural land).

Figure 2. Basic FMIS

Technology
(LSP)

Herd
Organizat
stmicture

N

Calculation

(PP)

LP-PROGRAM

Production
limitations

Source: Research results

The basic FMIS shown can only describe the general way of what FMISs should comprise.
However, when adapted for real farms many more factors have to be considered. This
statement holds unparticular true, when it comes to multifunctional farm with their
complex farm structure and their internal connections between the different production
process and services.

The analyzed case study farm is a good example of such a complex farm structure. As
Figure 3 displays the case-study farm has three major braches, namely “Plant Production”,
“Services” and “Livestock Production”. The branch “Plant Production” has four subunits.
The first subunit, called “Arable Farming” displays the three main crops, which the farmer
cultivates. These crops follow the common regional scheme of crop rotation: winter wheat,
winter barely, winter canola. Grain maize is only occasionally cultivated as a surrogate crop
in the case that the three main crops could not be cultivated. “Feed Crops™ incorporates
grassland for the hay production and grain maize, which is sold to food suppliers who
meliorate and resell it as pig feed to the farmer. The pasture is exclusively used for the horses
during the summer. The “Permanent Crops” are of particular importance for two reasons.
Both, strawberries and raspberries contribute substantially to the total farm income. They
are the only products sold directly to end consumers and they are therefore closely related
to the service “Direct Marketing”.

EP 2014 (61) 2 (441-453) 447



Christoph Husemann, Nebojsa Novkovié

“Services” are the second major branch and consists of “Lease of Land”, “Lease of
Equipment”, “Pension Horses”, “Forestry”, and “Direct-Marketing”. “Forestry” and
“Lease of Equipment” are of minor importance, since they only occasionally contribute to
the farm’s income. In contrast, “Lease of Land” is more important. Since 2010 on average
more than 10 ha per year were leased to potato farmers.

Figure 3. Farm structure of the case-study farm

Farm
|
v ¥
. Lifestock
Services Production
—-'| Arable Farming Lease of Land Hog Finishing
Winter Wheat
e ool
- -
* Feed Crops
Silage Maize
“» Pasture |

Source: Research results

Also “Pension Horses™ are a moderate source of income. As mentioned earlier, the “Direct-
Marketing” plays a major role for the total farm income in combination with the permanent
crops strawberries and raspberries. The branch “Livestock Production” solitarily deals with
“Hog Finishing”. The 700 place of the hog stable are the biggest source of income of the case
study farm, which is totally independent of the season.

Figure 4. Internal connections of different branches of production

=

Services
Lease of Land

|Lcasc Equipmcnt| | Pension Horses |

[Direct Marketing] | Foresry |

Source: Research results
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The interconnection of the different production process and services are explained in
Figure 4 and Figure 5. Figure 4 shows the interconnection between the main branches
“Plant Production”, “Services” and “Livestock Production” whereas Figure 5 displays the
interconnection on a subunit level.

As one can observes in both diagrams natural fertilizer in the form of manure and dung is
applied in the plant production process. The source for the manure is the “Hog Finishing”
and for the dung the source is the “Pension Horses” service. The other way round “Plant
Production” is providing hay, straw and pasture to the “Pension horses”. A special
relationship exists between ‘“Plant Production” and the service “Lease of Land”. As the
double-headed arrows indicate the connection works in both directions. As more arable
land is used for the “Plant Production” as less can be used for the lease to other farmers and
vice versa.

Figure 5. Internal connections of different production processes

—hl Arable Farming
[ Fos Fiushing | Manwe ) [ Feed Crops_|
—blPerrnanent Cropsl
—P' Arable Farming
Pension Horses |—>—>-| Feed Crops |
—P|Perrnanent Crops|
—b-l Arable Farming
| Lease of Land —>| Feed Crops |
—blPenna.nent Cropsl
| Feed Crops Hay
—-{ Pension Horses |

[Arabie rammng |~ Straw )

|Pem1a.nent Crops'—' Direct Marketing
| Pasture Pension Horses |

Source: Research results

Conclusion

Based on the general FMIS model and the selected data from the case-study farm we
developed a FMIS that suits the needs of the case-study farm including an easy adaptation,
user-friendliness, and accuracy in depicting the various production processes and services.

Our research shows that basic FMISs provide an adequate general structure and the basic
functionalities for concrete FMISs. However, when it comes to an application on real
farms, a lot of adjustments have to be made to depict all production processes accurately.
This statement holds in particular true for multifunctional farm with their complex farm
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structure and their internal interconnections and synergy effects between internal production
processes and services. How much effort is needed depends on the complexity of the farm
at hand.

An elaborate FMIS provides a series of advantages for the farmer. He is not any longer
solitarily dependent on his “gut feeling”. He becomes capable of quickly realizing divergences
between the planed and the actual business performance and he can therefore apply counter
measures earlier. Furthermore, he can save time on collecting and organizing data that he has
to provide to authorities.

Overall, a well-designed FMIS well increase the total profit of a farm and therefore help to
survive in today’s fast changing and highly competitive environment.
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Sazetak

Lako i tacno korisc¢enje Informacionog Sistema za Upravljanje Gazdinstvom (ISUG)
je od fundamentalnog znacaja za uspesni operativni menadzment. Ipak, ni do danas
mnogi poljoprivredni proizvodaci uopste ne koriste ISUG, zbog razlicitih razloga, kao
Sto je nedostatak znanja, ili sofisticiranost mnogih dostupnih ISUG-a. Za mala i srednja
multifunkcionalna gazdinstva odgovarajuci ISUG gotovo da i ne postoji.

Cilj ovog rada je da od opsteg ISUG, dedukcijom, kreira konkretni (primenljivi) ISUG.
Konkretni ISUG je fokusiran na potrebe multifukcionalnih gazdindinstava srednje
velicine. To znaci da farmeri treba trzisno da alociraju resurse svog gazdinstva. Kao
primer (studija slucaja) izabrana je farma u Nemackoj, na kojoj je izvrsena sistemska
analiza gazdinstva i primena ISUG. Studija slucaja na odbranoj farmi pomaze da se
identifikuju i analiziraju svi materijalni i informacioni tokovi proizvodnih procesa i
sinergija njihovih elkemenata.
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