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Abstract: The increase of organic agriculture in Germany raises the question of how water
productivity differs from conventional agriculture. On three organic and two conventionally
farming systems in Germany, water flows and water related indicators were quantified. Farm water
productivity (FWP), farm water productivity of cow-calf production (FWPlivestock), and farm water
productivity of food crop production (FWPfood crops) were calculated using the modeling software
AgroHyd Farmmodel. The FWP was calculated on a mass and monetary basis. FWPlivestock showed
the highest productivity on a mass basis occurring on a conventional farm with 0.09 kg m−3Winput,
whereas one organic farm and one conventional farm showed the same results. On a monetary basis,
organic cow-calf farming systems showed the highest FWPlivestock, with 0.28 € m−3Winput. Since the
productivity of the farm depends strongly on the individual cultivated plants, FWPfood crops was
compared at the level of the single crop. The results show furthermore that even with a precise
examination of farm water productivity, a high bandwidth of temporal and local values are revealed
on different farms: generic FWP for food crops and livestock are not within reach.

Keywords: organic farming systems; farm water productivity; cow-calf farming system; beef cattle;
plant production; AgroHyd Farmmodel

1. Introduction

In the year 2015, 6.5% of the agricultural area and 8.7% of the farms in Germany were farmed in
accordance with EU legislation regulating organic farming, with an increasing trend in recent years [1].
Organic farming systems (OFS) are systems with a minimal use of off-farm inputs into the system,
relying on natural internal sources of nutrients and using ecological principles and processes for plant
protection and pest management [2,3]. Livestock plays a fundamental role for nutrient cycling in
organic farming and husbandry systems strongly prioritize animal welfare [3]. Depending on the
region, between 30 and 100% of the suckler-cows in Germany are farmed conventionally. In the
state of Brandenburg, 75% of the suckler-cows are farmed conventionally; 65% in the State of
North Rhine-Westphalia are farmed conventionally [4]. The “suckler cow” in the cow-calf farming
systems investigated in this study means a cow belonging to a meat breed, or born of a cross with a
meat breed, belonging to a herd intended for rearing calves for meat production. Suckler-cow numbers
in Germany increased immensely from 1990 to 2000 from approximately 210,000 to 720,000, which is
a growth rate of more than 300%. The development of the suckler-cow numbers was affected by
political decisions, namely the BSE crisis in Europe, which was followed by sinking prices for beef,
and increasing prices for farmland.
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Because of the minimal use of off-farm inputs, the organic livestock farming systems are
characterized by producing the feed consumed by animals (or most of it) on the farm, which results in
a low percentage of virtually imported water in the water consumption in livestock production [5].
Other prominent goals of organic farming are the sustainable cultivation of the land and a focus on soil
and water protection as well as on biodiversity [1]. Organic carbon is the central element of organic
crop production.

A conversion of a conventional farming system (CFS) to OFS leads to a reduction of nutrient
pollution, reduced loss of biodiversity, less wind and water erosion, fossil fuel use, and greenhouse
warming potential [2]. The agro-ecological characteristics of organic agriculture are yield reduction of
10–15% relative to conventional agriculture. However, yield reduction are generally compensated for
by a lower input cost and higher gross margins [2]. Milk yields on organic dairy farms are typically
30–40% lower per hectare of milk, due to lower milk yields per cow and lower stocking rates [2].
In areas of Europe where crop production is intensive, for example, Germany, Denmark, and the
Netherlands, organic agriculture yields averaged 30–40% lower than the conventional ones [2].

Several studies have shown that under drought conditions crops in OFS produce significantly
higher yields than comparable crops [6,7] in [2]. Higher water holding capacities and more abundant
mycorrhizal associations in the roots [8] in [2], both found in OFS, relative to CFS, may play a role
here [2]. Due to the different method of cultivation, there is several other water related aspects that
distinguish organic farming from conventional cultivation. These include, for example, higher levels
of organic material in soil [4] or higher water holding capacity of organically managed soils, resulting
in larger yields under conditions of water scarcity [9]. Humus accumulation results in a spatial
enlargement of the water reservoir and a reduction of soil density. These conditions enable strong
root formation [10], which in turn adds to a larger water reservoir. Furthermore, the organic matter
reduces the high percolation rate in sandy soils [11], which leads to an increase of the water reservoir.
Harvest residues have an impact on the energy exchange between the soil surface and the atmosphere,
due to the albedo, the aerodynamic coefficient and the exchange of air moisture. They can preserve
residual soil moisture and increase the seasonal water reservoir as well [12].

Climate change impacts agricultural production processes. Possible solutions against crop
losses due to drought are published by [13]. To support planning reliability for the farmers
an all-risk insurance and the already existing governmental drought relief programme (German:
Dürrehilfsprogramm) could be helpful. Furthermore, as an adaptation strategy to the expected local
and temporal water scarcity in the future, cropping pattern will be of high importance. In addition
to several agricultural management practices aiming at a more efficient use of rainwater, irrigation
might be a beneficial adaptation mechanism to the changes even in climate extremes in the future [12].
Regional climate change is affecting the increasingly strained water balance in northern Germany,
which means challenges will have to be faced in the agricultural sector in Germany. Hydrologically,
Germany is associated with a humid climate with an average annual precipitation of 789 mm/year [14].
Precipitation decreases from the west to east. Trömel and Schönwiese (2008) [15] found that summer
precipitation in Germany from 1901 to 2000 showed negative trends in most of the climate stations;
the time series did not detect negative precipitation trends in the southern part of Germany. Schönwiese
and Janoschitz (2008) and Drastig et al. (2016) [16,17] found a discrepancy while comparing
west/southwest Germany, with its increasing precipitation, with northeast Germany, which had
decreasing precipitation in spring and summer. The authors detected a band formed by the highest
actual evapotranspiration and highest irrigation water demand reaching from the southwest to the
northeast of Germany [17]. Owing to the low level of annual precipitation, Brandenburg ranks among
the driest regions in Germany and Europe [18]. In recent years, spring droughts were often responsible
for a reduction in yield on all the farms examined here. Irrigation in Germany is supplementary and
used to optimize production in dry springs and summers, especially when water stress occurs during
a sensitive crop growth stage. With the local sandy soils and the resulting low water-storage capacity,
local German sites could lose their productivity if they are subjected to more frequent and long-lasting
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droughts without the use of irrigation. In livestock husbandry an expected rise in temperature will lead
to higher standards in temperature regulation of animal housing and a higher demand for drinking
water [12]. To maintain and develop the competitiveness and sustainability of agriculture in northern
Germany, it is necessary to deal thoroughly with water productivity in plant production and livestock.

The problems associated with water stress necessitate further investigations into the possibility of
improving water use productivity in farming. To reach the goal of a reduction in water consumption or
an increase in water productivity in agricultural production, firstly, causes of the high water use need to
be identified. A consideration at the farm scale can show farmers directly and more accurately where,
when and how much water resources were used and how an optimizing of water use in agriculture
could be achieved [19]. Up to now, water flows and water productivity of various farms, crops as well
as animal husbandry, were examined within different studies [19–22]. However, up to now there are
to our knowledge only two studies on relating water input to farm output which compare organic
and conventional farming: Krauß et al. [21] and Palhares et al. [5] examined organic and conventional
dairy production systems.

The water consumption following ISO 14046:2014, which is often used to describe water removed
from, but not returned to the same drainage basin [23], can differ due to changes in transpiration or
evaporation. Water productivity varies on farms which are managed differently. Hence, the comparable
study that is presented here seems appropriate. For this purpose, water flows and water productivity
are determined on OFS and are compared with results of CFS. Thus, the aim of this paper is to
contribute to the scientific debate in the field of water productivity at the farm level and to take a
further look at differences between OFS and CFS. Relating to the lower yield of OFS mentioned above,
lower water productivities are expected for these systems in comparison to conventional agriculture.
However, lower input costs and favorable price premiums could offset reduced mass yields and
make the water productivities of OFS even higher than the water productivities of CFS, especially if
considering a monetary basis as the output.

The objective of the presented study is (i) to identify the main fractions of water use in crop and
beef cattle production as well as (ii) to estimate and analyze FWP of different cultivation and animal
husbandry farms on a farm scale under local German conditions in Lower Saxony and in Brandenburg,
which is one of the driest regions of Europe.

This study presents the first farm water productivity (FWP) calculation in OFS in comparison to
CFS in Germany using data from farms located in different regions partly experiencing water scarcity.

2. Materials and Methods

2.1. General Approach

For the assessment of water use in livestock production, a variety of methods have been developed
in recent decades, mainly on the product level. However, despite broad acceptance in the scientific
community, harmonization of water productivity-efficiency indicators for livestock production systems
has not yet been pursued. To provide impact assessments of fresh water use on the product level,
life cycle assessment (LCA) is used. To provide an ‘output-water input relationship’, water productivity
and volumetric water footprint methods are used.

Three main method-categories available for the assessment of water use in livestock production
can be distinguished:

1. Water Footprint

(a) Volumetric/virtual footprint (e.g., [24–28] based on the virtual water concept [29]), taking
into account evapotranspiration of technical water and of rainwater. Formula used: Water
input over farm output.
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(b) Water scarcity footprint (LCA-based/ISO 14046:2014 [23]) taking into account
evapotranspiration of technical water. Following the ISO 14046 standard, the water input
in the studies following ISO 14044 or ISO 14046 [30,31] is part of an Inventory Analysis
(LCI) in LCA and thus can be reported in a paper. The final number to be reported and
compared is on impact equivalents. Formula used: Water input over farm output.

2. Water productivity (e.g., [32–36]), taking into account evapotranspiration of technical water and
of rainwater or transpiration of rainwater and technical water [19]. Formula used: Farm output
over water input.

This manuscript presents the results of a water productivity study in order to identify best
practices and opportunities for a consistent water productivity-methodology improvement. With this
manuscript we would like to move the discussion forward. The main purpose of this study was
the improvement of the water use, taking into account the whole amount of technical water and
transpiration water stemming from precipitation as water input on a farm scale.

Why on a farm scale? The reason is that agriculture is the largest sector of water consumption.
However, investigations are needed on the smallest level of observation in order to provide practical
recommendations for sustainable management. Thus, a small-scale consideration on a farm scale can
show farmers directly and more accurately where, when and how much water resources were used
and how an optimizing of water use in agriculture could be achieved.

Why total amount of technical water? Irrigation water withdrawal, distribution, and application
are technical processes partly or entirely controlled by the farmers. All irrigation water managed by
the farmers themselves is input into the production process. Farmers have to pay for all the withdrawn
water, not only for the fraction available to the plants, and it is in their hands to reduce the percentages
of unproductive irrigation water [19].

Why only transpiration? The basic idea is that it is included because it is the fraction of
precipitation that contributes to plant biomass generation. That fraction is the transpiration of the
feed crops. The total amount of precipitation is a natural process, on which farmers have no influence.
They can only affect, within certain limits, the fraction of precipitation that infiltrates into the soil and
how much of this fraction is transpired by plants. Soil evaporation is excluded from the water input,
as it is not involved in biomass generation and should be minimized. For these reasons, the farm water
productivity (FWP) was calculated according to [19], using the Agrohyd Farmmodel [37].

2.2. Water Related Indicators

2.2.1. System Boundaries and Data

This study analyzed the water productivity for beef production in cow-calf farming systems from
cradle-to-farm-gate. The system comprises a defined number of beef cattle and their replacement.
The replacements are calves and heifers, which are reared to recreate the dairy herd and to improve
the genetics of the herd [38]. The system includes cow specific parameters, such as age at first calving,
but also herd specific parameters, such as replacement rate. The replacement rate reflects the ratio
of animals coming into the dairy herd to the average herd size [39]. Pre-chains for the production
of fertilizer, machines and buildings were excluded as well as transport and processing of livestock
products and the water for cleaning, since they were found to be negligible [40,41].

The study considered cow-calf organic farming systems and cow-calf conventional farming
systems in north Germany. On the OFS, all beef cattle are born and raised on site.

The spatial boundaries of the system were set from an institutional perspective in the sense that
any physical thing that belongs to the farm also belongs to the system (Figure 1) [19]. To obtain the
volume of water for purchased feed production, the amount of the feedstuffs purchased from the
external suppliers was recorded. Water inflow is, for example, precipitation, which enters through
the air and is taken into account in the system after it reaches the plant or soil; surface water and
subsurface flows, which enter via the ground, for instance, from areas close to the farm or temporary
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flooding, or irrigation; tap water, which enters through the plumbing and can be obtained from
groundwater or surface water, and which also includes the water used for drinking and cleaning in
livestock husbandry; and indirect water, which is used for producing feedstuffs outside the farm,
which is then purchased.
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2.2.2. Calculation of Indicators

The following indicators were used according to Prochnow et al. [19]:

• Farm water Productivity (FWP)
• Degree of water utilization (DWU)
• Specific technical water inflow (STW)

The Farm water productivity (FWP) was derived from general economic principles and describes
the relationship between input and output levels of water in relation to fixed systems. The indicator was
used to show weaknesses in production to achieve maximum output with the lowest input [19]. In the
case of FWP, the input is water and the output mass of product (on fresh mass base in kgFM m−3Winput

or dry mass base in kgDM m−3Winput), food energy or monetary income (€ m−3Winput). In this study,
energy-base was not considered. Total results of FWP were calculated as weighted average in terms of
cultivated area. The farm water productivity was given for the whole farm, for food crops, and for
livestock. Farm water productivity of food crops (FWPfood crops) were used to examine food crops;
farm water productivity of feed crops (FWPfeed crops) were used to examine feed crops and farm water
productivity livestock (FWPlivestock) were used to examine livestock production.

FWPmass =
Massoutput

Winput
(1)
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FWPmon =
Revenuesoutput

Winput
(2)

The water input (Winput) includes all water which contributes to the generation of output, thus all
water which is used for crop growth. It contains water transpired from precipitation (Wprec-transp),
all technical (Wtech) and indirect water (Windirect). All Wtech was considered, because in contrast to
Wprec, the farmers have to pay for the entire quantity of water and have to manage it themselves.
They are thus responsible for the productivity of this part of water input. Windirect includes all the water
that is used externally for the production of feed as well as the water demand for the construction of
machines or of buildings or that is needed to produce energy, fertilizers, pesticides or herbicides. In this
paper, this indirect water, except for the off-farm produced feed, was not taken into consideration,
since it was assumed to be negligible [20,40,41].

Winput = Wprec-transp + Wtech + Windirect (3)

As mentioned above, only transpiration stemming from precipitation contributing to biomass
production was considered for calculating the water productivity beside technical water and indirect
water. Water evaporating from soil was excluded. This differs from other authors dealing with the
virtual water concept, such as water footprint, where generally evapotranspiration from precipitation
is included [19]. Evaporation was excluded from Winput, but should be minimized [19].

To characterize the fraction of water which is directly committed to biomass generation,
Prochnow et al. [19] introduced the Degree of water utilization (DWU). The DWU shows the relation
of productive water Wprod (m3) to the total water inflow Winflow (m3).

DWU =
Wprod

Winflow
(4)

Wprod = Wtransp + Wdrink + Wfeed (5)

Winflow = Wprec + Wsurf + Wsubsurf + Wtech (6)

The water inflow is the sum of water that enters the system (Winflow) [m3] via precipitation,
surface and subsurface flows or technical water. This includes tap water and irrigation water.

Specific technical water inflow (STW) is composed of irrigation water and further technical
water supply such as tap water. This refers to the used technical water per hectare of operating farm
area (Afarm)

STW =
Afarm
Wtech

(7)

Wtech = Wirri + Wtap (8)

2.3. Calculation of Crop Transpiration

To calculate water flows and water productivity on the farms, crop transpiration was calculated.
Therefore, the AgroHyd Farmmodel according to Drastig et al. [14] was used: the model
components for the calculation of crop transpiration are based on physically based equations,
e.g., the Penman-Monteith equation [42,43]. The AgroHyd Farmmodel takes a variety of input data
into account, which range from large datasets on local climate and soils to specific operating data
of the investigated farms. The Agrohyd Farmmodel is based on the FAO 56 dual crop coefficient
method, according to Allen et al. [40]. Therefore, a reference evapotranspiration (ET0), the potential
crop transpiration (Tc) and the actual transpiration (Tact) from three different datasets climate, plants
and soil were calculated. The transpiration of each crop was modeled for the preceding fallow period
and for the respective vegetation period.

Thereby climate includes regional climate data of the nearest DWD weather station–temperature,
relative humidity, sunshine hours, wind speed, precipitation and global radiation in daily resolution.
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With these data, ET0 of a grass reference surface was calculated using the FAO Penman-Monteith
equation [22]. Tc was calculated using ET0 for the individual crop with the plant-specific parameters:
crop coefficient, basal crop coefficient, vegetation period, rooting depth, leaf area index, depletion
fraction, yield response factor, length of the vegetation period stages, vegetation height. Soil parameters
included regional soil data, defined according to official geological soil maps (BÜK 300) or USDA-soil
class. Water content at field capacity, water content at wilting point and available water [22] was taken
into account.

The water stress coefficient that reduces Tc to Tact was determined through a daily water balance
approach combined with regional soil and precipitation data [22]. Therefore, Tact considered the effect
of daily water stress, due to water-limited conditions.

As the crop grows, the ground cover, crop height, rooting depth, and the leaf area index changed.
Due to differences in transpiration during the various growth stages, the Kcb for a given crop varies
over the growing period. The growing period can be divided into four different growth stages:
initial, crop development stage, mid-season and late season. The plant-specific parameters for
different development stages, basal crop coefficient, leaf area index, rooting depth, average fraction of
available soil water, and plant height of each specific crop, were used as parameters in the AgroHyd
Farmmodel [20]. The start day and end day describe the length of each of the three development stages.

For the calculation of water flows and water productivity next to transpiration, the amount of
irrigation and other tap water was taken into account. Together with farm data such as sowing and
harvest date (Table 1), harvest date of the previous crop or yield, a precise modeling at the scale of
the field could be done. For a further and detailed model description, see Drastig et al. [44] and
Prochnow et al. [19]. In context, the specific crop yield and the above-mentioned aspects, the specific
water use of the single crop and the water productivity could be calculated. In the case of soy,
which was mainly imported from Brazil or Argentina, typical Brazilian conditions were assumed for a
virtual farm, due to the fact that it was impossible to determine the exact location of the soy farms [19].

Table 1. Date of sowing and harvesting (time period) 1.

Crop Sowing Date Harvest Date

Potato 20 April 15 September
Sown grassland 2 - -

Oat 7 April 28 July
Winter Rye 10 October 2 August

Summer Rye 12 March 25 July
Spelt 15 October 25 July
Maize 15 April 14 September

Triticale 29 September 7 August
Wheat 17 September 30 July

Rapeseed 28 August 2 August
1 Varies each year ± 15 days. 2 First cutting/consecutive cutting as well as perennial cultivation considered. 2–4 cuts,
harvest time varies in every year.

2.4. Calculation of Water Demand in Livestock

To calculate water flows and water productivity on the farms, water demand in livestock was
calculated. Therefore, the AgroHyd Farmmodel according to Drastig et al. [37] was used. The water
demand in livestock includes the drinking and service water, transpired water within the production
of feed as well as water stored in feed. The model components for the calculation of water demand
in livestock were based on algorithms based on measurements and equations from the literature.
Technical water, e.g., as drinking water, was calculated per animal according to [45,46]. This is
dependent on the ambient temperature (used in daily resolution) and the weight of the animals [47].
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Wdrink−cow = 6.46 + 0.0728 × mb (9)

where the daily drinking water intake of cows is Wdrink-cow [L d−1], the live weight of the animals mb.
Service water was taken from farm data; transpired water was calculated as described in

Section 2.3; water in feed was calculated based on Table 2.

Table 2. Dry matter content and average producer prices for crops of OFS and CFS farms.

Dry Matter Content
(% in FM) Producer Price (€ t−1) OFS Producer price (€ t−1) CFS

Plant
Potato 23 330 -

Sown Grassland 1 30 56–59 42
Oat 14 380 103

Winter Rye 14 325 98
Summer Rye 14 289 -

Spelt 14 550 -
Maize 1 28 - 46
Triticale 14 - 102
Wheat 14 - 111

Rapeseed 9 - 263
1 Used as silage.

2.5. Farm Data

This study considered three organic farms and two conventional farms with regard to their
respective water input for feed production, drinking, cleaning, and cooling (Figure 1). The time frame
considered was the period between 2010 and 2015 for crop production. The reference period for
the analysis of arable land was calculated at the single field scale from the day after harvesting the
preceding main crop and ended with the day of harvest of the main crop in the calendar year being
studied [37]. The period of preceding fallows and cover crops were thus included. In the case of animal
husbandry, seasonal variations were not necessary due to a smaller annual variation. The reference
period was therefore set with the calendar year.

Farm data was collected using a questionnaire in direct personal interviews with the responsible
persons during visits to each farm.

Farm 1 (OFS1) and Farm 2 (OFS2) were located in Lower Saxony, having similar structures,
and natural conditions. Both farms were located about 70–80 m above sea level in an area that was
shaped by the glacial period. Sandy soils predominated with relatively low soil fertility, with soil
rating points ranging between 17 and 35 (Table 3).

Table 3. Site conditions of examined farms.

Farm 1
(OFS1)

Farm 2
(OFS2)

Farm 3
(OFS3)

Farm 4
(CFS1)

Farm 5
(CFS2)

Federal State Lower Saxony Lower Saxony Brandenburg Brandenburg Brandenburg
Temperature (◦C) 9.2 9.5 9.2 9.4 9.3

Precipitation (mm) 770 660 521 581 571
Soil Sandy soil Sandy soil Sandy soil Sandy soil Sandy soil

Soil Rating Points 17–35 17–35 15–35 15–35 15–35
Size Total Farmland 140 250 500 1000 1083

Type of Farming
OFS: field crops,

suckler-cow
husbandry

OFS: mixed
crops-livestock

OFS: field crop,
suckler-cow
husbandry

CFS: mixed crops,
suckler-cow
husbandry

CFS: field crops,
suckler-cow
husbandry

Farm 3 (OFS3), Farm 4 (CFS1), and Farm 5 (CFS2) were located in Brandenburg, embossed through
end moraine as well as ground moraine. Hence, the fields were characterized by heterogeneous sandy
soil and stones. Soil fertility was also comparatively low, rating points varied between 15 and 35.
To calculate the water productivity of the crops and pasture, the data of the nearest German Weather
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Service (DWD) climate stations were used in daily resolution. The data was provided by the
AgroHyd Farmmodel.

The OFS where chosen following certain criteria:

• The three OFS where selected in relation to their location in northern Germany, having comparable
site conditions and operational structure (e.g., they cultivated the same crops) in order to give an
overview of the water flows and water productivity in organic farming. Two of the three farms
keep beef cattle.

• CFS where mainly selected by the criteria that the site conditions fit to the OFS as well as keeping
beef cattle in order to give an overview of the differences between organic and conventional
farming in beef cattle production.

2.5.1. Data Crop Production

All three OFS operated with a versatile crop rotation with cover crops such as Oil Radish,
Serradella, Phacelia, Lupin or Wintercanola. These plants were taken into account in the balance sheet
and accounted to the following main crop since it was assumed that they serve as erosion protection as
well as humus enrichment and thus improve soil fertility.

In Table 4 the area on the farms are shown in hectare by the individual crop and the average yield.
Data of OFS1-3 were collected for the years 2012–2015. For CFS1 data for the years 2011 and 2012 was
collected. For CFS2 data for the year 2010 was collected.

Table 4. Area on the farms and yields of the individual crops.

OFS1 OFS2 OFS3 CFS1 CFS2

Size Yield Size Yield Size Yield Size Yield Size Yield

Area (ha) 62.1 - 51.8 - 130 - 600 - 842 -

Plant Ø yield (tFM)
Potato 12.9 21.4 21.0 25.5 0.5 9.8 - - -

Sown grassland 14.9 18.4 10.0 11 11.1 11.8 175 9.2 271 13.2
Oat 12.4 3.5 - - 54.0 1.0 7.5 1.5 - -

Winter rye - - 14.5 3.1 - - 142 6.1 - -
Summer rye 10.8 2.5 - - 29.7 1.1 - - - -

Spelt 11.0 3.0 6.4 2.5 35.1 1.4 - - - -
Maize - - - - - - 205 32.1 285 30.6

Triticale - - - - - - 71 4.5 - -
Wheat - - - - - - - - 104 4.7

Rapeseed - - - - - - - - 182 3.2

Whereas OFS1 and OFS2 used irrigation stemming from groundwater when required, all other
farms had no irrigation systems installed. Thus, data on irrigation water withdrawal was collected for
OFS1 and OFS1 and considered in the water balancing as water input.

Table 2 shows the moisture content of the crop as well as the producer price, which was used
for the calculation of the water productivity on a monetary basis. Conventional producer prices are
significantly lower than those of organic farms.

2.5.2. Data Livestock Farming

The number of examined animals and carcass yield of livestock can be seen in Table 5.
The drinking water, irrigation water withdrawal and precipitation water which has been transpired in
the production of feed, as well as the water stored in feed, were taken into account when balancing the
water demand of animal production. To calculate the carcass yield for the calculation of the demand of
output, a slaughtering yield of 58% [48,49] was assumed.
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Table 5. Balanced period, number of examined suckler cows.

OFS1 OFS2 OFS3 CFS1 CFS2

Balanced Period 20 June 2015–
19 April 2016 - 20 June 2015–

19 April 2016
1 January 2012–

31 December 2012
1 January 2010–

31 December 2010

Race Gelbvieh Gelbvieh Uckermärker,
Simmental

Hybrid (Fleischrind
× Fleischrind)

Herd Seize 18 - 30 129 190
CW 1 2436 3480 32,944 52,000

Producer price € kg−1 4.10 - 5.00 2.63 2.63
1 Ø CW: carcass weight t.

On the basis of the diets, the water demand in feed production, and thus also the FWP,
was calculated. On the organic farms, two diets were considered to meet the demands of the summer
and winter periods because livestock is grazes on pasture during the summertime. Diet components
and proportions can be seen in Table 6. The daily weight gain according to Rahmann [50] and
Golze et al. [51] was used for organic farms and Spiekers et al. [52] for conventional farms. Water use
of straw was not accounted for as it is a crop residue. On the OFS all beef cattle are born and raised on
site. They are kept as fattening beef cattle with a fattening period of 15–20 months.

Table 6. Diet components and proportions of components.

Diet Components Diet Proportion Summer (%) Diet Proportion Winter (%)

OFS1

Grassland
Grass silage

Hay
Potato

95
4
1
-

-
67
30
3

OFS2 - - -

OFS3

Hay
Straw

Grass silage
Grassland

-
-
-

100

24
24
49
3

CFS1

Maize silage
Rapeseed meal

Soy meal
Concentrate

Straw

77.84
7.19
3.59
8.38
2.99 See diet proportion summer

CFS2

Grass silage
Maize silage

Straw
Concentrate

34.24
58.7
2.17
4.89

Diet components such as soy meal and concentrate, fed on the conventional farms, were not
produced on the same farm, thus imported or indirect water was used.

2.6. Comparability of the Farms

Similarities and dissimilarities of the five examined farms are explained in the following. All farms
were of the mixed crops—livestock type, according to the Official Journal of the European Union [53].
As shown in Table 3, site conditions were, with respect to mean temperature, soil, and soil rating
points, relatively similar. The three farms located in the German federal state of Brandenburg had
fewer amounts of yearly precipitation compared to the farms located in the German federal state of
Lower Saxony; this could limit comparability concerning the site conditions. Concerning food crop
yields, all farms are at the lower end of average yields in Germany, both organic and conventional
farms [36], whereas OFS3 has the lowest yields. Thus, the operational structure was well suited for
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comparison. Regarding the size of the farms, all three farms located in the state of Brandenburg are
structurally larger than the two farms located in Lower Saxony with respect to crop production.

On all OFS, beef cattle are kept on grassland during the summer, whereas livestock was in the
barns all year on conventional operating farms. As no beef cattle were kept on OFS2, livestock is not
considered in this farm.

3. Results

The results of all examined farms are presented as follows: firstly, water flows on the farm scale are
pointed out. Secondly, the farm water indicators of plant production, and lastly the water productivity
of livestock farming, is shown and compared with the results of plant production.

3.1. Water Flows at Farm Scale

Mean yearly water flows of all examined farms are shown in Figure 2. On farms with irrigation
(OFS1, OFS2), precipitation accounts for around 95% of all water inflows. Nearly 5% of water inflow is
the result of irrigation. On all other farms without irrigation, precipitation accounts for more than 99%
of all water inflows. Tap water in comparison to precipitation is negligible.

The Winput into farms with irrigation (OFS1, OFS2) is composed of around 91% of transpiration
from precipitation; on OFS3 (without irrigation) it accounts for 99.9%. On CFS1 and CFS2 indirect
water is used through purchased feed (10% of all water input on Farm CFS1 and 1.4% on CFS2 is
imported and thus “used” somewhere else). The relation of water input into the farm and all farm
water inflows varies between 48% (CFS2) and 66% (OFS3).

Productive water is mainly water transpired by plants (on all farms around 99.7%); around 0.1%
is drinking water for animals (except OFS2). Water in product varies, depending on the cultivated
crops, between 0.03% (OFS3) and 0.36% (CFS1).

Figure 2 gives an overview on the mean annual water flows of plant production and livestock.
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Figure 2. Mean annual water flows (2012–2015) of plant production and livestock at, left panel: three
organic farms; right panel: two conventional farms. OFS2 without livestock farming.

3.2. Farm Water Productivity Food and Feed Crop

The farm water indicators of all examined farms are shown in Table 7. On the following farm,
the water productivity of food crop production (FWPfood crops) and farm water productivity of feed
crop production (FWPfeed crops) are used for water productivity of examined crops because they include
only parts of the FWP. The highest FWPfood crops in FM as well as DM are reached on organic farms
(OFS1, OFS2). On the basis of monetary revenues, FWPfood crops on organic OFS1 and OFS2 are higher
than on CFS1, CFS2, and OFS3. CF1 has the lowest FWPfood crops on a monetary basis. On the basis
of FWPfeed crops, conventional farms show higher water productivity. Nevertheless a comparison
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between the farms should be made at the level of single crops because the selection of cultivated plants
mainly determines the farm water productivity and therefore does not give any indication of the
water productivity of the cultivation method (organic or conventional). High yielding crops (maize,
potatoes or sown grassland) generally have higher water productivity than crops with lower yield
(e.g., spelt, triticale or wheat). Detailed FWPfood crops are shown in Table 8 for the single crops and are
discussed later.

Table 7. Farm water productivity food crops (FWPfood crops) on a mass basis, monetary basis and farm
water productivity feed crops (FWPfood crops) on a mass basis using fresh matter (FM). Note: examined
crops on farms vary; for detailed comparison, same crops are compared (see Tables 8 and 9).

Unit OFS1 OFS2 OFS3 CFS1 CFS2

FWPfood crops,mass kgFM m−3Winput 2.40 4.27 0.59 1.14 1.12
FWPfood crops,mon €m3Winput 0.89 1.44 0.20 0.13 0.22
FWPfeed crops,mass kgFMm−3Winput 3.73 2.18 3.98 8.60 9.53

Table 8. Farm water productivity of food crops (FWPfood crops) on a mass basis, using dry matter (DM)
and a monetary basis for the five examined farms. Total values as weighted average by cultivated area.

Plant OFS1 OFS2 OFS3 CFS1 CFS2

FW
P f

oo
d

cr
op

s,
m

as
s

[k
g D

M
m

−
3 W

in
pu

t]

Potato
1.44
1.1
0.9

2.86 1.12 - -

Oat 0.92 - 0.57 0.40 -
Winter Rye - 1.06 - 1.10 -

Summer Rye 0.63 - 0.39 - -
Spelt 0.86 0.64 0.45 - -

Triticale - - - 0.78 -
Wheat - - - - 1.19

Rapeseed - - - - 0.89

Crops Total 0.98 1.9 0.49 0.97 1.0

FW
P f

oo
d

cr
op

s,
m

on

[€
m

−
3 W

in
pu

t]

Potato 2.09 2.46 1.16 - -
Oat 0.41 - 0.16 0.05 -

Winter Rye - 0.4 - 0.15 -
Summer Rye 0.21 - 0.13 - -

Spelt 0.55 0.42 0.29 - -
Triticale - - - 0.70 -
Wheat - - - - 0.15

Rapeseed - - - - 0.26

Crops Total 0.86 1.44 0.2 0.13 0.22

As mentioned above, detailed FWPfood crops and FWPfeed crops are shown in Table 9 in FM. For DM
and on a monetary basis, see Table 8. The detailed data show that sown grassland clearly has a
higher FWPfood crops on FM and DM base on conventional farms, whereas there are large differences
between the farms: FWPfood crops of organic grassland range between 2.18 kgFM m−3Winput and
3.98 kgFM m−3Winput, and on conventional farms between 5.6 kgFM m−3Winput and 8 kgFM m−3Winput.

For winter rye, the comparison of the two cultivation systems shows that the FWPfood crops is
slightly higher on conventional farms, whereas for oat, the FWP for single crop products is clearly
higher on organic farms.

Results show that the differences between organic and conventional agriculture are more
pronounced the higher the crop yields of the examined crops are. This also reflects the comparison
with the results from Prochnow et al. [20], where the FWPfood crops of potatoes, as a high yielding crop,
reaches FWPfood crops, which is up to twice as high compared to the lowest FWPfood crops of potatoes
(OFS3) in organic farming, whereas the FWPfood crops of winter rye has higher values on organic farms.
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Table 9. Temperature, precipitation, farm water productivity (FWP) of single food and feed crops in using fresh matter (FM) for examined farms in single year and in
total. Total values as weighted average by cultivated area.

OFS1 OFS2 OFS3 CFS1 CFS2
2012 2013 2014 2015 Total 2012 2013 2014 2015 Total 2012 2013 2014 2015 Total 2011 2012 Total 2010 Total

Ø Temp.
(◦C) 9.70 9.40 10.90 10.40 9.20 9.20 9.00 10.60 10.0 9.50 9.70 9.20 9.10 10.4 9.20 10.20 9.60 9.40 8.10 9.30

Ø Prec.
(mm) 681 677 639 730 770 697 678 555 711 658 591 543 483 404 525 607 606 581 701 571

FW
P

Fo
od

C
ro

ps
(k

g F
M

m
−

3 W
in

pu
t)

Potato 7.53 8.86 4.73 4.0 6.27 7.43 7.79 6.9 7.69 7.45 4.64 4.95 5.07 - 4.89 - -
Oat - 1.30 1.30 0.70 1.10 - - - - - - 0.52 0.75 0.71 0.66 0.46 - 0.46 -

Winter rye - - - - - 1.33 1.00 1.38 1.25 1.24 - - - - - 0.93 1.66 1.29 -
Summer rye 0.79 0.91 0.76 0.46 0.73 - - - - - 0.41 0.34 0.59 0.47 0.45 - -

Spelt - - - 1.00 1.00 - 0.61 0.48 1.16 0.75 0.46 0.47 0.63 0.55 0.53 - -
Triticale - - - - - - - - - - - - - - - 0.88 0.95 0.92 -
Wheat - - - - - - - - - - - - - - - - - - 1.39

Rapeseed - - - - - - - - - - - - - - - - - - 0.97
Food crops Total 4.12 3.70 2.49 1.63 2.40 5.25 4.44 4.18 4.12 4.27 0.47 0.47 0.74 0.57 0.59 0.90 1.37 1.14 1.12

FW
P

Fe
ed

C
ro

ps
(k

g F
M

m
−

3 W
in

pu
t) Sown Grassland 2.13 5.39 5.50 1.89 3.73 2.57 1.64 2.29 2.23 2.18 - 3.46 4.69 3.81 3.98 5.53 6.23 5.60 8.00

Maize - - - - - - - - - - - - - - - 12.36 7.84 10.1 10.98

Feed crops Total 2.13 5.39 5.50 1.89 3.73 2.57 1.64 2.29 2.23 2.18 - 3.46 4.69 3.81 3.98 10.31 7.12 8.60 9.53
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On a monetary basis, sown grassland has higher productivity on conventional farms, whereas the
differences are less extended compared to the FWPfood crops on a mass basis. Oat and winter rye have
clearly higher monetary FWPfood crops on organic farms.

In Table 9, the temperature and precipitation of the specific examined year as well as the mean
average of the farms can be seen. Together with the agricultural meteorology conditions of the year,
impacts are discussed later in this paper.

However, it is important to point out that there are large differences in water productivity
on organic farms as well as differences on conventional farms, also at the level of the same crops.
For example, OFS3 has comparatively low water productivity, except for sown grassland; the water
productivity is higher than all other values of organic sown grassland. This makes it difficult to
give specific statements on the water productivity of organic or conventional farming in general.
Nevertheless, in this study it can be seen that high yielding crops show higher water productivity in
conventional farming, whereas considering FWPfood crops of grains as lower yielding crops, there is
no clear trend to one farming method. Compared to results from Prochnow et al. [20], the same
pattern can be seen. There is a trend to higher CWP in conventional farming but this does not
apply without exception. On the basis of monetary revenues, the FWPfood crops is mainly higher on
organic farms—here too, with exceptions. In general, higher selling prices increase the productivity of
organic crops.

3.3. Livestock Water Productivity

The WP of the five farming systems are shown in Table 10. Farm water productivity of beef
cattle production (FWPlivestock) on a mass basis (in carcass weight, CW) varies between 0.09 and
0.05 kgCWm−3Winput. The lowest FWPlivestock of beef cattle is reached on organic OFS3 with the
Gelbvieh breed; the highest on conventional CFS2 that has the Hybrid breed (Fleischrind × Fleischrind).
A plus of 67% compared to OFS3 was found. OFS1 also has the Gelbvieh breed and CFS1 has the
Uckermärker breed, Simmental have nearly the same WP in beef cattle production (both around minus
25% compared to CFS2).

On a monetary basis, the FWPlivestock range between 0.17–0.28 € per m3 water input.
Thereby FWPlivestock is clearly higher on organic farms (up to plus 63%). Thus, a higher monetary
outcome per m3 Winput is reached.

Table 10. Farm water productivity livestock (FWPlivestock) of the five farming systems using carcass
weight (CW), fresh matter (FM) and dry matter (DM).

Indicator Unit OFS1 OFS2 OFS3 CFS1 CFS2

Race Gelbvieh Gelbvieh Uckermärker,
Simmental

Hybrid
(Fleischrind × Fleischrind)

FWPlivestock,mass kg CW m−3Winput 0.069 - 0.054 0.066 0.090

FWPlivestock,mon € m−3Winput 0.283 - 0.269 0.173 0.237

The FWPlivestock in cow-calf farming systems, on a basis of mass compared to the water
productivity of crop production, is low. On the farms examined here, on average 0.07 kg CW meat
is produced per m3 water input (0.06 kg on organic, 0.08 kg on conventional farms) compared to an
average 1.9 kg in crop production (2.42 kg organic and 1.13 kg on conventional farms). This differs from
the monetary base, whereas on conventional farms higher monetary revenues from crop production
are reached per m3 water input. On organic farms, higher revenues are reached from beef cattle per
m3 water input.

3.4. Farm Water Indicators Whole Farm

Farm water indicators are represented in Table 11. They consist of FWP (in FM), degree of water
utilization (DWU, dimensionless) and specific technical water inflow (STW, m3 per year and ha).
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FWP considers crop and beef cattle production of the examined farms, except for OFS2 where
livestock has not been examined. FWP clearly shows the highest values on OFS1. As OFS1 has,
compared to OFS3, CFS1, and CFS2, a small number of beef cattle, the FWP is not as much affected by
the lower water productivity of beef cattle compared to the other farms. Again, a comparison between
the farms should be made at the level of single crops or FWPlivestock because the selection of cultivated
plants, including or excluding livestock, mainly determines the FWP. The FWP does not allow for a
statement about the water productivity of the cultivation method (organic or conventional).

The DWU ranges from 0.47 (CFS2) to 0.66 (OFS3). Thus, OFS3 with comparatively low crop water
productivity, has the highest degree of water utilization. These results come from a combination of the
rainfall capture efficiency and the soil water use efficiency [19]. Thus, OFS3 has a comparatively low
water inflow (precipitation), but the available water is used relatively productively. The DWU value of
the farm examined according to Prochnow et al. [19] is 0.56, and thus in the middle of the values of
this study.

The STW is the highest on farms with irrigation systems installed (around 270 m3 per year and
ha) with respect to farms without an irrigation system (between 2 and 4 m3 per ha and year).

Table 11. Farm water productivity (FWPmass) on a mass basis (fresh matter, FM), Degree of water
utilization (DWU), and Specific technical water inflow (STW) of the five investigated farms.

Unit OFS1 OFS2 OFS3 CFS1 CFS2

FWPmass kgFM m−3Winput 2.14 - 0.48 0.64 0.45

DWU - 0.57 0.50 0.66 0.55 0.47

STW m3 Wtech ha−1

year−1 260.8 276.8 2.40 3.40 2.70

4. Discussion

To enhance productivity and yield stability of organic farming systems, a strategy termed
“eco-functional intensification” has been proclaimed by scientists and organic interest groups [3,54–56].
This term is loosely based on the paradigm of “sustainable intensification” [57], which is also used by
the Food and Agriculture Organization (FAO). In this context, the discourse on water productivity in
agricultural production that is aiming at a reduction of water consumption needs to be brought forward.
This study seeks to fill the research gap of small-scale considerations on a farm scale, contrasting
organic- and conventional agricultural practices.

Findings on water flows, farm water indicators of plant production, livestock and crop water
productivity are discussed following the logical structure of Section 3. A methodological discussion
pointing out limitations of the study will follow.

Water flows of examined farms give an overview, especially to farmers, of how much and where
water is used on their farms. Thereby, the special position of precipitation as Winput as well as irrigation
as technical water on farms with installed irrigation system can be seen. The distributions of water
flows are similar to the results of [19]. The special position of purchased feed as indirect water used
on conventional farms can be seen within the water use in cow-calf farming systems. In particular,
the indirect water, which is imported in form of purchased feed, for example soy from Brazil or
Argentina and concentrate from different places in Germany, must be underlined. On CFS1 this
accounts for around 186,000 m3 or 37.4% (28.3% soy, 9.1% concentrate) of all water transpired in food
production. On CFS2 this accounts for 5.4% or nearly 31,000 m3 in the form of concentrate. All three
organic farms used no purchased feed within the considered period. However, imported water has
unpredictable consequences for the environment and the population in other regions of the world,
which must be considered when results are used in impact assessments.
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A closer examination of the DWU shows that not the farm with the highest WP has the highest
degree of water utilization; it is the farm with the lowest yearly precipitation and also the lowest rates
of WP. In the literature, the DWU was calculated from [19] and is similar to the results of this study.

The consideration of the STW shows clearly that the highest technical water per area is used on
the two farms with irrigation. Thereby the STW give only the amount of water which is used and no
environmental impact of water use.

Regarding FWPfood crops, despite small-scale examinations, large differences in the results can be
seen, both in the yearly variability within the single farms as well as when comparing the different
farms. Looking, for example, at water footprint studies, examinations of total volumes of water
used globally or by nation [25,58,59] for crop production are often calculated. Considering the large
variation of results of our study, a generic value of water productivity on a farm scale, or even for
regions, countries or globally is clearly out of reach.

FWPfood crops are closely connected to crop yields. In turn, yields depend on many factors such
as specific agro-meteorology, soil fertility, management or, especially in organic agriculture, fungal
or insect infestation. For example, on OFS1, FWPfood crops of potatoes are relatively low in the years
2014 and 2015. In both years there was a relatively early leaf blight (Phytophthora infestans) with
negative effects on yield, and therefore, also on FWP for single crop products. Within this small scale
consideration, especially farmers, as they have the whole knowledge about all yield reducing factors,
can use the information of water productivity of the single crop and year to reduce water consumption
on their farms and in agriculture.

The impact of irrigation, especially using groundwater, is not considered in this study and
neither are the negative impacts from intensive livestock husbandry on groundwater bodies and
surface water. Regarding the agro-meteorology, it can be assumed that especially spring droughts in
recent years were yield-reducing factors, whereas irrigation on OFS1 and OFS2 can be seen as yield
guarantees. OFS3, without any irrigation system, has the lowest FWPfood crops of all farms and the
farm also has the lowest water availability from precipitation (see Table 9). Thus, the farmers on this
farm, as well as on CFS1 and CFS2, have no means of responding directing to dryness because no
irrigation is used. Nevertheless, the environmental impact, especially of technical water, could be
considered, e.g., by using a water scarcity impact assessment such as the AWARE method according
to Boulay et al. [60] or the Blue Water Scarcity Index (BWSI) [56].

The greatest potentials to increase water productivity in livestock husbandry are a proliferous feed
production and diet selection. On all farms, around 99% of the water used for livestock husbandry is
water that has been used for feed production. This correlates to other studies, calculating the WP [13],
or water footprint, where around 98% of the total animal footprint comes from their consumed feed [45].
Only approx. 1% consists of technical water. Nevertheless, technical water should not be neglected,
due to its special effects, namely, the withdrawal from the environment [19] and its impact. This is an
important factor, especially in water scarce ecosystems where the decline of natural water resources
eventually reduces the availability of water for terrestrial systems, which consequently affects the
diversity of species [40].

The water demand on crop production inputs are not considered in the presented case studies.
The management techniques used in OF are considered to be less water consuming than the practices
used in CF. The following management practices are used by organic farmers in weed management,
pest management, and disease management. Weeds are clearly the biggest problem of OA crop systems.
The weed management techniques most commonly used are mechanical cultivation (mechanical
tillage, crop rotations, weeding, cover crops). The use of pesticides is minimal—fewer than 10% of OFs
use botanical insecticides on a regular basis, 12% use sulfur, and 7% use copper-based compounds.
The pest management techniques most commonly used in OA production are crop rotations. Beneficial
arthropod and vertebrate habitat, and Bacillus thuringiensis are the most frequently used arthropod
pest management strategies. Crop rotations, resistant crop varieties, compost or compost tea
applications, Sulfur/sulfur-based materials, copper-based materials, and companion planting were the
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most commonly cited disease management strategies [1]. Further research on quantifying the water
demand on crop production inputs is required.

The results of examined beef cattle cannot be directly compared with the results from
Prochnow et al. [20] because in that study water flows and FWP of dairy cows, veal calves and heifers
were examined together. Nevertheless, it can be shown that FWP is significantly higher with the
inclusion of milk as a product (the FWP for livestock in that case study is 1.32 kgFM m−3Winput).
Palhares et al. [5] examined the water footprint of organic and conventional dairy production systems.
Thereby an equal green water scarcity was calculated for organic and conventional agriculture and a
lower blue water scarcity for conventional farming was calculated, concluding that a product with
a lower water footprint could be more damaging to the environment than one with a higher water
footprint, depending on water availability. The examination of FWP in cow-calf farming systems shows
a similar picture to FWPfood crops where the highest farm water productivity on a mass basis occurs
on a conventional farm, whereas the second conventional farm has values comparable to examined
organic farms. Due to higher selling prices, FWPfood crops on a monetary basis are significantly higher
on organic farms.

Both the results of this paper and the methodology used are difficult to compare to other authors’
works: different scales are used (e.g., the water footprint concept or life cycle assessments consider the
product scale) as well as different basic assumptions, as e.g., a different handling of transpiration and
evapotranspiration as well as taking water withdrawal as irrigation water into account. Other farms
examined according to the method of Prochnow et al. [19] consider different agricultural branches
such as broiler production [20], wine production [22] or milk production [57] and are therefore not
suitable for a comparison with this study.

As mentioned earlier, organic agriculture distinguishes itself in various aspects from conventional
agriculture: e.g., the sustainable improvement of soil fertility and the humus accumulation in organic
agriculture, which leads to a higher water holding capacity and, especially during droughts, ensures
yields [9]. Within this study, this aspect could not be demonstrated, due to the short period examined.
However, further investigations in long-term studies under, using the AgroHyd Farmmodel, could
illustrate the differences between organic and conventional farming, due to the small-scale examination
of farms.

Methodological Discussion

This study presents the first farm water productivity calculation in organic farming in Germany.
The method has been used for calculating FWP on several farms with different investigation topics.
In general, it is difficult to find similar organic and conventional farms which can be compared in any
operational direction. In the best case, various farms should be found with the same crop rotation and
same livestock husbandry within the same region and same site conditions.

Environmental impacts of production are not yet involved within the method of Prochnow et al. [19].
Environmental impacts of agriculture have many different levels, such as e.g., biodiversity,
eutrophication, nitrogen or nitrate leaching, nitrous oxide or ammonia emissions, to name just a
few. As organic farming practice has generally positive impacts on the environment per unit of area,
but not necessarily per unit of product [61], environmental impacts of farms should be considered on a
farm scale. Within a region characterized by intensive agriculture, the benefits of organic farming can
significantly differ from the environmental impact within extensively used agro-ecosystems. Therefore,
an indicator which considers the environmental impact and the benefits of the specific cultivation
method should be added.

In this study, water use and hydrological information is generally estimated/modelled for all
scales of assessments; this results in data uncertainty [61,62]. Hence, a tiered approach of uncertainty
assessment should be made to give information about data accuracy of the investigation. Thereby,
this study reaches tier level 3 with the highest spatial and temporal scale as well as data sources.
Nevertheless, there are several aspects which limit the accuracy of these models:
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• Growth rate of beef cattle were estimated in daily rates according to values from the literature,
since not the entire stock could be weighed. Livestock generally does not grow homogeneously,
whereas in this case this was assumed to reduce complexity.

• During the modeling, a fixed date has to be defined for seed date as well as harvest date to calculate
the precipitation and transpiration rate of the main crop. In practice, harvests of, e.g., potatoes do
not take place in one day. Therefore, the middle date of harvest of the main crop was estimated.

5. Conclusions

Water flows and water productivity of crop and beef cattle production of different cultivation
methods were examined and determined within this study on a farm scale. The results can reveal
possibilities to farmers on how to optimize the water productivity on their farms.

Due to large differences within water productivity of different cultivation methods, no generalized
statement can be made about the more proliferous cultivation method in crop production in Germany.
Nevertheless, results show that higher mass farm water productivity can be achieved in conventional
farming within higher yielding crops, whereas lower yielding crops are in some cases associated
with higher farm water productivity in organic farming. On a monetary basis, mainly organic farms
reach a higher income per m3 water input; here, too, with exceptions. The same applies to beef
cattle production on a mass basis. There are great differences in farm water productivity, whereas the
highest farm water productivity can be found in conventional farming, the lowest in organic farming.
One conventional farm and one organic farm reach almost the same values. On a monetary basis,
the highest water productivity is reached on organic farms.

Results show that even with a precise examination of water productivity on a farm scale, a high
bandwidth of values are revealed on different farms, although some of the farms have similar natural
and operating conditions: generic FWP for food crops and livestock are not within reach.

Additional support for water footprint management policies in the farming through using
sustainable practices for water footprint mitigation present [63]. Future research is required for
the building up of a database of water indicators from farms using different management practices
(including different crop varieties) for specific regions. The evaluation of differences in water
productivity between different farm systems can be achieved through this. The main research topics in
OFS are: organic plant breeding, site-specific tillage practices and crop patterns, cropping strategies for
leguminous crops etc. [64].

Examined organic farms use no purchased feed within their diet in cattle production, whereas the
two conventional farms do. Especially CFS2 uses soy from Brazil or Argentine and thus not only shifts
possible water use but also environmental impacts to other regions in the world.

In general, the method shows a high accuracy, due to the collection of data on a farm level.
This gives a high resolution in terms of the water which is used in the production of crops and beef.

The main goal of organic farming is the sustainable cultivation of the land and a focus on soil
and water protection as well as species and animal protection. Therefore, high water productivity
in organic agricultural production is also a priority target as is the environmental effect of the farm.
This study shows the water productivity performance of three organic farms and two conventional
farms in crop and beef cattle production in Germany.

So far, environmental impacts are not considered within the applied method. Since environmental
impact can vary from region to region, and from farm to farm, an indicator that takes into account
major environmental impacts should be applied on a farm level.
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Abbreviations

AWARE Available Water Remaining
BWSI Blue Water Scarcity Index
DM Dry mass (DM) base
CFS Conventional farming system(s)
DWU Degree of Water Utilization
DWD German Weather Service
FWP Farm water productivity
FAO Food and Agriculture Organization
FM Fresh mass (FM) base
LCA Life Cycle Assessment
OFS Organic farming system(s)
STW Specific Technical Water Inflow
UN United Nations
USDA United States Department of Agriculture
WP Water productivity
Wdrink Drinking water
Windirect Indirect water
Winflow Water inflow
Winput Water input
Wirri Irrigation Water
Wprec Precipitation
Wprec - transp Transpiration stemming from precipitation
Wprod Productive water
Wproduct Water in product
Wtap Tap water
Wtech Technical water
Wtransp Plant transpiration
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