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aDepartment of Energy and Technology, Swedish University of Agricultural Sciences, Uppsala, Sweden; bKrettsloppsteknik II, Research
Institutes of Sweden (RISE), Uppsala, Sweden; cDepartment of Soil and Environment, Swedish University of Agricultural Sciences, Uppsala,
Sweden; dHushållningssällskapet, Uppsala, Sweden

ABSTRACT
Adequate treatment of organic manures and digestates from livestock production should reduce
environmental impacts and provide well-defined and attractive biofertlisers for a crop production
market, which can promote the closure of the nutrient cycle in agriculture. In this sense, a survey
was conducted during the autumn of 2021 to investigate Swedish farmers’ perspectives on organic
fertilisers use. The survey consisted of an online questionnaire, which was distributed broadly in
the social media, homepages, different types of networks and at course events in order to reach
all types of farms. There were 22 questions focused on current use, reasons for current use and
preferences for future use. The analysis of the 99 fully responded surveys, demonstrated that
43% of the respondents think that they will increase their use of organic fertilisers in the
coming 5–10 years and 60% think that they will use manure digestate in different forms (both
solid and liquid fractions). Soil improvement was the main reason to use organic fertilisers, but
there were also preferences for organic fertilisers with fast release of nutrients. The risk of soil
compaction was the main reason not to use organic fertilisers and based on the responses,
pellets and granulates seem to be more interesting than liquids and solids in general. Animal
manures dominate the current use of organic fertilisers in Sweden however, other types of
organic waste such as digestate and digestate derived fertilisers seems appealing to Swedish
farmers. In conclusion, from this survey with 62% of the respondees in crop production, we
found several indications of that there is a potential for increased use of organic fertilisers in
Sweden on farms with limited use today. We found an openness, a broad interest and a
demand for different types of products of different forms and origin. Since this demand in the
end will almost always depend on the price of products in relation to the price of mineral
fertilisers, which are fluctuating, we see the need of policy incentives in order to stimulate
initiatives for the development towards increased circularity of nutrients.
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Introduction

Traditional recognition of animal manures for their plant
nutrition and soil improvement qualities has been chal-
lenged in recent decades due to the widespread avail-
ability of mineral fertilisers and the growing pressure
to achieve higher crop yields. In 2018, the European
Union (EU) countries consumed 11.8 Mt of nitrogen,
2.8 Mt of phosphates and 3.1 Mt of potassium, with a
substantial portion being imported from third countries,
posing potential risks to the EU’s food security (Fertili-
zers Europe 2020). The energy-intensive production of
mineral nitrogen fertilisers (Haber–Bosch process) and
the limited phosphorus reserves, jeopardise the resili-
ence of European agriculture and highlight the need

for improved utilisation of alternative nutrient sources,
aligning with the principles of the European circular
economy concept (European Commission 2015; COM
(2012) 60 final).

The current linear flow of nutrients from mineral
sources to food and animal products results in a concen-
tration of nutrients in surplus agricultural outputs, which
are not sold as products, particularly in animal manures
(Tur-Cardona et al. 2018). Animal manures contain mul-
tiple macro- and micronutrients in both organic and
inorganic forms, in a composition depending on the
type of manure and manure management system. Appli-
cation of organic fertilisers, like manure, to the soil will
increase the soil organic matter content and increase
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soil’s plant nutrient availability, which are a key indicators
of soil fertility (Cai et al. 2019; Gerke 2022). Nevertheless,
the specialisation of the livestock sector has led to a dis-
connection between animal husbandry and crop pro-
duction, treating manures as waste rather than valuable
sources of nutrients and organic matter (Awasthi et al.
2019; Puech and Stark 2023). The concept of a circular
economy embodies a system in whichmaterials are perpe-
tually reused, and the natural environment is rejuvenated.
Within this framework, products andmaterials are retained
within the system through various processes, including
maintenance, reuse, refurbishment, remanufacture, recy-
cling, and composting (Ellen McArthur Foundation 2023).

Closing the nutrient loop in the agricultural sector,
including the proper management of animal manures
and digestate, is important to reduce nutrient losses
into the environment and provides renewable substi-
tutes for mineral fertilisers (Scholtz 2017). Inadequate
or excessive manure application can lead to environ-
mental risks such as emissions to the atmosphere and
soil discharges throughout the manure’s lifecycle (Chad-
wick et al. 2011).

Despite multiple values of animal manures there are
reasons why manure nutrient use efficiency in agricul-
ture is lower than what is possible (Akram et al. 2019).
One is the high water content and bulky properties
which constrain both storage possibilities and transport
distances. Typical dry matter contents vary from around
3% in pig and dairy liquid manures to 30% in solid
manure (Hjorth et al. 2010; Christensen and Sommer
2013; Manitoba Government 2015). There will always
be a trade-off between the fertiliser value of the
manure and the cost for transport, especially for distri-
bution between farms, which will cause surplus of nutri-
ents on farms or in whole regions with high animal
density (Svanbäck et al. 2019). On the other hand, the
liquid manures often have a substantial N fertiliser
value which may reach up to 90% compared to the
respective agronomic value of mineral fertilisers, pro-
vided that measures are taken for reduced ammonia
losses during storage and application (Sommer and
Hutchings 2001; Birkmose 2009). The N fertiliser value
of solid fraction during the first year after soil application
is often lower, ranging between 25% and 50%, but pro-
motes the soil N mineralisation in the long-term there-
fore, the risk of N losses (Jensen 2013; Ferreira et al.
2022). The uncertainty of the N fertiliser value and a rela-
tively low N/P ratio of animal manures may decrease
interest among conventional crop-producing farmers
to purchase organic fertilisers (Tur-Cardona et al. 2018),
and there will still often be a need to supply the crop
with extra N from mineral fertilisers. At the same time
there may be a surplus of P which may increase the

risk of negative impact on water quality in the long-
term (Zhang et al. 2021).

Europe produces 1350 Mt of manure each year, but its
distribution is uneven, resulting in significant nutrient
imbalances between countries and regions (Scarlat
et al. 2018; Svanbäck et al. 2019). In areas with high live-
stock density, manure often accumulates on farms
during winter months and is subsequently applied
directly to nearby fields (Kleinman et al. 2015).

Despite the availability of various technologies and
the evident need for organic waste management, in
order to produce concentrated and valid fertilisers, less
than 10% of manure produced in the EU has undergone
treatment (Foged et al. 2011). From the countries sur-
rounding the Baltic Sea, Germany and Denmark
process approximately 14% of the produced manure,
but others, including Sweden and Poland, have much
lower rates of treatment (Foged et al. 2011).

In terms of environmental emissions, the livestock
sector is a major contributor to inorganic phosphorus
losses in inland and coastal waters, as well as emissions
of ammonia (59%), methane (17%) and nitrous oxide
(12%) (Eurostat 2013; Leip et al. 2015). Furthermore,
water bodies can suffer from nutrient enrichment
(mainly N and P), either through direct losses (runoff)
or atmospheric depositions, leading to global warming,
ecosystem acidification and water quality degradation
(Montes et al. 2013; Rojas-Downing et al. 2017). The
Baltic Sea is highly susceptible to the impacts of nutrient
runoff, and the process of eutrophication in the Baltic
Sea has been ongoing for several decades, combined
with anoxic conditions, and harmful algal blooms
(Swain 2017; WWF 2023).

Therefore, improved manure management and hand-
ling are crucial for increasing nutrient use efficiency and
reducing nutrient losses to vulnerable regions such as
the Baltic Sea (Brady et al. 2022). Environmental legis-
lations at both European and national levels address
manure management and soil application, with specific
targets outlined in the Baltic Sea Action Plan adopted
by countries surrounding the Baltic Sea, such as
Sweden, Denmark and Finland (HELCOM 2021).

Studies have primarily focused on identifying barriers
to the adoption and diffusion of manure treatment tech-
nologies, such as policy limitations, high investment and
processing costs, and limited marketability of the pro-
ducts (Hou et al. 2018; Konrad et al. 2019). The interest
in the utilisation of processed manure as fertiliser
exists, however, crop producers may encounter difficul-
ties in accessing such products. This issue arises when
they are located at a considerable distance from
animal farms or manure processing facilities, such as
anaerobic digestion plants. In order to increase the
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distribution and the adoption of organic fertilisers,
several factors need to be considered, including afford-
ability, accessibility and compatibility with existing agri-
cultural machinery (Case et al. 2017). To the best of our
knowledge, only a limited number of studies have inves-
tigated these inquiries, leaving a significant knowledge
gap regarding farmers’ willingness and preferences to
utilise organic fertilisers. Therefore, assessing the atti-
tudes of product users, particularly crop producers, is
essential to drive policy changes and promote the adop-
tion of manure-derived products within a circular nutri-
ent usage (Barquet et al. 2020).

Hence, the objectives of the study are: (i) to investi-
gate the current use of organic fertilisers and future will-
ingness of farmers to adopt new organic fertilisers and
(ii) identify key attributes of products that increase the
interest of farmers.

Material and methods

The investigation of the current and future use of organic
fertilisers in Sweden was conducted in the forms of a
digital survey, available online between October 2021
and January 2022. Due restrictions to unsolicited
address farmers which would allow the questionnaire to
be based on a statistical sample, the farmers were
reached randomly through online channels, advertise-
ments in sector-specific newspapers and at meetings
with farmers. The aim was to reach a diverse range of
farmers, but not necessarily to get answers from a
group representing the Swedish farmers in general. This
approach opened up to attract farmers interested in
organic fertilisers and explore the preferences they
have. The survey focused on manure-derived fertilisers
as the most abundant and agronomically interesting
feedstock for biogas production but also contained ques-
tions about commercial organic fertilisers and human
excreta as potentially interesting sources of nutrients.

The questionnaire was constituted of 22 questions,
distributed in the following categories: (1) background
information (location, production form, farm size, age
and gender), (2) current use of organic fertilisers and
amounts of N and P, (3) predictions for future use of
organic fertilisers and preferences for types, formulas
and amounts and (4) specific reasons to use or not to
use organic fertilisers. The entire questionnaire is pre-
sented in Appendix 1. Before the implementation, the
questions underwent a testing phase with farmers to
ensure their effectiveness, and necessary adjustments
were made based on the feedback received.

After the application period, the collected responses
were compiled and organised. For the compilation of
the results a minimum answer frequency of 80% for

each question was required to be included in the presen-
tation of results. The questions were thoroughly exam-
ined and compared to identify patterns and outliers
within the data set. Additionally, the background infor-
mation provided by the respondents was cross-refer-
enced with the official statistical data from the Swedish
Board of Agriculture (SBA), which is the authority respon-
sible for monitoring and analysing the development
within the agriculture sector and ensure that the food
production in Sweden is sustainable and profitable. This
comparison aimed to investigate the representativeness
of the responses by assessing how well they aligned
with the average conditions prevalent in Sweden.

Results

Composition of the farms

According to the SBA, the total number of farms in
Sweden was 58,791 as of 2020 (Jordbruksverket 2020).
In total, 345 respondents have accessed the question-
naire but only 29% of the farmers answered more than
80% of the posed questions, which was set as the
lower limit to include the individual questionnaires in
the current analysis. The total of 99 farmers from
various regions across almost the entirety of Sweden
included in the current study represents approximately
0.2% of the total number of farms in the country and
they were not entirely representative for the diversity
of Swedish farmers. There are potential biases regarding
the farms that responded to the survey, since they might
be already using organic fertilisers, hence more inter-
ested and engaged, which was also expected. Similar
approaches, either in regional- or cross national-scale,
have been previously demonstrated sufficient to depict
farmers attitudes (Tur-Cardona et al. 2018; Melo et al.
2019). Therefore, while the respondents’ number may
only partially represent the diversity of Swedish
farmers population, the results are deemed important
to get an understanding of farmers’ preferences and will-
ingness to accept organic fertilisers and broaden the dis-
cussion around the topic.

Most of the farms participating in the survey, 62%
were primarily engaged in crop production and 38% in
animal production. Most of the crop production farms
were producing annual crops like cereals, legumes or oil-
seeds, and 5% were focused on ley production. The dis-
tribution among the livestock farms was 47% dairy, 33%
beef, 8% pig, 6% poultry and 6% sheep.

Most crop-producing farms did not have secondary
production activities, with only approximately 20% of
them incorporating animals as part of their secondary
production. Thus, the study had an expressive
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representation of crop producers, the consumers of
organic fertilising products, which aligns with the objec-
tive of the study to address the attitudes and prefer-
ences of organic fertilising products end-users.

Farmers from both organic and conventional farms
answered the survey, with the majority being conven-
tional. In Sweden, conventional agriculture involves
the use of synthetic crop protection chemicals and
mineral fertilisers to support plant growth, while
organic agriculture does not. Organic farmers must rely
on organically derived fertilisers and also strive
towards a high degree of self-sufficiency which often
implies lower animal density on organic farms (Jord-
bruksverket 2023). Specifically, 77% of the respondents
practiced conventional farming across all forms of pro-
duction. Among livestock producers, around 70% fol-
lowed conventional production methods. Similarly,
most crop producers adhered to conventional practices,
with only 18% of them being organic.

Figure 1 shows that a significant portion of the parti-
cipating farmers, 64%, operated large farms, particularly
in the range of 100–200 ha and over 200 ha. Conversely,
the number of farmers decreased as the farm size
decreased below 100 ha. Only 5% of the farmers
reported having between 1 and 10 ha of land.

Regarding the age demographics, it is presented also
in Figure 1 that most surveyed farmers fell within the age
range of 35–60 years old, while the majority of Swedish
farmers were between 50 and 64 years old according to
SBA (Jordbruksverket 2021).

In order to gain a more comprehensive understand-
ing of the farm composition, the age groups of the par-
ticipants were compared to the size of their farms, as
shown in Figure 2. This analysis revealed that it was
more common to have large farms (>200 ha) for the
farmers in the 40–60 years age range while the
oldest age group predominantly had farms in size of
50–100 ha.

Current use of organic fertilisers

In this survey, a significant majority of respondents,
approximately 80%, reported that they use organic ferti-
lisers. This implies that also crop producers (62% of the
respondees), without livestock, use organic fertilisers.
To what extent they use manure from livestock farms
or organic fertilisers on the market was not explicitly
evaluated, but the distribution of the use of organic fer-
tilisers indicates that many crop utilised animal-based
manure, both in liquid and solid forms, as shown in
Figure 3. The use of organic fertilisers was dominated
by animal manure in liquid and solid forms, 66% and
70% of the respondees, respectively. As for digestate

from methane production, it was used by 13% of the
respondees.

The questionnaire also asked for other type of organic
fertilisers and processed fractions of manure and diges-
tate, which showed to constitute minor usage among
the responding farmers; composted manure or digestate
(6%), pelleted manure or digestate (4%), acidified liquid
manure or digestate (0%), separated liquid fraction of
manure or digestate, (4%), separated solid fraction of
liquid manure or digestate (0%), biochar (1%), source
separated closet water (0%), urine from diversion
toilets (1%) and others (4%).

Furthermore, the survey findings indicate that
although many farmers utilised organic fertilisers, only
a limited number were able to fulfil their nutrient
requirements solely through the application of organic
fertilisers.

Applications of fertilisers on farms
The survey asked for how much N and P that farmers
applied in total per hectare and how much was specifi-
cally applied with organic fertilisers. The given figures
for organic fertilisers contain uncertainties. There is
probably a wide span between rough estimations of N
and P content in utilised manures and reliable figures
for farms where N and P content was analysed. More-
over, respondents may have reported either total or esti-
mated plant available content in applied manure, which
would affect the results, and some farmers also indicated
that they did not know the amounts used.

Nevertheless, Figure 4 (line) shows that approxi-
mately half of the farms applied between 101 and
170 kg N/ha in total, which aligns with current legis-
lation and in well accordance with the recommended
amounts for spring cereals and winter wheat. However,
the rates of N with organic fertilisers were considerably
lower on most farms. For example, for farms applying
between 136 and 170 kg N in total organic fertilisers
constituted at maximum 65 kg/ha on 95% of the farms
(Figure 4, bars) This indicated that mineral N applications
were important for crops with high N demand, and that
many farms used quite small amounts of organic fertili-
ser in total as also shown for P in Figure 5.

For P, the distribution among different application
intervals were even larger than for N, but only about
10% of the farmers applied less than 5 kg or more
25 kg/ha (Figure 5, line). However, it is important to
note that not all farms within this category reported
the exact amount of P applied in organic form, as
some respondents indicated a lack of knowledge regard-
ing their organic P application practices as was also true
for N. Similar to N, the majority of farms applied P within
higher ranges (16–25 kg/ha). For farms applying low
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amounts of P, Figure 5 indicates that the need of P was
almost entirely covered with organic fertilisers.

Future use of organic fertilisers

To measure farmers’ attitudes toward adopting new
types of organic fertilisers, they were asked about their
potential use of different fertilisers over the next five
years. The results, presented in Table 1, revealed that
the organic fertilisers most favoured for future use
were animal slurry and solid manure, which also hap-
pened to be the most commonly ones used at present.
On the other hand, those were the types more likely to
reduce the usage to future, leaving room to other
alternatives, such as organic fertilisers on the market
(e.g. biofer/ekoväxt) and certified sewage sludge
(REVAQ).

By subtracting the current use from the anticipated
future use, it was possible to identify organic fertilisers
with the highest potential for increased adoption.
According to the comparison, 20 individuals expressed
their willingness to use digestate from methane pro-
duction in the future, indicating that they were not cur-
rently using digestate but might consider doing so.

Furthermore, the solid and liquid fractions of separ-
ated animal slurry or digestate emerged as organic ferti-
lisers that several individuals may consider utilising in
the future, despite only used to a limited extent or not
at all today. Presently, only three people reported
using the liquid fraction and none reported using the
solid fraction of separated slurries, but 15 consider
testing them if available in future. Other organic fertili-
sers that showed potential for increased future usage
included composted animal manure or digestate and
source separated sewage fraction. Conversely, organic
fertilisers such as animal slurry and solid manure/deep

litter were unlikely to see increased usage compared
to the current levels, which is a natural consequence if
a larger proportion will be processed into other products
such as digestate. These two organic fertilisers remained
the most used options also for future anticipated use
and reflects that the farmers will continue with livestock
production as today.

In terms of the amount of organic fertilisers to be
used in the future, most farmers who participated in
the survey indicated that they either planned to main-
tain the same level of use (50%) or increase their utilis-
ation of organic fertilisers in the future (44%). Only a
small proportion, approximately 6%, estimated a
reduction in their use of organic fertilisers.

Properties of the future organic fertilisers
In the survey, farmers were asked to rank their reasons
for choosing to use organic fertilisers and to identify
the main obstacles they faced in using them. The
questionnaire provided potential reasons for using
organic fertilisers, including soil improvement, price,
environmental considerations and fertiliser value and
the responders were asked to rate them (most impor-
tant, quite important, less important but still relevant).
In Figure 6, the answers are presented without
ranking, with each response being weighted equally
based on the frequency of selection across all three
levels.

The results showed that the most important reason
for using organic fertilisers was their soil improving
properties, as the second highest was the availability
of manure due to the presence of livestock on the
farm. Overall, it is important to note that not all alterna-
tives were ranked, which means that the aspect is not
even relevant and potentially led to low ‘less important
but still relevant’ answers.

Figure 1. Farm sizes and age distribution of the respondents.
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When it came to reasons not to use organic fertili-
sers, the highest ranking reason is that it contributes
to soil compaction. This issue arises due to fact that
for example wet manure and digestate have high
water contents and thus low nutrient concentrations
per kilogram of wet weight. To achieve the desired
application rate, a large and heavy tank or multiple
passes with a smaller tank may be required, which
can increase the risk of soil compaction. This shows
that the main reason for either using or not using
organic fertilisers are connected to the effects on
the soil.

The second highest ranking reason for not using
organic fertilisers was the perceived expense associated
with their application. Farmers expressed concerns
about the cost involved in spreading organic fertilisers.
The third highest ranking reason was the uncertainty
regarding the nutrient content of organic fertilisers.
Lastly, the fourth-ranked reason for not using organic
fertilisers was the difficulty in accessing them, particu-
larly for farmers who no longer have animals to
provide a source of organic matter.

As for the factors that ranked lowest as reasons for not
using organic fertilisers, shown in Figure 7, were their per-
ceived expense and the potential environmental impact
they may have. These factors were considerably less influ-
ential compared to the concerns related to soil compac-
tion, cost of spreading, uncertainty in nutrient content
and availability without livestock.

Nutrient release and carbon content. Farmers partici-
pating in the survey were also asked about their prefer-
ence for a quick or slow release of N and P in organic
fertilisers. Most of the farmers answered that they pre-
ferred fast release of N (65%) and of P (53%). However,
a substantial part clearly preferred slow release of nutri-
ents, for P almost half of the respondees.

To gain further insights, the question about N and P
releasewas analysed in relation towhether the responding
farmers practiced conventional or organic farming. The
comparison revealed that there were some differences
between conventional and organic farms, where a larger
proportion organic farmers were interested in slow
release fertilisers, especially for P, as shown in Figure 8.

Figure 2. Age distribution in the farms and the most common size of farms.

Figure 3. The main types of organic fertilisers used by farmers in the survey.

6 P. D. LIMA ET AL.



Similar to the comparison made for nutrient release
preferences, a comparison of conventional and organic
farmers was made about the importance of C content
in organic fertilisers, as presented in Table 2. A higher
proportion of conventional farmers regarded C content
as important and quite important compared to organic
farmers, while a greater percentage of organic farmers
responded that C content was not important in
organic fertilisers compared to conventional farmers.

Preferred form. There was also a question in the survey
about preferred form of future organic fertiliser. The
survey revealed that granulates were the most favoured
forms, followed by pellets and liquid fertilisers. The com-
bined solid and liquid forms were more preferred than

the semisolid forms, but they were not as popular as
granules, pellets and liquid fertilisers, as seen in Figure 9.

Interestingly, there was no discernible pattern of pre-
ference based on the farms’ current use of organic ferti-
lisers. For instance, farmers who currently used liquid
manure exhibited the same level of optimism towards
pellets as farmers who used digestate or composted
manure. This suggests that the farmers’ preferences for
future organic fertilisers were not significantly
influenced by their current utilization of specific forms
of organic fertilisers.

Alternative organic fertilisers
To assess farmers’ receptiveness to alternative organic
fertilisers derived from human waste streams, the

Figure 4. Amount of applied N presented for intervals of N amounts applied (kg per hectare). The line shows the distribution among
respondees (%) for applications of total amounts of N (organic and mineral). The stacked bars show how much of N applied (kg per
hectare) came from organic fertilisers, presented as distribution among respondees within each interval on x-axis.

Figure 5. Amount of applied P presented for intervals of P amounts applied (kg per hectare). The line shows the distribution among
respondees (%) for applications of total amounts of P (organic and mineral). The stacked bars show how much of P applied (kg per
hectare) came from organic fertilisers, presented as distribution among respondees within each interval on x-axis.
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participants were asked to indicate their level of con-
sideration for using these types of fertilisers in the
future. The survey included various options of alterna-
tive organic fertilisers, and respondents were asked to
choose from response options: ‘absolutely’, ‘possibly’,
‘rather not’ ‘absolutely not’ or ‘it does not matter’. The
alternative organic fertilisers presented in the survey
included urine from urine separating toilets, litter from
a dry toilet, water closet (WC), water from closed tanks
(excluding greywater), certified sludge (REVAQ), house-
hold compost and digestate. The participants’ responses
provide insights into their willingness to explore and
adopt these alternative organic fertilisers in their
farming practices, which can be seen in Figure 10.

The results indicated that many farmers expressed
optimism about using alternative organic fertilisers,
with most responses falling under the categories ‘absol-
utely’ or ‘possibly’, which represent high priority. Among
the alternative organic fertilisers, digestate emerged as
the most popular choice among the participants. It

Table 1. Current vs. anticipated future use of organic fertilisers
according to the farmers’ perceptions in the perspective of the
coming five years (number of answers).

Organic fertilisers
Current
use

Future
use Difference

Liquid manure 48 45 −3
Solid manure/deep litter 55 54 −1
Urine (from animals) 9 10 1
Other organic fertilisers 4 6 2
Urine from diversion toilets 1 4 3
Source separated closet water 0 4 4
Organic fertilisers on the market (e.g.
biofer/ekoväxt)

8 14 6

Certified sewage sludge (REVAQ) 11 17 6
Acidified animal slurry or digestate 0 7 7
Biochar 1 9 8
Pelleted animal manure or digestate 3 12 9
Sewage fractions from source
separated sewage

0 11 11

Liquid fraction from separated animal
slurry or digestate

3 15 12

Composted animal manure or
digestate

5 17 12

Solid fraction of separated animal
slurry or digestate

0 15 15

Digestate from methane production 11 31 20

Notes: The difference between current and future use indicates the potential
growth of organic fertiliser usage on the investigated farms.

Figure 6. Reasons and level of importance for using organic fertilisers, according to the respondents.

Figure 7. Reasons and level of importance for not using organic fertilisers, according to the respondents.

8 P. D. LIMA ET AL.



was followed by urine from urine separating toilets and
household compost, which were the second most pre-
ferred options. However, farmers appeared more scepti-
cal, with almost 50% less respondents indicating that
they would ‘absolutely’ use urine compared to the
respective attitude towards the use of digestate
(Figure 10).

This, there was not a significant difference in the
number of participants who could ‘absolutely’ consider
using sewage sludge compared to urine. This suggests
that these two alternative organic sources were

relatively comparable in terms of their acceptance
among the surveyed farmers. Overall, except for diges-
tate, the survey results indicated that there was relatively
similar and moderate receptiveness among farmers
towards considering various alternative organic fertili-
sers as potential options for their farming practices,
both for separated fractions of latrine, sewage sludge
and compost.

Furthermore, a comparative analysis was conducted
to assess the relationship between age and the incli-
nation towards alternative organic fertilisers, which is
presented in Figure 11.

The survey data revealed notable variations in
responses across different age groups. The older partici-
pants exhibited the most cautious approach with the
highest ‘absolutely not’ answers. Meanwhile, most
younger participants indicated a possibility of using
alternative organic fertilisers rather than expressing
absolute enthusiasm. In contrast, the age group of 25–
39 displayed a higher level of optimism, with a signifi-
cant portion stating their absolute willingness to con-
sider alternative organic fertilisers. The age group of
40–60 exhibited the highest level of absolute positivity

Figure 8. Preference between slow and fast release of nutrients, according to the respondents (percentage of answers) divided into
answers from farmers practicing organic and conventional farming, respectively.

Table 2. Importance of carbon content in organic fertilisers,
according to the respondents in % of total and distributed on
conventional and organic farms.

Distribution
among all

respondents (%)

Distribution
among organic
farmers (%)

Distribution among
conventional
farmers (%)

Very
important

38 36 38

Quite
important

48 36 52

Not
important

14 27 10

Figure 9. Preferences on forms of organic fertiliser, according to the respondents.
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towards organic fertilisers similar to the 25–39 age
group that were considerable positive as well.

Discussion

With the approach with open distribution of the survey
probably individuals who were more receptive to use
current and new organic fertilisers than the average
farmer was motivated to participate. Therefore, the
survey results should be interpreted, considering the
potential bias towards farmers who were already inter-
ested in exploring alternative organic fertilisers, which
is not necessarily negative for the aim of the study
which was to identify key attributes of products that
increase the interest of farmers. The cautious approach
among older participants regarding alternative organic
fertilisers, presented in Figure 11, may reinforce the
theory of self-selection bias in the survey results, as

there were few respondents over the age of 60, but
not fewer than the youngest group, as shown in
Figure 1. This suggests that the survey may primarily
reflect the preferences of a specific group of farmers
already interested in such fertilisers.

Even though no statistical method was used for
sampling of the respondents, it is still important to
connect our results to the statistics available in
Sweden to attempt to find some parallels and points
of validation. The survey results revealed a higher
number of crop-producing farms (62%) compared to
the figures reported in the Swedish statistics for 2020,
where 28% of Swedish farms were reported as crop pro-
duction farms, 34% as mixed or animal farms and 38%
too small to be identified (Jordbruksverket 2020).

On the other hand, the distribution between organic
and conventional production (23% and 77%, respect-
ively) in the survey aligns with the proportions reported

Figure 10. Alternatives that the respondents considered interesting for using as fertiliser.

Figure 11. Distribution of positive versus negative inclination towards alternative organic fertilisers according to the age groups of the
respondents.
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for Sweden, in 2020, when 19% of arable land was under
organic production (Jordbruksverket 2020). Regarding
specific product categories, most of the beef and dairy
products, approximately 85% of the farms with livestock,
were conventional, slightly higher than the correspond-
ing percentage in the survey (70%) (Jordbruksverket
2021).

In contrast, according to official statistics (Jordbruks-
verket 2021), most farmers in Sweden (44%) possess
an area between 1 and 10 ha, while the smallest
number of farmers operate farms larger than 100 ha
(11%). In our sample, Figures 1 and 2 both present
that 31% of the farmers reported a farm size of 100–
200 ha and 33% a size of more than 200 ha, while only
5% had 1–10 ha. There was thus a large divergence
between the surveyed sample with large commercial
farms and the broader agricultural landscape in
Sweden, with a lot of small farms which do not
produce commercially.

Regarding the current use of organic fertilisers shown
in Figure 3, our findings suggested that there is an
ongoing redistribution of manure from animal farms to
crop producers in Sweden. In addition, it aligns with a
similar observation made by Case et al. (2017) highlight-
ing the transfer and utilisation of manure from animal
farms in crop production practices suggesting the
same trend in other places.

Furthermore, the survey findings indicate that
although many farmers utilised organic fertilisers, only
a limited number were able to fulfil their nutrient
requirements solely through the application of
organic fertilisers, since the rates used where low on
most farms. Of the farms, Figure 4 shows that 73%
applied 65 kg N or less per hectare with organic fertili-
sers and Figure 5 that 65% 15 kg P/ha or less. Reasons
for this can be that there is not more manure available
to use for the crop-producing farms without livestock
on the farm, but also that the legislation for either N
or P limits the amount manure applied. For N, not
more than 170 kg total N per hectare and year can
be applied with organic fertilisers according to EU
regulations in the Nitrates Directive, and according to
Swedish regulation for organic fertilisers not more
than 22 kg P per hectare, as an average of 5 years.
Moreover, the amount of ammonium N, e.g. in solid
manure is low. The application of both N and P
needed to be supplemented with mineral fertilisers,
as reported by the farmers. Similarly, in Denmark and
central Europe, 34% and 33% of the farmers, respect-
ively, experience deficit in fertilisation with just
organic fertiliser and a significant portion of them
needs to supplement with additional minerals fertilisers
(Tur-Cardona et al. 2018).

These findings align with general agricultural prac-
tices and nutrient management principles. It is com-
monly understood that organic fertilisers, while
valuable sources of nutrients, may not always meet the
complete nutrient requirements of high-demand crops
such as cereals (Hamnér 2016). Conversely, farms
growing crops with lower nitrogen demand, more fre-
quently rely on organic fertilisers to meet their nutrient
requirements as indicated by our study.

Implications for improved circularity and future
organic fertilisers

In this study, we examined the current and potential
future use of organic fertilisers in Sweden, with the
overall aim to find out directions for future treatments
of manure and other nutrient sources in order to
improve nutrient use and nutrient circularity in
agriculture.

We assume that respondents to this survey, which
were younger and had larger farms than the average
Swedish farmer, have a larger interest of organic fertili-
sers and are more receptive to new possible products
than farmers in general. Thus, we also assume that our
respondents reflect a relevant and interesting group of
Swedish farmers, but with potential biases as discussed
above. Nevertheless, the results are interesting to
portray the current situation with increased size of
farms and specialisation, ready to face a future where
organic fertilisers play a significant role.

The survey findings revealed a consensus among
farmers regarding their openness to explore different
alternative organic fertilisers as viable options for their
agricultural activities, as presented in Table 1. For
example, regarding use of human waste streams there
was a substantial interest, mainly for digestate, but
also for separated fractions of latrine, sewage sludge
and compost. This is somewhat surprising due to the
long debate about risks for contamination with for
example pharmaceuticals, heavy metals and microplas-
tics. It might reflect the current situation with increasing
prices of mineral fertilisers. However, there were
different preferences between age groups.

Of the responding farmers, 44%would like to increase
the use of organic fertilisers and 50% said that they will
continue with the current use, where liquid and solid
manure are the main types used today and predicted
for future. There is a redistribution from livestock to
crop farms, but there is clearly a demand for enhanced
access to organic fertilisers. One of the most important
obstacles reported by the respondees was the problem
to get access to organic fertilisers. Despite that most
Swedish farms often consists of mixed agricultural

ACTA AGRICULTURAE SCANDINAVICA, SECTION B — SOIL & PLANT SCIENCE 11



activities, Akram et al. (2019) have identified the poten-
tial to enhance nutrient use efficiency in Sweden by
redistributing nutrients in organic waste. There were
some additional comments from farmers without own
organic fertilisers that the ones provided on the
market for organic farming are of questionable origin
and also that it is difficult to rely on entrepreneurs
when it comes to quality of products and practical hand-
ling at spreading. This seems to reflect a need of well-
defined and safe organic fertilisers for the market.

We asked for which type of organic fertilisers are of
main interest for future use on Swedish farms and found
that digestate from methane production gained largest
interest and there was also substantial interest in pro-
cessed digestate or manure fractions, both as solid and
liquid products, shown in Figures 9 and 10. However,
none of the respondees use solid fraction of separated
digestate or liquid manure today. There was some interest
in acidified liquid products, which was not used by any of
the farmers today. We found this quite low interest for
acidified products somewhat surprising since acidification
of liquid manures, which is widely implemented in e.g.
Denmark greatly increases N use efficiency and reduce
environmental impact (Kai et al. 2008; Fangueiro et al.
2015). Indeed, the risk of negative environmental impact
was ranked as the least important draw-back of organic
fertilisers among the responding farmers.

Our respondees represented different perspectives on
organic fertilisers with respect to forms, fertiliser effects
and other aspects. Soil compaction was the most impor-
tant reason not to use organic fertilisers, shown in Figure
7, and as a natural consequence granulate and pellet
forms were of main interest for many farmers (60% and
44%, respectively), presented in Figure 6. However,
there were also many farmers who prefer liquid forms
(38%), which may be attributed to a prevalence for high
and reliable plant available N content, which is typical
for liquid manure and digestate. Uncertain fertiliser
value was given as the second most important reason
not to use of organic fertilisers, also presented in Figure
7; most farmers preferred a fast release of both N and P
as observed in Figure 8 and Table 2 showed that the
carbon content was ‘quite important’ for 48% of the
respondents. On the other hand, soil improvement was
the most important reason to use organic fertilisers
(Figure 6), a property which is typical for solid manures
and composts with a slow and unpredictable release of
nutrients. Tur-Cardona et al. (2018) verified that there is
a heterogeneity when it comes to preferences for
organic fertilisers among different countries in Europe
and they are related to organic carbon content, fast
release of nutrients and solid form. Further, their study
also showed that the interest in using organic fertilisers

is largely influenced by age, farm size and activity. The
respondents from the survey of Case et al. (2017)
defined odour as the most important barrier for the appli-
cation of organic fertilisers, but in terms of discomfort for
the neighbours, which was not included in the list for our
survey.

There is clearly a need for a diversity of organic ferti-
lisers according to different preferences, and according
to the results there will probably be a market for well-
defined and secure organic fertilisers in dry forms, as
granules and pellets, which are easy to transport and
that reduce the risk of soil compaction. Digestate is of
major interest for many farmers, and digestion plants
may also constitute important nodes for redistribution
of nutrients from animal manures, wastewater and
organic wastes from food industry as shown by Akram
et al. (2019). Processing of digestate by separation into
solid and liquid fractions is the first step to produce fer-
tilisers with adapted and well-defined composition of
nutrients, e.g. appropriate N:P ratios adapted for crops
and soils (Kuhn et al. 2018; Guilayn et al. 2019). Treat-
ment with acidification in order to increase N value
and reduce N emission, N-boosting for adaption to
crop needs may hold significant future potential to be
implemented in the manure management chain and
to the production of new organic products. Neverthe-
less, the diversity of organic fertilisers and the few
ambiguous answers from farmers participating in the
current study related to the N and P content and plant
availability of new organic fertilisers, highlight the
need for a comprehensive evaluation of the character-
istics and of the mineral nutrient equivalent value of
new organic fertilisers.

Conclusions

Although a major part of the 99 respondents to the
survey today use, and will continue to use, unprocessed
solid and liquid animal manures, we conclude that there
is an interest among farmers for new and different forms
of organic fertilisers.

In summary, we found several indications of that
there is a potential for increased use of organic fertilisers
in Sweden on farms with limited use today. We found an
openness, a broad interest and a demand of different
types of products of different forms and origin and
based on the results we anticipate a future trend of
enhanced nutrient redistribution from livestock to crop
farms, underscoring a growing demand for organic ferti-
lisers. The results indicate that processed manures and
digestate to solid forms, like pellets or granules, are of
interest confirmed by the fact that soil compaction and
high cost for spreading heavy and wet masses were
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reported as the most important obstacles for using
organic fertilisers. In the end, the price of products in
relation to the prices of mineral fertilisers, which are
fluctuating, will be a main factor for the farmer’s ability
to choose among products and this will continue to
hamper the possibilities for entrepreneurship at the
market for organic fertilisers. Therefore, policy incentives
for stabilising prerequisites for entrepreneurs taking part
in the development of organic fertilisers will probably be
necessary. Our results indicate that such initiatives
would be well-grounded in order to stimulate the devel-
opment towards increased circularity of nutrients.
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Appendix
Table A1. Questionnaire applied to the farmers.
Question Alternatives
1.1 Post code
2.1 What is your primary production form? Crop production (cereal/legumes/oil seeds)

Crop production (forage)
Horticultural production
Pig Production
Dairy (cow)
Poultry
Beef
Sheep/goat
Non-active company
Energy crops
Other

2.2 What is your secondary production form? Crop production (cereal/legumes/oil seeds)
Crop production (forage)
Horticultural production
Pig Production
Dairy (cow)
Poultry
Beef
Sheep/goat
Non-active company
Energy crops
Other

3.1 Do you have conventional or ecological farming practices? Conventional
Organic

4.1 How many kg of phosphorus did you apply to your fields this year per hectare?
(kg/ha)

<5

5–10
11–15
16–20
21–25
>25
Don’t know

4.2 How kg of nitrogen did you apply to your fields this year per hectare? (kg/ha) <30
30–65
66–100
101–135
136–170
>170
Don’t know

5.1 Do you use any kind of organic fertiliser today? Yes
No

5.1.1 If yes, which or what kind of fertilisers do you use today? Slurry manure
Solid/deep litre manure
Urine
Biofertilisers (digestate from biogas production)
Acidified slurry or digestate
Liquid fraction of separated slurry or digestate
Solid fraction of separated slurry or digestate
Composted animal manure or biofertilisers
Pelleted animal manure or biofertilisers
Biochar
Organic fertilisers on the market (e.g. biofer/ecoväxt)
Source separated closet water
Urine from urine separating toilets
Waste fraction from source separated sewage
REVAQ sludge

5.1.2 Other organic fertilisers, specify
6.1 How much Phosphorus (kg) per hectare were from organic fertilisers like animal
manure, manure pellet, biofertilisers, etc. (kg/ha)

<5

5–10
11–15
16–20
21–25
>25
Don’t know

6.2 How much Nitrogen (kg) per hectare were from organic fertilisers like animal
manure, manure pellet, biofertilisers, etc. (kg/ha)

<30

30–65
66–100

(Continued )
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Table A1. Continued.
Question Alternatives

101–135
136–170
>170
Don’t know

7.1 What or which organic fertiliser you think is most interesting to use in your
production within the next coming 5 years (multiple options)

Slurry manure

Solid/deep litre manure
Urine
Biofertilisers (digestate from biogas production)
Acidified slurry or digestate
Liquid fraction of separated slurry or digestate
Solid fraction of separated slurry or digestate
Composted animal manure or biofertilisers
Pelleted animal manure or biofertilisers
Biochar
Organic fertilisers on the market (e.g. biofer/ecoväxt)
Source separated closet water
Urine from urine separating toilets
Waste fraction from source separated sewage
REVAQ sludge
Other organic fertilisers on the market

7.1.1 Other organic fertilisers, specify
8.1 Which of the following statements best describes your future need of organic
fertilisers (five years and ongoing)

I’m going to decrease the use of organic fertilisers

I’m going to use the same number of organic fertilisers as today
I’m going to increase the use of organic fertilisers

9.1 How much of your future crop nutrient needs do you believe will come from
organic fertilisers or fertilisers with organic sources

<25%

26–50%
51–75%
>75%
Don’t know

10.1 Rank the three most important reasons to why you use organic fertilisers today
or would think about using it in the future.

Soil improvement

Priceworthy
Available in my area
Environmentally friendly
Known crop nutrient effect
Appropriate crop nutrient composition
Easy to handle
Quality certified
Not more expensive to spread than other fertilisers
Use the manure that the farm produces
Have an organic farm and must therefore use organic fertilisers
Increases carbon sequestration in the soil
Get it for free or get subsidies for spreading it
Other

10.2 Rank the three most important reasons to why you choose to not use organic
fertilisers now or in the future.

Uncertain crop nutrient value

Unsuitable crop nutrient composition
Hard to do a fertilisation plan
Expensive to spread
Contribute to soil compaction
Hard to handle practically
Not quality certified
Expensive fertilisers
Risk for negative environmental impacts
Hard to get a hold on if I quite wit animal production
Risk to not be able to sell my products/my buyer won’t allow it

11.1 How do you feel about spreading organic fertilisers with the following source
(giving that it is quality safe and certified)?

Urine from urine separating toilets

a. Absolutely Latrine from fry toilets
b. Possibly Closet water from closed tanks (not bath-, dish-, or laundry water)
c. Does not matter Sewage sludge (REVAQ)
d. Rather not Household compost
e. Absolutely not Bio-digestate
12.1 In what form would you prefer to use organic fertilisers? Liquid

Granulate
Pelleted
Half solid form
Combined solid and liquid

(Continued )
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Table A1. Continued.
Question Alternatives
13.1 How fast would you like that the nitrogen is released to the crops in an organic
fertiliser?

Slow release

Fast release
13.2 How fast would you like that the phosphorus is released to the crops in an
organic fertiliser?

Slow release

Fast release
14.1 How important is it that an organic fertiliser have carbon, i.e. gives more
hummus?

Very important

Pretty important
Not important

15.1 How much land do you have (ha)?
15.2 In what age group are you? 18–24

25–39
40–60
60+

15.3 What is your gender? Woman
Man
Other/don’t want to answer
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