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Executive summary
There has been large scale intensification of animal production in the Netherlands over the past
decades with average livestock density of 4 herd/ha livestock units for housed dairy cattle. This
increase in concentration of livestock per unit area has led to large volume of excess manure
with insufficient adjacent land for on-farm disposal. Analysis of manure production trends has
shown that average annual manure surplus in the Netherlands stand around 50 million Kg for
phosphorous and 122 million kg for nitrogen derived from animal manure for the past 3 years.
The cost of disposal of manure amounts to €300 million annually. On the other hand, animal
manure is a good source of nutrients for plants as it contains nitrogen (N), phosphorus (P),
potassium (K) and micronutrients such as copper (Cu), magnesium (Mg) needed for plant
growth. However, variation in nutrient composition, presence of pathogenic microbes such as
bacteria, viruses, weed seeds and odours associated with manure pose a major challenge for
its application in glasshouses in Northern Netherlands. Another obstacle was the inadequate
sustainable cooperation of stakeholders in cattle manure.
In this study, the feasibility of cattle manure for use in glasshouse as a source of
fertilizer was investigated through consideration of literature on quality, processing and
economic analysis of factors affecting mineral concentrate from cattle manure. This was through
literature search and interviews carried out on stakeholders in Emmen in the province of
Drenthe. The stakeholders interviewed were dairy cattle farmers, glasshouse growers producing
cucumbers, flowers and manure processors. CropEye sponsored for the project, also provided
contacts for stakeholders who participated in this study. The information obtained was used in
the synthesis of the feasibility on the viability of manure processing for glasshouse use.
By and large, it was identified that the quality of cattle manure used for processing has a
major effect on the end product. Quality factors of cattle manure for consideration is the nutrient
content such as nitrogen, phosphorous, potassium and micronutrients; and the microbial
pathogens that can be transmitted to humans. Cattle manure has to be supplied to glasshouse
in liquid form as a mineral concentrate. The mineral concentrate is a product of reverse osmosis
(RO) of manure processing. Processing of manure using this method results in low P, this has
to be added back from other sources. Hence, analysis of nutrient content of the final product
has to be done to avoid low levels of P and other nutrients. In terms of microbial, manure
harbours human pathogens like Escherichia coli, Salmonella spp and Campylobacter jejuni.
Quantitative risk assessments of individual zoonotic pathogens present in mineral concentrate
v
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as to be done in order meet quality assurance. Use of indicator organisms like entococci is not
reliable as they give poor estimates of the number of pathogens present in manure.
In as far as glasshouse application of manure is concerned; a complex mix of
technologies including filtration, anaerobic digestion and reverse osmosis (RO) provides the
best solution for manure processing. But it is capital intensive and requires up scaling for large
scale application and valorisation of different end products from the processing. This is in order
to ensure profitability and sustainability of cattle manure for glasshouse use. Transportation of
manure is another important aspect that has to be considered if processing has to be
sustainable. This is due to the high cost (€8 per ton of manure) of hauling manure from cattle
farmers. It is advantageous that processing facilities be located within a 9 km radius of cattle
farmers so that pipes can be used in the haulage of manure. This will ensure continuous supply
of manure and reduction of costs associated with transport. It is envisaged that stakeholder
cooperation will enable sharing of tasks and responsibilities that will result in equitable revenue.
This requires well defined guidelines detailing the responsibilities of each stakeholder. The
willingness of cattle farmers to supply cattle manure is factor that has a bearing on the supply of
manure as commodity for trade due to competing uses for manure.
High capital investment is required for establishing of a manure processing plant using
reverse osmosis (€5.8 million). It is only feasible to produce mineral concentrate from manure in
combination with biogas and compost. Mineral concentrate alone as a major source of income
for the manure processor is not economically feasible. Branding of horticultural product from
manure mineral concentrate needs further research on consumer perception. This is because
glasshouse growers perceives no advantage of using manure due to food safety issues and
Dutch regulations on mineral concentrate, which regards the concentrate as manure even after
processing.

vi
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Chapter 1: Introduction
There has been large-scale intensification of confinement animal production in the Netherlands
over the past decades with average livestock density of 4 livestock units/ha (Oenema, 2004).
The increase in concentration of livestock per unit area has led to large volume of excess
manure with insufficient adjacent land for on-farm disposal. For instance, analysis of manure
production trends has shown that (CBS, 2010) average annual manure production in the
Netherlands in the past 15 years stands at 1,615,625 tons per year. The amount of manure that
cannot be placed in the Netherlands (surplus manure) for nitrogen is 122,000 tons per year and
phosphorous is 50,000 tons per year (Peeters et al., 2011). The disposal of this manure amount
to 300 million Euros annually (Peeters et al., 2011).In addition, due to specialized instead of
integrated farming, there is a weak relation between manure production and crop production
(except where manure producers use part of the manure for crop production) where manure
produced is used to fertilize the soil for crop production and the crop residues used to be
composted or feed the livestock.
The accumulation of the excess manure poses serious environmental challenges such
as phosphorus (P) accumulation in soils, high emission of ammonia

(NH 3) and other

greenhouse gases such as carbon dioxide (CO 2), methane (CH4) and nitrous oxide (N2O)
(Larney and Hao, 2007) into the atmosphere, nitrate (NO3) accumulation in ground water and
nitrogen (N) and P in surface water (Oenema, 2004). Odours emanating from manure are
another issue to take into account as a perceived negative externality of manure production.
Manure disposal strategies currently in practice include slurry injection, spreading of raw
manure on producers’ land, low emission housing and slurry storage in pits. While slurry
injection is mandatory to reduce ammonia emission (Oenema, 2004; Kuipers et al., 1999), low
emission housing is costly and ineffective (Kuipers et al., 1999).
On the other hand, the excess manure represents a great nutrient resource and a
valuable source of fertilizer for soil remediation if properly managed. Manure is an excellent
fertilizer containing N, P, potassium (K) and other micronutrients, when applied; manure is a
vital source of plant nutrient and organic matter (Nicholson et al. 2004; Larney et al. 2006). The
organic matter improves soil structure that helps the retention of water in the soil, promote
activities of soil organisms and nutrient mobility and availability to the plant and lower wind and
1
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water erosion. For instance, composition analysis of original cattle manure indicates that a
tonne cattle manure contains 25kg dry matter, 10kg organic matter, 4kg N, 0.2kg P and 0.8kg of
K. However, manure quality (chemical and physical properties) is highly variable and poses a
challenge of estimation nutrient availability and of the appropriate application rate when used in
crop production. Manure quality is determined by the composition of the ration supplied to the
livestock, and the moisture content, storage and handling of the excreted manure. The type of
manure processing techniques used has also effects on the manure final product quality and
nutrient composition. Furthermore, raw manure serves as a reservoir for pathogenic agents
Salmonella, Campylobacter, Yershua, Escherichia coli etc, which can cause human and animal
diseases (Oliver et al., 2007). In recent times there have been reported cases of food borne
diseases resulting from eating crops which has been attributed to application of animal manure
on agricultural lands (Nicholson et al., 2004; Oliver et al., 2007). Another limitation of raw
manure is the presence of weed seeds and odours thus making it undesirable for glasshouse
production in its raw and unprocessed form.
Glasshouse growers in the northern part of Netherlands are investigating the feasibility
of manure application in their practice. Currently, glasshouse growers rely on imported inorganic
fertilizer for their production. It has been estimated that nutritional value of manure from 15 cows
is sufficient to produce one hectare of sweet pepper (Daan Kuipers, personal communication,
Jan. 13, 2012). Additionally, it is believed that using manure in glasshouses will lead to
reduction in cost of fertilizer, healthier crop and reduction in cost of removing substrates (Daan
Kuipers, personal communication, Jan. 13, 2012). However the problem of manure quality and
lack of cooperation between manure producers and glasshouse growers pose a threat for
successful use of manure in Dutch standard glasshouse crop production. One strategy to
overcome this challenge is through cooperative manure management between manure
producers and users. This will ensure sustainable manure management where manure
produced can be processed for crop production and crop remains used as livestock feed.
Overall, to harness economic benefits of excess manure production it is important to find
alternative methods of manure management that allows manure use in the Dutch glasshouses.

2
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1.1. Problem analysis
There are soil nutrient imbalance problems and associated environmental risks especially
related to N and P accumulation in the parts of Netherlands where excess manure is produced.
Current available practices of surplus manure management including fresh manure spreading
on available land and slurry injection are becoming less feasible. While the excess manure
continued to exceed, the amount available land, nitrate leaching, eutrophication, large
accumulation of P and heavy metals in soils, surface and ground water are long-term effects
that may result from excessive slurry injection. To overcome these problems several
government interventions have been introduced. An example is the introduction of manure
transport subsidy where manure is transported from high surplus areas to deficit areas (IAEA,
2008). Despite this intervention, farmers had to pay larger parts of the transport costs.
On the other hand, the specialized farming systems in the Netherlands that have
separated crop production from animal production have resulted in an almost complete
elimination of manure use in crop production systems. This situation is more pronounced in
standard glasshouse horticulture production where plants are grown in substrate media such as
rock wool and perlite and plants are nourished with a nutrient solution through an irrigation
system to the media thereby making animal manure in its current form unsuitable for
glasshouse production. Additionally, the availability of chemical fertilizer at low cost, the ease of
storage and handling, and more reliable nutrient availability for crop uptake compared to animal
manure has made animal manure less attractive as nutrient source for crop production in
glasshouses. For instance, potential nutrient composition analysis in kg/ton of livestock manure
in shows 11N, 1.4P and 13.6K while annual crop requirement for tomato in kg/ha is 1442N,
448P and 2648K (CBS, 2010). This implies that the relative N content is too high in comparison
with the P content to meet crop requirement. In addition the heterogeneity of animal manure
even from the same animal species requires further analysis at point of application unlike the
chemical fertilizer where the nutrient composition is guaranteed.
In using manure in glasshouse production, care should be taken to avoid contamination
of the final product from zoonotic pathogens that may be present in the manure. The recent
outbreak of E. coli in Germany where about 22 people died and 1700 others fall sick as a result
of consuming contaminated beans sprout is a classical case (Hyde, 2011). This situation poses
a challenge of consumer acceptance of crops produced from manure and requires attractive
branding that will appeal to consumers. The existing lack of cooperation between manure
3
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producers and glasshouse growers may be attributed to the current state of manure that does
not allow its application in glasshouses.
Our project focuses on the solution to bridge the gap between qualities of manure
produced and needed for glasshouse production. This requires processing of manure into forms
that can be used in glasshouse production and cooperation between manure producers and
glasshouse growers. The project also focuses on the feasibility of processed manure use in
glasshouse production. The processing steps (anaerobic digestion and composting) needed for
manure will ensure the end product is 99.7% free of pathogens and undesirable odours (Coté et
al., 2006). The cooperation between manure producers and glass house producers will ensure
that crop residues from glass houses are used as compost for livestock fodder feed, when they
are considered pesticide free. The manure from livestock farms in turn, are processed for
glasshouse production thereby creating a “closed” nutrient cycle.
Thus, the objectives of this project were:
o

To identify manure processing strategies that will ensure ease of application in
glasshouses, elimination of pathogenic agents, weed seeds and ensure nutrient
product stability.

o

To propose a framework of cooperation between manure producers and
glasshouse growers in such a way that manure produced is used as nutrients for
glasshouse production and crop residues return to feed the livestock.

o

Economic analysis on the processing of manure and application in glasshouses.

1.2. Methodology used to conduct the feasibility study
The feasibility study was carried out by reviewing literature on cattle manure and using
questionnaires to obtained information from key stakeholders considered in our project.
Literature search was carried out on manure quality, processing of manure to come up with a
liquid mineral concentrate. Two trips were made to Emmen; the first was for the workshop on
business development in Emmen, while the last one was for carrying out interviews on key
stakeholders. Stakeholders interviewed were dairy cattle farmers, glasshouse growers growing
cucumbers and flowers, and manure processors. Three separate questionnaires were prepared
one for each stakeholder that provided means provided information about the economic
feasibility and cooperation framework on the use of cattle manure for grass application. Upon
gathering information, a detailed analysis of elements that are important to manure was
4
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synthesised and this was used to provide solution from the prevailing situation in the Emmen
area with consideration of cattle manure as source of fertilizer for glasshouse use.

5
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Chapter 2: Manure quality
parameters
Quality refers to purpose for readiness of use, in this regard it is the application of cattle manure
in glasshouse for fertigation of crops. By and large, the quality of manure is influenced at
various stages of production and handling starting from animal management, manure
processing, storage and application. The main factors that affect manure are: diet of the animal,
presence of zoonotic pathogens, nutrient content of manure, nutrient losses from manure,
odour, weed species, storage, processing and transport. This chapter underscore factors that
have an impact on the quality of manure used for glasshouse production.

2.1.

Plant nutrient values of manure

Livestock manure is an important source of nitrogen (N), phosphorus (P), potassium (K) and
micro-nutrients such as copper (Cu), zinc (Zn), sulphur (S), iron (Fe), boron (B) and manganese
(Mn). Besides, it contains organic matter, which is beneficial for the soil structure and related
soil physical properties. Firstly, the forms and chemical composition of nutrients in manure are
elucidated. Secondly, those factors affecting manure nutrient composition are discussed and
finally methods used to quantify the nutrient composition of manure are explained.

2.1.1. Nitrogen
Livestock manure is rich in nitrogen compared to other nutrients (Camberato et al., 1996).
Nitrogen in manure exists in two different forms: organic and inorganic (ammonia (NH3) /
ammonium (NH4+) and nitrate (NO3-)) (Camberato et al., 1996). These two forms of N are
different in terms of their availability to the plant and degree of loss to the soil and environment.
The inorganic N in manure can be directly taken up by plants and easily emitted to the
environment, whereas the organic N, often the dominant form in animal manure, is not available
to crops until it has been decomposed to NH4+ by microorganisms (Camberato et al., 1996).
Ammonia (NH3) is a gas, is changed into ammonium (NH4+) when it is dissolved in water. The
plant can use nitrogen either as NH4+ or NO3-. But most plant prefers to use nitrogen in the form
of NH4+ (Camberato et al., 1996).
6
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2.1.2. Phosphorus and Potassium
Phosphorus in manure exists in both organic and inorganic forms (Buckley and Makortoff, 2004).
Similar to nitrogen, the dominant amount of phosphorus in manure is present as an inorganic
form. In general, animal manure contains 45 to 90% of inorganic phosphorus and the remaining
part is considered organic. The largest part is contained in the solid fraction. However, much of
the organic phosphorus in animal manure is easily decomposed by soil microorganisms and
converted to inorganic form, which is used by plants (Buckley and Makortoff, 2004). Essentially,
all inorganic P is in the orthophosphate form (PO 4-3) this is taken up by growing plants. In
general, animal manure contains more phosphorus than most crops require, especially if
applied according to the nitrogen requirements of the crops, most crop grow well with 8:1
nitrogen to phosphorous ratio (Buckley and Makortoff, 2004).
Potassium in manure is present mainly in inorganic form and is totally dissolved in the
liquid fraction (Beegle and Durst, 2001). Hence, it is important to conserve the liquid portion of
manure to meet K required for crop nutrition. Potassium in manure is readily available to plants
and may be considered a 1:1 substitute for K in inorganic synthetic fertilizer (Beegle and Durst,
2001).

2.1.3. Micronutrients (Cu, Zn, S, Fe, B, Mn and ZN)
Livestock manure is a good source of micronutrients. Plants need very small amount of
micronutrients, thus the micronutrient requirement of most crops can be met with typical manure
application rates, except for the two micronutrients boron and zinc (Wiederholt, 2011).

2.1.4. Factors that affect nutrient content of manure
2.1.4.1. Type and age of animal
Nutrient composition of manure is different for all ruminants (Ogejo, 2006). The age and sex of
the animal also affect the nutrient composition of manure (Ogejo, 2006). This can be related to
the difference in types and amounts of diet animals consume and the moisture content of the
manure. Most young animal animals consume relatively less amounts of protein at the early age
resulting in different nitrogen contents of manure (Ogejo, 2006). Also young animals are more
efficient at using protein in feed.

7
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2.1.4.2. Type of manure
As shown in table 2.1, the concentration of N and K are higher in liquid manure. Whereas the
concentration of P is high in solid fractions (Rosen and Bierman, 2005). There is a wide range of
variability of micronutrients in the different fractions, even the availability of micronutrients
depends on the supply of feed or ration given to the animals.
Table 2.1. Average composition of manure (kg/ton) in different animals. Composition of nutrients
in cattle manure is different in fresh and liquid fraction of manure.
Type of
manure

Animal
type

Dry
matter

Organic
matter

Nitrogen
total

P 2O 5

K2O

Fresh
manure

Cattle

25

10

4,0

0,2

8,0

Pig

20

5

6,5

0,9

4,5

Female
pig

10

10

2,0

0,9

2,5

Cattle

86

64

4,4

1,6

6,2

Pig

90

60

7,2

4,2

7,2

Female
pig

50

35

4,2

3,0

4,3

Meat cow

20

15

3,0

1,5

2,4

Liquid
manure

Nutrient compositions of manure vary depending on the form of manure (composted or fresh)
application in crop production. Non-composted manure (fresh manure) has higher N content
than the composted one (Rosen and Bierman, 2005). Besides, fresh manure is rich in soluble and
readily available nutrients compared to the composted manure. Compost manure mostly
contains organic forms of nutrients, which need time to decompose and release nutrients to the
plants (Rosen and Bierman, 2005). The amount of soluble P in composted manure is less than
fresh manure, thus composting manure lowers P loss to the environments (Sikora, 2004).
Potassium concentration in composted manure is almost negligible because most of potassium
exist within the liquid fraction of manure (Beegle and Durst, 2001).
8
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2.1.4.3. Manure application methods
The application method and environment are also among the factors that affect the final nutrient
content available to the plant. Application methods that allow the incorporation of manure into
the soil immediately after application minimizes nitrogen loss to the air and allows soil
microorganisms to start decomposing the organic matter, making nutrients available more
quickly to the crop (University of Minnesota Extension, 2012). Because of the fact that half of
the nitrogen in manure is in the form of ammonium, about 25% of the nitrogen is lost within the
first 24 hours in surface application of manure or if it is left without incorporation into the soil,
and another 20% may be lost in the next 3 days (University of Minnesota Extension, 2012).
Further nitrogen loss to the air (as ammonia) is facilitated by dry and windy weather.

2.1.5. Methods of determining nutrient content of manure
Knowing the nutrient contents of manure is required in order to decide on the amount of manure
to apply to meet crop requirements (Koelsch and Shapir, 2006; Bary et al., 2004). To achieve
maximum utilization of manure as a fertilizer and to lower nutrient losses from manure to the
environment, it is important to know the general nutrient composition (Bary et al., 2004). The
nutrient contents of manure can be determined based on a laboratory analysis.

2.1.5.1. Sampling liquid manure
Results of nutrient analysis of manure are as good as the sample (Bary et al., 2000; Wallace,
2008). The sampling techniques used and time of delivery of the samples are very important to
guarantee the accuracy of the results. In general, manure samples have to be fresh and
representative. The repetitiveness of the sample used for testing in the laboratory can be
achieved by taking 10 – 20 small samples from different parts and depths, which can be mixed
thoroughly using a shovel or by hand (wearing rubber gloves) to make a composite sample.
Afterwards a quarter of a composite sample can be taken and placed in an appropriate
container or frozen for transport to the laboratory (Bary et al., 2000). Manure analysis should be
done within in 24 – 48 hours upon reception; otherwise the sample has to be placed in a
refrigerator (Bary et al., 2000).
Sampling of liquid manure needs special precautions, because in most liquid manure
storages, there is some stratification of solids, thus nutrient content may differ (Martin, 2009).
Therefore, agitation of the storage container is an important step required in order to get a
9
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homogenous and representative sample for laboratory analysis. A minimum of 2-4 hours of
agitation of liquid manure storage container is required to get a good sample (Martin, 2009).
Liquid manure collection without agitation has the risk of underestimation or overestimation of
nitrogen, potassium and phosphorus contents. This is because of the fact that, typically N and K
are concentrated in the top liquid portion, while phosphorus is more concentrated in the solids
bottom portion of stored liquid manure (Martin, 2009).

2.1.5.2. Laboratory analysis
The major components of manure that have to be measured in the laboratory are: total N, NH 4,
total P, total K, moisture content (dry matter content) and total solids (Wallace, 2008). Other
optional tests include total nitrate-nitrogen (NO3-N), electrical conductivity (EC), pH, total C or
(C:N) ratio, chloride (Cl), sulphur (S), sodium (Na), calcium (Ca), magnesium (Mg) and
micronutrients such as copper (Cu), manganese (Mn), zinc (Zn) and iron (Fe) (Wallace, 2008).
Depending on the age and forms of manure, if composted, the total carbon, nitrate and pH are
also other parameters need to be checked before manure application. Specially, the
measurement of total carbon is useful if manure has to be mixed with beddings, because the C:
N ratio indicates N availability (Bary et al., 2004).

2.2. Nutrient losses from manure
Manure management practices form a continuum that affects losses at all phases of manure
handling starting with the diet of cattle, beddings, processing, manure storage, transportation
and application (Chadwick et al., 2011). Hence, a holistic approach is required in order to
minimize nutrient losses from manure.

2.2.1. Greenhouse gas (GHG) emission
Basically, greenhouse gas (GHG) emission from cattle manure is in the form of methane (CH 4),
nitrogen (N2), and nitrous oxide (N2O) (Chadwick et al., 2011). Nitrate (NO -3) and ammonium
(NH+4) in the presence of water (H2O), govern the processes of greenhouse gas (GHG)
emission from manure. The global warming potential of methane (CH4) is 21 and that of N2O is
310 times higher than that of carbon dioxide (CO 2) (Oenema et al., 2007).
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2.2.2. Nitrogenous gas production
Manure from livestock is estimated to account for 30 to 50% of N 2O of total global emission
contributed by agricultural sources (Oenema et al., 2007). Nitrous oxide is produced from
manure as a result of microbial activities such as nitrification and denitrification. Nitrous oxide
production takes place under both aerobic and anaerobic conditions. Nitrification, the
transformation of ammonia to nitrate is aerobic:
NH3 + 2 O2 → NO3- + H+ + H2O + energy
Denitrification, the formation of nitrogen gas from nitrate is anaerobic:
2 NO3- + 10e- + 2 H+ + 10 {H} → N2 + 6 H2O
Nitrous oxide emission from manure is influenced by temperature, oxygen and soil microbial
activities (Monteny et al., 2006). (De)nitrification processes also occur in livestock housing on
beddings, in solid manure storage compartments and slurry manure. Higher temperature leads
to higher microbial activities that result in higher emission of nitrous gas from manure. Oxygen
has a strong effect on the end products of conversion processes, with nitrous oxide production
prominent under high oxygen conditions, while lack of oxygen leads to the production of
harmless nitrogen (N2) in manure as a result of the chemical reduction of nitrates to nitrogen.

2.2.3. Ammonia and methane production from cattle manure
Ammonia formation from manure is an instantaneous process occurring in a continuum at all
stages of manure handling. Although ammonia is not a greenhouse gas (GHG), it indirectly
contributes (see denitrification and nitrification) to the emission of nitrous oxide (Oenema et al.,
2007). Ammonia emission from cattle manure production depends on many factors such as the
feed of the animal, bedding removal from farmhouse and the storage of manure. Highest
release of ammonia from manure takes place when pH is between 7 and 10 (Hristov et al.,
2010). Lowering of pH inhibits release from manure with progression in reduction from pH 7 and
little or no release at pH of 4.5 (Hristov et al., 2010). In terms of dairy cattle production activities,
the major sources of NH3 emission are from storage lagoons, barn, manure storage containers
and cattle housing (Hristov et al., 2010).
Methane from manure originates from fermentation of organic matter (OM) during
anaerobic decomposition (Chadwick et al., 2011). Methane production in manure starts first with
the growth of acidogenic bacteria, which are active in temperature range of 3ºC – 70ºC with
optimum at 30 ºC (Monteny et al., 2006). These bacteria act on volatile fat acids (VFAs) in
11
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manure from organic matter substrates. VFAs are converted by methanogenic bacteria
operating in psychrophilic (T<20ºC), mesophilic (T=20-40ºC) and thermophilic (T>40ºC)
temperature to produce methane gas (Monteny et al., 2006). These processes take place in the
absence of oxygen and are temperature dependent. Generally, increase in temperature
increases the amount of methane production from manure (Chadwick et al., 2011).

2.2.4. Leaching and runoff of nutrient from manure
Nutrient losses from manure through leaching and runoff are in forms such as nitrates,
ammonium, sulphates and dissolved organic compounds. Losses mostly take place from
ensiled manure (Oenema eta al., 2007). Leaching can be avoided by using concrete floors in
manure storage rooms and by collection of drainage water from cattle housing pens and
manure processing facilities. All nutrient losses are related to solubility, reactivity, speciation and
mobility of the elements (Oenema et al., 2007). Mobility of elements such as C, N, and Sulphur
(S), which can dissolve in water and released as gaseous compounds make their cycling faster
and complex (Oenema et al., 2007). Sulphur is lost through sulphides such as hydrogen
sulphide (H2S) and sulphur dioxide (SO2) and through leaching as soluble sulphates (SO 4-2).
Potassium (K+), sodium (Na+), calcium (Ca+2), and magnesium (Mg+2) have generally
high solubility in water. While iron (Fe +2 or Fe+3) manganese (Mn+2), zinc (Zn+2), molybdenum
(Mo), selenium (Se), and nickel (Ni) have low solubility in water and high reactivity with soil
constituents (Oenema et al., 2007). Few studies have been done to quantify nutrient losses
from manure through leaching and run off. However, available information suggests that losses
through these processes range from 2 to 10% from slurry depending on the covering used
(Oenema et al., 2007).

2.2.5. Strategies to minimize nutrient losses from manure
Emission of methane (CH4) falls under the Kyoto protocol of the United Nations Framework
Convention on Climate Change (UNFCC). In as far as the European Union (EU) is concerned,
the reduction target for 2012 has been set at 9% based on the 1990 emission from manure
GHG, with about 20% target set for 2020 (Chadwick et al., 2011). EU member states also follow
the Nitrate Directive (91/676/EEC) in protecting waterways against nitrate pollution from
agricultural sources. The action plan for this mechanism involves timing of application of
manure, crop nutrient uptake, and nitrogen monitoring at farm level. In most EU countries,
12
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manure has to be covered and if applied it has to be incorporated into the soil rapidly through
techniques such as slurry injection or trailing hose.

2.2.5.1.

Addition of inhibitors to manure

The type of nitrogen form in manure affects the emission of nitrous gas, with nitrate having a
higher emission factor than ammonium (Monteny et al., 2006). Additions of nitrification inhibitors
have been found to reduce nitrous gas release from urea (Monteny et al., 2006). Slurry injection
reduces ammonia emission, but at the same time increase nitrous oxide through microbial
activity in the soil. Release can be made more effective if inhibitors are added. This is so in
that, treating slurry with nitrification inhibitor, 3,4-dimethylpyrazole phosphate (DMPP) has been
found to reduce N2O emission by 32% compared to untreated slurry (Monteny et al., 2006). The
use of additives that inhibit ammonia such as urease inhibitors can potentially reduce the
amount of ammonia volatilized from ammonium. But these methods may have disadvantages
such as increasing the weight of manure, P content of manure, and chloride content. Hence, a
combination of different methods should be used for effective results (Hristov et al., 2010).
Biofilters that trap ammonia can be used in ventilation outlets of feedlots or on manure covers in
order to minimize losses of ammonia from manure.

2.2.5.2.

Timing of manure application

In temperate climates, autumn and winter application of manure has been found to increase
leaching of nitrates from manure than that for spring (Chadwick et al., 2010). This is mainly due
to low temperature and high water accumulation in the soil, making leaching more dominant in
cold season. Also microbial activities in winter are lower; hence nitrogen conversion to other
forms is reduced. Also crop growth rates in winter are lower compared to spring and summer,
which can create surplus load of available nitrogen than that of crop requirement.
The EU has designated nitrogen emission from manure not to exceed the threshold of
170 kg N ha-1 per year as the ceiling level (Schroeder et al., 2004). This is used to protect nitrate
sensitive areas from nitrate pollution of ground water. The mechanism of control is based
nitrogen crop requirement, length of the growing season, and precipitation surplus and
denitrification capacity of the soil. But this has been found not to correlate with the phosphorous
content in manure at the prescribed maximum application rate, which can have more P at times
than crop requirement (Schroeder et al., 2004).
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2.2.6. Research synthesis on nutrient losses from cattle manure
In order to reduce nutrient losses from manure, measures that can be taken are dietary
adjustment of cattle feed through provision of adequate roughage in the diet of not less than
50% ratio compared to concentrates. Crude protein content of the feed should be sufficient only
for production of milk in order to avoid extra phosphorus and nitrogen in manure. If possible the
use of high productive cattle breeds with long lactation period should be advocated. This can
reduce methane production per life cycle of cattle through increased carbon used for milk
production. Proper management of manure storage pens like drainage of effluent and collection
at one point is required. Also prevention of anaerobic environment in manure storage should be
done. A combination of urease inhibitors should be added to manure to prevent ammonia
formation. The pH of manure should be kept at less than 7, to avoid volatilization of manure.
Biofilters should be added in ventilation pens of manure storage facilities and cattle housing
pens to trap emitted gases.

2.3. Microbial quality of manure
Cattle faecal matter used as manure for crop fertilization contains zoonotic enteric
microorganism that are pathogenic to humans and pose a danger to food safety (Bonetta et al.,
2011). Health concerns on the use of cattle manure are: transmission of zoonotic pathogens to
vegetable foods, agricultural workers handling manure and contamination of ground water with
faecal derived human pathogens. A wide range of pathogens have been found associated with
manure, which include protozoa, bacteria, nematodes and viruses. The large majority of these
human pathogens are bacteria such as Escherichia coli O157:7, Yersinia enterocolitica,
Salmonella enterica serovar Typhimurium, Campylobacter jejuni, Listeria monocytogenes and
Clostridium perfringens (Bonetta et al., 2011; Skillman et al., 2009; Franz et al., 2005). These
bacteria have cattle and other livestock as reservoir of their inoculum, as they reside in the
gastrointestinal tract of warm-blooded animals. In terms of protozoa, human pathogens such as
Crytosporidium parvum and Giardia spp. have been isolated from manure (Bonneta et al.,
2011). Also viruses such as Bovine adenovirus (BAdv), polyomavrus (BPyv) and hepatitis E
virus (HEV) strains have been isolated from animals such as pigs, chicken and cattle (Meng et
al., 2011; Wong and Xagoraraki, 2011). Hepatitis E virus (HEV) is associated with poor sanitary
conditions such as animal waste.
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Studies of organic matter contamination have shown that faecal bacteria such as
enterococci can be used as indicators for presence of zoonotic animal pathogens from manure
(Liang et al., 2011). This is because they are related with other microorganisms that pose health
risks to humans. Also their growth rates under the same environmental condition are similar.
Pathogens from cattle manure enter the environment directly through droppings or by
application of manure in the field. This usually leads to the contamination of the waterways by
runoff water containing manure organic matter, which acts as a substrate on which pathogens
survive. Abiotic factors such as soil moisture content, temperature and soil texture have an
effect on the survival of these pathogenic microorganisms from manure (Liang et al., 2011).
These together with soil microbial activities such as interspecific competition and predation of
pathogens determine the prevalence of the pathogens in an environment (Liang et al., 2011).
Infection of humans by zoonotic pathogens occurs mostly by consumption of
contaminated animal products such as beef and drinking water (Liang et al., 2011; Bolton et al.,
2011; Franz et al., 2006). However, various enteric pathogens have been isolated from plant
products such as vegetables (Franz et al., 2005). The most recent outbreak of E. coli was in
Germany in May 2011, attributed to the consumption of bean sprout (Vigna radiata .L) (Kemper,
2011). This caused hemolytic uremic syndrome (HUS) in >800 people, mostly adults. The
serotype implicated in this outbreak was a rare form of E. coli, O104:H4 (Kemper et al., 2011).
This serotype was found to be producing shiga toxins which were causing diarrhea and kidney
failure. Genomic sequencing identified this has a recombinant of human derived E. coli and
livestock serotypes. Outbreaks of Escherichia coli O157:H7 and Samonella enterica serovar
Thyphimurium from consumption of lettuce has also been observed (Franz et al., 2005). The
probable source of these human pathogens would be manure application for fertilization of
vegetables. However, despite these observations of the pathogens on plants, no explicit
demonstration has been done on the risk of organic fertilizer such as manure being higher than
that of conventional in transmitting these zoonotic pathogens (Franz et al., 2005). Hence it is
known that environmental conditions outside host livestock animals are not favourable for
zoonotic pathogens for their long term survival. Also survivors of these bacteria such as E. coli
are influenced by the feeding regime of cattle, antibiotic usage and application of fertilizer. Cattle
fed with higher digestible starch feed such as grain and concentrates results in an acidic
environment in the rumen compared to those fed with a higher roughage diet like hay (Franz et
al., 2005). This subsequently leads to the selection of acid resistant pathogens such as E. coli,
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being shed in dung. These are able to survive adverse conditions in the soil. Soil amended with
fertilizer higher in nitrates and phosphorus also results in higher presence of E. coli due to
reduced competition for nutrients with other microbial communities (Stanley et al., 2011). Higher
antibiotic usage in cattle feed can lead to selection for resistance by enteric pathogens, which
can make them more adapted to competition with other microorganisms in the soil. In terms of
entry into plants, it has been shown that E. coli is able to gain access through the root system
from the mixture of manure, moving up into the edible parts of the plants (Franz et al., 2005).

2.3.1. Control of zoonotic disease in cattle manure
In terms of prevalence of E. coli and C. jejuni, there is no genotypic difference between the two
main genotypes of cattle, Bos taurus and Bos indicus (Berry et al., 2006). Most studies attribute
the shedding of pathogens such as E. coli O157 from manure to factors such as the diet of the
animal, age of the animal and the physiological condition of the animal. In terms of diet, it has
generally been observed that a roughage rich feeding regime reduces E. coli in manure
compared to concentrate diet (Berry et al., 2006). But this observation has been seen to be
inconsistent in most experimental set up in cattle due to difficult to monitor the feeding period
and the source of inoculum of the pathogen examined. Season changes of E. coli in manure
have been observed with cold winter period showing low level of E. coli in manure compared to
warm summer periods.
Temperature and microbial inhibition are the main factors that have been observed to
inactivate pathogenic microorganisms in manure during anaerobic digestion (Klein et al., 2011).
This inhibition is achieved through stockpiling of manure and composting. Antagonistic
microorganisms present in manure can prevent growth of pathogens through competition for
nutrients and production of antibiotics. Data from literature is inconsistent on the role of
temperature and microbial inhibitors. This is due to study of indicator pathogens such E coli,
which are assumed to survive the digestion processes. Faecal coliform bacteria such as E. coli,
enterococci and C. perfrigens have been used as indicators of microbial pollution (Wong and
Xogoraraki, 2011). Currently, in most countries, waste management guidelines require provision
of evidence of inactivation of zoonotic pathogens through quantitative microbial risk assessment
(QMRA) (Klein et al., 2011). This is in contrast to the use indicators of manure quality that
provide a guide on the pathogens present. Because of stress conditions in the environment, the
use of indicators can underestimate pathogens present in manure. This is usually as a result of
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the development of viable but non-culturable organism (VBNC) during manure processing (Klein
et al., 2011). But the pathogens and the indicators despite not being culturalable, may still retain
their infectivity, hence this usually results in underestimation of the pathogen number as result
of a dormancy state. In order to overcome this problem, molecular techniques such as
quantitative polymerase chain reaction (qPCR) can be used. It is a reliable alternative in the
analysis of both indicators and pathogens in manure of bovine origin (Klein et al., 2011).
However, the disadvantage of these methods is sensitivity, which is less for solid manure
compared to culture methods such as the most probable number (MPN). This is mainly due to
deoxyribonucleic acid (DNA) loss and presence of PCR inhibitors in manure such as humic
acid.
Anaerobic digestion of manure using mesophilic and thermophilic digestion reactors has
been shown to reduce pathogens in manure (Bonnetta et al. 2011). In a study carried out to
monitor the effect of indicator parameters on the efficiency of digestion, entorococci bacteria
were found not to vary in both raw manure and the digestate product (DP) (Bonnetta et al.,
2011). This showed the unsuitability of enterococci bacteria as an indicator of animal by-product
contamination like manure. But, C. jejuni showed resistant under both mesophilic and
thermophilic anaerobic digestion (Bonnetta et al. 2011). This is due to the expression of heat
shock proteins that makes this bacterium to survive extreme temperatures of above 70°C.
Therefore, the presence of this bacterium in manure can cause an environmental health risk as
it can be spread to the environment even under anaerobic conditions. Salmonella spp. on the
other hand are not tolerant to heat, hence are reduced in number during mesophilic digestion.
Listeria monocytogenes bacteria are not affected by anaerobic digestion as observed in the
experiment involving the digestion of manure (Bonnetta et al. 2011). These bacteria were found
in both liquid and solid fractions of the digested manure under laboratory conditions. Generally,
pathogen inactivation has been found to be effective in the thermophilic stage of digestion
compared to mesophilic (Bonnetta et al. 2011).
In an experiment where the digestate product (DP) was put in storage, a decline in
enterococci bacteria was observed. It has been observed that if manure is stored for a long
time, the number of enteric pathogens declines due to adverse conditions outside their host
environment (Heinenen et al. 2006). This has been attributed to competition with other microbial
organisms and poor multiplication capability as result of stress conditions such as temperature.
Lower environmental temperature (4-10°C for a few weeks) has been found to favour survival
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and higher temperature (20-40°C for a few days) reduces survival of enteric pathogens. The log
decimation time for most bacteria in temperatures between 60-70 °C in seconds are, i.e. that for
Salmonella spp. only for 1.22 seconds and L. monocytogenes for 11.3 seconds at 68 °C
(Heinonen et al. 2006). The disadvantage of storage as means of reducing pathogens from
manure is re-infection with new pathogens when fresh manure is added to the old one. Hence, it
is difficult to completely reduce the number of pathogens to levels that cannot cause infection.
Also storage facilities for manure needed for long storage can be expensive, therefore not
attractive to most farmers.

2.3.2. Toxicity of cattle pathogens in manure
Toxicity of manure emanates mainly from Escherichia coli strains that are able to produce
toxins. These are referred to as verocytotoxigenic Escherichia coli (VTEC), they produce toxins
that cause disease in humans such as haemorrhagic colitis and acute renal failure (Bolton et al.
2011). Most E. coli serotypes produce shiga toxins, which are classified into two distinct groups:
Stx1 and Stx2 (Diez-Gonzalez and Viazis, 2011; Fremaux et al. 2008). These toxins are
produced in the colon of the host by E. coli causing localized damage in the vicinity and
systemic problems such as kidney failure when transported in the blood. These toxins cause
cell death in the host by inhibition of protein synthesis. Most epidemiological studies have found
Stx2 toxin responsible for disease incidences (Diez-Gonzalez and Viazis, 2011). Shiga toxin 2
(Stx2) is heat stable compared to its counterpart (Stx1). Treating infected milk with heat was
found to inactivate the Stx2 only at 100 °C (Diez-Gonzalez and Viazis, 2011).
E. coli serotype O157:H7 has been implicated in most of the outbreak confirmed in
Europe (Bolton et al., 2011). The other subgroups of E. coli that produces toxins are: O104,
O26, O111, O103 and O118 (Bonnetta et al. 2011). The largest outbreak was in Japan in 1996
when radishes sprout (Raphanus sativus L.) were contaminated by VTEC (Ottoson et al. 2011).
Contamination of irrigation water through manure in Sweden in 2005 with VTEC led to Iceberg
lettuce (Lactuca sativa L.) contamination, which resulted in 135 people being infected (Ottoson
et al. 2011). This resulted in the application of the bathing water quality for irrigation water,
which stipulate that water should contain <100 colony forming unit (cfu) E. coli ml-1 as the
minimum allowed for irrigation (Ottoson et al. 2011). In order to reduce the risk of contamination
of vegetables with manure, pathogenic bacteria can be removed through drying, using
ultraviolet light (UV) and treating with commensal bacteria. In Sweden, the commission of
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enquiry that investigated the outbreak recommended that irrigation water equivalent of drinking
water be used 28 hrs prior to harvesting of vegetables in which manure is used (Ottoson et al.
2011). This is in order to reduce the amount of pathogens on the plant surface. It has also being
found that allowing 100 cfu 100ml-1 of E.coli can lead to a reduction of about 3 to 7 fold infection
compared to 1,000 cfu 100 ml-1 units, using water of the same standard (Ottoson et al. 2011).

2.3.3. Research synthesis on microbial quality of manure
The diet given to cattle intended for manure production should have enough roughage such as
hay in order to prevent acidification of rumen, which leads to shedding of acid resistant E. coli in
cow droppings. Temperature of above 70°C should be maintained when thermophilic digestions
are used in manure processing. Uniform temperature distribution in reactor should be insured to
avoid survival of pathogenic zoonotic microbes. Quantitative microbial risk assessment should
be used to detect presence of specific pathogen in manure like E.coli strain O157:H7 and O:
04:H4. Presence of C. Jejuni in manure posses a major risk to environmental pollution as it can
resist degradation, hence manure should be destroyed if found to contain this pathogen.
Storage of manure should avoid remixing new and old one if pathogen number has to be
reduced over time.
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Chapter 3:

Manure processing, storage and
transport methods

Sustainable manure management requires effective use of manure as an alternative source of
fertilizer in crop production. This can result in the reduction of the use of originally inorganic
fertilizer in crop production as well as minimise environmental problems associated with
manure. To effectively use manure as fertilizer in different crop production systems, manure has
to be processed into forms that can easily be used in such a particular system. Generally,
manure is processed to ensure; easier handling, elimination of odours, prevention of water and
air pollution, energy and fertilizer production. Currently, there has been an increase in demand
for new innovative techniques for manure processing for glasshouse use due to rising cost of
inorganic fertilizer and GHG emission. However, methods for manure processing which ensure
the delivery of a product with high value addition from manure are limited and subsidy
dependent due to huge capital investment required. The purpose of this chapter is to review
existing and emerging techniques for manure processing and to determine which of the
methods can be more useful in processing manure for application in standard Dutch glasshouse
system.

3.1. Manure Processing
3.1.1. Manure processing techniques
3.1.1.1.

Solid–liquid separation

This technique is a simple process of partially separating solid and liquid fractions of manure.
This improves the handling of different components of manure and allows field application of the
various components more effectively. The liquid fraction may be applied locally or further
processed. The solid fraction on the other hand can be further processed through composting,
which can be sold or transported to other parts of the country. The running cost for the
separation process varies with sophistication and efficiency of the technique. The efficiency of
the various techniques depends on the physicochemical properties of the manure. There are
two main types of solid-liquid separation namely sedimentation (gravity separation) and
mechanical separation.
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3.1.1.2.

Sedimentation (gravity separation)

This involves the use of settling ponds where the flow of slurry is regulated to allow solid
fractions to settle out and the liquid portion to flow through a sieve into a treatment system such
as treatment lagoon, constructed wetlands or storage ponds. This system may be effective in
removing solid fractions from highly diluted or fresh manure. The process depends on natural
system of settling or sedimentation and is therefore relatively simple and cost effective. The
disadvantage of this system is that the solid fraction is usually wetter than in mechanical
separation.

3.1.1.3.

Mechanical separation

Mechanical separation can be efficient and quicker in solid-liquid separation to remove the
coarse solids from slurry. Based on separation principle, mechanical separators may be
classified as screen-, press- and cyclone or centrifuge separators (Forbes et al. 2006).
Mechanical separation is most often used as initial treatment process in other manure
processing strategies such as reversed osmosis. The efficiency of mechanical separation is
influenced by factors such as physical and chemical composition of manure including particle
size which depends on feed type, decomposition due to anaerobic digestion, storage and pretreatment; mesh size and design of the technology (Moller et al. 2002). Unlike sedimentation,
mechanical separation tends to be expensive due to operating energy cost and increased
management requirement for maintenance and repairs of moving parts depending on the
design.

3.1.1.4.

Screen separators

In screen separation, the liquid manure is loaded onto a mesh screen of varied mesh sizes. The
solid fraction is retained on the screen, while the liquid passes through. Available designs of
screen separators include: stationary, rotating, or vibrating screens. Stationary screens are
mounted at an angle with the manure entering at the top edge of the screen . Vibrating screens
are positioned on a level ground with manure loaded onto the middle of the screen. Though
vibrating screens eliminate the problem of blocking mesh openings, they require more power to
operate than other screen types. The solid portion vibrates to the edge where it is collected,
while the liquid flow through the mesh openings. Rotating drum screens as the name suggest
continuously rotate, allowing the liquid to pass through the screen and solids to move across the
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screen. The size and design of the screen influences the efficiency of screen separators. For
instance, with a screen size of 1.0 mm, the separation efficiency measured as percentage of
recovered of solids or nutrients in the solid fraction to the total input of solids was found to be 3 6 % N, 0-32 % COD and 2-12% P, while a screen size of 0.1 mm resulted in 33-51% N, 48-59%
COD and 39-49% P (Sheffield et al. 2000). However, available data showed that the separation
efficiency can be enhanced with addition of flocculants.

3.1.1.5.

Press separation

Press separation involves applying mechanical pressure to extract the liquid fraction of manure
leaving behind the solid fraction. There are three main types of press separators namely roller,
belt and screw press. Roller separators consist of a pair of concave screens and a number of
rollers. In roller separators, the manure is loaded onto a screen and is subsequently squeezed
by the rollers leaving the solid fraction on the screen. Examples include brush- and perforated
pressure roller separators. With screw press, a conveyor in the centre of a cylindrical screen
forces the solid fraction into a tube which is discharged later. The moisture is removed as the
conveyor presses the solid against the screens. The efficiency of solid removal is achieved by
varying the amount of pressure applied to the screw. This is also influenced by screen size,
solid content of the slurry and the rate of slurry delivery. The separation efficiency can be
improved through addition of flocculants.

3.1.1.6.

Centrifuge separators

This involves using centrifugal force to separate slurry into solid and liquid fractions on the
inside the rotating cylinder based on differences in density between the solid and liquid
fractions. Two main types of centrifuge separators include centrisieves and decanters.
Centrisieves consist of a revolving drum at fixed angle. The inside of the drum is lined with a
filter cloth, which allows the liquid to pass and the solid retained. Decanter on the other hand
has a high speed rotating auger which moves the solid to a conical point for collection.
Centrifugation of slurry may lead to a drier solid fraction with minimal odour. Centrifugation is an
efficient method of solid separation and nutrient recovery. Chemical treatment like the addition
of flocculants during centrifugation increases efficiency of nutrient recovery and solid separation
(Moller et al. 2002).
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3.1.1.7.

Drying and granulating

After manure is processed in liquid and solid fractions, the solid fraction can be dried with
thermal methods that produce dry matter. There are two types of drying solid manure namely
warm air ventilation or through another heat source. Formed dry matter can then be granulated
by specialized companies into small granulates for easy distribution when applied on land.
Additional nutrients can be added during the granulation process for an even better manure
fertilizer.

3.1.1.8.

Composting of manure

Composting is an aerobic biological decomposition and stabilization of organic substrates,
under conditions that allow development of very high temperatures as a result of biologically
produced heat, to produce a final product that is stable, free of pathogens, and plant seeds, and
can be beneficially applied to the land (Larney et al. 2006). During composting, microorganisms
such as bacteria, fungi and actinomycetes use oxygen to breakdown organic matter to obtain
energy and nutrient in the form of carbon, nitrogen, phosphorus and potassium required for
growth. The heat generated during composting is important in reducing the amount of
pathogens in manure and emergence rate of weed seeds. The efficiency of the composting
process is influenced by factors such as aeration, nutrient content, carbon-nitrogen ratio, pile
structure, moisture, temperature and time. During composting, CO 2, nitrogen gas, ammonia and
water vapour are released into the atmosphere. Composting is environmentally friendly because
manure nutrients are converted to more stable forms and are less likely to reach groundwater or
move in surface runoff. Compost compared to raw manure has some advantages: it can be
stored easily until land application conditions are suitable, it is easy to transport and use, it has
reduced volume and moisture content, stable nutrient and is void of pathogens and most of the
weed seeds (Bernal et al. 2009). Some challenges associated with composting are: potential
odours during composting, land required for composting, cost of protecting the piles from rain
and runoff into water bodies, cost of equipment and labour.

3.1.1.9.

Anaerobic digestion

Anaerobic digestion involves the breakdown of degradable organic matter by bacteria in the
absence of oxygen in a controlled environment. Therefore, the material is not exposed to the
atmosphere, thereby minimizing the odour released into the atmosphere. Anaerobic digestion of
manure produces biogas in the form of CH 4 and CO2, inorganic salts and residual organic
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matter. The amount of various products from digestion depends on temperature, nutrient
content and moisture. The energy generated can be collected and utilised in the form of
methane gas. The residual organic matter fraction of the digestate from anaerobic digestion can
be composted for farm usage. Other advantages of anaerobic digestion include: reduction in the
emission of greenhouse gases such as nitrous oxide, reduction in land and water pollution,
elimination of weed seeds and pathogenic agents (95-99.9%), odour elimination; and effective
surplus manure management (Johnson et al. 2004). Conversely, anaerobic digestion is costly
and requires skilled personnel for its operation.

3.1.1.10. Aerobic digestion
In this process, an aerobic bacterium uses oxygen to biologically consume organic matter and
convert it to carbon dioxide, water, and ammonia. Further processing converts the ammonia to
nitrites and then finally to nitrates. The heat generated during microbial metabolism raises the
temperature to thermophilic levels of ≥45◦C (Ugwuanyi et al. 2006). Important in aerobic
digestion is adequate supply of oxygen to meet microbial demand. Aerobic digestion of manure
has a number of advantages, including reduction in odour and GHG emission, inactivation of
pathogens and improved homogeneity of slurry. Conversely high cost of tank aeration and
foaming problems are some of the demerits associated with aerobic digestion (Mohaibes et al.
2004). An example of aerobic digester is Sequencing Batch Reactors (SBRs), where the
process occurs in one container in a sequence of steps. The steps include filling, aeration,
reaction time, settling and idling.

3.1.1.11. Precipitation and manure refining
With precipitation, valuable substances in manure like ammonia and phosphorus can be
precipitated with the addition of a reagent. The substance of interest and the reagent form an
insoluble compound and can be extracted from manure. The process of manure refining is done
through four compact reactors that separate manure on physical and (bio) chemical properties
into different marketable end products: biogas, CO 2, liquid phosphorus + sulphur + nitrogen
(PSN) fertilizer, liquid nitrogen + potassium (NP) fertilizer, sand and compost. An example of
such technology is the AgriMoDEM developed by Green Energy Technologies. However, to use
these end products in agriculture, an EU-exemption is required.
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3.1.1.12. Reverse osmosis
Reverse osmosis (RO) is a membrane filtration process in which synthetic barriers of different
ranges of thickness are used to prevent passage of various components based on different
properties such as size and ionic charges (Zhang et al. 2004). In RO a semi-permeable
membrane is challenged with pressurised pre-treated liquid manure or slurry in which most of
the solid particles are removed. The pressure exerted is greater than the osmotic pressure of
the slurry causing the liquid to flow through the membrane, hence the name reverse osmosis.
To be effectively applied in processing animal manure, RO requires pre-treatment to remove
solid particles from the liquid manure, prevent membrane fouling, maximise membrane life and
to increase permeate flow (Zhang et al. 2004). Pre-treatment generates two main products
namely, the solid concentrate and a liquid fractions. Methods such as solid liquid separation,
chemical precipitation, anaerobic- and aerobic digestion may be used in pre-treatment to RO.
Prior to RO; the liquid fraction from pre-treatment may be further conditioned by
ultra(nano)filtration to remove nonsoluble materials and colloidal particles thereby minimising
membrane fouling (Zhang et al. 2004). The end products of RO include mineral concentrates
and clean water. The mineral concentrate can be used as fertilizer thereby reducing the cost of
inorganic fertiliser while the water produced may be used as drinking water for livestock,
irrigation water or discharged into waste streams. Odour, pathogenic microbes and weed seeds
are completely eliminated during RO (Navaratnasamy, 2004 ). There are a number of reports on
nutrient retention after reverse osmosis. Reports of 70% retention of N in the form of ammonianitrogen (NH3-N), nitrate-nitrogen (NO3-N), nitrite- nitrogen (NO2-N) and 90% retention of other
elements such as K, P, Ca, Mg in the concentrate have been observed from RO (Zang et al.
2004). Similarly, retention of 99.9% P, 96% total N, after RO treatment of manure have been
found (Thorneby et al. 1999).
A number of commercial applications of RO in manure nutrient concentration have been
reported in available literature. The Ecoliz system was piloted in France and combines
flocculation with a two-stage RO system. The flocculation was to remove large solids and the
liquid portion further treated through sand bed and 40-µm cartridge to remove suspended solids
prior to RO. The filtrate from the first RO treatment was passed through a second RO stage for
further concentration of nutrients (Masse et al. 2007). Reports on the use of Vibratory Shear
Enhanced Process (VSEP) for manure processing have been observed in RO (Johnson et al.
2004). The system designed by New Logic Research uses vibration to minimise flux reduction
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mass transport and membrane fouling (Masse et al. 2007). VSEP is capable of concentrating all
suspended and dissolve solids resulting in the production of filtrate, which is 98% free of organic
matter and 95% free of ammonia (Johnson et al. 2004). The resulting water can be used as
drinking water for animals. VSEP coupled with aerobic digestion may result in total nutrient
recovery as the aerobic digestion breakdown organic matter. Recovery of K, P, Cl and Ca
ranged from 98% to 99%, while NH3 and SO-4 were retained at 94.5% and 93.4%, respectively
(Johnson et al. 2004). The system can be combined with anaerobic digestion in producing
energy.
Though RO is a promising candidate for sustainable manure processing, it is not without
challenges. Cleaning, replacement and energy consumption associated with the membranes
are the main inherent difficulties of the RO system. Automatic two-hours cleaning cycles after
100 – 200 hrs of continuous operation for the Ecoliz system was has been observed (Masse et
al. 2007).

3.1.2. Chemicals for solid and nutrient retention
Chemical treatment during manure processing does not only enhance nutrient recovery, but
also facilitates solid separation. Chemical treatment processes used in solid-liquid separation
and nutrient partitioning especially targeted towards increasing P recovery include coagulation,
flocculation and precipitation (Moller et al. 2002). Some commonly used coagulants include,
FeCl3, Fe2SO4, Al2SO4 and CaCO3. Flocculants are used to recover nutrient from slurry by
increasing particle size through aggregation. Flocculation is an efficient method in P recovery
from manure and by using ˂ 3 mg/l of NH 4OH, efficiency can be enhanced with 95% P recovery
(Bragg, 2003). Similar results have been found for a system wherein flocculation followed a pretreatment using polymer, which resulted in 95% P and 85% N recovery (Vanotti et al. 2002).
Struvite precipitation on the other hand involves addition of magnesium salt to the liquid fraction
of pre-treated manure to yield a crystalline precipitate containing struvite. Maximising struvite
precipitation requires the following conditions: (i) availability of P, NH 4+ and Mg, (ii) pH of 7-11
beyond which NH4+ becomes unavailable and (iii) low organic solid fraction (Forbes et al. 2005).
Mg can be supplemented in the form of MgOH, MgO or MgCl 2 due to its limiting nature in
manure.
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3.1.3. Manure processing for glasshouse use
Most glasshouses use drip irrigation systems with inorganic fertilizers dissolved in water
(fertigation). The water inlet with nutrients is regulated for maximum plant growth. To switch
from inorganic fertilizers to mineral concentrate from manure, a lot of things should be
accounted for. The processed manure should be pathogen-, weed seed free, non-toxic,
applicable without clogging the irrigation systems and nutrient concentration should be
adequate to meet plant requirement for maximum plant growth. With these requirements, it is
apparent that most of the processing methods described in the preceding sections are cannot
be used to process manure for glasshouse use. This is because none of this method
guarantees the elimination of solid particles, weed seeds odour and pathogens necessary for
glasshouse application. For this reason RO which combine several techniques to make a
complete system is the best method for processing manure for glass house use. The
combination of various techniques such as solid separation, filtration, anaerobic digestion, ultrafiltration in RO ensures complete removal of all limitations of manure that hinders its application
in glasshouses. Figure 3.1 below show the RO process. The end product of the RO method is
the only one that can be applied in current glasshouses. This is because it is free of pathogens,
odours, weed-seeds and is in mineral concentrate from comparable to inorganic fertiliser and
poses no further challenge when used in existing glasshouse practice. From the N, P and K in
manure, respectively 55, 5 and 60% is retained through RO processing. As a consequence the
resulting fertilizer, from RO concentrate contains insufficient P to attain maximum plant growth
rates. In order to realize a high quality fertilizer comparable to conventional fertiliser for
glasshouse use, inorganic P should be added, resulting in higher processing costs.
High P concentration in the solid manure fraction could be recovered using struvite
precipitation thereby increasing the P content of the mineral concentrate. Struvite precipitation
with Mg salts such as MgCl2 allow P to be recovered from solid manure fractions resulting in low
concentration of P in solid manure. The resulting low P solid fraction is suitable for land
application, as Dutch legislation require limited P application in the field (European Nitrate
guidelines, 1991).

27

[Manure for value; Manure processing, storage and transporting ] [2012]

Figure 3.1. Process flow chart for manure processing using reverse osmosis (RO)
The liquid manure is filtrated and the solid fraction could be composted or dried into pellets. The
filtrate pass through anaerobic digestion where the methane produced is converted to energy.
The liquid digestate from anaerobic digestion is further filtrated to remove undissolved solids
which are recycled through the anaerobic digestion. The ammonia gas is the stripped into
concentrate and the remaining liquid is passed through a membrane filtration (RO) producing
mineral concentrate and water.

3.2. Manure storage and transport
An important aspect of sustainable manure management is the storage and transport of manure
to areas where it is needed. The objectives of storing manure are to allow its application as
fertilizer at the right time when it is needed and to avoid any potential environmental impacts.
Various country and regional regulations exist with regards to manure storage with the aim of
minimising adverse environmental impacts associated with manure. The volume of manure
produced and the length of storage time are some design considerations in determining type of
storage structure to use. In terms of location, factors such as topography of the area, soil type
and distance from water bodies are key considerations. Environmentally, leakage and
movement of soluble elements such as phosphorus into surface or ground water, accidental
spills and collapse of above ground structures which may lead to contamination of water bodies;
emission of GHG and nuisance odours are some of the key considerations. The choice of
storage structure depends on whether manure is handled as solid, slurry or liquid. Solid manure
is generally stored as piles in the farms or near fields where they are to be spread. Liquid
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manure or slurry on the other hand may be stored in above ground concrete or steel tanks; or
below ground concrete tanks or lagoons.

3.2.1. Manure storage facilities, effect on manure quality and legal
requirements
Fabricated slurry storage structures include concrete tanks and coated metals. They may be
located above ground, partially below ground or fully below ground. The manure is transferred
to the tanks either by gravity or pumps from collection pits. They may require some amount of
agitation to suspend solids and to facilitate emptying the content when necessary. Fabricated
storage structures are easy to cover to reduce odours and gaseous emissions.
Earthen structures or basins are easy to construct and are less expensive than
fabricated storage structures hence are able to store large volume of slurry at least cost.
However, they may be prone to leaching or leakage into underground water hence their
installation requires detail investigation of soil type and topography. In view of this, they may be
completely or partially lined with concrete or soils that can provide a seal. To ensure structural
integrity of the pond or basins, embankments, front- and back slopes are provided. Some
advantages of this system include high nutrient retention and possibility to cover tanks to reduce
odour and gaseous emissions. Potential runoff during spillage and build up of GHG are some of
the drawbacks of this system.
Another form of storage system is lagoons which are usually used to store liquid
manure. They are mostly earthen walled structures or basins located partially above or below
ground. This system is used when some form of treatment is required to improve handling and
reduce odours. They are usually designed to have some permanent volume for treatment to
facilitate the activities of volatile solids (organic matter) degrading bacteria. Due to the additional
volume required for treatment, lagoons are bigger than slurry storage earthen structures. The
design may be influenced by climatic conditions such as temperature; volume of manure and
wastewater generated. Like earthen storage structures for slurry, sitting lagoons also require
site evaluation on soil type, topography and water table to avoid contamination of ground water.
This requires proper installation and maintenance. There are four main components of lagoons
depending on storage conditions (anaerobic or aerobic). These include sludge storage volume,
anaerobic treatment volume, manure and wastewater storage volume and additional volume for
rainfall (Jones et al. 2006).
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To mitigate problems associated with manure management, national and regional
regulations have been developed and enforced mostly in developed countries. For instance, in
both EU and US, regulations prescribe mandatory storage of manure and a minimum storage
capacity of six months or longer to avoid manure spreading during winter (from 1 September to
1 March) when the soil is frozen (OMAFRA, 2003). In addition, it is mandatory for livestock
farmers to obtain permit when siting housing units and storage structures (Mallard, 2006).
Furthermore, it is mandatory in the Netherlands to cover manure storage facilities to minimize
NH3 emission (Fraters et al. 2004). In the European Union, these regulations are covered by the
Nitrate Directive 91/676 and IPPC (2006) regulations on CH 4 and N2O emission from manure
management. Other countries such as the Canada, Denmark and Germany have various
national and state or provincial regulations which provide guidelines on construction, storage
capacity of manure stores and setback requirements all aimed at mitigating negative effect of
manure on the environment (Burton and Martinez, 2008; Ward and Johnson, 2009).
Manure storage conditions have significant influence on manure quality such as
pathogen load, ammonia and GHG emission and nutrient composition. Proper storage of
manure can reduce to a great extent the amount of pathogens in the manure. Though the level
of reduction may depend on survival characteristics of the pathogens present in the manure,
factors such as pH, longer storage duration, high temperature and adequate aeration
significantly enhances pathogen reduction during storage (Nicholson et al. 2002). They
demonstrated that an increase in temperature from 9-40 C through aeration of slurry resulted in
99% reduction in Salmonella after 2-5 weeks. Similarly, Campylobacter coli survival in swine
slurry at storage declined from 24 days at 4C to 6 days at 22C and was able to survive for only
few hours at 42C and above (Bui et al. 2011).
Covering storage tanks may help reduce the surface area of the manure exposed to the
atmosphere and air exchange between the stored slurry and atmosphere thereby reducing
emission of ammonia and GHG to the atmosphere. The level of reduction of gaseous emissions
depends on the permeability of the cover (Nicholson et al. 2002). They argued that airtight,
impermeable covers are more efficient in reducing gaseous emissions than semi-permeable
covers. Another way of reducing emissions during storage is acidification of slurry, which not
only reduces ammonia evaporation but also increases the nutrient content of the concentrate
when treated through further breakdown of volatile solids (Agrotech, 2008). In the Netherlands it
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is mandatory to use low emission structures in constructing slurry stores and also to ensure that
all manure storage facilities are covered (Melse et al. 2009).
Nutrient retention during manure storage is very important in ensuring higher fertiliser
value of the mineral concentrate after processing. Fabricated slurry or liquid manure storage
structures are more useful in this regard as they prevent nutrient losses during storage because
they can easily be covered and can be equipped with an agitation system to ensure thorough
mixing of the manure before processing. This enhances the activity of bacteria in breaking down
organic matter thereby making more nutrients available for processing.

3.2.2. Transport and distribution of liquid manure
Transport and distribution of liquid manure from point of production or processing to point of use
depends on location of the farm, storage points and field layout (Burton and Turner, 2003).
Generally there are two main forms of manure transport namely through underground pipelines
and road transport using slurry tankers. Slurry or liquid manure are mainly transported by slurry
tankers over long distances as long distance pipelines tend to be unattractive due to high cost
and pumping problems (Burton and Turner, 2003). On the other hand, underground pipeline
transport systems are easier to use for short distances, on-farm storage and centralised
processing systems and enable easy and complete automation of operations. Underground
pipelines would require high initial cost but low operating cost compared to slurry tankers.
Where possible, gravity flow can be used to reduce the cost of pumping. However their
installation should be done according to local regulation to avoid contamination of sensitive
areas during leakages. This requires regular monitoring of the pipelines to detect leakages.
Pipelines may be prone to blockage hence there is the need to separate remove bigger solid
particles prior to pumping. It is also possible to connect to three farms within 3km radius of the
processing facility with pipelines to a central buffer storage tanks. After processing, the
distribution of the mineral concentrate can be done using company transport or existing local
companies involve in manure transport and distribution.
Above ground fabricated slurry or liquid manure storage structures are more compatible
with processing systems such as solid liquid separation, anaerobic digestion, and reverse
osmosis than other storage systems. In addition, they are safer in terms of leaching, odour
production, GHG and ammonia emission. These systems also allow for batch storage, which
can significantly reduce zoonotic pathogens through the heat generated by activities of aerobic
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and anaerobic bacteria during organic matter decomposition. To minimise cost of transportation,
it is important to have a central processing system in the area where the manure is in surplus
areas. In this case, it is possible to connect individual farms with pipelines to an intermediate
storage tank where manure can be collected for processing or directly to pre-treatment facilities
such as anaerobic digesters. This can be coupled with slurry tankers in case the surplus area is
far from the processing facility such that underground pipelines will not be economical. Where
necessary, gravity flow should be used to transfer manure through the pipelines in order to
minimise pumping cost.
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Chapter 4: Manure nutrient
application and recycling in a
standard Dutch glasshouse with
irrigation
The use of manure in Dutch glasshouses is a new phenomenon, thus it’s hard to find
information talking about application methods. However, there is a possibility to apply liquid
manure in the form of mineral concentrate using the existing nutrient application systems such
as closed loop hydroponics system. In general this chapter addresses factors that affect the
application of manure nutrients in a standard Dutch glasshouse. This is through consideration of
a closed system and its advantages and demerits when using mineral concentrate from cattle
manure as the source of fertilizer.

4.1. Application of manure in glasshouse
The application rate of animal manure is recommended based on either nitrogen or phosphorus
contents (Paul, 1999). However, the decision on manure nutrient application rate using one of
these recommendations has their own advantage and disadvantage. Application of manure
nutrient based on nitrogen content is formulated on the nitrogen uptake by the crop species. In
this regard, application rates vary according to the nitrogen content of the manure and the type
of the crop and expected yield (Paul, 1999). Manure nutrient application based on nitrogen
content has a risk of excess application especially if low yielding crops are grown. Generally,
fertilizer applied in soilless medium supplies nitrogen of about 2,990Kg/ha (Bres, 2008). In some
parts of the world including the Netherlands, manure nutrient application in glasshouse is
decided based on the phosphorus content. The reason for using phosphorus instead of nitrogen
for manure is that, phosphorus in manure is not easily subjected to loss like nitrogen and thus is
stable to base reliable recommendation on (Paul, 1999). In general application rate of manure
nutrient depends: on the type of growing media’s ability to transfer nutrients and water to the
plant, existing fertility level, manure nutrient content, crop nutrient requirement, site limitations,
slope, runoff and leaching potentials. Reduced application of nutrients may result in nutrient
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deficiencies and excess application increases the risk of nutrient leaching into waterways
(Johnson and Eckert, 2012).
In order to prevent imbalances and accumulation of nutrients in the plant root zone, most
glasshouses are soilless based on a closed cycle system, which has less water and fertilizer
losses (Lieten et al., 2004; Voogt, 2005). Discharge of drainage water to the environment is
minimized in a closed system making water use efficiency (WUE) high. This system can be
suitable for liquid manures, because liquid manure is less in organic matter. Therefore, less
nutrient accumulation or shortage in the root zone due to high saline level. Because of high ion
content in manure mineral concentrate, it is only feasible to use irrigation system that can supply
a lot of water to the plants roots. Hence, hydroponic system with high water flow is needed for
manure application. This is important in order to control salinity.

4.2. Nutrient recycling
The use of a closed system of fertigation makes it possible to reuse nutrient solutions (Imas,
1999). In recirculating nutrient solution (RNS), nutrient control is done either through constant
supply to the root zone or feedback from nutrient depletion in the solution. It is important to
synchronize crop requirements with manure nutrient supply through fertigation so that adverse
effects such as yield reduction and excessive loses to the environment are minimized (Smukler
et al., 2012). This is very critical for high value crops grown in standard Dutch glasshouses such
as tomato (Solanum lycopersicon .L), pepper (Capsicum annuum .L) and cucumber (Cucumis
sativus.L). This is an issue that has to be considered in glasshouse when manure is used as a
source of fertiliser, due to high nitrogen content.
Similar to commercial fertilizer, the fertigation quality of the nutrient solution (NS) that
contains manure concentrate should be evaluated on a daily basis and treatments taken at each
step, especially if reuse is done in the mixing tank (Brajeul et al., 2006) (Figure 4.1). Computer
installation connected to a mixer tank is prerequisite to control the quality of nutrient solution
(NS), the movement of water and nutrients) (Figure 4.1). Application of manure in a closed
system will have the following advantage such as: maximizing crop yield, a virtual indifference to
ambient temperature and seasonality, minimal use of land area, and suitability for
mechanization, disease and pest control. However, high degree of management skills, high cost
of capital and energy inputs are the limitations of this technology.
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Figure 4.1. Possible manure nutrient recycling in glasshouses
These water and Manure concentrates are mixed in a water mixer tank. The mixed nutrients in
liquid (fertigation) form are pump to irrigation solution tank. Water with nutrients is again
pumped to small channels according to plant requirements. Finally, the remaining water and
nutrients are drained by large channels to heater or pre-treatment tank and then pump to the
mixer tank for reuse.

4.3. Risk associated with a closed system of nutrient recycling
Using a closed system in glasshouse for nutrient recycling in general and manure nutrients in
particular has the demerit of environmental control restrictions and the need for extensive
knowledge of crop physiology in the management of the system. Under restricting
environmental regulations, closed systems are not financially viable compared to semi closed
systems due to high cost of controlling salinity. This is mainly as a result of lack of flexibility in
flushing out of effluent nutrient solutions of high electrical conductivity (EC).
Recycling of nutrients from manure concentrate may have some problems such as:
accumulation of NaCl, bicarbonates, Mg and Ca. This is due to utilization of high salinity water
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and low irrigation frequency (Dasgan and Ekici, 2004). This can increase salt accumulation in
the root zone. The solution for this problem is that increased irrigation frequency and or planting
salt tolerance crop in glasshouses. In the case of cucumber (Cucumis sativus L.), sodium (Na+)
and chloride ion (Cl-) concentration of 5 molM in irrigated water results in elevated EC of 5.5
dS.m-1. This is above the standard 2 dS.m-1 of salinization risk for most crops (Trajkova et al.,
2006). In cucumber salinization result in poor yield and growth reduction manifested as leaf
scorching.
Clogging of pipes is also another problem if precipitates are allowed to form as a result
of combining different fertilizers contain ions that can form insoluble salts. However, this is can
be solved by formulating manure mineral concentrate with acid, which can dissolves the
precipitates such as those of carbonates and phosphates with additional fertilizers are added.
But the use of acid also results in corrosion of metallic parts of the system, which result in heavy
metal contamination of nutrient solution and reduced lifespan of the pipes. Nutrient solution
being high in solutes can provide media for microbial growth such as bacteria, algae and slime
which also can clog the system. But these also can be removed by application of acid.
Recirculation of the nutrient solution (NS) containing organic matter increases the
possibility of spreading root and vascular plant pathogen to plants (Van Os and Postma, 2000).
It has been observed that Oomycete zoosporic plant pathogens pose a danger in soilless media
due to easy of transmission (Garibaldi et al., 2003). Phytophthora cryptogea has been found to
infect tomato under hydroponic conditions (Martinez et al., 2010). This is due to organic matter
providing excess nutrition for plant pathogen to proliferate in the mineral concentrate.

4.4. Plant pathogen control in glasshouses
There are several ways to overcome plant pathogen problems resulted in using manure nutrient
concentrate in glasshouse such as: heat treatment, ozone, hydrogen peroxide treatment, ultraviolate radiation, chemical control, biological control, slow sand and membrane filtration (Minuto
and Garibaldi, 2004).

4.4.1. Heat treatment
Treating nutrient solution (NS) with heat is the easiest and oldest method to control plant
pathogens in a closed cycle system in glasshouse. The amount of heat depends on the
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pathogen and the plants grown in glasshouse. The lethal temperatures for Fusarium
oxysporum, Pythium aphaniderinatum, Phytophthora cryptogea and Radopholus similis are: 54
O

C, 51 OC, 44 OC and 53 OC respectively, after an exposure time of 15 seconds (Amsing and

Runia, 2000). When water and nutrients are heated at 95 OC with the exposure time of 10 to 30
seconds, it is able to kill 100% resident risky micro flora and nematodes (Minuto and Garibaldi,
2004).

4.4.2. Ultra-violate radiation (UV)
Magnetic radiation between 200 to 400 nm wavelengths is used to eradicate pathogens (Ikeda
et al., 2001). It works by reacting with essential molecular components deoxyribonucleic acid
(DNA) and ribonucleic (RNA). This is a popular effective way of plant pathogen controls. It has
the advantage of being convenient and but, it is expensive. Various researchers have
recommended UV with 100 MJ/cm2 for eliminating pathogenic fungi, while for complete
disinfections of the nutrient solution that contain viruses, 250 MJ/cm 2 can be used by
commercial growers (Koohaken et al., 2001).

4.4.3. Biological control
There are several organisms that are antagonistic to soil and root borne plant pathogens. The
fungus Muscodor albus produces volatile compound which serves as biological control
compound in soilless nutrient in a closed system. For instance, fresh rye grain culture of M.
albus (15 g/L) incorporated into Rhizoctonia solani infested growing media provided complete
control of damping-off of broccoli seedlings; restoring seedling emergence to levels similar to
the uninfected control without deleterious effect on plant growth (Mercier and Manker, 2005).
Fumigation of the biological of control agent M. albus also completely controlled root rot of bell
pepper caused by Phytophthora capsici.

4.4.4. Slow sand and membrane filtration
Removal of pathogens by membrane filtration requires relatively small pore size less 10 μm,
hence, it is called micro-, ultra- or nano-filtration (Van Os, 2009). Slow sand filtration controls
the development of diseases caused by pathogenic microorganisms such as Pseudomonas spp
in tomato soilless culture (Renault et al., 2007; Déniel et al., 2004). Phytophthora spp. and
Pythium spp. can be eliminated completely, but Fusarium spp., viruses and nematodes are only
partly (90-99.9%) removed by slow sand filtration (Os, 2010). Slow sand filtration removes most
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microbial organisms from the solution with less cost without the application of chemical
compounds.

4.4.5. Chemicals control
Chemical application is not environmentally friendly; also accumulation of chemicals occurs in
the root zone. Hence, it is better to use this as the last option for disease control. Several
studies show the use of chemicals such as metalaxyl to control P. cryptogea (Minuto and
Garibaldi, 2004). Chlorine has been used to control zoospore of Pythiaceae fungi (Ikeda,
Koohakan et al., 2001)). Study on prochloraz and carbendazim chemicals were shown as
effective fungicide that inhibit mycelium growth of tomato Fusarium oxysporum f.sp lycopersi
(Song et al., 2004).

4.4.6. Ozone and hydrogen peroxide treatment
Ozone (O3) is a powerful oxidizing agent which can kill all living organism, hence it is used to
eliminate microorganisms in the water by reacting with cell membrane. However, this depends
on exposure time and concentration of ozone (Minuto and Garibaldi, 2004). The primary
advantage of using of ozone is lack of chemical accumulation and residues effects. Hydrogen
peroxide is also another strong oxidizing agent. It is used to eliminate viruses (High dosages =
400 ppm), but with these dosages a small percentage (0.3%) of nematodes survives and is
capable of infecting plants (Minuto and Garibaldi, 2004).

4.5. Research synthesis on nutrient cycling glasshouses
There is a possibility to apply liquid manure in the form of mineral concentrate using the existing
nutrient application system such as hydroponic technology, with or without the use of artificial
substrates in closed nutrient cycle system. This application system of manure nutrients will
depend on the concentration of nitrogen and phosphate that can be taken up by the plants.
Nutrient recycling poses a risk of disease spreading to plants especially of root borne pathogens
such as oomycetes. Heat treatment and UV radiation can be used to disinfect recirculating
nutrient solution. Membrane filtration and ozone treatments are also easy to perform, but they
are too costly.
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Chapter 5: Economic feasibility
analysis
This section presents the economic analysis of slurry or liquid manure processing into mineral
concentrate. Environmentally sound liquid waste processing technologies are capital intensive
and the profitability of such enterprise depends largely on maximization of the economic value
of the various end products. Various processing technologies were reviewed to determine the
most effective method for nutrient recovery into forms suitable for glass house application. A
complete mix system which incorporates slurry separation, anaerobic digestion, ultra filtration
and reverse osmosis (RO) was identified as the most suitable method. As stated in the chapter
on manure processing, RO has high efficiency in extracting mineral from the manure into
concentrates suitable for glasshouse application.

Data on capital, and operating cost was

obtained from Eric Ruhe who is using a co-digestion technology (similar to the proposed flow
diagram) to process manure into biogas and mineral concentrates.

5.1. Assumptions
There have been challenges in gathering the needed data necessary for the economic analysis
such that several assumptions had to be made. It is envisaged that the processing facility would
be centralized in the manure surplus region(s) to reduce cost of transportation of raw manure
and to ensure sustainable production. Subsidies and tax exemptions expected from government
and manure disposal fees to be received from manure producers were not included as revenue.
A year round supply of manure for processing is expected with nine months processing period
and three months for maintenance and holidays. A constant revenue flow was used in for the
annual revenue estimation for the whole project cycle. The whole process plant has a lifespan of
roughly 10 years (personal comment, Eric Ruhe, 2012). Dutch legislation does not make a
distinction between manure and mineral concentrate. That is why the mineral concentrate is not
likely to be sold for a high price. Costs for the mineral concentrate are estimated on 5 Euros/ton
with the current Dutch regulations on manure.
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5.2. Cost description
The figures presented cover overall capital cost and digester cost. Apart from the digester cost,
no information on other variables making up the total fixed cost was provided. It was assumed
that the capital cost provided covers all the cost elements expected due to close similarity of the
proposed system to that from which the information was obtained. The operating cost was
calculated as 4.5% of the total fixed cost. Since no detail breakdown of the individual cost
elements was provided for the given capital cost and operating cost, was not possible to identify
which element is missing or to be removed. We have not been able to do any sensitivity
analysis due to unavailability of information on relevant cost elements. Also it would have been
good to compare two scenarios such as with or without co-products but this was not possible
due to difficulty in getting companies engaged in slurry processing.

5.3. Calculation formula
The calculation that is used for the economic analysis is based on the Net Present Value (NPV).

t - the time of the cash flow (in this model 10 years)
i - the discount rate (the rate of return that could be earned on an investment in the financial
markets with similar risk.); the opportunity cost of capital
Rt - the net cash flow (the amount of cash, inflow minus outflow) at time t.

5.4. Revenue description
Expected revenue sources from the manure processing operations include sell of mineral
concentrate, compost from the solid fraction and biogas. Data received from Eric Ruhe did not
include prices for the mineral concentrate and the compost because these products are not sold
by the company but are use internally. So to estimate the price of the mineral concentrate and
the compost, prices of similar work done by de Hoop et al. (2011) of Wageningen University
were used.
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Table 5.1. Expected costs
Item Description

Cost (Euros)

Plant capacity 120 tons/day (40 manure+80digestate)
Initial capital investment( pretreatment facility,
storage facility, RO, installations, buildings initial
working capital etc)

2,300,000.00

Anaerobic Digester

3,500,000.00

Total Fixed Cost (TFC)

5,800,000.00

Operating Cost (OC) = 4.5% of
TFC

261,000.00

Table 5.2. Expected Revenue
Item Description

Mineral concentrate (tons)
Solid fraction for compost (tons)
Biogas (m3)
Total
Revenue per month

Quantity
per day
(tons / m3)
40.00

Unit price
(Euros)
5.00

Total
Revenue /
day(Euros)
200.00

25.00

1.25

31.25

38,640.00

0.37

14,296.80
14,528.05
435,841.50

Annual revenue

3,922,573.50

5.5. Discussion of economic analysis
The cost analysis showed that a high capital investment is required in establishing manure
processing plants (Table 5.1). For this reason it is important to have a centralized processing
plant that can service the community rather than on-farm processing. Government effort to find
alternative solution to manure problem should aim at providing loan guarantees to support
centralized manure processing companies to avert the risks associated with the design,
installation and start-up of manure processing companies. Such governmental support should
41

[Manure for value; Economic feasibility] [2012]

be in the form of subsidies or tax exceptions. This will help reduce the burden on cattle and
other livestock farmers to comply with stringent manure management practices which will
accrue to environmental benefit to the public resulting from reduction in GHG emission.
Since the focus of this project is on processing of manure for glass house use, one
would expect that the revenue from the mineral concentrate would be able to sustain the
company. However, the analysis in table 5.2 showed that revenue from the mineral concentrate
has no significant impact on the total revenue hence has no influence on sustainability of the
project. The main source of revenue as can be seen in table 5.2 above is through biogas
production. Therefore to ensure sustainability, it is important to include co-digestion in the
company’s operation. This is because optimal condition for biogas production requires higher
total solid content and cattle manure alone cannot generate amount of biogas needed to sustain
the company.
The results showed a high potential return on investment. However, while the market for
biogas is quite guaranteed the same cannot hold for the mineral concentrate. In addition, since
the demand for fertilizer in the Netherland is determined by price or affordability and not the
brand, revenue can only be made if the price of the mineral concentrate is cheaper than the
inorganic fertilizer. Currently glasshouse growers spend approximately 1.40 to 2.50
Euros/m2/year of inorganic fertilizer based on full crop demand. These prices vary because
horticultural company’s can grow plants for the whole year round, thus making the overall cost
on fertilizer higher. This implies that for the mineral concentrate to be accepted, the unit
price/m2/year based on crop demand should be lower than that of the inorganic fertilizer. In
addition, the mineral concentrate does not cover the full crop requirements. Therefore the full
price of 1.40 – 2.50 Euros/m2/year cannot be obtained. Thus effort to make mineral concentrate
from manure a special brand to attract premium price will be difficult unless a detail market
analysis and consumer analysis is made. In addition, it is possible to increase revenue from the
solid fraction to 14 Euros/ton by drying or pelletizing and subsequent export to nearby countries.
However this attracts extra cost and the team had information cost hence no analysis could be
made. Effort to process manure as an alternative source of fertilizer for local use can only
succeed if the current legislation on manure that does not recognize processed manure as
different product on its own is amended. The cumulative discounted cash flow at different
discount rates in the Figure 5.1 below indicate higher rate of return which is an indication of
feasibility of this project.
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Figure 5.1. Cumulative discounted cash flow (DCF). A) DCF at 4% discount rate with payback
period of 2.67years, cost-benefit ratio of 4.69 and net present value (NPV) of 21,425,013.19
Euros. B) DCF at 7% discount rate with payback period of 2.74years, cost-benefit ratio of 4.11
and NPV of 18,056,001.00.Both interest rate gave same internal rate of return of 62.32%.
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5.6. Conclusion on economic analysis
From the result one can conclude that processing manure for glasshouse use though technically
feasible can only be economically feasible if conscious efforts are made to optimize the value of
biogas generated during manure processing. It is therefore recommended that co-digestion to
produce biogas should be made an integral part of the companies operation. In the future when
the Dutch regulations on mineral concentrate use are not considerate as manure, the cost price
of the mineral concentrate can be increased. The mineral concentrate price depends on the
quality, N and K contents and the market price for inorganic fertilizers.
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Chapter 6: Stakeholders cooperation
framework for a closed manure
nutrient cycle
In the Eastern and Southern parts of The Netherlands, excess cattle manure has a major impact
on the environment through: odour, leaching of NO3-, pollution of ground and surface water
(Wossink, 2004). Hence, there are sustainable dairy cattle productions in these areas. In order
to accomplish this, a closed nutrient cycle is a prerequisite for sustainable land and environment
use. Figure 6.1 shows the proposed closed nutrient cycle depicting the main stakeholders. It is
envisaged that stakeholder cooperation will enable sharing of tasks and responsibilities that will
result in equitable revenue. Cattle farmers having excess amount of manure should provide it
for use as a commodity; the processors should come up with manure that can be used in
glasshouse production such as mineral concentrate and solid fractions. In this cooperation
framework, the main stakeholders are: CropEye, cattle farmers, manure processing company’s
transporters and glasshouse growers and secondary stakeholders are: environmental
cooperative, municipality, synthetic fertilizer producer, field crop growers, health company and
financial government (figure 6.2). This chapter deals with matters that affect the use of cattle
manure as a source of fertilizer for glasshouse use in Northern Netherland, Drenthe province.

6.1. Primary stakeholders in the cooperation framework
6.1.1. CropEye Company
CropEye being the initiator of this project should take a proactive step in facilitating the
organization of all other main stakeholders. This is through setting up of working relationships
with cattle farmer organizations, glasshouse, processors and local government authorities. It is
advisable that the government be engaged in encourage the generation of green technology for
manure processing through supporting of processors and companies that are involved in
reverse osmosis and other manure processing products. The major obstacle to be addressed in
this gap is the scaling up of processing of manure, cost of producing mineral concentrate and
benefits to be accrued by the cattle farmers through making cattle manure economical. Also
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acceptance of manure by glasshouse growers involved in food production is an important issue
to consider.

Figure 6.1. Cattle manure cycle with main stakeholders
Cattle farmers produce excess amount of manure which is sold to processors. The processor
comes up with mineral concentrate from manure which is used in glasshouse for Fertigation of
crops. The manure sludge and solid forms during processing also uses for composting.
Glasshouse growers and field farmers’ use or sells the by-products (residues) to processor
companies for composting. The cattle farmers and field crop growers buy composted manure
for growing of fodders and crops, respectively.

6.1.2. Cattle farmers
Cattle manure forms two-third of the total surplus manure generated in the Netherlands.
Therefore, cattle farmers such as dairy cattle farmers are the main suppliers of manure. In that
regard, they are responsible for the amount and quality of the manure produced. Thus, they
have an impact on the outcome of manure processed and delivered mineral concentrate to
glasshouse growers. Currently, farmers are paying €8 per ton for removal of excess manure
from their farms. Farmers have an obligation to monitor the amount of nutrients coming in and
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out of the farm according to the Nitrate Directive of The EU. According to this, the amount of
nitrogen should not exceed 170 kg N ha -1. In Veenkolonie region of Northern Netherlands, cattle
farmers are not producing enough manure to carter for glasshouse use in the area. Therefore,
the only reliable source of manure for sustainable use is Southern and Eastern Netherlands.
This is due to surplus cattle manure production in particular in Gelderland, Overijssel, NoordBrabant and Limburg (Wossink, 2004). But the main problem is lack of organization of cattle
farmers to supply manure. Hence, there is need to establish effective cooperation of cattle
farmers in these regions so that manure is considered as a commodity for trade.
Transport cost of manure is a main challenge if processing of manure has to be done in
Emmen region. This is because the regions with the surplus cattle manure are located far away
(50 – 200 Km). Therefore, it is desirable that manure farmers are organized locally through
formation of manure cooperation organization or better off by using existing farmers’
cooperation structures such as unions. This cooperation structures for farmers should be linked
with manure processors in the local region preferably within 25 km radius in order to cut
transport cost of manure. Manure should be transported as slurry using so that it is readily
digestible.

Figure 6.2. Stakeholders’ cooperation under cattle manures production and utilization (Red
colours are the main stakeholders and blue is for secondary stakeholders)
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6.1.3. Manure processing companies
These companies will be responsible for collecting and processing cattle manure into liquid and
solid fractions. The companies should be located in local manure producing areas of southern
and eastern Netherlands (Figure 6.3), preferably within a radius of 25 km around cattle manure
farmers. The processor should ensure that the quality of the end product meets the nutrient
supply for crop requirement and human safety by ensuring that zoonotic pathogens like E. coli
serotype such as O107:H7 are eliminated from the final product. The processed product
supplied to glasshouse farmers will be a mineral concentrate containing nitrogen, phosphorus
and potassium with the ratio of 11:1:12, respectively. The glasshouse growers maintain this
concentration by adding of phosphorus and diluting the concentration of nitrogen and potassium
based on crop requirements. It is desirable that quality assurance of this product is maintained
through regular testing of nutrient composition and pathogen presence. Also, the processing
plant should be environmentally friendly by making sure that greenhouse gas (GHG) emissions
are reduced at all stages of manure processing.
The quality of the end product should have no aesthetic undesirables such as odour and
should be properly branded to avoid linking it to the adverse publicist of manure. In order to be
effective, the processor should cut the cost of production comparable to inorganic fertilizer,
because the Dutch market is price oriented rather than branding. Hence, there is need to
maximise on all the by-products from reverse osmosis such as methane for energy production.
The processors have more costs to bear when compared to other stakeholders. It is therefore
advisable that the government subsidizes processing companies; this is in order to reduce the
cost of the mineral concentrate from cattle manure. This is with the view of encouraging
sustainable use of manure and scaling up of reverse osmosis as a green technology for manure
processing.
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Figure 6.3. Map of areas with high livestock concentration in the Nethrlands (Adapted from
Wossink, 2004).

6.1.4. Glasshouse growers
Manure users’ perceptions and inorganic fertilizer price are the driving forces for manure trade
as a fertilizer for glasshouse use. Glasshouse users have more influence if the intend use is
horticultural production. This is because of demand determining the function of a supply chain.
Addressing issues of food safety is a priority for glasshouse use of mineral concentrate,
because of the danger perceived from E. coli. Therefore, most glasshouse farmers are not
ready to start using manure products as fertilizer due to fear of losing customers. Also reliability
of fertilizer supply from manure and the nutrient composition are major concerns in the with
regards to glasshouse glowers. Hence, quantitative analysis of zoonotic pathogens has to be
done if food crops are to be grown using the mineral concentrate from manure. Flower
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producers are willing to adopt mineral concentrates if it is economical and of the same quality as
inorganic fertilizer. They think the use of manure fertilizer can improve the image of glasshouse
growers as sustainable producer of ecologically friendly products.

6.1.5. Transport companies
Transporters are responsible for haulage of cattle manure from cattle farmers to processing
companies. They will also transport the processed mineral concentrate to glasshouses growers.
Cattle manure can be transported from cattle farmers to processors by vehicles (hauling or
truckers) with containers or through pipelines. This depends on the distribution of cattle farmers
in distance from each other and proximity to the processing plant. The minimum economic
pipeline distance is 9 km from cattle farmers to processor (Ghafoori et al., 2007), because after
9km the instalation and pumping have more cost when compared to hauling by trukers.
Therefore, if the distance between processors and cattle farmers is less than 9 km, pipeline
transportation is a better method than trucks.

6.2.

Secondary stakeholders in the cooperation framework

6.2.1. Environmental co-operatives
It is desirable that environmental regulations that govern all stages of manure production are
adhered to, so that ecological aspect of environmental use is taken up for sustainable
production of manure and glasshouse crops. Hence, environmental regulation authorities should
provide guidance on quality parameters for manure production. This is through expert advice
and service provision to cattle farmers, processors and glasshouse growers using manure
derived concentrate as fertilizer.

6.2.2. Health companies
Although hygiene companies belong to the secondary stakeholders, they have a key role for
evaluating manure quality and setting up regulations and rules for probable zoonotic pathogens
infections from manure. This is especially critical with the recent outbreak of E. coli in Germany
from bean sprout (Vigna radiata), which was associated with cucumber (Cucumis sativus).
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6.2.3. Municipality
They should provide support to cattle farmers and manure processors through enacting by-laws
that can make the use of manure economical. This can make the removal of manure from cattle
farmer to the processor cheap. They should also encourage alternative use of sustainable
technology for manure processing. Public health nuisance from manure such as odour and
pollution to the environment should also be given priority.

6.2.4. Financial government
The government has a major role to play through policies on environmental regulations of
manure and green technology development. Subsidizing manure processors can be an
incentive of encouraging sustainable use of manure for glasshouse production. This is critical if
large scale processing of manure is required. Processing companies need to buy processing
plant equipments and there is also additional cost for controlling the quality of manure such as
odour, diseases, toxic compound and weed seeds.
6.2.5. Field crop farmers
They can be alternative customers for the mineral concentrate and composted manure from
processor companies. The mineral concentrate from manure can be used as a nutrient source
for field and grassland crop production.

6.2.6. Synthetic fertilizers manufacturers
The use of mineral concentrate derived from manure by glasshouse growers as a source of
nutrients will set up direct competition with inorganic fertilizer. This is because inorganic fertilizer
manufacturers will not benefit from the project. Therefore, quality parameters of manure derived
concentrate should be high to avoid negative publicist. If possible, the price of the mineral
concentrate should be lower than inorganic fertilizer if it has to attract potential customers. Also
other beneficial aspects that can make the mineral concentrate more outstanding have to be
emphasized.
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Chapter 7: Risk analysis of manure
for application in glasshouse
Risk assessment focuses on determining the uncertainties associated with different activities
involved in manure production and its use in the glasshouse. Information under the
recommendations for action is based on literature research and interviews with cattle farmer,
glasshouse growers and manure processors. In general, the risks associated with manure use
can occur at different stages of manure management such as: livestock management, manure
production, storage, transportation, processing and application. The purpose of this chapter is to
highlight the main factors that have to be taken into consideration when dealing with manure as
a source of fertilizer for glasshouse use.
Table 7.1. Possible risks and recommendations for manure to be used for glasshouse fertilizer
supply
Possible risks

Recommended of actions

Risks associated with livestock management (feed composition and breed)
Presence of zoonotic pathogens:

Temperature of about 70°C should be

Escherichia coli serotype O157 H:7 and

maintained under anaerobic digestion during

O104:H4 and Campylobactor jejuni

thermophilic stage in processing of manure.
Uniform temperature distribution in reactors
should be insured to avoid survival of
pathogenic microbes.
Ensure separate storage of manure per batch to
avoid contamination of old one by new manure.
Use quantitative risk assessment to detect
pathogens in manure.

Variability of nutrient composition in

Frequently checking manure nutrient
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manure (influenced by source of

composition and quality before and after

manure, handling and storage system

processing.

and type of feeding)

Addition of flocculants to ensure phosphorous
recovery.
Frequent agitation of manure during, collection,
transport, and storage to ensure uniform nutrient
composition.
Use steel coated storage or concrete tanks with
covers to prevent emission losses from manure.

Risks associated with storing manure before and after processing
Nutrient losses (emission of ammonia

Storage facility for slurry and methane should be

and GHG during and storage)

constructed with air tight lids and covered with
coated steel fabricated materials based on
existing Dutch regulations.
Ventilators with biofilters to trap N2O and CH4
should be used in all buildings where gas
production is expected.
Manure storage tanks should be covered to
avoid ammonia emission.
Ensure proper agitation manure to prevent
settling of phosphorous with organic matter. This
especially important when sampling.
Dietary adjustment for cattle feed through
provision of adequate roughage in the diet of not
less than 50% ratio compared to concentrates.
Crude protein content of the animal should be
sufficient only for production of milk in order to
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avoid extra phosphorus and nitrogen.
Use of high productive cattle breeds with long
lactation period can reduce methane production
per life cycle of cattle through increased carbon
used for milk production.
Proper management of storage pans like
drainage of effluent and collection at one point.
Prevent anaerobic environment in manure
stores by picking up manure timely.
A combination of urease inhibitors should be
added to manure to prevent ammonia formation.
The pH of manure should be kept at less than 7,
to avoid ammonia volatilization from manure.
Biofilters should be installed to ventilation pens
of manure storage facilities and cattle housing
pens to trap emitted gases.

Contamination of ground water by

Coated steel fabricated materials or concrete

manure during storage

storage tanks with covers should be used base
on existing regulations.
Regular inspection of storage facilities to detect
damage and leakages.
Inspecting ground water sample for nitrates and
phosphate levels. Also presence of E. coli

Odour

Covering of manure during storage to reduce
volatilization rate by decreasing solar radiation
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and direct wind velocity stripping off volatile
organic compounds (ammonia and H2S).
Covering manure immediately after surface
application in case of using composted manure.
Risks during transportation of manure
Spread of disease pathogen during

Transport vehicles for manure should be

transport

completely covered with plastic if manure solid is
carried. While liquid manure should transported
in a tanker with sealed by valves.
Ensure regular maintenance of manure tanks or
pipelines to avoid leakage of manure.
Manure spillage during transportation should be
cleaned with a strong disinfectant such as
chlorine to avoid possible spread of pathogens.

Breakage or leakages of pipeline

Pipelines should be constructed with

systems resulting in spillage of manure

recommended specifications for transportation
of bio waste like manure.
Pipelines should be fitted with connections that
can withstand pressure from the pump and
should be corrosion and clog resistant.
Regular inspection of pipelines for breakages or
leakages should be done.

Risks associated with manure processing for glasshouse use
Absence of quick and easy ways of

Incorporate quality control for nutrients like

nutrient quality measurements

nitrogen and phosphorous content through
laboratory analysis (Also other micronutrients
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like B, Zn and Mn).
Use table or book values for rough estimation.
Loss of phosphorus with solid manure

Use precipitation techniques (with MgCl2) to

fractions

recover P from solid manure fractions.

Risks associated with composting manure
Odours during composting of manure

Keeping the manure until it matured, and the
mature compost should be dark in colour and
have a friable structure with an earthy odour.
Check the presence of mycelium (fungal
growth). It is evidence of a poor composting
process.

Risks associated with application of manure in a glass house
Clogging of tubes

Use anti-clogging agents such as
polyphosphates, hydrogen peroxide and
hydrochloric acid.

Risk of disease spreading to plants such

Heat (95°C) treatment and UV (200 – 400 µm)

as root borne pathogens like oomycetes

radiation can be used to disinfect recirculating

and Botrytis cinerea

nutrient solution.
Membrane filtration and ozone treatments can
be used, but they are too costly.

Risk associated with human welfare
Contamination in collecting, storing,

Using protective clothing like groves (rubber)

processing, transporting and applying

and overall when handling and applying manure.
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manure

Avoid mixing manure with food material.
Need for quality assurance such as testing for E.
coli with a reliable quantitative method.

Economic risks of establishing manure processing plant
Willingness of cattle farmer to trade in

Work in collaboration with cattle farmers so that

manure

they find a way of benefiting from manure.
Set up organization to facilitate manure trade.

Cost of transporting manure

Establishing processing plants in southern or
Eastern Netherlands where there is higher
distribution of cattle farmers.
Distribution of concentrated manure product
within a radius of 25 km.

Location and site characteristics of

Manure processing plant should be near to the

storage, processing plant and facility

source of manure in order to cut transport costs.
Need to be energy efficient and avoid
greenhouse gas (GHG) emission at all stages.

Variability in supply of slurry

Need to establish organization structures that
can guarantee steady supply of manure (farmer
processors networking)

Environmental regulations

Need to consider the Dutch regulations on
nutrient use, such as the EU Nitrate Directives,
Pollution, Plant Establishment, and Greenhouse
gas (GHG) emission.

Energy costs from anaerobic digestion

If possible find ways of recycling most of the

and reverse osmosis

methane for energy production for running the
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plant.
Need to use energy serving technology at all
processes in order to maximize the output and
profit.
Price of inorganic fertilizer compared to

Manure mineral concentrate should be cheaper

manure mineral concentrate

than inorganic fertilizer.

Marketing risk

Need to brand the product with clear quality
assurance that separates it from manure and
risks associated with E. coli

Risk precipitating factors for manure processing
High risks factors that have to be given priority in the feasibility study are the willingness of
cattle farmers to supply manure for processing if a plant has to be established in Northern
Netherlands. Manure price and transport costs are among the factors have to be considered in
establishing manure processing plants. This is because of the competing use of manure for
application as slurry used for grassland crop production. The energy costs of running the plant
should be competitive pricing or the mineral concentrate from manure compared to inorganic
fertilizer. Also the capacity of the plant should be large enough to allow for economical
production. This is because most of the plants using reverse osmosis technology are on a pilot
project; hence they might not meet fertilizer demands of glasshouse growers. Variability of
mineral content in manure has to be considered if quality assurance as to be maintained in
order to make in glasshouse growers accept manure. Food safety of using manure product is
major risk for acceptance of the mineral concentrate due to fear by the general public.
Acceptance of vegetables produced using manure such as cucumber is low due to association
with E.coli outbreak. This is because of the danger of zoonotic pathogens such as Escherichia
coli serotypes O157:H7 and O104:H4 that can be transmitted in manure. This has been
worsened by the recent outbreak in Germany in 2011.
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Conclusions and recommendations
Conclusion
Reverse osmosis is most appropriate technique of processing manure for glasshouse use. The
main outputs from this processing are biogas and the mineral concentrate rich in N and K.
Phosphorous remains in the solid fraction, which requires further processing for recovery.
Therefore, the nutrient composition of the mineral concentrate has to be determined before
application in glasshouse. Also manure has to be free of zoonotic pathogens like Escherichia
coli serotype O 157:H7 and O104:H4. Quantitative assessment of these pathogens can be done
to give accurate number of pathogens present. This is because culture techniques can under
estimate the infectivity of these pathogens. If manure has to be stored, separation of different
manure fractions differing in age is a prerequisite to avoid contamination through re-inoculation
with new pathogens from new manure. Manure has to be stored in covered containers to control
odour and greenhouse gas (GHG) emission. Weed seeds in manure are controlled by
separation of solid and liquid fractions followed by anaerobic digestion of the constituent
fractions in reverse osmosis. Ensiling of solid manure fraction has to be done to ensure
complete elimination of weeds in the solid fraction.
Establishment of a manure processing plant based on reverse osmosis needs high
capital intensive of 5.8 million euros. Processing of mineral concentrate alone as a product is
not feasible due to low mineral concentrate produced and low price of the product. It is only
practical to combine processing with biogas generation together with compost as this provides
more income to make the venture profitable. In order to cut transport costs, processing of
manure for glasshouse use should be done in local areas having surplus manure in Southern
and Eastern Netherlands. These processing plants should be situated within a radius of around
9 km from cattle farmers. This provides the most economical margin for haulage of manure to
processing plant. If possible, consideration of pipelines for transportation of manure in areas
having a high distribution of cattle farmers should be done.
Cooperation of cattle farmers and glasshouse growers and manure processors needs
establishment of a formal association or use existing farmer union organizations. Dairy cattle
farmers in Emmen are not willing to give excess manure if competing activities are available,
such as slurry application, because they find no gain from processing of manure. Processors
59

[Manure for value; Conclusions and recommendations] [2012]

need support with acquisition of new technology for manure processing due to high cost of
investment in machinery compared to revenue of the mineral concentrate alone. Glasshouse
farmers growing cucumbers need reassurance on food safety when using manure due to fear of
losing market for their products. Gerbera flowers growers are willing to use manure if it is stable
in nutrient supply, because they think it can improve the image as ecologically friendly
producers. Branding of products as manure produced is not perceived to add value to
glasshouse farmers, due to the market orientation in the Netherlands. Glasshouse growers
perceive Dutch consumers to be price oriented than brand focused, hence the price of the
product is the many determining factor for revenue to them.
Transport of manure is major risk for this project together with the willingness of cattle
farmers to supply manure. Also public concern of association of E. coli makes it difficult for
glasshouse growers to adopt manure. The Dutch regulation on processed mineral concentrate
from animal manure, which regards it as manure even after undergoing processing has a
drawback on processors to engage in further innovation. This is difficult because of difficult to
market the concentrate at the same level as conventional inorganic fertilizer.

Recommendations
Co-digestion to produce biogas should be made be an integral component in the design of
manure processing company to ensure economic viability and sustainability of the project. This
is because biogas is the major income source from manure processing with the mineral
concentrate contributing very little to the total revenue.
In order to make manures processing a profitable venture, the existing Dutch regulation on
manure should be amended to recognise processed manure as a product on its own. This will
enable processors to brand and market their mineral concentrates with special pricing. The
regulation in its present form is a disincentive to companies processing manure into mineral
concentrate.
Second generation manure processing technologies comes with high initial investment cost, but
they provide sustainable solution to manure problem especially in the surplus regions. Therefore
government support in the form of subsidies, tax exemptions and other incentives are required
to make such ventures applicable.
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The processing plant should be located in the surplus regions of the southern and eastern parts
of the Netherlands to reduce cost of transportation of raw manure. If possible pipeline transport
system should be used to connect farms in the immediate vicinity of the processing plant to
reduce cost of using slurry tankers.
There is need to establish reliable working cooperation with local manure transporters and
manure processors. Such companies could be used to transport the final to the point of sale.
To increase the market share of the mineral concentrate other farmers such as arable crop
farmers should be considered in marketing the product
CropEye should initiate dialogue between cattle farmers, manure processors and glasshouse
growers that would create a sustainable cooperation between these three major stakeholders.
This is the only was manure can be used in closed system.
Special arrangement should be made between cattle farmers and the processing company to
motivate the cattle farmers to ensure continuous supply of manure for processing. These could
be in the form of lower transport cost and special pricing of manure. The clean water after RO
could be returned to the cattle farmers at little or no cost.
Pricing of the mineral concentrate should be done such that it is able to compete effectively with
inorganic fertiliser. Branding of the mineral concentrate to attract special price is likely to be
impossible due to the orientation of the Dutch fertilizer market which is price centred.
To ensure quality of the mineral concentrate, manure should be stored in closed to environment
built from building from concrete or steel that does not allow nutrient loss. Mineral content of the
concentrate should be checked after processing and the limiting ones should be supplemented
to guarantee the composition of the final product.
Quality assurance measure should be put in place to assure the glasshouse growers of the
safety of the product from zoonotic pathogens like E. coli. Quantitative microbial risk
assessment should be done for the presence of pathogenic agents.
The standard Dutch closed system of hydroponics can be used for the mineral concentrate as it
minimizes the chance of clogging the systems However, salinity control checks should be made
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during the initial stages of using the mineral concentrate to detect early any problem that may
present.
Stringent disinfection of the nutrient solution such as the use of ultra violet (200–400 nm)
radiation should be imposed when using the mineral and salinity.

62

[Manure for value; References] [2012]

References
Agrotech.2008. Effect of slurry acidification on emission of greenhouse gases from slurry
storage facilities. Review report.
Alberto Pardossi. UNIPI (WP leader), WAR, EEFC, HORTI MAX, PERLITE, MORAKERT,
TERRA. Water fertilizers substrates. Università Degli Studi di Pisa.
Amisi, K. J. and D. Doohan. 2010. Redroot Pigweed (Amaranthus retroflexus) Seedling
Emergence and Growth in Soils Amended with Composted Dairy Cattle Manure and
Fresh Dairy Cattle Manure under Greenhouse Conditions. Weed Technology 24(1):
71-75.
Amsing, J. and. Runia,W. 2000. Lethal Temperatures of Soilborne Pathoges in Recirculating
water from closed cultivation systems.
Amy Cook, Joshua Posner and Jon Baldock. 2007. Effects of dairy manure and weed
management on weed communities in corn on Wisconsin cash-grain farms. Weed
Technology 21(2): 389-395.
Bary, A. C. Cogger, D. M. Sullivan. 2004. Fertilizing with manure. A Pacific Northwest Extension
Publication, Washington.
Beegle, D. B. and P. T. Durst. 2001. Managing potassium for crop production. The
Pennsylvania State University Agronomy Facts 14.
Berry, E., D., Wells,J.E., Archibeque, S.L., Ferrell, C.L., Freetly, H.,L., and Miller, D., N. 2006.
Influence of genotype and diet on steer performance, manure odour, and carriage of
pathogenic bacteria.II. Pathogenic and other fecal bacteria. Journal of Animal Science:
2523 – 2532.
Berry, E., J. Wells, et al. 2006. "Influence of genotype and diet on steer performance, manure
odor, and carriage of pathogenic and other fecal bacteria. II. Pathogenic and other
fecal bacteria." Journal of animal science 84(9): 2523.
Bolton, D.,J., Monaghan, A., Bryne, B., Fanming, S., Sweeney, T., and McDowell, D., A. 2011.
Incidence and survival of non–O157 verocytotoxigenic Escherichia coli in soil. Journal
of applied Microbiol. (111): 484 – 490.
Bottcher, R. W. 2001. An environmental nuisance: odor concentrated and transported by dust.
Chemical senses 26(3): 327.
63

[Manure for value; References] [2012]

Brajeul, E., E. Maillard, L. Marcelis, P. H. B. Visser, A. Elings, A. Lecomte and M. Tchamitchian.
2006. Development and evaluation of an automated prototype for the fertigation
management in a closed system. Acta Horticulturae 718: 383-390.
Buckley, K. and M. Makortoff. 2004. Phosphorus in Livestock Manures: Agriculture and AgriFood Canada, Brandon, Manitoba
Bui, X.T., Wolff, A., Madsen, M. and Dang Duong Bang,D.D. 2011. Fate and Survival
of Campylobacter coli in Swine Manure at Various Temperatures. Frontiers in
microbiology 2:262.
Burton, C. 2007. "The potential contribution of separation technologies to the management of
livestock manure." Livestock Science 112(3): 208-216.
Burton, C. and Martinez, J. 2008.Contrasting the management of livestock manures in Europe
with that practised in Asia: what lessons can be learnt? Outlook on Agriculture 37, 3
(2008) p. 195 - p. 201
Burton, C.H. and Turner, C. (editors) 2003. Manure management - treatment strategies for
sustainable agriculture; second edition Silsoe Research Institute, Wrest Park, Silsoe,
Bedford, UK. 490 pp.
Camberato, J., B. Lippert, J. Chastin and O. Plank. 1996. Land application of manure . North
Carolina Agricultura; Extenstion Serviece Fact shett
Chadwick, D., Sommer, S., Thorman, R., Fabgueiro, D., Cardenas, L., Amon, B., Misselbrook,
T. 2011. Manure management: Implication for greenhouse gas emission. Animal Feed
Scie., and Tech. (166): 514 – 531.
Dasgan, H. and B. Ekici. 2004. Comparison of open and recycling systems for ion accumulation
of substrate, nutrient uptake and water and water use of tomato plants.
Dasgan, H. Y., S. Kusvuran and I. Ortas. 2010. Responses of soilless grown tomato plants to
arbuscular mycorrhizal fungal (Glomus fasciculatum) colonization in re-cycling and
open systems. African Journal of Biotechnology 7(20).
DeLougher, R and Wortmann, C. 2005. Calculating the Value of Manure for Crop Production. University
of Nebraska–Lincoln. University of Minnesota Extension. 2012. Manure management.
Déniel, F., P. Rey, M. Chérif, A. Guillou and Y. Tirilly. 2004. Indigenous bacteria with
antagonistic and plant-growth-promoting activities improve slow-filtration efficiency in
soilless cultivation. Canadian journal of microbiology 50(7): 499-508.
64

[Manure for value; References] [2012]

Elving,J., Ottoson, J.,R., Vinneras, B., and Albihn, A. 2009. Growth potential of faecal bacteria in
simulated psychophilic/mesophilic zones during composting of organic waste. Jornal of
Applied Microbiol. (108): 1974 – 1981.
EU (1991). Council Directive 91/676/EEC of 12 December 1991 concerning the protection of
waters against pollution caused by nitrates from agricultural sources. Official Journal of
the European Communities, L375:1-8.
Franz, E., Diepeningen van, D., A., Vos de, D.J., and Bruggen van, a. H., C. 2005. Effects of
cattle feeding regimen and soil management type on the fate of Escherichia coli
O157:H7 and Salmonella enterica serovar Typhimurium in manure, manure amended
soil and lettuce. Applied and Envi. Microbiol. Vol. (17), 10: 6165 – 6174.
Fraters, B., Hotsma P.H., V.T. Langenberg V.T, van Leeuwen ,T. C., Mol, A.P.A., Olsthoorn,
C.S.M., Schotten, C.G.J. and Willems, W.J. 2004. Report on Agricultural practice and
water quality in the Netherlands in the 1992-2002 periods. Background information for
the third EU Nitrates Directive Member States report. Pp : 1-178
Fremaux, B., Prigent-Combaret, C., and Vernozy-Rozand, C. 2008. Long-term survival of shiga
toxin producing Escherichia coli in cattle effluents and environment: an updated review.
Veterinary Microbiol. (132): 1 – 18.
FSA Environmental. 2002. Case study of screw press. 20pp.
http://www.fsaconsulting.net/pdfs/case/study/screw/press.pdf
Garibaldi, A., A. Minuto, V. Grasso and M. L. Gullino. 2003. Application of selected antagonistic
strains against Phytophthora cryptogea on gerbera in closed soilless systems with
disinfection by slow sand filtration. Crop Protection 22(8): 1053-1061.
Ghafoori, E., P. C. Flynn and J. J. Feddes. 2007. Pipeline vs. truck transport of beef cattle
manure. Biomass and Bioenergy 31(2-3): 168-175.
Giuffrida, F. and C. Leonardi. 2011. Nutrient solution concentration on pepper grown in a
soilless closed system: yield, fruit quality, water and nutrient efficiency.
Hao X, Benke MB, Gibb DJ, Stronks A, Travis G, McAllister TA. 2009. Effects of Dried Distillers'
Grains with Solubles(Wheat-Based) in Feedlot Cattle Diets on Feces and Manure
Composition. Journal of environmental quality 38(4): 1709-1718.
Heinonen-Tanski, H., Mohaibes, M.,Karinen, P., and Koivunen, J. 2006. Methods to reduce
pathogen microorganism in manure. Livestock research (106): 248 – 255.

65

[Manure for value; References] [2012]

Hristov, A., N., Hanigan, M., Cole, M., Todd, R., McAllister, T., A., Ndegwa, P., M., and Rotz, A.
2010. Review: Ammonia emission from dairy farms and beef feedlots. Can. Journal
Animal Scie. (91): 1 – 35.
Hudaib M, Speroni E, Di Pietra AM, Cavrini V. 2002. GC/MS evaluation of thyme (Thymus
vulgaris L.) oil composition and variations during the vegetative cycle. Journal of
pharmaceutical and biomedical analysis 29(4): 691-700.
Ikeda, H., P. Koohakan and T. Jaenaksorn. 2001. Problems and countermeasures in the re-use
of the nutrient solution in soilless production.
Imas, P. 1999. Recent techniques in fertigation of horticultural crops in Israel.
IPCC, 2006. Good Practice Guidance and Uncertainty Management in National Greenhouse
Gas Inventories. Panel on Climate Change. IGES, Hayama, Japan.
J Obeta Ugwuanyi, Linda M. Harvey and Brian McNei. 2006. Application of thermophilic aerobic
digestion in protein enrichment of high strength agricultural waste slurry for animal feed
supplementation. J Chem Technol Biotechnol 81:1641–1651
J Zhu, G L Riskowski and M Torremorell 1999. Volatile fatty acids as odor indicators in swine
manure a critical review. Transactions of the ASAE-American Society of Agricultural
Engineers 42(1): 175-182.
Jensen, M. 2004. Growing Tomatoes Hydroponically. Archive Article
http://www.maximumyield.com.
Johnson G; Culkin B; Stowella L . 2004. Membrane Filtration of Manure Wastewater. A
Comparison of Conventional Treatment Methods and VSEP, a Vibratory RO
Membrane System. New Logic Research, Incorporated. Accessed February 2012 at:
/http:// www.vsep.com
Johnson, J., and D. Eckert. 2012. Best Management Practices: Land Application of Animal
Manure. Ohio State University Extension Department of Horticulture and Crop Science
Jones, D. D., Koelsch, R. K., Mukhtar, S.,. Sheffield, R. E. and Worley, J. W. 2006. closure of
earthen manure structures (including basins, holding ponds and lagoons). Paper
presented at Animal Agriculture and the Environment: National Center for Manure and
Animal Waste Management White Papers. St. Joseph, Michigan: ASABE. Pub.
Number 913C0306. Pp 263-284
Kemper, M., J. 2011. Outbreak of haemolytic uremic syndrome caused by E. coli O104:H4 in
Germany: a paediatric perspective. Padiatr.Nephrol. (27): 161 – 164.
66

[Manure for value; References] [2012]

Klein, M., Brown, L., Ashbolt, N.,J., Stuetz, R., M., and Roser, D., J. 2011. Inactivation of
indicator and pathogens in cattle feed lot manures and composting as determined by
molecular and cultural assay. FEMS Microbiol. Ecol. (77): 200 – 210.
Koelsch, R, and C Shapir. 2006. Determining crop available nutrients from manure. The Board of
Regents of the University of Nebraska on behalf of the University of Nebraska–Lincoln
Extension.
L. Massea,_, D.I. Masse´a, Y. Pellerin. 2007. The use of membranes for the treatment of
manure: a critical literature review. BIOSYSTEMS ENGINEERING 98: 371 – 380
Lars Thorne and Kenneth Persson. 1999. Gun Tragardh.Treatment of Liquid Effluents from Dairy

Cattle and Pigs using Reverse OsmosisJ. Agric. Engng Res. 73, 159}170
Liang, Z., He, Z., Powell, C., A., and Stofella, P., J. 2011. Survival of Escherichia coli in soil with
modified microbial community composition. Soil Biology and Biochem. (43): 1591 –
1599.
Lieten, P., J. Longuesserre, G. Baruzzi, J. Lopez-Medina, J. C. Navatel, E. Krueger, V. Matala
and G. Paroussi. 2004. Recent situation of strawberry substrate culture in Europe.
Proceedings of the Euro Berry Symposium - Cost 836 Final Worskhop. D. W. Simpson:
193-196.
Lubbe, M., K., Erickson, G., E., Klopfenstein, T., J., and Greenquist, M., A. 2011. Nutrient mass
balance and performance of feedlot cattle fed corn wet destillers grains surplus soluble.
Journal of Animal Scie. (90): 296 – 306.
Luebbe MK, Erickson GE, Klopfenstein TJ and Greenquist MA. 2012. Nutrient mass balance
and performance of feedlot cattle fed corn wet distillers grains plus solubles. Journal of
Animal Science 90(1): 296-306.
M. Mohaibes, and H. Heinonen-Tanski. 2004. Aerobic thermophilic treatment of farm slurry and
food wastes . Bioresource Technology 95 ( 245–254)
M. Navaratnasamy, J.J.R. Feddes and J.J. Leonard 2004 : Reusing liquid manure as a possible
source of drinking water for pigs. CANADIAN BIOSYSTEMS ENGINEERING 46(627632)
M.H. El Jalil, M.Faid and M.Elyachioui. 2001. A biotechnological process for treatment and
recycling poultry wastes manure as a feed ingredient. Biomass and Bioenergy 21(4):
301-309.

67

[Manure for value; References] [2012]

Mallard, P. 2006. Regulations on the environment. In: Livestock production and society
(Editors, R Geers and F Madec). Wageningen Academic Publishers, The Netherlands.
307 pp.
Marcelis, L., J. Dieleman, T. Boulard, A. Garate, C. Kittas, C. Buschmann, E. Brajeul, G.
Wieringa, F. Groot and A. Loon. 2006. CLOSYS: closed system for water and nutrient
management in horticulture. Acta Horticulturae 718: 375-382.
Martin J. 2009. Manure Sampling for Nutrient Management Planning. The Pennsylvania State
University, Agronomy Facts 69.
Martinez, F., S. Castillo, E. Carmona and M. Aviles. 2010. Dissemination of Phytophthora
cactorum, cause of crown rot in strawberry, in open and closed soilless growing
systems and the potential for control using slow sand filtration. Scientia horticulturae
125(4): 756-760.
Massa, D., L. Incrocci, R. Maggini, G. Carmassi, C. A. Campiotti and A. Pardossi. 2010.
Strategies to decrease water drainage and nitrate emission from soilless cultures of
greenhouse tomato. Agricultural Water Management 97(7): 971-980.
Matt Liebman, Fabián D. Menalled, Douglas D. Buhler, Thomas L. Richard, David N. Sundberg,
Cynthia A. Cambardella and Keith A. Kohler. 2004. Impacts of composted swine
manure on weed and corn nutrient uptake, growth, and seed production. Weed science
52(3): 365-375.
McGinn, S. and T. HH Coates. 2003. Atmospheric ammonia, volatile fatty acids, and other
odorants near beef feedlots. Journal of environmental quality 32(4): 1173.
Melse, R.W., Ogink, N.W.M. and Rulkens, W.H. 2009. Overview of European and Netherlands’
regulations on airborne emissions from intensive livestock production with a focus on
the application of air scrubbers. biosystems engineering 104: 289–298
Mercier, J. and D. C. Manker. 2005. Biocontrol of soil-borne diseases and plant growth
enhancement in greenhouse soilless mix by the volatile-producing fungus Muscodor
albus. Crop Protection 24(4): 355-362.
Meric, M., I. Tuzel, Y. Tuzel and G. Oztekin. 2011. Effects of nutrition systems and irrigation
programs on tomato in soilless culture. Agricultural Water Management.
Miller, D. and V. Varel. 2002. An in vitro study of manure composition on the biochemical
origins, composition, and accumulation of odorous compounds in cattle feedlots.
Journal of animal science 80(9): 2214.
68

[Manure for value; References] [2012]

Minuto, A. and A. Garibaldi. 2004. Prevention of root diseases in soilless cultures used as
methyl bromide alternatives.
Monteny, G., Bannink, A., and Chadwick, D. 2006. Greenhouse gas abatement strategies for
animal production. Agriculture, Ecosystems and Envi. (112): 163 – 170.
Nelson, P., J. Frantz and W. Brinton. 2009. Impact of Composted Dairy Manure on pH
Management and Physical Properties of Soilless Substrate.
Nicholson R.J., Webb, J. and Moore, A.2002. A review of the environmental effects of different
livestock manure storage systems, and a suggested procedure for assigning
environmental ratings. Biosystems Engineering,81 (4), 363–377
Oenema, O., Oudendag, D., and Velthof, G., L. 2007. Nutrient losses from manure in the
European Union. Livestock Science (112): 261 – 272.
Ogejo J. A. 2011. Manure Production and Characteristics. Virginia Tech
Olson, B. E. and R. T. Wallander. 2002. Does ruminal retention time affect leafy spurge seed of
varying maturity? Journal of range management: 65-69.
OMAFRA, 2003. A review of selected jurisdictions and their approach to regulating intensive
farming operations. www.ontario.ca/omafra
Os, E. A. 2010. Disease management in soilless culture systems. Acta Horticulturae 883: 385393.
O'Shea CJ, Sweeney T, Lynch MB, Gahan DA, Callan JJ and O'Doherty JV. 2010. Effect of βglucans contained in barley-and oat-based diets and exogenous enzyme
supplementation on gastrointestinal fermentation of finisher pigs and subsequent
manure odor and ammonia emissions. Journal of animal science 88(4): 1411.
Pardossi, A. and L. Incrocci. 2011. Traditional and New Approaches to Irrigation Scheduling in
Vegetable Crops. HortTechnology 21(3): 309-313.
Paul, J. W.1999. Nutrient Recycling – What Happens to the Excreted Nutrients? Advances in
Dairy Technology Volume 11, page 193.
Peeters, SJW, Horstink, MCJ, Schlatmann, ATM. 2011. Background report integral vision on
sustainable manure processing. LTO report projectnumber 11.445
Phung D. Le, Andre´ J. A. Aarnink, Nico W. M. Ogink, Petra M. Becker and Martin W. A. 2005.
Odour from animal production facilities: its relationship to diet. Nutr. Res. Rev 18(3).

69

[Manure for value; References] [2012]

R. H. Zhang, P. Yang, Z. Pan, T. D. Wolf, J. H. Turnbull. 2004 .Treatment of swine wastewater
with biological conversion, filtration, and reverse osmosis: a laboratory study.American
Society of Agricultural Engineers Vol. 47(1): 243-250
Renault, D. R. D., F. D. F. Déniel, E. B. E. Benizri, D. S. D. Sohier, G. B. G. Barbier and P. R. P.
Rey. 2007. Characterization of Bacillus and Pseudomonas strains with suppressive
traits isolated from tomato hydroponic-slow filtration unit. Canadian journal of
microbiology 53(6): 784-797.
Reza Iranpour, Huub H.J. Cox, Marc A. Deshusses and Edward D. Schroeder 2005. Literature
review of air pollution control biofilters and biotrickling filters for odor and volatile
organic compound removal. Environmental progress 24(3): 254-267.
Rosen C. J. and P. Bierman. 2005. Using Manure and Compost as Nutrient Sources for Fruit and
Vegetable Crops. Department of Soil, Water, and ClimateUniversity of Minnesota
S. M. McGinn, K. M. Koenig, and T. Coates. 2002. Effect of diet on odorant emissions from
cattle manure. Canadian journal of animal science 82(3): 435-444.
Savvas, D., E. Stamati, I. Tsirogiannis, N. Mantzos, P. Barouchas, N. Katsoulas and C. Kittas.
2007. Interactions between salinity and irrigation frequency in greenhouse pepper
grown in closed-cycle hydroponic systems. Agricultural Water Management 91(1-3):
102-111.
Schroeder, J., J., Scholefield, D., Cabral, F., and Hofman, F. 2004. The effect of nutrient losses
from agriculture on ground and surface water quality: the position of science in
developing indicators of regulation. Envi. Scie. and Pol. (7): 15 – 23.
Shaw, T. J. 2002. Manure Odour Management and Bioenergy Feasibility Analysis.
Sikora, L. J. 2004. Composting Effects on Phosphorus Availability in Animal Manures. USDAARS, Beltsville, Maryland Peggy Preusch, University of Maryland, College Park,
Maryland
Skillman, L.C., Bajsa, O., Ho, L., Santhanam, B., Kumar, M., and Ho, G. 2009. Influence of high
gas production during thermophilic anaerobic digestion in pilot-scale and lab-scale
reactors on survivor of thermotolerant pathogens, Clostridium perfrigens and
Campylobacter jejuni in piggery wastewater. Water Science (43):3282 – 3292.
Soil Protection Technical Committee (TCB) . 2010. Advisory report on the closure of nutrient
cycles. Letter of august 13, 2010 to the Minister for agriculture, Nature and Food
70

[Manure for value; References] [2012]

Quality and the minister for Housing, Spatial planning and the environment, TCB
A059(2010)
Spiehs, M. and V. Varel. 2009. Nutrient excretion and odorant production in manure from cattle
fed corn wet distillers grains with solubles. Journal of animal science 87(9): 2977.
Stanley, Z., R., Rohr, J., R., and Harwood, V., J. 2011. Test of direct and indirect effects of
agrochemicals of faecal indicator bacteria. Applied and Environ. Microbiol. Vol. (77),
23: 8767 – 8774.
Varel, V. 2002. Livestock manure odor abatement with plant-derived oils and nitrogen
conservation with urease inhibitors: A review. Journal of animal science 80(E-Suppl 2):
E1.
Varel, V. H., Miller, D. N. and Berry, E. . 2006. Incorporation of thymol into corncob granules for
reduction of odor and pathogens in feedlot cattle waste. Journal of animal science
84(2): 481.
Viazis, S., and Diez-Gonzalez, F. 2011. Enteroheamorrhagic Escherichia coli: The twentieth
century emerging food borne pathogen: a review. Advance in Agronomy, Vol. (111): 1
– 50.
Wallace, T. 2008. Sampling Liquid Manure for Analysis. Agriculture Stewardship Division,
Alberta Agriculture and Food.
Ward, D. and Johnson, J. 2009. Nutrient management Act 2002. Regulations for manure
storage facilities. AGDEX 720/538. www.ontario.ca/omafra
Wiederholt, R. 2011. Micronutrients in Manure University of Wisconsin, United States
Department of Agriculture and Wisconsin counties cooperating.
Wilkie, A. C. 2005. Anaerobic digestion of dairy manure: Design and process considerations.
Dairy Manure Management: Treatment, Handling, and Community Relations: 301-312.
Wossink, A. 2004. The Dutch nutrient quota system: past experience and lessons for the future.
Tradeable permits: policy evaluation, design and reform.
Xiang-Jin Meng. 2011. From barnyard to food table: The omnipresence of Hepatitis E virus and
risk for zoonotic infection and food safety. Virus Research (161): 23 – 30.

71

[Manure for value; Appendix] [2012]

Appendix
Factors that affect nutrient content of manure
Type and age of animal
Nutrient composition of manure is different for all animal species (Ogejo, 2006). The age and
sex of the animal also affect the nutrient composition of manure (Ogejo, 2006). This can be
related to the difference in types and amounts of diet animals consume and the moisture
content of the manure. Most young animal animals consume relatively less amounts of protein
at the early age resulting in different nitrogen contents of manure (Ogejo, 2006). Also young
animals are more efficient at using protein in feed.
Diet of animal and feed
The chemical characteristics of manure primarily depend upon the composition of the feed given
to the animal (Ogejo, 2011). This is due to the fact that naturally 75 to 90% of the nutrient in the
animal feed is excreted in the forms of urine and eliminated as droppings (Ogejo, 2011). The
level of protein and inorganic salts in the feed such as sodium, calcium, potassium, magnesium,
phosphate, and chloride is reflected in the characteristics of the manure (Ogejo, 2011). Animal
feed composition can be adjusted in such a way that the quality of manure increases for use in
glasshouse.
Bedding and litter used in animal housing
Presence of bedding or litter in manure is considered to be a quality problem. This because
bedding materials in manure usually decreases the nutrient contents by dilution (University of
Minnesota Extension, 2012). In general, the importance of bedding is more on altering the rate
at which nutrients are available to the crops than changing the nutrient content of manure
(University of Minnesota Extension, 2012). The effect of bedding on nutrient content availability
depends on the type of bedding blended with manure. For instance, if the bedding materials
have high carbon material like straw or wood shaving, the availability of N to the crop may be
reduced by large C/N ratio of the product. Generally, high carbon relatively to nitrogen leads to
tying of N in manure and thereby reduces its availability to the plant. Beddings that have a C/N
72

[Manure for value; Appendix] [2012]

ratio of 25/1 or above will lead to N tied up in the soil, whereas those with a C: N ratio of less
than 25/1 will release N to the crop in a short time. Hence, it is important to check the C/N ratio
of manure before it is used as a nutrient to the crops.
Manure application methods
The application method and environment are also among the factors that affect the final nutrient
content available to the plant. Application methods that allow the incorporation of manure into
the soil immediately after application minimizes nitrogen loss to the air and allows soil
microorganisms to start decomposing the organic matter, making nutrients available more
quickly to the crop (University of Minnesota Extension, 2012). Because of the fact that half of
the nitrogen in manure is in the form of ammonium, about 25% of the nitrogen is lost within the
first 24 hours in surface application of manure or if it is left without incorporation into the soil,
and another 20% may be lost in the next 3 days (University of Minnesota Extension, 2012).
Further nitrogen loss to the air (as ammonia) is facilitated by dry and windy weather.
Methods of determining nutrient content of manure
Knowing the nutrient contents of manure is required in order to decide on the amount of manure
to apply to meet crop requirements (Koelsch and Shapir, 2006; Bary et.al, 2004). To achieve
maximum utilization of manure as a fertilizer and to lower nutrient losses from manure to the
environment, it is important to know the general nutrient composition (Bary et.al, 2004). In the
nutrient contents of manure can be determined based on table values and laboratory analysis. .
Book or table values of manure
The nutrient content of manure can be estimated based on book/table values. The table values
of manure nutrients are based on a typical nutrient in manure. However, because of the
variability of nutrient content of manure which depends on animal type, age, bedding among
other things, using the same table values for all manure types is not practical. This is because
they may not reflect the real nutrient content of manure from a particular farm (Wallace, 2008).
The actual concentration of one or more nutrients in any manure is often several times more or
less than the "book" value (DeLougher and Wortmann, 2005). Thus, the only way to get reliable,
farm specific estimates of manure nutrient content is by sampling and laboratory analysis
(Wallace, 2008; Bary et.al, 2004). In addition to these methods used to quantify the nutrient
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content in manure, it is also important to find appropriate measures to decide how much to
apply in the soil.
Sampling liquid manure
Results of nutrient analysis of manure are as good as the sample (Bary et.al, 2000; Wallace,
2008).The sampling techniques used and time of delivery of the samples are very important to
guarantee the accuracy of the results. In general, manure samples have to be fresh and
representative. The repetitiveness of the sample used for testing in the laboratory can be
achieved by taking 10 – 20 small samples from different parts and depths of manure pile, which
can be mixed thoroughly using a shovel or by hand (wearing rubber gloves) to make a
composite sample. Afterwards a quarter of a composite sample can be taken and placed in an
appropriate container or frozen for transport to the laboratory (Bary et.al, 2000). Manure
analysis should be done within in 24 – 48 hours upon reception; otherwise the sample has to be
placed in a refrigerator (Bary et.al, 2000).
Sampling of liquid manure needs special precautions, because in most liquid manure storages,
there is some stratification of solids, thus nutrient content may differ (Martin, 2009). Therefore,
agitation of the storage container is an important step required in order to get a homogenous
and representative sample for laboratory analysis. A minimum of two to four hours of agitation of
liquid manure storage container is required to get a good sample (Martin, 2009). Liquid manure
collection without agitation has the risk of underestimation or overestimation of nitrogen,
potassium and phosphorus contents. This is because of the fact that, typically N and K are
concentrated in the top liquid portion, while phosphorus is more concentrated in the solids
bottom portion of stored liquid manure (Martin, 2009).
Extra strategies to minimize nutrient losses from manure
Cattle diet adjustment
Alteration in the diet of cattle has a very big effect on manure quality affecting nutrient losses.
High roughage to concentrate ratio has been found to reduce methane production (Monteny et
al., 2006). Feeding cattle with highly digestible organic matter promotes hindgut fermentation,
which leads to methane production by the animal (Lubbe et al., 2012). Feed containing high
carbon value which can easily be digested has been found to increase methane production from
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manure (Monteny et al., 2006). Generally, carbon to nitrogen ration (C: N) of between 13:1 to
28:1 is ideal for methane production from manure. Inhibitory compounds of methane production
in manure such as ammonia/ammonium and sulphides have an effect on the amount of
methane produced.
Productivity of cattle
Faster growth of livestock compared to maintenance can reduce methane production if coupled
with higher milk yield. It is desired that dairy cattle have a large lactation period per unit life time
(Monteny et al., 2006). This reduces methane per unit milk produced through the use of carbon
for milk production, thereby making more efficient use of resources.
Deep cooling of manure
Because methane is insoluble in water, it can easily escape to the atmosphere, hence deep
cooling of manure (<10ºC) can reduce the release of this gas together with pH reduction by
adding additives to manure. These measures reduce microbial activities that result in the
gaseous production. It has been found that cooling of pig manure reduces methane (CH 4) and
nitrous (N2O) production by 30% compared to the untreated (Monteny et al., 2006).
Management of manure storage piles
Proper management of storage piles of manure by minimizing compaction, frequent addition of
fresh manure, regular removal of straws from cattle housing and litter help to reduce methane
production. This is mainly by preventing the creation of anaerobic conditions.
Land management
In terms of land management, improvement of drainage at the farm level can reduce emission
through prevention of anaerobic conditions. Also the collected water from manure pen should be
treated before released into the environment. Compaction of farmland after manure application
should be avoided as these favour denitrification of nitrate into nitrogen.
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Timing of manure application
Autumn and winter application of manure has been found to increase leaching of nitrates from
manure than that for spring (Chadwick et al., 2010). This is mainly due to low temperature and
high water accumulation in the soil, making leaching more dominant in cold season. Also
microbial activities in winter are lower; hence nitrogen conversion to other forms is reduced.
Also crop growth rates in winter can be lower compared to spring, which can create surplus load
of available nitrogen than that of crop requirement.
The EU has designated nitrogen emission from manure not to exceed the threshold of 170 Kg N
ha-1 per year as the ceiling level (Schroeder et al., 2004). This is used to protect nitrate sensitive
areas from nitrate pollution of ground water. The mechanism of control is based nitrogen crop
requirement, length of the growing season, and precipitation surplus and denitrification capacity
of the soil. But this has been found not to correlate with the phosphorous content of manure in
170 Kg N ha-1, which can have more P at times than crop requirement (Schroeder et al., 2004).
Toxicity of cattle pathogens found manure
Toxicity of manure emanates mainly from Escherichia coli strains that are able to produce
toxins. These are referred to as verocytotoxigenic Escherichia coli (VTEC), they produce toxins
that cause disease in humans such as haemorrhagic colitis and acute renal failure (Bolton et al.,
2011). Most E. coli serotypes produce shiga toxins, which are classified into two distinct groups:
Stx1 and Stx2 (Diez-Gonzalez and Viazis, 2011; Fremaux et al., 2008). These toxins are
produced in the colon of the host by E. coli causing localized damage in the vicinity and
systemic problems such as kidney failure when transported in the blood. These toxins cause
cell death in the host by inhibition of protein synthesis. Most epidemiological studies have found
Stx2 toxin responsible for disease incidences (Diez-Gonzalez and Viazis, 2011). Shiga toxin 2
(Stx2) is heat stable compared to its counterpart (Stx1). Treating infected milk with heat was
found to inactivate the Stx2 only at 100 °C (Diez-Gonzalez and Viazis, 2011).
E. coli serotype O157:H7 has been implicated in most of the outbreak confirmed in Europe
(Bolton et al., 2011). The other subgroups of E. coli that produces toxins are: O104, O26, O111,
O103 and O118 (Bonnetta et al., 2011). The largest outbreak was in Japan in 1996 when
radishes sprout (Raphanus sativus L.) were contaminated by VTEC (Ottoson et al., 2011).
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Contamination of irrigation water through manure in Sweden in 2005 with VTEC led to Iceberg
lettuce (Lactuca sativa L.) contamination, which resulted in 135 people being infected (Ottoson
et al., 2011). This resulted in the application of the bathing water quality for irrigation water,
which stipulate that water should contain <100 colony forming unit (cfu) E. coli ml-1 as the
minimum allowed for irrigation (Ottoson et al., 2011). In order to reduce the risk of contamination
of vegetables with manure, pathogenic bacteria can be removed through drying, using
ultraviolet light (UV) and treating with commensal bacteria. In Sweden, the commission of
enquiry that investigated the outbreak recommended that irrigation water equivalent of drinking
water be used 28 hrs prior to harvesting of vegetables in which manure is used (Ottoson et al.,
2011). This is in order to reduce the amount of pathogens on the plant surface. It has also being
found that allowing 100 cfu 100ml-1 of E.coli can led to the reduction of about 3 to 7 fold
infection compared to 1,000 cfu 100 ml -1 units, using water of the same standard (Ottoson et
al., 2011).
Odour from manure
Odour sources in animal production environment are associated with materials such as silage,
fed, and manure. But the most offensive odour sources emanate from fresh and stored manure.
Various research findings have provided useful background on how odours are produced, at
what stage they are likely to be produced and how odours might be reduced (Bottcher, 2001). A
wide variety of chemicals in solid, liquid, and gaseous odours samples associated with livestock
production have been detected (Lea et. al., 2005). Volatile fatty acids (VFAs) are a major odour
source and consist of short-chains carboxylic acids (C2 to C6). Volatile fat acids (VFAs) are
produced from complex organic matter during acidogenesis and acetogenesis in anaerobic
fermentation (Zhu, et al., 1999). Alcohols are the second major odour source in cattle manure
consisting of two structures, straight-chains and branched-chains. Most common alcohols in
manure are: methanol, ethanol, propanol, butanol and isobutanol. The concentration of
isobutanol and butanol is low compared with the other alcohols (Zhu et al., 1999). Other odour
sources found in cattle manure are: aromatic compounds such as the amino acids (tyrosine,
phenylalanine, and tryptophan), sulphides, amines/ammonia, minor organic compounds groups
such as ketones, esters, ethers, and aldehydes (Spiehs and Varel, 2009).
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There are methods developed to measure and describe odours, but the simplest way is the
human smell and olfactometry measurement (response of human assessors to olfactory
stimuli). Cattle manure odour starts from animal husbandry (cattle farm) until the end users
(glasshouses). Each stakeholder is responsible for odour control. Cattle farmers can adjust
cattle diet, manure processor can apply additives and glasshouse growers can apply manure in
way that reduce odour. In general, effective controls of odour depend on: control of the
precursors of malodour formation, dilution of odorous compounds below the detection threshold
and reducing or inhibiting emission (enzymes).
Methods of controlling odours from manure
Diet manipulation to control odour
One approach to control manure odour is the manipulation of diet by decreasing the substrates
that affect odour formation during digestion in cattle and fermentation of manure (McGinn et al.,
2002). This is because each odour compound is strongly influenced by substrate availability in
cattle diet. Starch and protein are the main substrates for odour compound production.
Reduction of these substrates in manure has great influence on offensive odour production;
however, reduction has drastic effect on animal health. Various research supports the reduction
of excess crude protein to result in smaller amounts of malodour precursors being released (Le
et al., 2005).). Feeding steers with ground high-moisture ensiled corn (HMC) instead of dry
rolled corn (DRC) result in less amount of starch being excreted in the manure; thus reducing
the associated odorous compound produced (Berry et al.,(2006). It also increases branchedchain VFA in slurry thereby reducing potentially odourous compounds without affecting the
health of animal.
It has been observed that the total VFA, P, N and S intake increases linearly as the
amount of corn wet distillers grains with soluble (WDGS) increase in the diet (Luebbe et al.,
2012). While branched-chained VFA concentrations (isobutyrate and isovalerate) and phenol in
faeces increases when dried WDGS replaces corn in the diet (Spiehs and Varel 2009). The
increase in total N and S excretion contributes to the production of odorous compounds
(primarily short branched chain VFA, and phenol) and may increase ammonia and Hydrogen
sulphide (H2S) emissions from the feedlot (Spiehs and Varel, 2009). Studies show that VFAs
display the highest odour intensity; manure offensive odour release could potentially increase if
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high amounts of wheat dried distillers grains containing high soluble dry distillers grains are
used in feedlot rations (Hao et al., 2009; Miller and Varel, 2002). In the case of pigs offered oat
based diet, it was found that they harboured higher Bifidobacterium spp. and Lactobacillus spp.
populations in the proximal colon(O’Shea et al., 2010). This decreased manure odour emissions
compared with those offered barley-based diet (O’Shea et al., 2010).
Microbial metabolic inhibitors of odour
Livestock excretion consists of different undigested organic residues, such as proteins,
carbohydrates, and fats. These organic residues can be digested by microbes to producing
different volatile compounds. Odour formation from manure is determined by volatilization rate
of the compounds. Volatilization rate regulation is the major point in controlling of cattle manure
odour emissions. This rate is influenced by manure surface area, temperature, and air
movement across manure surfaces (Shaw, 2002). Studies show that covering of manure during
storage reduce the volatilization rate by decreasing solar radiation and direct wind stripping off
the volatile organic compounds (VOC) (Varel 2002). Compounds such as ammonia and other
nitrogen containing compounds has been the main contributors to offensive odour emissions
from manure. There is a positive relationship between ammonia concentration and odour
intensity (McGinn and Coates, 2003). Hydrolysis of urine also increase emissions of ammonia,
this is another major odour source from manure. Urease inhibitor (n-butyl) thiophosphoric
triamide can be used to reduce urea hydrolysis in beef cattle feedlot pens. This can conserve
nitrogen in manure, while at the same time inhibit ammonia emissions (Varel, 2002).
Another method of controlling of odour during storage is addition of substrates and enzymes.
Results indicates that odour emissions and total coliforms bacterial can be reduced in feedlot
manure with a once per week application of thymol incorporated in granular form in cob corn
(Varel et al., 2006). Thymol is monoterpene phenol extracted from Thymus vulgaris (Hudaib, et
al. 2002). In addition, enzyme additives are more likely to produce less odour intensity (Shaw,
2002). BioAkltiv is one of a enzymatic chemical that is used in liquid manure, it consist of
oxygenized calcium which when mixed with water and introduced into the slurry/manure in the
stalls, sty, basin, tank or lagoon reacts with aerobic bacteria reducing ammonia emission and
that breaks down solids (Great, 2009). Biofilters and biotrickling filters have a capability for
controlling hydrogen sulphide (H2S) and odour removal efficiency for volatile organic
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compounds (VOC) (Burton, 2007; Cox et al., 2005). Sprinkling oil in the room containing manure
can reduce H2S concentration by 40 to 60 %, but no effect on ammonia concentration has been
observed (Shaw, 2002).
Weed seed in mature
Most farmers consider cattle manure as a source of weed seeds. In contrast an experiment
using manure found that application of dairy cattle manure neither increased field weediness nor
required alterations in the farmers’ weed control programs (Cook, 2007). Not all weed seeds are
hosted in cattle manure; only a small number of seeds with hard coats are most likely to survive
the digestive systems of cattle and in long storage time (Olson and Wallander 2002). The main
factors that affect the survival of weed seeds in cattle manure are: feed source, weed species
and manure handling systems (Amisi and Doohan, 2010).
Feed source of cattle and type of weed species
Weed seeds are common in cattle feed and can remain viable in manure after passing through
the animal's digestive tract. In most grinded feed and palletized products, the percentage of
weed seeds that survives is around 1% in manure (Amisi and Doohan, 2010).
Controlling of weed seeds in cattle manure depends on weed species. Some weed species, like
bindweed (Convolvulus arvensis L.,) and velvetleaf (Abutilon theophrasti) are not killed by
composting.

Studies

show

that

composting

manure

has

no

impact

on

velvetleaf

(Abutilon theophrasti) and common water hemp (Glossy bulletin) seed production. However,
velvetleaf (Abutilon theophrasti) and common waterhemp (Glossy bulletin) have no effect on
giant foxtail seed production (Liebman, Menalled et al. 2004). Soft dough seeds in manure have
not been found to germinate and were not viable, but hard dough mature seeds were viable in
the cattle manure (Olson and Wallander, 2002).
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Minimizing weed seeds in manure
Strategies for weed seed control
Ensiling is a process characterized by lowering of the pH to 4.0 and development of anaerobic
conditions that result in the production of organic acids (El Jalilet al., 2001). Ensiled forages can
reduce the viability of weed seed, hence cattle manure can have less weed seeds when
compared to other animals due to rumen digestion process (Liebman, et al. 2004). Grass weed
seeds are more likely to be inactivated by ensiling or rumen digestion than broad leafed weeds
(table1.1). This is due to most broad weed seeds having harder covers compared with grass
weeds seeds.

Table1.1 average weed seeds viability after ensiling in silo fermentation in a rumen or both
Control

In a silo

Rumen

Silo and rumen

………..Viability seed (%)………………
Green foxtail

96

0

17

0

Downy brome

98

0

0

0

Barnyardgrass

97

0

0

0

Flixweed

92

5

7

5

Kochia

94

10

15

10

Redroot pigweed

93

6

45

4

Lammsqurters

87

3

52

2

Wild buckwheat

96

30

56

16

Rounded-leaf mallow

93

23

57

17

Pennycress

98

10

68

10

Adapted from Katovich et. al., 2004
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Various studies have been done on the effect of composting to reduce of zoonotic pathogens,
parasites and weed seed viability. Composting can release phytotoxic compound (short-chain
fatty acids, phenols, and ammonia) that can have a deleterious effect on weed germination
(Cook et al., 2007). The effectiveness of composting manure to inactivate weed seed depends
on the temperature (heating process), available moisture, and the species of weed seed
present. For instance, composting with 35% moisture, at 48

O

C for three days, inactivate

barnyard grass, pigweeds and kochia seeds (Amisi and Doohan, 2010). In contrast, another
study showed that the viability of weed seeds can be reduced without increasing temperature
when composting materials are moistened for most of the composting period (Eghball et. al.,
2000). In addition, weed seed viability study where weed seeds were buried in retrievable nylonmesh bags were recovered in compost windrows (pile) at various stages of composting
(Liebman et al., 2004).
Anaerobic digestion has several digester designs for dairy cattle manure that include: covered
lagoons, complete-mix, plug-flow and fixed-film digesters (Wilkie, 2005). In covered lagoon and
fixed-film digesters, the liquid and fibrous solid fractions are separated pre-digestion. This
separation of liquid and solid (centrifugation) helps to reduce the amount of weed seeds,
especially for hard mature weed seeds. The solid fraction contains more weed seeds than liquid
fraction.
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