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Preface

In the Netherlands, there are surpluses of manure and digestates/biogas slurries (digested manure
and residual flows), which represent a negative value. At the same time, these residual flows contain
valuable ingredients for the production of biomass (as raw material for food and feed products), for
improving soil quality and for energy production. The number of feasible business cases in which the
residual flow is upgraded has so far been limited. This is due both to the efficiency of the technologies
used and the legislation and regulations related to the residual flows.

Recent information from research, scientific literature and companies provides new starting points for
a biobased valorization of manure/digestate streams and improving the efficiency of anaerobic
digestion. The innovative aspect of our research is the cultivation of new types of biomass on the
residual flows and the use of the conversion products to improve anaerobic digestion. This involves the
use of separated manure and digestate products for the cultivation of mushrooms/fungi, worms,
insects, specific bacteria and aquatic biomass. The resulting biomass can be further refined and
marketed as food, feed and bio-based feedstock. There are also processed manure and digestate
products that are valuable as fertilizer products for soil and plant growth, as substrate for
improvement of anaerobic digestion or for export/use besides in agriculture. This gives a new
interpretation to obligatory manure processing.

The aim of this project is to further explore and substantiate/test these ideas on lab and practical
scale, leading to a proof of principles for new bio-based upgrading methods for manure and digestate
that can be used in conjunction to better close cycles and/or sell outside regular agriculture.
Bottlenecks in legislation and regulations are explored and put on the agenda. Key figures are also
calculated that are necessary for assessing sustainability (e.g. costs, environmental effects) and for
supporting legislation (e.g. minerals, food safety).

The livestock sector gains insight into the possibilities of biobased valorisation and better marketing of
their most important residual flows. For the SMEs involved, this research provides proof of principle for
their technology and input in their business cases. The combined effects of the technologies provide
new knowledge, methods and research directions for science. In a social context, the use and
upgrading of manure and digestates in other ways also contributes to the transition to a circular
bioeconomy

with an efficient and sustainable agri-food sector.

More information:

e http://www.acrres.nl/en/projecten_acrres/biobased-valorization-of-manure-and-digestate/

e Rommie van der Weide: rommie.vanderweide@wur.nl, +31320291631

¢ Hellen Elissen: hellen.elissen@wur.nl, +31320291223
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Summary

The Wageningen Research conducted a Quickscan to examine the prospects for products comprising
humic acids, such as the humic acid product produced by Ecoson.

The research questions were:
e What are the characteristics of the humic acid products now on the market?
e  Which crops can these humic acid products be used for and what doses and times of application
are used?
e What is the use of humic acids in practice?
e Which stakeholders are interested in using humic acid products and what further information
and actions are needed?

To answer these research questions, a desk study was carried out, a literature research was
conducted and five stakeholders were interviewed, also several field studies were carried out to
research the effect of humic acids on crop yield and quality.

Humic and fulvic acids are fractions of organic compounds with similar characteristics, these terms
originate from soil science. Humic acid products that are on the market in the Netherlands are derived
from brown coal (lignitite/leardonite) or are produced by decolouring drinking water (Vitens). In
research also humic acids from compost are used, and the extraction of humic acids from animal
manure/digestate by Ecoson is a new source. In terminology humic acids, fulvic acids and humic
substances are commonly exchanged and used for marketing purposes.

Humic acids are used as biostimulants and as food and feed additives. Most perspective for the humic
acid product from Ecoson is the use as a biostimulant considering the law and regulations for animal
manure. There are several mechanisms of humic acids described that can stimulate plant growth. For
instance increase of availability of soil phosphorus/nutrients, increase of water holding capacity of the
soil, hormonal like reactions in the plant, enhanced growth of root system. A strong variability in the
effects of humic acid products on crop growth is found, the effect depends on the source of the humic
substances, the environmental conditions, the receiving plant, the dose and the manner in which the
humic acid products are applied. On average, yield increases are reported by al kinds of crops (onion,
wheat, potato, strawberry, maize, grass, grapes). Field trials conducted in the Netherlands are sparse
this might be due to the optimal conditions that already exist.

In literature it was found that application rates used are within the range 1.5 to 20 kg humic
substances/ha. Optimal application rates depend on humic substances product and crop. Application
rates of circa 8 kg humic substances/ha are thought to be an adequate guideline. In the Netherlands
grass and maize, followed by potatoes, wheat and sugarbeet are the main crops produced considering
use of land. So these the use of humic acids for these crops can lead to a potentially big market for
humic acids. If profit per hectare is the main selection criteria red cabbage, strawberries, fruit growing
and potatoes are promising for the use of humic acids. These crops represent a smaller market but
because of higher profits the use of humic acids can be more economically beneficial.

Several experiments with the humic acid product from Ecoson were conducted. The humic acid
product was tested in an onion field trial; no significant positive or negative effect on yield and quality
was found. A field trial with potatoes did also give no significant positive or negative effects on yield.
For both field experiments disease pressure was registered, but probably due to the hot and dry
summers of 2018 and 2019 disease pressure was low. The Humic acids of Ecoson can be sprayed with
normal field sprayers in doses of 120 | Humic acids of Ecoson/hectare. Crop spraying with doses 1,5-3
I Humic acids of Ecoson/hectare per spraying (two times spraying) seemed safe for onion, potatoes
and tomato plants.

From interviews with stakeholders it was concluded that humic acids will not have an added value for

regular cultivation of crops in the Netherlands. Maybe within the biological cultivation of crops the use
of humic acids can give an advantage. Only when costs will decrease and additional yields are proven,
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humic acid products can be successful. In soil based horticulture humic substances are used. Maybe a
role of humic acids can be the replacement of iron chelates that are now used in the irrigation water in
non-soil based horticulture for the complexation of metal ions. These iron chelates are relatively
expensive but a stable system is more important than costs of fertilizers. For pear trees the humic
acids are advised to use to prevent pear decline. The fruit sector can be a relevant market for humic
acids. For all sectors the benefits of humic acids should be proven in field trials (in the Netherlands) to
persuade the farmers to start applying them.

Marketing of humic acids requires further proof of product. Field experiments are needed followed by

word-of-mouth advertising. Not only the farmers should be persuaded but also the advisors or fertilizer
suppliers.
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1 Introduction

Wageningen Research aims to develop nature-based processes to increase the value of manure and
digestate. Therefore knowledge and power are bundled with a consortium of partners within the
project ‘Biobased valorisation of manure and digestate’. Darling Ingredients (‘DarlingI’) is one of the
partners and wants to focus on humic acids (humic acid, fulvic acid) extracted from digestate. Darlingl
has developed a new biobased technology and is able to extract the humic acids (see Figure 1).
Darlingl now wants to explore the market for these products.

The goal of this Quickscan is to examine the prospects for products comprising humic acids, such as
that produced by DarlingI.

The research questions are:

e What are the characteristics of the humic acid products now on the market (Chapter 3)?

e  Which crops can these humic acid products be used for and what doses and times of application
are used (Chapter 4)?

e What is the use of humic acids in practice (Chapter 5)?

e Which stakeholders are interested in using humic acid
products and what further information and actions are needed
(chapter 6)?

To answer these research questions, a desk study was carried out, a
literature research was conducted and five stakeholders were
interviewed. The effect of humic acid products on the quality and
quantity of onions was evaluated in a field study and compared
against findings in a field study on potatoes carried out by Darlingl
in cooperation with Wageningen Research. Furthermore, a
greenhouse trial was conducted to investigate the effect of leaf
application of a humic acid product on the development of an
important Phythophthora disease.

Figure 1.1 Humic acids of Ecoson, an extracted humic acid product developed by Darlingl. Photo:
Wageningen Plant Research.
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2 Information on humic substances

2.1 Humic substances

Soil consists of a mineral fraction, an organic fraction, water and air (soil pores). Soil scientists define
a specific group of organic compounds in the soil as humic substances. These include humic and fulvic
acids, and also hydrophilic acids and hydrophobic neutral organic matter. Using extraction methods,
humic and fulvic acids can be separated out. The components are discriminated by behaviour (for
extraction scheme, see Appendix 1 to this report) (Van Zomeren en Comans 2007). These humic and
fulvic acids are known to be complex structures of organics with relatively high amounts of aromatic
structures, and are also known to be resistant to degradation. It is hypothesised that these
compounds are created during degradation processes in the soil, but this hypothesis has been
challenged by Lehmann and Kleber (2015), who suggest that the humic and fulvic acids detected in
measurements might be an artefact of the analytical process (i.e. that acid and alkaline extraction
could induce their creation). However, there is no doubt that some soil characteristics (higher cation
exchange capacity (CEC), higher soil water-holding capacity, lower degradation rate of organic matter,
lower leaching of nutrients) are associated with higher measured amounts of humic and fulvic acids in
the soil.

In the Netherlands, different products based on humic acids and fulvic acids are available. These
humic acid-based products are commonly used as a soil improver/plant biostimulant

(https://www.triferto.eu/nl ; http://humifirst.be/). Other uses are:

e Feed additive: Agrivalid sells a feed additive containing humic acids and states that cows,
pigs and horses can benefit (http://www.agrivalid.eu/nl/sectoren/feed)

e Food additive/health improver: For instance, the company Health Solutions specialises in
producing humic and fulvic acids for health and food/feed applications (https://health-
solution.eu/nl/)

e Technical applications/research; Humintech (Germany) produces humic acid-based products
for removal of metals from water or concrete liquefier
(https://www.humintech.com/industry.html).

2.2 Plant biostimulants

The definition of plant biostimulants according to the European Biostimulant Industry Council (EBIC,
http://www.biostimulants.eu/, 2016) is:

"Materials which contain substance(s) and/or microorganisms, whose function when applied to plants
or the rhizosphere is to stimulate natural processes to enhance/benefit nutrient uptake, nutrient
efficiency, tolerance to abiotic stress, and/or crop quality, independent of its nutrient content.
Biostimulants have no direct action against pests, and therefore do not fall within the regulatory
framework of pesticides.”

Biostimulants can have different physiological effects on plants (see Figure 2.1).
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Figure 2.1 Reported examples of the main effects and physiological actions played by plant
biostimulants (PBS). Source: Povero G, Mejia JF, Di Tommaso D, Piaggesi A and Warrior P (2016) A
systematic approach to discover and characterize natural plant biostimulants. Front. Plant Sci. 7:435.
doi: 10.3389/fpls.2016.00435

Du Jardin (2015) categorised plant biostimulants into:
e Humic and fulvic acids
Protein hydrolysates and other nitrogen-containing compounds
Seaweed extracts and botanicals
Chitosan and other biopolymers
Inorganic compounds
Beneficial fungi
Beneficial bacteria

Biostimulants are not captured in EC regulations (either in EC 1107/2009 Plant Protection Products or
in EC 2003/2003 Fertilisers). Humic acids of Ecoson, the product developed by Darlingl, is derived from
animal manure and will keep the status of animal manure under the current regulations. Animal manure
and products from animal manure are not permitted for use as a feed additive under EU Regulation
767/2009, article 6, Appendix 3, 11. The main future use of Humic acids of Ecoson is expected to be as
a plant biostimulant. Therefore this report focuses on use of humic acid and fulvic acid products
(hereafter *humic acids products’) as plant biostimulants, and not in health applications.

2.3 Plant biostimulants humic substances

For humic acid products, a series of mechanisms leading to increasing plant growth have been described.
These comprise: increased bioavailability and uptake of nutrients as an effect of increased CEC (Du
Jardin 2015), increased water-holding capacity of the soil (Piccolo et al. 1996), stimulation of plasma

! Regulation (EC) No 767/2009 of the European Parliament and of the Council of 13 July 2009 on the placing on the market
and use of feed, amending European Parliament and Council Regulation (EC) No 1831/2003 and repealing Council
Directive 79/373/EEC, Commission Directive 80/511/EEC, Council Directives 82/471/EEC, 83/228/EEC, 93/74/EEC,
93/113/EC and 96/25/EC and Commission Decision 2004/217/EC (Text with EEA relevance);
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membrane H* ATPases, increasing nutrient uptake (Du Jardin 2015), hormone-like reactions (suggested
by Atiyeh et al. 2002) and various effects on microorganisms (Hasset et al. 1986; Sharif et al. 2002;
Siddiqui et al. 2009).

Rose et al. (2014) reported strong variability in the effects of humic acid products and concluded that
the effect is dependent on the source of the humic substances, the environmental conditions, the
receiving plant, the dose and the manner in which the humic acid products are applied. Du Jardin (2015)
suggested that the different results of studies can also be (partly) attributed to the complex dynamics
of humic and fulvic acids in the soil by forming supramolecular colloids, influenced by exudates of plant
roots. Rose et al. (2014) carried out a meta-analysis of published studies on humic acid products and
estimated an average positive effect on plant yield of 15-25%. Those authors also identified the most
important factors impacting the effect of humic acid products to be: the source of the humic/fulvic acids,
plant type and stress conditions.

Humic and fulvic acids are extracted from different sources: peat, brown coal (lignite/leonardite),
compost and soil (Du Jardin 2015). Relatively new sources are groundwater (Vitens), liquid manure
(Darlingl) and wastewater (Stichting Toegepast Onderzoek Waterbeheer (STOWA)).

Humic acid products as a plant biostimulant are used in different forms: solution, powder, coating of
artificial fertiliser and seed coating. Note that humic acid products are also present naturally in compost
and animal manure.

For this research it is important to understand that humic acids and fulvic acids are fractions of organic compounds
with similar characteristics and that these terms originate from soil science, the composition of humic acids can
differ between different sources. In terminology humic acids and humic substances are commonly exchanged and
used for marketing. Effects measured with humic substances differ because of different circumstances, overall
positive effects on plant growth are found.
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3 Inventory of available humic acid
products

The properties of three humic acid products available for use as a biostimulant, including Humic acids
of Ecoson, are shown in Table 3.1. The focus is on their biostimulant function because this application
is the only one available for Humic acids of Ecoson under current EU regulations. As can be seen from
Table 3.1, for most products only minimal data on their properties are published on websites and in
scientific articles. Although commercial claims about these products can be found, the analytical
background is generally not presented. Based on these minimal data presented in table 3.1 the
concentrations of humic and fulvic acids in Humic acids of Ecoson are lower than in the other available
products. This is not a problem for their effect as a biostimulant, because all products are diluted when
applied, but it means that the transport costs can be higher for Humic acids of Ecoson. Compared with
the product Humic, the amounts of salts in Humic acids of Ecoson are in the same range (based on the
limited data in Table 3.1). The market value of the products will be set based on field trials and the
experiences of users. Moreover, as stated in Chapter 2, the quality of the humic and fulvic acids can
differ between products.

In order to be able to compare more parameters of the humic acid products a sample of Humic acids
Ecoson and another product on the market ‘product X’ were analysed by Koch-Eurolab. In table 3.2 the
results of this analyses is shown (see also appendix 4).

The amounts of humic acids and fulvic acids measured are much lower (roughly 3 times) than the
amounts expected (table 3.1 and 3.2). Causes of this discrepancy can be differences in practise of
analytical methods or differences in quality between badges of humic acids. The test was only performed
on one sample per product. So statistically the result can only be used as a indication of the content of
the humic acid products.

The product of Ecoson has got much higher amounts of Copper, Nickel and Zinck than the Product X.
These high levels of metals might become a problem if new European legislation is made about
biostimulants.

For Product X remarkable high levels of Phosphor, Potassium and Sodium were reported, these levels
were also higher than found in the Ecoson product (P factor 15 K factor 5 Na factor 5). On the other
hand nitrogen is a factor 9 higher in the Ecoson product.
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Table 3.1 Available humic acid products in the Netherlands, composition according to companies

Product name: Humic acids Ecoson? HumiFirst?
DRIP
Manufacturer (source) Ecoson Tradecorp Vitens/Triferto
(animal manure) (lignite) (drinking water)
Price (euro/L) nb 4
Price (euro/g) - - -
Use Soil improver Soil improver Soil improver
Dry matter content (%) 19-21 22
Organic matter content80 12
(% of dry matter)
Humic acids (g/kg) 50 64 250
Fulvic acids (g/kg) 19 192
pH 8.8-9.2 7 8.1
N (g/L) 18
P (P20s) (g/L) 1.3
K (9/kg) 11
Cl (g/kg) 0.5 2.4 (as NaCl)
Na (g/kg) 3.4 2.4 (as NacCl)
Cd (mg/kg) <0.1
Cu (mg/kg) 37
Pb (mg/kg) <2
Zn (mg/kg) 119

1Information provided by Darlingl. ?Information from www.humifirst.be. 3Combined information from http://www.triferto.eu/nl/home and

Sjoerdma et al (2013).

Table 3.2 Results chemical analyses Koch-Eurolab Humic acids Ecoson and product X. In gram per kg
product or in milligram per kg dry matter

Product name: Humic acids Product X
Ecoson

Dry matter content (g/kg) 122 290
Organic matter content (g/kg) 70.4 137
Humic acids (g/kg) 10.5 6
Fulvic acids (g/kg) 2.4 13.9
pH 8.4 6.83
N (g/kg) 12.4 1.4
P (P.Os) (g/kg) 2.0 31.2
K (g/kg) 9.4 50.3
Cl (g/kg)
Na (g/kg) 3.4 16
Cd (mg/kg dm) 1.0 0.1
Cu (mg/kg dm) 605 6.9
Ni (mg/kg dm) 110 6.6
Pb (mg/kg dm) 4 1.7
Zn (mg/kg dm) 1762 22
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4 Potential uses of humic acid products

4.1 Potential uses of humic acid products for field crops

Calvo et al. (2014) inventoried different possible agricultural uses of humic acid products. A table from
Calvo et al. (2014) that summarises almost 50 studies (1980 to 2013) on the use of humic acid products
in different cultivations can be found in Appendix 2. Based on that review, it can be concluded that many
scientific peer-reviewed studies have been conducted to examine the effects of humic acid products on
plant growth, but many of these studies have been carried out in the laboratory or on pot plants in
growth chambers. The effects observed in these conditions can be very high and not representative of
the practical situation. Therefore literature about field studies was collated and is summarised in Table
4.1. Humic acid products are applied by foliar spraying and soil application, and positive and negative
results have been found for both forms of application. Application rates used in field experiments are
within the range 1.5 to 20 kg humic substances/ha. In Table 4.2 for the selected crops, the number of
hectares and the average profit per hectare in the Netherlands is also included, to give an indication of
the possible market and possible economic effect for commercial humic acid products in the Netherlands.

Table 4.1 Different uses of humic acid products for field crops world-wide and in the Netherlands

Onion Soil 20 Field, India Yield +11% Sangeetha and Singaram (2007)
Sugar beet Foliar - Field Egypt HA* Yield +14% Hassanin et al. (2016)
FA*# Yield +23%
Wheat ?
Common bean Foliar - Field, Egypt Yield +10% Ibrahim et al. (2012)
Broccoli Soil - Field, Egypt Yield +15% Selim and Mosa (2012)
Potato Soil 8.2 and 16.4 Field, Egypt Water stress: no effect.Selim et al. (2012)

Without  water  stress:
increased yield

Soil 3.9 to 8.25 Field, Belgium Yield +13 and +17 % Verlinden et al. (2009)
Grassland Soil 3.5to 15 Field, Belgium Yield -8 and +10 % Verlinden et al. (2009)
Maize Soil 8.25 Field, Belgium Yield 0 and +2% Verlinden et al. (2009)

Soil (row) 1.5 Field, Belgium Yield +1 and +3 % Verlinden et al. (2009)
Strawberry Foliar - Field, Italy Yield -23%, better quality Neri et al. (2002)

Soil - Greenhouse, Yield +47 and +103 %, Escghi et al. (2015)

Iran

Fruit growing ?

#HA=humic acid, ## FA= fulvic acid, - rate per hectare unknown, ? no relevant article found.
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Table 4.2 Hectares of field crops in the Netherlands and average unit revenues and yields.

Onion Yield +11% 25 5,000 - 5,950 2,897 - 2,107 50.5-59.5

Sugar beet HA* Yield +14% 71 3,435 - 3,831 2,143 - 2,481 75.1 - 83.7
FA*# Yield +23%

Wheat ? 128 1,885 - 2008* 1,118 - 1,170* 8.5 - 8.9%

Common bean  Yield +10% 1 2,345 1,134 3.3

Broccoli Yield +15% nb 16,720 - 15,200 14,113 30,400 (numbers)

Potato Yield +0 and +13 and 157 7,300 - 11,172 4,442 - 7,589 39.9 - 52.5
+17 %

Grassland Yield -8 and +10 % 936 2,736*%** 1,964*** 7,6 dm***

Maize Yield 0 and +3% 206.9 2,063 1,095 16.5 dm

Strawberry Yield -23% +47 and 2.8 38,285%# 20,473%% 20,1##
+103

Fruit Growing ? 20 27,000%## 5,000### 40###

Red Cabbage ? 0,5 27,500 19,238 55,0

*From CBS statline amount of hectares cultivated in the Netherlands in 2016. ? no relevant article found. ** source KWIN
AGV 2018. *** Data applies for seed and hay production, grassland used for dairy cattle will have a higher production of dry
matter, but a lower financial yield. dm = dry matter. *Based on Winter wheat. ## Based on open field cultivation. ###

Calculated values from data available at www.agrimatie.nl.

4.2 Experiments with field crops

As can be seen from the area used for different crops (Table 4.1), grass, maize, potato and wheat are
the main crops in the Netherlands. Verlinden et al. (2009) investigated the effect of humic acid products
on maize, grass and potatoes in Belgium and their results can be representative (in terms of climate,
soil use, soil quality) for the situation in the Netherlands. Their experiments were carried out in field
situations and in pot experiments. Only results of the field experiments are summarised in this report.
The product HumiFirst was used for the experiments and a dose of 8.25 kg/hectare was applied. Two
forms were tested: liquid humic/fulvic acids and incorporated humic/fulvic acids (fertiliser coated with
humic/fulvic acids).

For grassland (permanent and new grassland), Verlinden et al. (2009) found that the first yield after
humic acid application was higher than in the control (12-16% for liquid application and 3-42% for
humic acid-incorporating product. For the whole season, grass yields in these two treatments were
similar to that in the control (-8% to +10% in yield, respectively). For both broadcast and row
application, only small effects were obtained. According to Verlinden et al. (2009), this can be due to
the high nutrient levels in the soil. The highest increase in yield was obtained for potatoes (+13 and
+17 % for low and high application rate, respectively). Based on the results of statistical analysis,
Verlinden et al. (2009) concluded that the increases and decreases in yield on a yearly basis were not
statistically significant.

The study by Selim et al. (2012) referred to in Table 4.1 was conducted in Egypt and the results are
thus less representative for the Netherlands. Under water stress conditions, application of humic acid
products in that study did not have an effect on potato tuber yield, while under normal water
conditions application of humic acid products led to an increase of 19% in tuber yield, with the highest
yield for a high application rate of 16.4 kg humic acids/hectare.

For wheat, no relevant published field study was found. However, a summary of five studies about humic
acid products and wheat (pot, growth chamber and hydroponic studies) is presented in Appendix 2.
Positive results on growth were found in these studies, but a field test in one study found no increase
or a decrease in the growth of wheat.
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The crops sugar beet, onion and strawberries and several vegetables are also grown on an reasonable
area in the Netherlands and, because of their higher selling price, information stated in Table 4.1 for
these crops could also be very relevant. The studies summarised in Table 4.1 found positive effects of
humic acid products on yield for all these crops. However, it should be borne in mind that these studies
were conducted under different conditions from those in the Netherlands.

Tomatoes, peppers and cucumbers cultivated in greenhouses are other potential crops on which humic
acid products can be used. The different studies listed in the table in Appendix 2 show positive results
in glasshouse production of these crops following addition of humic acid products to the nutrient solution.

Literature research about the use of humic substances in fruit growing was found (for instance apples,
pears, olives and abricots). Some studies showed benefits for fruit growing, but set ups of these
experiments did not give relevant information for the Dutch situation.

4.3 Application rate

Dobbs et al. (2010) found that the optimal dose varied depending on the humic acid/s used and also
the plants to which they were applied. There is an indication that if growth-stimulating hormones are
available above a certain level, plant growth will decrease following application of humic acid products.
This might be the reason why there is an optimal dose for humic acid products.

For HumiFirst, a dose of 50 litres per hectare is advised for soil application. This is equivalent to an
active dose of 8.3 kg humic/fulvic acids per hectare. This advice from the manufacturer of HumiFirst is
in line with the dosages reported in studies involving field experiments (see Table 4.1). No recent advice
on application rates were found for the product Humic.

The effect of yearly application of humic acid products to the soil on crop yields and whether application
rates should be altered with yearly use remain to be determined.

If we do a quick and dirty calculation based on assumptions: a sandy soil in the Netherlands with 5%
soil organic matter, 5 gram (Spijker et al, 2009) humic substances per kg soil, an A horizon of 0.25 m
and a soil density of 1.6 kg/litre.

In this case per m? soil 2 kg humic substances are present in the A horizon=> 5 * (1*1*0.25*%1.6)

Applying a dose 8 kg of humic acids per hectare gives a doses of 0.0008 kg/m?2. So this is circa 0.04 %
of the humic acids content already present in the soil.

Based on this quick and dirty calculation the amounts of humic substances added to the soil is low
compared to the humic substances already present in the soil.
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5 Stakeholder vision

Five experts were interviewed to gain more information about the market conditions of humic acids in
the Netherlands:

e Luuk Hagting (Agrifirm); fertilizers and biostimulants

¢ Wim Voogt (WUR); horticulture substrate cultivation

e Wim van Dijk (WUR); field crops

e Rien van der Maas (WUR); fruit growing

e Chris van Laarhoven (Tuinbouw advies); horticulture soil cultivation

The interviewed persons are not experts on humic acids but are well known with practices within their
sector.

Field Crops

Known is that the humic and fulvic acids are produced with the degradation of organic materials. The
humic acids have chelating properties and phosphate and other micro nutrients are more available for
the crops. Also soil structure and water holding capacity of the soil are increased with humic acids.
Brands that are known are Humifirst (Tradecorp) and Humic (Triferto).

The use of humic acid products in the Netherlands in field crops is low. A hypotheses is that the crops
will especially benefit from humic acid products if the circumstances are suboptimal. In the Netherlands
agriculture and fertilization is optimized. Maybe this is the reason why the positive effects of humic acids
are not found in general during field trials in the Netherlands. In tests with other soil improvers like
black carbon also less effect was found than during experiments in other countries. Also animal manure
and other organic fertilizers or organic soil conditioners are used, which can also have (potential) humic
acid in it. If humic acid products are used it can be as a liquid, a solid or as a coating.

An important factor to explain the use of humic acids is the relation between the fertilizer dealer/advisor
and the farmer rather than crop use, soil type or region. So marketing of the dealer/advisor and
experiences of a farmer with the product are key factors. The cost benefits are thought to be negative
within the Netherlands because of the already optimal growing conditions (it will cost more to purchase
and apply the humic acid products than the yield and profit will increase).

For regular cultivation of field crops in the Netherlands the experts think that humic acid will not have
an added value. Maybe within the biological cultivation of crops the use of humic acids can give an
advantage. Only when costs will decrease and additional yields are proven, humic acid products can be
successful.

Horticulture

In the Netherlands Humic acids are almost not used in substrate horticulture, but in soil based
horticulture they are. Main reasons not to use humic acids in substrate horticulture is that humic acids
can lead to blockage and formation of biofilms in the irrigation system. And 85 to 90 % of the horticulture
is done on substrates with drip irrigation. Also the effectiveness is not well proven and fertilization costs
are secondary to the reliability of the fertilizer.

In soil based horticulture doses of 10-25 Itr /ha are used and well known products are Pow Humus and
Humifirst. Pow Humus puts a lot of effort in creating a market for the humic substances but without
success. Liquid products are preferred because these are easy to use also solid humic acid products are
used. Important is also that it is thought that different humic acid products have different effectiveness
and quality. The humic acids are used to improve the soil conditions by increasing the amount of fungi
in the soil, to buffer an excess of Potassium or Sodium (resulting in a better uptake of Calcium and
Manganese) and increases the bioavailability of Phosphate.

Maybe a role of humic acids can be the replacement of iron chelates that are now used in the irrigation
water for the complexation of metal ions. These iron chelates are relatively expensive but a stable
system is more important than costs of fertilizers.

Fruit

Humic acids are used for fruit trees. Humic acids are advised for pear trees by Fruit Consult and CAF
(Centrale Adviesdienst Fruitteelt). It is advised to give a liquid fertilizer product of ammonia nitrate, iron
(chelates) and humic acid for pear trees just before harvest. The humic acids are supposed to increase
the roots system (and prevent Pear Decline) and can have an effect on the quality of the pears. In this
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particular matter the Humic acids are advised and therefore used. For pears also benefits in pear color
were determined by research in the Netherlands. A doses of 15 ml humifirst dissolved in 10 liters of
water is advised especially for trees that show deficiency of nutrients. If all trees are treated a doses of
up to 40 liters can be used based on this advice.

So the fruit sector can be a market for humic acids.

For all sectors the benefits of humic acids should be proven in field trials (in the Netherlands) to persuade
the farmers to start applying them. Mikkelsen (2005) also concluded; on farm field trials are needed to
determine effectiveness.
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6 Experiments with humic acid products
from digestate

6.1 Onion research

Introduction

In 2017, 2018 and 2019, a test on various potassium fertilisation strategies was carried out at the
Wageningen Research test farm in Lelystad. The treatments involved varying the dose and application
pattern (single, split-dose) of the potassium and method of application (via the soil or as a foliar
treatment). An additional treatment was included to test the effects of the humic acid of Ecoson for
2018 and 2019. This was sprayed over the plants or applied to the soil. The effect on the resilience of
the plants and quality of the onion bulbs was evaluated. A few rows of onions per treatment were
sown at such a high density that plant diseases were provoked. The research is described in detail in
Van Geel et al., 2020a en 2020b the reports are in Dutch and anonymised. In the paragraph below a
summary of this research is given. The for humic acid relevant treatments are shown in table 1.

Table 6.1 Objects Humic acid product

A AB Reference untreated Fertilizer NPK
C Humic acid product

Soil application: 100 L/ha before sowing

O D Humic acid product Foliar 1,5 L/ha just before bulbing and two weeks
Foliar spraying: later second treatment

P E Humic acid product Foliar 3 L/ha just before bulbing and two weeks
Foliar spraying: later second treatment

Results

The plant density in 2018 was somewhat low with on average 76 plants per m2 (goal is 90 plants per
m2). The drought during the summer of 2018 can be the explanation for this, although because of
irrigation of the crop the yield was not considered bad (40 ton/ha). Size of the onions was 35-60 mm
which is rather small. No significant differences were observed during the growing season of 2018
between the different treatments (crop status, crop regularity, colour of the crop and foliage falling
and dying) (see table 6.2). During the dying process of the leaves Stemphylium and Fusarium were
present. But no significant differences in damage between the treatments were observed.

Because no significant positive or negative effects on growth and quality were observed in 2018 also
no significant higher or lower yields and market value were registered (table 6.3).

In 2019 on average 81 plants per m? were present. Only object C (Soil application of humic acids) a
significantly lower plant density was determined (75 plants per m?). During growing season no other
significant differences in crop condition between the objects was observed. Leaf diseases were low as
was also the case in 2018, this was probably due to the dry summers. The crop yield was higher than
in 2018 (63 ton/ha). No significant differences were observed during storage and market value
between the different objects. The harvested amount of bulbs in 2019 was higher than in 2018 but
storage of the bulbs did have more effect on the hardness of the bulbs in 2019.

Table 6.2 Observation crop status 2018 and 2019
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Datum

Crop status

Crop regularity Colour crop Falling of the
leaves

Percentage
green leaf

2018

15 June
29 June
13 July
27 July
13 Aug
24 Aug
31 Aug
2019

1 juli
15 juli
22 juli
29 juli
5 aug
12 aug
26 aug
2 sep

7,5
6,3
6,8
7,2

8,8
9,0

8,0

7,3

7,8 7,9

7,8 8,8
75%
94%
97%

30%
95%

90%
90%
48%
23%

74%
50%
25%

Tabel 6.3 Yield after harvest, storage efficiency, and market value 2018

Object Description Yield (ton/ha) Market Storage efficiency

2018 Fresh Dry matter (ton/ha)

A Reference 47,4 7,7 38,5 81%

N Humic acid Soil 49,0 7,5 40,6 83%

0 Humic acid 45,4 7,1 35,6 78%
Foliar 1

P Humic acid 48,4 7,5 39,4 81%
Foliar 2

F pr. n.s. n.s. n.s. n.s.

Object Description Yield (ton/ha) Market Storage efficiency

2019 Fresh Dry matter (ton/ha)

AB Reference 76,9 11,3 64,1 83%

C Humic acid Soil 75,3 10,8 61,9 82%

D Humic acid 76,3 10,6 62,8 82%
Foliar 1

E Humic acid 76,6 10,6 64,2 84%
Foliar 2

F pr. n.s n.s n.s n.s

Another important parameter that was measured is the hardness of the bulbs. Also for the hardness
no significant differences between the treatments were observed (table 6.4).
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Table 6.4. Hardness before and after storage (index) 2018

Object Desciption Before storage After storage
2018

A Reference 100 88
N Humic acid Soil 101 93
0 Humic acid Foliar 1 96 89
P Humic acid Foliar 2 103 88
F pr. n.s. n.s.
2019

AB Reference 99 59
C Humic acid Saoil 104 61
D Humic acid Foliar 1 98 59
E Humic acid Foliar 2 101 59
F pr. n.s. n.s.

In table 6.5 the mineral uptake of the union bulb per hectare is shown. There are no significant

differences between the uptake of minerals for the different treatments.

Table 6.5. Mineral uptake of the onions (kg/ha) 2018

Object Description N P,Os K,O0 SO; MgO CaO
2018

A Reference 123 54 134 89 11 80

N Humic acid Soil 123 52 130 89 11 90

0o Humic acid Foliar 1 116 52 130 84 10 85

P Humic acid Foliar 2 121 55 135 85 11 79

F pr. n.s. n.s. n.s. n.s. n.s. n.s.
2019

AB Reference 161 61 171 98 18 9,7
C Humic acid Soil 149 58 158 87 17 9,2
D Humic acid Foliar 1 148 56 158 89 17 9,0

E Humic acid Foliar 2 155 59 162 94 16 8,4
F pr. n.s. n.s. n.s. n.s. n.s. n.s.

Between the different treatments no significant differences were observed. This can partly be

explained by the dry summer of 2018 the crop was hardly influenced by diseases (less than 1 % foliar
diseases were observed). For 2019 also no significant differences were observed between the different
treatments.

The results of both years were statistically analysed. Some significant differences were found but they
were mostly related to the other tested product, and these differences were too small or unimportant
to be worth consideration..

The weather during the experiment in 2018 was for Dutch conditions not representative for average
summers. It was typed as a hot and dry summer, this certainly effected the experiment. The fact that
little diseases were registered at the high density rows of the control confirms this. In 2019 the

weather was less different from average but still typed as a hot and dry summer.
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6.2 Potato field experiment

In 2018, an experiment with potatoes and addition of humic acid product was conducted in a potato
field comprising 1 hectare. A brief description of the experiment is presented in Appendix 4. In brief,
potatoes were grown with and without soil addition of the humic acid product of Ecoson at a rate of
120 | per hectare. Growth of the tubers was determined by visual inspection. Because of the dry
summer of 2018, growth of the tubers was slow and the farmer and PEKA KROEF decided that
sampling before harvest was not needed. Visually, there was no difference between development of
tubers with or without humic acid product treatment
The research conducted was very basic but it can be concluded that:

e Humic acid product of Ecoson can be applied with normal tillage machinery

e In 2018, adding a humic acid product did not lead to differences in potato tuber growth, but

this was only determined by a quick visual inspection.

In 2019 this research was not repeated.

6.3 Potato late blight research

2018 pot experiment tomatoes
A pot experiment with tomato plants was carried out to investigate the effect of humic acid product on
late blight disease development. It was a first explorative study to . The tomato plants were grown in
a greenhouse and were inoculated with late blight. The plants were then sprayed with different doses
of humic acid product, another tested product and a fungicide. The percentage of necrotic foliage on
four leaves per plant was estimated visually. The main conclusions of the research are:
e No phytotoxicity was observed and the products used were safe for crops
e Late blight severity was significantly lower in all treatments tested than in the untreated
control, regardless of the dose rate or the spraying interval
e The fungicide product showed significantly greater efficacy in controlling late blight disease
than the other treatments.

Figure 6.1 experimental set up explorative study late blight with tomato plants.

Further field experiments with potatoes are recommended, but to achieve the same result as with the
fungicide, spraying with alternative products should be complemented with other measures.
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2019 field experiment potatoes
In 2019 a field experiment was set up with potatoes. This research is reported in an anonymised
report (Evenhuis and Schepers 2020). In the paragraphs below a summary of this research is given.

The cultivated potato plants (cv. Agria) were grown at Wageningen University and Research location
Lelystad. The experiment was treated conform local good agricultural practice. A plot consisted of 3
meters (4 rows) of 11 meters. The trial was carried out in four replications. Different alternative foliar
sprays were compared to the reference (no treatment). A no treatment, BCD spraying of humic acid
product, EFGH testing of different products.

Disease observations were carried out once a week. The number of infected leaves was counted, and
percentage infected foliage was calculated or percentage necrotic foliage per plot was estimated.

The Standard Area under Disease Progress Curve (StAUDPC) was calculated (indication for disease
development during the growing season).

The crop was harvested. Tubers were sorted out, weighed and counted, before storage. After storage
rotten tubers were sorted out weighed and counted. The rest of the potatoes were weighed and
counted.

Table 1. Objects Humic acid product

Object |Description

A Reference untreated

B Humic acid product
Soil application: 100 L/ha before sowing

C Humic acid product Foliar 1,5 L/ha just before bulbing and two weeks later second
Foliar spraying: treatment

D Humic acid product Foliar 3 L/ha just before bulbing and two weeks later second
Foliar spraying: treatment

Due to the dry and hot weather in June and July 2019 the late blight epidemic developed moderately.
By the end of August the untreated reference reached a disease severity level of almost 100% and
disease assessments were stopped. In figure 6.1 the effect of the different treatments can be seen for
late blight development.

AGV7716
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14.0

12.0
10.
8.
6.
4,
2.
0.0
A B C D E F G H

Figure 6.1 Potato late blight StAUDPC as a result of various spray schedules
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o
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Tuber blight incidence was low and based on weighed none of the treatments were significantly
different from the untreated control. Weather conditions were not conducive for tuber blight since rain
was limited and foliar blight severity remained low until half August.

Total yield was around 40 t/ha which was medium yield considering the dry season. Due to foliar
blight severity increasing strong in the second half of August desiccation was carried out early

September. Normally in September the crop could grow and a yield of around 60 t/ha would have
been possible.

AGV7716

50.0

C
45.0 44.1
AB AB AB

40.0 38.7 38.7 39.5

38.0
35.0
30.0
25.0
20.0
15.0
10.0
5.0
0.0
uTcC B C

Figure 6.2 Yield (t/ha) as a result of the various spray treatments. Values above columns
followed by the same character are not significantly different (P=0.05).

Yield (t/ha)

Conclusion

No phytotoxicity was observed, the biological crop protection products used were crop safe.

Based on the StAUDPC treatments B, C, D (Humic acid treatments) and E, F showed no efficacy to
control potato late blight, disease severity was comparable to the untreated control. Treatment G did
show a suppressing effect on the development of potato late blight.
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7

Conclusions and recommendations

Based on the literature research the interviews of experts and the experiments, it can be concluded

that:

There are several mechanisms of humic acids described that might stimulate plant growth.
Depending on the situation the effect of humic acids can be high or low. On average, yield
increases can be expected. In the Netherlands optimal growing conditions might be the reason
that positive effects of humic acids on plant growth under field conditions are not observed. The
field experiments described in this report confirm this.

Humic acids of Ecoson is intended as a plant biostimulant, not a food/feed additive because of
the animal manure status.

Humic acids of Ecoson can be sprayed with normal field sprayers in doses 120 | Humic acids of
Ecoson/hectare. Crop spraying with doses 1,5-3 | Humic acids of Ecoson/hectare per spraying
(two times spraying) seemed safe for onion, potatoes and tomato plants.

In experimental setups application rates are within the range 1.5 to 20 kg humic
substances/ha. Optimal application rates depend on humic substances product and crop.
Application rates of circa 8 kg humic substances/ha are thought to be an adequate guideline.
A lot of research about Humic acids is done but little information is found on the use of humic
acids under field situations in the Netherlands.

Humic acids are used for fruit trees for stimulating root growth and for their chelating
properties. This might be an interesting market for humic acids.

Cultivations under sub optimal conditions might be markets for humic acids (for instance
organic farmers).

Marketing of humic acids requires further proof of product. Field experiments are needed followed by
word-of-mouth advertising. Not only the farmers should be persuaded but also the advisors or fertilizer
suppliers.
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Appendix 1 Scheme for extraction of humic

acids
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FATOT = FANaOH * FAHCI
HONyQT = HONNagH + HONKc)
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Appendix 2 Table A2.1 Summary of
research on humic acid products. Source:

Calvo et al. (2014)

Table 1 Summary of reported effects of humic abstances on plant growth, mitriznt uptake, and plant physiclogy

Tvpe of Phomic Subatmee  Flefermce

Study Conditons

Reporied Effects om Growibs and
st Lptake

Effects om Mant Physology

Aguireg o al TR

Cusumber Humic acid Elkhemr o sl 2002
Cugurmber Humie acid Kamkurt vl al, 2009
(RTINS U] Hiimile ekl Pien o &l ML
Cucumber Falvic acid Raihan and Schoiteer 981
Mulaple, mchading vegonbles,  Humic substmoe Morard ot al. 2011

e, wenzks, omamontals
and grape (Wit vinifie)

Cimpe (Vitis vmnifem) Humic subsimmos Simcher-Sincher o al 20046

Mfiiores-Tomn iomrio | Solmam Humic subsiomoss Cenclles =t nl. 2111
heupaercam)

Arabidopsis thaliana, tomao, Humic subsimmoes Dabhss ot al. 210
e (e ey )

A rghigdopsis thaliaa, micu-Tom Folvic acid Dabbess. id al. 2007
oAt

Towman Humic a:il= Al et all 1998

Tomais Humic acid Yildram 267

Tomai Fulvic acid and bamic acid  Lulakis and Petsas 1995

Fubvic acal and amic acid  Chemel al. 2004

Cvewih chadar

Ficld reats in twvo vours widh fisliar
sprays

Wik and Fruil- quality study in
prsd in oz producion
greenimee conducted intoeo vears

Hey b st caaltare in groswah

chamiber

Growth chamber hydroponic cultun:

Hydroponic aultare mnd fickd trinl
(zrape)

Ficld mriaks creor pwn yosirs testing
oonbinasion of Fo chelaics wit
humic: substances

Crorenimmiion papser in growihs chamher

Gerowth chamber

Fur A riikapsis, mini-hydmpanic
systam o growih chamber

Hydeoupuni: cullban:

In-groond greechouse test for yiekd
comdacied during two growing
SEEEINE

Girowih chamber iests with seodlngs
im Pt plies

B el omrool growth

Inecrensod plant growth and yickd;
enhavoed uptake of N, P K, Ca,
ond Mg

Trznzasand kotal i yeeld, wtal solubbs
sy, neduang sugars, awl
chlomphyll b

Iscresmind shood gowth, e
MO i shoots and decreased W05
im ks

Increased shoot and oot dry weight,
mammhers aof flosvers por pland, and
upiake of N, F, K, Ca. Mp, Cu. Fe,
and Fn

With some of the esied plants,
imcremsnl phint fresh wiaphi,
mamber of flowers, and waber use
i kemey, Wilh grape, movaed N
conient of must

Incremsod uptke of P mud Fo;
decrmsod wplnke of My

Enhanced mamber of lgeral roos

Incrensed lnteral mot emergence

Increasad Bileral nool prosth in
Ambidepsis and wild-type mian
T tomato,

Tscrezand prowth o noots and shouls,
crhaword uptake of N, T, Fe, and
i

Invcreased early and iotal yield m bod
years; incroased iotal soluble solids
andl mscnrhic acid conbent @ i

Enhanced mot and shoot prowth at
14 dovs after soodimg

Inawasad wanscnpion ol gencs
encoding Fellll) chelate-redactase
(CAFROT | il mm Fofll] poat
transporter (CeIRT ) mcnezea: H-
ATPam acfivity

Inimeiaaad H' -ATPase actnity sl
significant chanpges n root-to-shoot
dismbuation of MO, cyiokimins,
and polyamimes

Aammlike sotivity detocied by
acdivaliom of the auxm symihetic
reporeer DRS: GUS

Increased H -ATPnse acdivity in mot
visdghs, achivabal ausin sl
reporeer DRS: GUS

Mo promurison ol Bieral nus
cmagance with dgt iomato et
insensitive to LA
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Tablke 1 (continued)

Crop Type of Humic Subdance Refermce Study Condtions: Reported Effeas on Growth 2nd Effects on Plant Physiology
Nutnent Uptake
Soybean (Glycive max), melon Hydroponi: culture o growth 1 } SPAD readings (chlaropiyll
{Cucuimes melo), o rycpoess chamburs with dilfring Jeveds of mwssure) o all three plan sysioms
{Loliun perenne) Feand Zn with fabvic acid and bumic acid
Busal (Ocumum bisibeun) Humec ackd with and Befrozfar e al 2013 Frld tests with sead trastments amd Incressed yickl of oil with humae scud
wihout PGPR folar pravs aloac and @ combinasion with
PGPR
Okra (Abdmoschus escuentas)  Humic acids Kim etal 2010 In-ground test inside wire house Increased yild (fruits par plant) ot
recommended fortility but not e
50 % fertility Jovel
Potato (Sobuum tubevssm) Humic scid Sclem et al. 2012 Freld stuady with differest waker Exniy d tuber yiekl; 1
regimes, spplicsion through percent prokem s woorbic acd
fermgation system content in tubers; increased SPAD
readmgs (chioroply B indcalon) in
leaves
Wheat (Triticum acstvum) Humic acid Tahir ctal 2011 Pot trizl with calcarcous and non- Increasod plant height and dry weight
calareous fickd sols with gwee ef ot ad shoots; enbanced
lovels of N, P and K upske of N
Wheat Fulvic 2cad Dunstone ¢t al. 1988 Glash hamber, and I d plamt growth i some studies  Decraased stomaal condadance in
field trasks with fok speays of but not in others. No mcreases n many studees but no rdatson (o
fubvic acid yield or waer use in ficld tests phant gowd response
Wheat Fulvic acid Xudan 1986 Pot and fiekd experments with folar  Fahanced chiomophyll costent; D, d 1cond
speays of fidvic acid incronsed roots uptke of
patial alleviation of gram yxkd
depression by modorate droaghs
Wheat Fulvic acid Peng o al 2001 Hydroponics with varying levels of Se  Enhanced seodling root growth with  Reducsion o Sevinduced ocll
us sodum selenite low levels of Se, reduced membeane pamesbdity and froe-
sympioms of S¢ tooaty with high  prolee content with fulvic acid
levels of Se
Wheat Fulvic acad Gu et 2001 Hydrop with £ whons of o brosocuenu b ofla”, A« of g k
3 mre carh ckmonts (12", GD”,  GD™,and Y inroots and shoots,  transaminase (GOT) enzyme
and Y™ resulting in Jess buddup in soil
Mawze (Zoa nays) Humic ackls Jodo etal. 2012 Lab assays im | Bogund med Pn wn of ot growtl d & d ber of ot sibes and
nuEnber of MEone 5 ks on wots PEOLOB PUMP KOVILY In P
Maixe Humic sub Sche aal 2010 Growth chamber teg in hydrop Not d Enh of phenylropanoid
pathway, decrese in phanyhikinine
and tyvosane, incrasse in phonotic
compaands and some amino aods
Maire Humic acids Cancllas ct al 2000 Lab asswys in | Bgaid medh In d oot cloag Simuleed H*-ATPase activiey of
profifiration of seoondary roots, phasare mesnbrame svd mitolx: stes
undd roct sirfhce wea of laterl root devekpment
Maize Fulvic acad Angam atal. 2011b Pot mrisks o net howse ander drought  Increasod leaf arcn, plint dry woight,  Inceensad assimelation e of OO, and
and no drought condit hloeophyTl md yield content of peoline
under droaghl stress; increased
yild under non-drought conditions
Maize Fulvic and humic acids  Eyheraguibel ot al. 2008
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Tabke 1 (continued)

Crop Type of Humic Substance  Reference Study Condibons Reported Effects oo Growth and Effects on Plant Physology
Nuwiant Uptake
Applxation to 10-dyy old seadlmgs  Increased root kength of seedlings;
with growth m hy doponic culere incrasad total plant brones st
until cob filling stage 2 mxaths enhanced plant
development as noted with
tocrassad numbers of basves amd
fowens por plant; increasod lateml
oot development; increased
nagrient uptake
Maize Humic scads Candllas of al 2040 Lab assays in minimad hguad madmam Stimolatad oot growth ead mct kngth - Activaied peoson pump actisuiion in
ot plasma membmne vesicles
Maize Humic acids Ash and Nowmaon 2010 Growth chamber sudy = hydeop Inhibition of shoot but not ot gowth  Reduced hydrubic conductivity
culnre and in soil with mulsple with high concentrations of humic reduced waler transport from root
applhicatons aad; reduced tamspiration medizn to shoot
Matze Fulvicackd wod humic acd  Harper et al. 1995 Sealling growth for four days in Enh | root dong: b
kation with md wieh of AL in presence of Al alkevistod
aluminum Al toxiciry lemitation of oot
clongation
Pear (Pyrus communis) Humic acad Manno et al 2010 In vitro micopropagston condiioes  kmproved acclinutzzbion and Rechaced activey of catalawe and
of shoot cultures micropeopagation; increased malondinkdehyde
rooting, plant height, chlorophy |l
content, and nusiont uptake
Pupper (Capsicuns snuuen) Humic acad Clivein ot . 2000 Crowth chamber m sol mex Incressed shoot and roct weights, abo Sugpestad tht supesmokecular
incrnsod N, PK, Ca, Mg, S, Mn, agzlomentes of humic ackd kit
and Cu under moderate sak stross oot waler transport, resulting in
condions restnctad shoot growth
Pepper Humnic acsds Karskurt ot o, 2009 In-ground groacnhouse ke for yickd  Incnaasad totad yickl carly yicld, nwn
conducted durmg two growng fruit weight, losl soluble sugirs,
seasons and chiorophyll b
Pepper Fulve: acid Amunifard tal 2012 Fickl mal with drenches of fulvic acid - Not recorded Inaressed frus content off
dunng vegetative growth carbohydnue, el phenolics,
capsaicin, and carotenoiads;
increased antioxidant activty i
frus
Laytans camars Hamic acid and fulvicackd  Costa et al. 2008 Groenhouse test i solless mix for  Inoresse biomass of roots and shoots,  Upreguktion of AGAMOUS-1ke
propagntion carlicr lowenng of motked cuttings  gone (AGL)
Lomon srees(Cuns bmon) on C, - Fulvie nesd Sanchez-Sanchez ot al. 2000 Ficld e in orchand with calk In d folmr uptake of Fe md Cu;
macrophda rootstock soal incrensed yiel (fruit weighe), fruit
equatorial dameter, juice pil, and
viumin C
Wild olive (Olen curopaca ) Fulvic acid Munillo et al 2005 Ficld togs in sails pollued by trace Increased N andchlorophyll content in
clements under semi-and plints without mcreases to
conditions phntotouc kevels of Cd, Cu, P, T
oeZn
Grock fir (A bies cophalomica) Fulve acid Zancars ¢t al, 2011 Stady weh embeyonic od| Bnes w Fulvie acad mecmcied with the plane
evaluate the hamone-like efects b | sigak th

& o P 7
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Tubke 1 (continued) o
Crop Type of Humic Subsmce  Reference Study Conditions Reported Effects on Growth and Effects on Plant Physology
Nutnent Uptake
of falvic acxd on stages of somatx  [naeased proliferation e and mcreased celluty ATP and
cmbryopencsis pacatige of pro-cimbry onic glcose-G-phosphane
masses
Beoch (Fagus sylvatica) Fulva: acud Asp and Berpggeen 1990 Growth chienber and greenhows: teds Fulvae sod-compleval Al wis not
with scadlings tkon wp by roots; reducad root
uptake of Al and “P-phosphate
Sunfh (Helantin Fulvic acid Bocaogra e al. 2006 Growth chamber test with seedings in - [navased relesse and mobdization of
Hoagland solution with Fe Fe from iron chelates: incrensed
provided m dialysis bag plant uptake of the released Fe;
conduded that fubvic soid chelated
Fe'* for plane upmke
Rice (Oryza sativa) Fulvic acid Pandcya ot al. 1968 Growth chamber test with seedings in - Fe uptake was greaterwith application  Suggested thae fubvic acid could
calcamous soll with Fe-fulve ackl, of Fe-fulvic scid then FoCly overoome the nee-lenitng s of
FeCl; and ™Fe macer trmsporting Fe from the sod
solutaon to plat rocts by diffuska
Rice Humic acd Gardia etal 2012 Cirowth chamber westin I od plant growth and bi Induced peroxadises kading to
solution umd wier stess Vi under water deficd conditions, reduced HaO; content und
ovaporation reduced oxidutive stress of plants mamicnance of membeane
under waler stress pamesbildy,; macsed prolne
content of plants
Rico Humic acid Garcia etal 2013 Growth chambher st in mamcnt Under wator syess, humic acid Suggestod thie protection against
sclhution and waer stress mduced intained peroxidase activity water stress reatltod from ABA-
by polyethykene glycol bdow kevels in plants without independant mechumses
humic acid; lipid peroxichsion was  imvolving regulation of onophist
lower in waler-stressed plants with aguaponn genes (OsTIPs)
HA than in stressad plants without
HA; ubscisic noid (ABA) kevels
were similar i stressed plants with
and without HA
Common bean (Phascolus Fulvic acid Poapst and Schnitzer 1971 Test with hypacoeyl ofbean | od ber of adventitious
vulgans) seedlings roots with fulvic acid with and
without IAA
Common Bean Humic ncad Aydin et ol 2012 Greenhouse st cvaluating humic acid  Roduced plint doath with humic acid  Under salinity sress, humic acid
for mitigation of salinity stress tratinents o high doses of NaCl, ncrased profine and electrolyte
Call, MgCly, and KCly; incrensad bankage of plants
plant ot and shoot dry weighe,
incroased nitrate comtent ;
Hroed baan (Vies by ) Fulve: scwd Shahud o &l 2012 Girowth chntnr fest an modified At low conconrytions, falbic soxds P owithout fulvee sod mdocad HL, | 2
Hoagland soluton compleved toxic free P and and lipid perowidegion; fulvic 2ad |
incrasal Pb uptake without dedayad Hgnd peroxidsbion =
cansing Pb torcicity; at high B
concentrations, FAs redaced Pb -
aptake and toxicity e
Chrysantheeum Humic acid Mazhar et al. 2012 In ground greenhouse tost conduceed  Increased vegetative gromth, ]
(Chrysanthenmyam indscum) over two saasons with salingy flowering, total carbohydrtes, N, r
stress =
Tablke 1 (contimzd)
Crap Type of Humic Subdance  Refermo Sturdy Conditions Reported Efecs on Crowth and Effects on Flant Fhysalogy
Mutmmt Uptake

Pistachie | Pt verad

Hummic acid

Moghadian and Solamani  Test of humec acad for matigating

12

salimily s

P, and K with humic acid under

Increased shoot growih with bumic
s acd trealmmemb umder salinity
sl

Decrmsed levels of abscisac acad aml
prolime with some: hums: acid
Iretmienls
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Appendix 3 Analytical report Koch Eurolab

(
N

KOCH-EUROLAB

verzend adres:

Wageningen Plant Ressarch
D Th. Huiskamp

Postbus 430

8200 AK LELYSTAD

LABORATORIUMANALYSES

RAPPORTNUMMER: 191298702

Factuuradres:

Wageningen Plant Resaarch
Posthus 430

E2D0 AK LELYSTAD

Koch-Euroclab

Laboratorium chamizch an microblologisch - Agrarische kringleopanalyses

Product technelagio - Deurzaamheid milieuy algemean

Posthas 21 7800 AA DEVENTER (ML) Toi 0570 5020 W0 Fax OSPOES2279 Kvil JB0CTECE E-mall ndo@ouroisbonl weess ourolabond ETAYATAD ne- i 803218358 8.0
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RAFPORT: 191298702

-

WWageningen Plant Research
Dihr.Th. Huiskamp

Postbus 430

8200 AK LELYSTAD

ORGANISCHE MESTSTOF ANALYSE: HUMUSZUREN en FULVINEZUREN

Uw monsteraanduiding Labnummer MONSTER DATUM
101 Humus Ecosun 28702 03-12-2018
FParameters Resultaat Eenheid

Humuszuren 10.5 g kg product

Fulvinezuren 24 g kg product

monstermateriaal

Toelichting:

Klassieke humuszuren analyse: schudverhouding 1 op 50, extractant 0.25M KOH eerste
extract humuszuren + fulvinezuren, daama afscheiding van fulfinezuren door toevoegen
zoutzuwr tot pH 2. Daama sprectrofotometrische analyse in vergelijking met een standaard
met opgeloste humuszuren.

Rapportnummer: 191238702 8-Jam-2020

Koch-Eurolat

Laboratorium chamisch an microblologisch - Agrarische kringloopanalysas
Product technologie - Duurzaamheld milleu algeamear

Posmus 21 T400 AR DEVENTER (ML) Tet. 0570 50 20 10 Fax 0570 E5227% Kyk. 3B0ZZELE E-mall indo@curciabnl www.aurclab.nl BETW/VATD nr.: mi 8032.15.3928.0.0¢
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RAPPORT 191298702

— M -

Wageningen Plant Research
Postbus 430
8200 AK LELYSTAD

ORGANISCHE MESTSTOF AMALYSE OP BEMESTENDE WAARDE EN ZWARE METALEMN

Datum ontvangst 3-dec-201% Labnr. S8702
Rapportagedatum B-jan-2020
Partij-aanduiding 101 Humus Ecosun (scort monster)
Producent Wageningen Plant Research
PARAMETER AMALYSE
RESULTAAT

BEMESTENDE WAARDE IN kg per TON PRODUCT (= gram per KILO)

Droge stof 122
Vocht ETE
organische stof 70.4
Ruw as 52
pH 236
Totaal stikstof (M) 12.4
Fosfaat [gerskend als PyOg) 2.0
Kali [gerekend als ky0) 9.4
calcium [gerekend als cao) 0.4
Magnesium (gerekend als Mg0o} 0.03
Natrium {gerekend als Ma,0) 3.4
Mitraat (gerekend als N) < D0
ammonium (gerekend als N} 0.04
Iwavel totaal (gerekend als 5) a.2

norm compast *) beoordeling
organische stof (gew % in de droge stof] 57.7 =10 wvaoldoet
IWARE METALEM IN mg PER kg DROGESTOF
Cadmium (Cd) 1.0 =1 wvaoldoet
Chroom (Cr) 16 <50 voldost
Koper [Cu) B05 = 60 te hoog
Kwik [HE] 0.3 =03 voldost
Mikkel [Mi) 110 =20 te hoog
Lood (Ph) 4 2 100 wvaoldoat
Zink (Zn) 1762 5 200 te hoog

Het monster voldoet niet aan de wettelijke eisen voor compost.

Met product wordt bedoeld het monster zoals ontvangen, ongedroogd. Dit rapport is bedoeld om een productieproces te
begordelen &n advies, masr niet voor A0 doeleinden.

Dhir. CFM. Koch |directeur]
Rapportnummer: 191298702

Koch-Eurclat

Laboratorium chemisch anm microbiologisch - Agrarische kringloopanalysas
Product technologia - Duurzaamheid millay algamaar

Posthws 21 T400 AA DEVENTER (ML) Ted. D570 50 20 10 Fax 0570852279 KoK 3B022CLE E-madl indoffcurciabonl ww_ cunclab.nl BTW/WATAD nr: mi 2032.18.308 807
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RAPPORT: 131238702

Wageningen Plant Research
Dhr.Th. Huiskamp

Postbus 430

8200 AK LELYSTAD

ORGANISCHE MESTSTOF ANALYSE: HUMUSZUREN en FULVINEZUREN

Uw monsteraanduiding Labnummer MONSTER DATUM
102 Humus x 28703 03-12-2018
Farameters Resultaat Eenheid

Humuszuren g g kg product

Fulvinezuren 1389 g kg product

monstermateriaal

Toelichting:

Klassieke humuszuren analyse: schudverhouding 1 op 50, extractant 0.25M KOH eerste
extract humuszuren + fulvinezuren, daama afscheiding van fulfinezuren door toevoegen
zoutzuur tot pH 2. Daama sprectrofotometrische analyse in vergelijking met een standaard
met opgeloste humuszuren.

Rapportnummer: 191298702 8-Jan-2020

Koch-Eurola

Laboratorium chemisch an microblologisch - Agrarische kringloopanalysas
Product techneologla - Duurzaamheild milleu algemeasa

Posthus 21 T400 AA DEVENTER (ML) Tol 05700 S0 20 90 Fax 0570 552279 Kl 3B02ZCLR E-mall infofcurclabonl wwa ourolab.nl BTW/YATAD mr: mi 203218358 0.
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RAPPORT 191298702

Wageningen Plant Research
Postbus 430
5200 AK LELYSTAD

ORGANISCHE MESTSTOF ANALYSE OP BEMESTENDE WAARDE EM ZWARE METALEN

Datum ocntvangst 3-dec-201% Labnr. SET03
Rapportagedatum 8-jan-2020
Partij-aanduiding 102 Humus x (s00rt monster)
Producent Wageningen Plant Ressarch
PARAMETER ANALYSE
RESULTAAT

BEMESTENDE WAARDE IN kg per TON PRODUCT (= gram per KILO)

Droge stof 280
Vocht 710
organische stof 137
Ruw as 153
pH 6.83
Totaal stikstof (N} 1.4
Fosfaat (gerskend als PyOg) 312
Kali [gerekend als ky0) 50,3
Calcium [gerekend als Cad) 0.7
Magnesium [gerekend als Mg0) 1.1
Matrium (gerekend als Na, 0] 16.0
Mitraat [gerekend als M) < 0.1
ammaonium (gerekend als M) 006
Zwavel totaal (gerskend als 5) o.7

noFm compaost *) beoordeling
organische stof (gew % in de droge stof) a7.2 =10 voldost
ZWARE METALEM IN mg PER kg DROGESTOF
Cadmium (Cd] 0.1 =1 wvoldost
Chroom {Cr) 2.2 =50 voldost
Koper [Cu) 6.9 = 60 voldoet
Ewik [HE] 0.1 =03 voldost
Mikkel [Ni) 6.6 =20 voldoet
Load (Pb) 1.7 = 100 voldoet
Zink [Zn] 22 = 200 voldoet

Het monster voldoet aan de wettelijke eisen voor compost,

Met product worct bedoeld het monster zoals ontvangen, ongedroogd. Dit rapport is bedoeld om een productieproces te
beoordslen en adviss, mazr niet voor BY0 dosleindsn.

Chr. TP, Koch [direcewr ]
Rapportnummer: 191298702

Koch-Eurolah

laboratorium chaemisch anm microblologisch - Agrarische kringloopanalysas
Product technologla - Duurzaamhaeld milley algemaan

Posmus 21 TE00 AA DEVENTER (ML) Tel. 0570 50 20 10 Fax D570&65227% KK, 3B0ZZ55R E-mal info@feurclabnl  www_surolabonl BTWVATAD nr: m 8032.15.3598 0.01
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Appendix 4 Description of potato
experiment

Material and methods

In 2018, an experiment with potatoes and addition of humic acid product was conducted at a potato
field of 1 hectare located between the Buntstraat and Koeveringsdijk in St. Oedenrode. Before the
potatoes were planted, four alternate beds were treated with humic acid product and four beds were
left untreated. All other treatments for cultivation (fertilisation, pesticides) were the same. The soil type
was a sandy soil. The potato cultivar Hansa was used. The experiment started in May 2018 and ended
in October 2018.

A dose of 120 L per hectare of the humic acid product of Ecoson was mixed with 80 L water, after which
the product was applied to the soil. The location of the treated and non-treated beds was recorded with
GPS.

The growth of tubers during the growing season was determined by PEKA KROEF with a protocol they
use to determine yield per hectare.

Results

Application of the humic acid product to the field was easy and no problems like clogging appeared. The
climate conditions were not in favour of the growth of potatoes, especially in cultivation on sandy soils,
as there was too little water available. Therefore growth of tubers was slow and the farmer and PEKA
KROEF decided that sampling before harvest was not needed. Visually, there was no difference between
development of tubers with or without humic acid product treatment.

Conclusions
The research conducted was very basic.
It was concluded that:
. Humic acid product of Ecoson can be applied with normal agricultural machinery
In 2018, adding the humic acid product did not lead to differences in potato tuber growth, but this was
only determined by a quick visual inspection.
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improye the
quality of life

Wageningen University & Research The mission of Wageningen University & Research is “To explore the potential of
Open Teelten nature to improve the quality of life”. Under the banner Wageningen University
Edelhertweg 1 & Research, Wageningen University and the specialised research institutes
Postbus 430 of the Wageningen Research Foundation have joined forces in contributing
8200 AK Lelystad to finding solutions to important questions in the domain of healthy food and
T(+31)320291111 living environment. With its roughly 30 branches, 6,500 employees (5,500 fte)
www.wur.eu/fieldcrops and 12,500 students, Wageningen University & Research is one of the leading
www.wur.nl/openteelten organisations in its domain. The unique Wageningen approach lies in its integrated

Rapport WPR-867 approach to issues and the collaboration between different disciplines.
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