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The goal of this research was to examine the prospects for humic acid products and in particular a 

humic acid product produced from animal manure/digestate. Based on a literature review it is 

concluded that humic acids are used worldwide as biostimulants and overall positive effects on crop 

growth are reported, but variation in results is high. Stakeholders explained during interviews that in 

the Netherlands the use of Humic acid products are mostly related to niche markets. For conventional 

agriculture in the Netherland the value of humic acids has not been proven yet, this can be explained 

by the high fertility of the Dutch soils, and high yields that are already obtained without adding humic 

acids. Also field experiments were done. In several field experiments with potatoes and onions the 

specific humic acid product was tested. Adding the humic acids (on soil and as foliar spraying) did not 

benefit crop growth, but also did not harm the crops. No effect was found on the development of 

diseases. 
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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: 

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

• 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: 

• What are the characteristics of the humic acid products now on the market? 

• Which crops can these humic acid products be used for and what doses and times of application 

are used? 

• What is the use of humic acids in practice? 

• 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 l Humic acids of Ecoson/hectare. Crop spraying with doses 1,5-3 

l 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. DarlingI 

has developed a new biobased technology and is able to extract the humic acids (see Figure 1). 

DarlingI 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: 

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

• Which crops can these humic acid products be used for and what doses and times of application 

are used (Chapter 4)? 

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

• 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 DarlingI 

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 DarlingI. 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: 

• 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) 

• 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/) 

• 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).  

https://www.triferto.eu/nl
http://humifirst.be/
http://www.agrivalid.eu/nl/sectoren/feed
https://health-solution.eu/nl/
https://health-solution.eu/nl/
https://www.humintech.com/industry.html
http://www.biostimulants.eu/
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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: 

• 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 DarlingI, 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 

 
1
 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 

(DarlingI) 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 Ecoson1 HumiFirst2 

 DRIP 

Humic3 

Manufacturer (source) Ecoson 

(animal manure) 

Tradecorp  

(lignite) 

Vitens/Triferto 

(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 content 

(% of dry matter) 

80   12 

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 (P2O5) (g/L) 1.3   

K (g/kg) 11   

Cl (g/kg) 0.5  2.4 (as NaCl) 

Na (g/kg) 3.4  2.4 (as NaCl) 

Cd (mg/kg) <0.1   

Cu (mg/kg) 37   

Pb (mg/kg) <2   

Zn (mg/kg) 119   

1Information provided by DarlingI. 2Information 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 

Ecoson 

Product X 

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 (P2O5) (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 

 

http://www.humifirst.be/
http://www.triferto.eu/nl/home
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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 

 

Crop Appl-

ication 

Application 

rate (kg 

humic/fulv

ic acid/ha) 

Study 

conditions, 

country 

Effect (humic 

substances) 

References 

Onion Soil  20 Field, India Yield +11% Sangeetha and Singaram (2007) 

Sugar beet Foliar - Field Egypt HA# Yield +14% 

FA## Yield +23% 

Hassanin et al. (2016)  

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. 

Without water stress: 

increased yield 

Selim et al. (2012) 

 Soil 3.9 to 8.25 Field, Belgium Yield +13 and +17 % Verlinden et al. (2009) 

Grassland Soil 3.5 to 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, 

Iran 

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

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. 

Crop Effect Humic 

substances 

1000 ha * Revenue 

Euro/hectare** 

Profit 

Euro/hectare** 

Yield** 

Tonnes /hectare 

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

Sugar beet HA# Yield +14% 

FA## Yield +23% 

71 3,435 – 3,831 2,143 – 2,481 75.1 – 83.7 

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 

+17 % 

157 7,300 - 11,172 4,442 – 7,589 39.9 – 52.5 

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 

+103 

2.8 38,285## 20,473## 20,1## 

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 m2 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/m2. 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:  

• Luuk Hagting (Agrifirm); fertilizers and biostimulants 

• Wim Voogt (WUR); horticulture substrate cultivation 

• Wim van Dijk (WUR); field crops 

• Rien van der Maas (WUR); fruit growing 

• 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 ltr /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 

Object 

2018 

Object 

2019 

Description  

A AB Reference untreated Fertilizer NPK 

N C Humic acid product 

Soil application: 

 

100 L/ha before sowing 

O D Humic acid product 

Foliar spraying: 

Foliar 1,5 L/ha just before bulbing and two weeks 

later second treatment 

P E Humic acid product 

Foliar spraying: 

Foliar 3 L/ha just before bulbing and two weeks 

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 m2 were present. Only object C (Soil application of humic acids) a 

significantly lower plant density was determined (75 plants per m2).  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  7,5 8,0    

29 June 6,3 7,3    

13 July 6,8 7,8 7,9   

27 July 7,2 7,8 8,8   

13 Aug    75% 74% 

24 Aug    94% 50% 

31 Aug    97% 25% 

2019 

1 juli 7     

15 juli 8,8     

22 juli 9,0     

29 juli      

5 aug    30% 90% 

12 aug    95% 90% 

26 aug     48% 

2 sep     23% 

 

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

Object Description Yield (ton/ha) Market 

(ton/ha) 

Storage efficiency 

2018       Fresh  Dry matter 

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

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

O Humic acid 

Foliar 1 

45,4  7,1  35,6  78% 

P Humic acid 

Foliar 2 

48,4  7,5  39,4  81% 

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

Object Description Yield (ton/ha) Market 

(ton/ha) 

Storage efficiency 

2019       Fresh  Dry matter 

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

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

D Humic acid 

Foliar 1 

76,3  10,6  62,8  82% 

E Humic acid 

Foliar 2 

76,6  10,6  64,2  84% 

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  

O 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 Soil  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 P2O5 K2O SO3 MgO CaO 

2018        

A Reference 123 54 134 89 11 80 

N Humic acid Soil  123 52 130 89 11 90 

O 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 l 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: 

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

• 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: 

• No phytotoxicity was observed and the products used were safe for crops 

• Late blight severity was significantly lower in all treatments tested than in the untreated 

control, regardless of the dose rate or the spraying interval 

• 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 spraying: 

Foliar 1,5 L/ha just before bulbing and two weeks later second 

treatment 

D Humic acid product 

Foliar spraying: 

Foliar 3 L/ha just before bulbing and two weeks later second 

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. 

 

Figure 6.1 Potato late blight StAUDPC as a result of various spray schedules 
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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.  

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). 

 

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 l Humic acids of 

Ecoson/hectare. Crop spraying with doses 1,5-3 l 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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Appendix 2 Table A2.1 Summary of 

research on humic acid products. Source: 

Calvo et al. (2014)      
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Appendix 3 Analytical report Koch Eurolab 
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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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