
95

Silva Balcanica, 20(Special issue 1)/2019

CAN HUMIC PRODUCTS SUBSTANTIALLY IMPROVE ECOSYSTEM 
QUALITY AND ECONOMIC YIELD?

Daniel C. Olk1, Dana L. Dinnes1, J. Rene Scoresby2, Chad R. Callaway3,  
Jerald W. Darlington2

1USDA-ARS, National Laboratory for Agriculture and the Environment, Ames, IA
2Minerals Technologies, Inc. New York, NY

3Ag Logic Distributors, Conrad, IA 

Abstract

Humic products have been used in cropland agriculture for several decades, but lack of widespread 
credibility has restricted their use to small proportions of farmers. Key knowledge gaps concern spatial and 
temporal variability in their field efficacy, a mechanistic explanation for plant responses to humic products, 
industry-wide measures for quality control of product formation and sale, and the lack of long-term field trials 
to evaluate soil health responses. As these gaps are closed, we believe humic products will serve multiple roles in 
agriculture and land management. These roles could include enhanced crop economic yield -especially in the 
presence of environmental stresses, improved soil health, and multiple contributions to better environmental 
quality, including diminished flow of N and P into the atmosphere and water bodies, oil spill remediation, 
and decontamination of heavy metals and anthropogenic organic pollutants. We call for greater coupling of 
the basic research needed to verify these concepts with field-scale application of humic products.
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INTRODUCTION

Humic products have been commercially available for several decades and have been 
applied to modest proportions of production fields to increase crop growth and economic 
yield. Market research reports generally predict ongoing growth for biostimulants as a 
group and humic acids specifically in coming years, driven in part by the desire to make 
more efficient use of mineral fertilizers in face of increasing costs. We have also noted 
increased discussion among agribusiness concerns of humic product performance. Yet 
their validity and general reliability have remained in question, drawing criticism from 
the research community and government agencies for a lack of factual basis. Due in part 
to these uncertainties, mainstream farmers have not yet adopted humic products as a 
conventional input. 

Given the current situation, this manuscript evaluates the potential for humic 
products to broadly promote crop economic returns and enhance other ecosystem services. 
It will first summarize four key knowledge gaps that have constrained growth in humic 
product use and describe ongoing efforts to close these gaps. Second, this manuscript 
will summarize recent results from our field evaluations of humic products on fertile 
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soils in Iowa, located within the Corn Belt of the United States. These results suggest that 
long-term humic product use might lead to not only increased crop economic yield but 
also improved soil health and further ecosystem benefits, which will be described in the 
final sections together with other potential ecosystem benefits suggested by independent 
research programs or field observations. This review is limited to humic product use 
in cropland agriculture and other land applications. Humic products can also be used 
in cosmetics, nanotechnology, petroleum oil industry, and are occasionally offered as a 
human health product. These uses will not be addressed here, due to a paucity of peer-
reviewed publications.

Four key knowledge gaps for widespread humic product use
For humic products to substantially improve global agricultural yields and 

improve ecosystem quality, they must first be adopted for regular use by mainstream 
farmers, which is currently not the case. Toward that objective, specific challenges must 
first be surmounted. Olk et al. (2018) discussed four key knowledge gaps that have 
slowed growth of humic product use, and they are summarized in this section. 

Spatial and temporal variability in field efficacy of humic products. Numerous 
studies have demonstrated significant crop responses to humic products, and they are 
reviewed by Visser (1986), Chen, Aviad (1990), Calvo et al. (2014), Rose et al. (2014), 
Canellas et al. (2015), and Olk et al. (2018). Yet there lacks discussion of spatial or 
temporal variability in humic product efficacy. Even the most effective agricultural 
inputs vary over time and space in their promotion of crop growth, due to interactions 
with such factors as crop type, annual weather pattern, landscape position, soil type, 
tillage, and economic yield level (O’Halloran et al., 1985; Dinnes et al., 2002; Page et 
al., 2005; Wang et al., 2009). Interest in defining these spatial and temporal variabilities 
to maximize input use efficiency while minimizing environmental degradation led to the 
science of precision farming, which has had tremendous impact on fertilizer and pesticide 
management. Crop type is of obvious and paramount importance in determining optimal 
application rates of any input. 

Published studies of humic product efficacy have addressed only a limited array 
of environmental conditions. Many were conducted in greenhouse or growth chamber 
conditions, with generally optimal temperature, light, and moisture conditions. We are 
unaware of any published database on crop responses to humic products under two or 
more environmental/management factors simultaneously in field conditions. There has 
been little scientific dialogue on how environmental and management factors might 
alter humic product efficacy. Hence, there is the need for multi-year and multi-location 
field studies that maintain treatments and uniform sampling procedures and analyses 
across years in order to determine the consistency of humic product effect across different 
crops, soil types, management practices, and annual weather patterns. 

Mechanistic explanations of humic product effects. A mechanistic understanding 
of plant responses to humic products would improve the prediction of when and where crop 
production would most benefit from humic products, including their interactions with 
other crop inputs. It would enable development of better products. The most commonly 
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proposed explanations can be grouped into themes of soil nutrient availability, other soil 
properties, direct plant biostimulation, and microbial processes. All explanations must be 
consistent with the miniscule amounts of organic matter added to soil via recommended 
rates of humic product application (often less than 1 kg ha-1) compared to the tens of 
thousands of kg of native humus already found in the soil. This disparity speaks against 
claims that humic products add to the favourable benefits already provided by soil organic 
matter for crop growth.

Researchers have largely focused on plant-based mechanisms for stimulating 
growth, as reviewed by Khristeva (1968), Visser (1986), Nardi et al. (2002), Zandonadi 
et al. (2013), Berbara, Garcia (2014), and Calvo et al. (2014). Multiple plant processes 
have been affected by humic products or humic substances extracted from soil, 
including enzyme activity, protein metabolism, photosynthesis, respiration, and uptake 
of water and nutrients. Тhe underlying mechanisms have long been conjectured to 
involve hormone fluxes, the hydroxyproline: proline ratio, cell membrane permeability, 
electron chain transport components, free radical activity within the humic structure, 
and reactive oxygen species in plants (Vaughan, Malcolm 1985; Vaughan et al., 1985; 
Vaughan, 1986; Visser, 1986; Berbara, Garcia, 2014; Calvo et al., 2014). More recent 
research has addressed activity of the ATPase enzyme (Zandonadi et al., 2013; Calvo et 
al., 2014; Canellas, Olivares, 2014). Some arguments exist for increased Fe availability 
as the underlying cause (Chen et al., 2004; Aguirre et al., 2009). Limited effort has 
been directed at possible roles of microorganisms in plant responses, whether they are 
located in the soil, rhizosphere, or plant. Mechanistic studies have been conducted on 
plants grown under controlled conditions, though, which do not replicate the variable 
conditions and multiple stresses that routinely impact crop growth in field conditions. 

Stress alleviation has been conjectured as a primary means through which humic 
products best express their benefits to plant growth (Zandonadi et al., 2013; Calvo et al., 
2014). Several studies showed humic products induced greater plant resistance to saline 
soil (Calvo et al., 2014; Tuncturk et al., 2016; Kaya et al., 2018). However, nearly all 
studies were conducted in controlled conditions, while Bacilio et al. (2017) reported that 
growth chamber-based evidence for salinity tolerance was far less marked in a greenhouse 
setting and almost non-existent in the field. Anecdotal evidence exists for enhanced plant 
tolerance to cold. Based on the disturbing results of Bacilio et al. (2017), we call for more 
process-level research to be conducted on plants grown in field conditions so that the 
full benefits of humic products can be documented. Plant processes triggered in response 
to field stresses and their modification by humic products could also be observed and 
explained.

This situation similarly describes the search for the compound(s) in humic 
products that provoke crop responses. Identification of the causal compound(s) could 
enable both more effective products and better prediction of which crops and field 
settings are most suitable for humic products. One promising approach for identifying 
causal compounds would determine which fractions of humic products have greater 
biological activity and then compare their respective chemical compositions. To date, 
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separation of humic molecules based on molecular size has failed to identify fractions 
that consistently better promote plant growth (Zandonadi et al., 2013). Must all humic 
products have the same causal compounds whether they are derived from millions-year-
old leonardites, thousands-years-old peats, or instead months-old composts? Interesting 
challenges loom in the search for causality. 

Industry-wide standards for humic product quality. The humic product market 
lacks universally recognized standard procedures for measuring either the humic acid/
fulvic acid contents or the field efficacy of humic products. Consequently the consumer 
cannot ascertain for any product its concentration, source material, or variability among 
production batches. The consumer cannot discern effective products from molasses, 
lignosulphonates, or hard coal--similarly appearing substances that are rumoured to be 
sold as humic products and are of uncertain or negligible value to crop production. 

Official procedures for measuring humic acid and fulvic acid contents are designated 
by some national governments. Lamar et al. (2014) report a more recent procedure that 
was developed in concept by members of the International Humic Substances Society 
on behalf of the Humic Products Trade Association (HPTA), a North American-based 
industry group (http://www.humictrade.org/). This method better distinguishes humic 
and fulvic acids from such adulterants as molasses, hard coal, and soil/sediment, but at 
greater cost of labour. The primary objective of any measure for humic and fulvic acid 
contents may well prove to merely discern genuine humic materials from adulterants or 
fraudulent materials, instead of quantifying slight differences among genuine products 
in their humic acid or fulvic acid concentrations. 

No method has been proposed as a standard procedure for measuring the field 
efficacy of humic products. Lacking the identification of the causal compound(s) in 
humic products, attention has focused on rapid bioassays (e.g., plant root or shoot 
growth, algal, yeast, or microbial culture growth). The question exists whether any 
single rapid bioassay can quantitatively reproduce the capacity of each humic product to 
promote growth for all crops grown globally in diverse settings. 

Benefits to soil health. In recent years, soil health has received increasing interest, 
and research funding has increased in this area. Increasing research efforts are directed 
at determining crop management practices that can improve soil health in economically 
viable manners. Soil health is widely thought to benefit from increased carbon availability 
in soil. Increased root growth is commonly viewed by the humic product industry as a 
reliable crop response to product application, and it has been reported in some published 
papers (Lee, Bartlett 1976; Chen, Aviad 1990; Canellas et al. 2002). If this were a general 
response across crop and soil types, it would constitute increased C input into the soil, 
and hence a potential agent for improving soil health. 

Despite the potential of humic products to improve soil health, scant work has 
addressed this topic in field conditions. A review by Billingham (2012) found that nearly 
all of the studies on soil physical properties following humic product application were 
performed in laboratories and greenhouses, with very few set in field conditions. A major 
limitation to progress has been the absence of long-term field trials on humic product 
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application. The full benefit of humic product to expanded root growth and in turn soil 
health would be fully expressed only after several years of continuous application to the 
same plots or strips.

Our recent progress in field evaluations of two humic products 
As collaborating researchers and vendors of humic products, we have jointly 

observed statistically significant increases in grain yield of maize (Zea mays L.) and 
soybean (Glycine max (L.) Merr.) with humic product application in the U.S. Corn 
Belt, on some of the most fertile soils in the U.S. In an extensive three-year study, humic 
product application led to increased grain weight as measured by hand-collected maize 
plants for 74 of 95 (78%) on-farm fields (Olk et al., 2013). Mechanized grain yield data 
were not made available from these fields. Yield component analysis showed that the 
yield increase was due primarily to increased ear length, especially of the shorter ears. 
This trend of greater ear length homogeneity suggests the primary benefit of the humic 
product was to enable weaker maize plants to better compete with their bigger, more 
vigorous neighbors within the dense stands that typify intensive agriculture. Leaf area 
measurements that were performed in selected fields showed a positive response to humic 
product application by the 9th leaf even with product application as recent as the 6th 
leaf, indicating a plant response within a few weeks.

In a more intensive approach, maize response to a second humic product within a 
farmer’s field was monitored in four of five consecutive years, with measurements taken 
on an eroded hilltop soil, highly productive side slope soil, and a fine-textured, carbon-
rich soil at the foot of the slope. In a droughty year, mechanized grain yield increased by 
as much as 19% with humic product application on the eroded hilltop soil, while yield 
increased only by 2-3% on the side slope soil (DC Olk, unpublished data). Although the 
bottomland soil provided the lowest overall grain yields, its yield increases with humic 
product application were intermediate between those of the eroded hilltop soil and 
the side slope soil. In a later year featuring nearly ideal growing conditions, with warm 
temperatures and timely rainfall the entire season, all soils gave similarly high mechanized 
grain yields, and the only yield increase was an 8% increase in the eroded hilltop soil. 
Despite annual variability in rainfall and grain yield levels, leaf area increased in all years 
with humic product application. Yield increases were again due to greater homogeneity 
of ear length, i.e. less frequent occurrence of short ears. Hence both soil type and annual 
weather patterns affected the efficacy of this humic product to increase economic yield. 
The similar response in leaf area across all years suggests that the humic product was 
positively affecting plant growth in all years, but whether this growth promotion resulted 
in enhanced grain yield appears to have depended on the degree of drought stress each 
year; grain yield increased with product application when there was drought stress for 
a portion of the growing season. Overall, this first research phase indicated that maize 
grain yield generally responded to humic products, but the magnitude of response was 
strongly affected by soil type and weather conditions.

In the next research phrase, we explored the hypothesis that better maize growth 
and grain yield with humic product application were due to enhanced root growth, 
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enabling greater uptake of water and nutrients from soil. A general belief within the 
humic product industry is that humic products cause substantially greater root growth. 
Studies in controlled conditions are consistent with this claim (Lee, Bartlett 1976; Chen, 
Aviad 1990; Canellas et al., 2002), but root responses had not yet been measured in 
field conditions. During three growing seasons, we measured root length and root cross-
sectional area for a defined soil volume that comprised the bulk of the root systems 
for three adjacent maize plants. Root measurements were taken at the 8th and 14th 
leaf growth stages and again at an early reproductive growth stage that represented a 
mature root system before the onset of senescence. Both humic products were evaluated 
in separate fields. 

In nearly all comparisons (two humic products, three seasons, two landscape 
positions in one field, two crop rotations in the other field), humic product application 
caused enhanced root growth (DC Olk, unpublished data). Total root length increased 
in most cases by 16-32%, and increases in total cross-sectional area were comparable. 
Total root length was dominated by the finest roots (<0.5 mm diameter), yet all ten root 
diameter size classes (ranging up to >4.5 mm diameter) showed the same proportional 
increases in root length with product application. Nearly all of this root growth occurred 
between the second sampling at the 14th leaf and the final sampling at reproductive 
growth. No consistent root response was observed at the 8th leaf sampling. At the 14th 
leaf sampling the only visible root response was faster emergence of nodal roots from 
the stem. The emerging roots were short, though, and did not contribute substantially 
to total root length. In summary, the root system increased with product application 
well after the leaf response. Therefore, we concluded that increased root growth was 
not responsible for greater water and nutrient uptake that fueled the leaf area response. 
Hence the root response was itself a side-effect of another, as yet unidentified change in 
plant processes following humic product application.

Visual observations in the 2012 field season demonstrated increased wind 
resistance by maize with humic product application. Increased lignification of the maize 
structure is one agent for enhanced wind resistance. Thereafter for selected fields we 
measured plant structural lignins and carbohydrates for stover and also for roots when 
available. For one humic product, the degree of lignification was positively correlated 
with drought incidence (DC Olk, unpublished data). This held true when comparing 
across four growing seasons that varied in their precipitation amounts and also across 
two landscapes that differed in local water supply. Lignification is a normal maize 
response to drought (Chazen, Neumann, 1994), perhaps to maintain structural integrity 
despite partial loss of cellular turgor pressure. That is, this humic product strengthened 
the normal plant response to drought stress. One growing season featured nearly ideal 
growing conditions throughout the growing season, with timely precipitation. In this year, 
maize stover phenols decreased slightly with humic product application, while structural 
carbohydrates increased by 10 and 38% in two landscape positions. We interpret this 
divergent result as luxury production: with timely rainfall and abundant water supply, 
the maize plant did not need to lignify and so devoted its additional growth potential to 
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carbohydrate accumulation. Such a hypothesis implies process-level interactions among 
the plant, the humic product, and environmental signals.

The maize cultivar was selected in each year by the land manager, with no input 
from the researchers. The effects of the second humic product on maize structural 
biochemistry was also analyzed in a separate field where the maize germplasm was 
selected by the humic product company. More robust germplasm was used in this field, 
and this humic product had no effect on maize structural biochemistry (data not shown), 
despite analogous effects as the first humic product on grain yield and root growth. These 
results highlight apparent interactions between humic product, plant, and environmental 
signals. 

Other visual observations during these field studies included less curling of maize 
leaves during moderate drought, delayed senescence at season’s end, and in cases increased 
hail resistance. 

All these results suggest that humic products enable crops to better withstand 
environmental, abiotic stresses. The three-year on-farm survey demonstrated the humic 
product alleviated nearest neighbor (intraspecific) stress for the weaker plants. Multi-
year studies in a farmer’s field demonstrated several forms of increased drought tolerance 
by maize. Enhanced stress resistance constituted the bulk of the grain yield increases 
that we attributed to the humic products. Grain yield of the larger plants scarcely 
responded to humic product application in the on-farm survey or under nearly ideal 
growing conditions, even when leaf area, root growth, and plant structural biochemistry 
maintained their positive responses.

Hence we postulate that humic products can play meaningful roles in mainstream 
crop production. In the vast majority of cases, they provided an economic yield boost 
that was agronomically modest yet economically profitable, given the generally low cost 
of humic products. They do not always ensure a yield increase when favorable growing 
conditions enable very high yield levels, but they do offer some level of protection at low 
cost in case environmental stress develops during the growing season.

Soil health
The responses of root growth and plant structural biochemistry to humic product 

application as described above carry immediate implications for soil health. Carbon is 
a primary factor of most soil properties that are measured for soil health assessments, 
including nutrient mineralization, microbial activity, aggregation, bulk density and 
inorganic nutrient retention. Root carbon may be the primary source of stable carbon 
in soils (Balesdent, Balabane, 1996; Gale, Cambardella, 2000), due perhaps to the 
more cross-linked nature of its lignin components compared to aboveground biomass 
(Bertrand et al., 2006) or to it being more strongly imbedded within soil aggregates 
(Mendez-Milan et al., 2010). Humic-product induced lignification of crop straw or 
roots during droughty conditions would further strengthen the recalcitrance of crop 
residue-C and hence its potential stability in soil. Root system mass is generally thought 
to comprise at least 10% of aboveground biomass, hence dwarfing the amount of C added 
as the humic product itself. We expect any benefits to soil health to accrue only during 
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several years of humic product application, as the input of stable carbon is increased only 
gradationally, and soils have considerable capability to degrade carbon inputs. We are 
currently measuring changes in several soil physical properties following four or five years 
of humic application in maize-soybean rotations. Measurements include bulk density, 
soil penetration resistance, water-holding capacity at 0.03 and 1.5 MPa, wet aggregate 
stability, and dry aggregate stability. 

Preliminary results were gained by measuring soil penetration resistance in a 
farmer’s maize−soybean field two years after one humic product had been applied for the 
six previous growing seasons. Penetration resistance was measured post-harvest in nine 
paired comparisons along the edge of a strip where the humic product had previously 
been applied. No benefit was observed at 2.5 cm increments in the uppermost 12.5 cm 
soil that was within the depth range of tillage performed annually in this tilled field, but 
subsequently at each 2.5 cm-increment from 12.5 cm down to 30 cm, soil penetration 
resistance was diminished by about 140 kPa within the humic product strip compared to 
the unamended soil immediately outside the strip (Fig. 1). The diminished penetration 
resistance was apparent to the instrument operator during measurement. Similar results 
were gained more recently in a second maize−soybean field that had received replicated 
treatments of the second humic product for five years. Again, no benefit was apparent 
at 2.5 cm-increments within the surface 10 cm that was also within the depth zone 
of annual tillage, but a consistent reduction in penetration resistance with two humic 
product treatments was measured at 2.5 cm-increments at all lower depths down to 30 or 
35 cm for a finer-textured upland soil (Olk et al., 2017). We hypothesize that the greater 
input of root-C can be degraded in the uppermost soil depths through oxygenation of 

Fig. 1.  Soil penetration resistance from the 0 to 30 cm depth by 2.5-cm increments with (Treated)  
and without (Control) addition of a humic product
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the soil that tillage introduces into both fields. At lower depths, however, the oxygen 
status might become limiting so that the enhanced C input of root biomass can persist 
in the soil, leading to a healthier soil and diminished soil penetration resistance. 

Beyond the larger root biomass, humic product application might lead to additional 
carbon inputs to the soil through greater exudations from the larger root systems. Root 
exudates are immediately available nutrition for soil microorganisms, whose activity is 
pivotal to several soil health measures. Solution culture studies vary widely in estimating 
the amount of exuded C by plants (Uren, 2007), but it can be as high as 30% of total 
dry matter production by young plants (Bertin et al., 2003). No published evidence 
exists for field measurements of root exudates with humic product application. Yet it is 
reasonable to hypothesize a benefit of humic product application to soil health through 
enhanced root exudation. In a solution culture study with corn seedlings, Canellas et al. 
(2008) found that addition of a humic material caused greater root exudation of oxalic, 
citric, and tartaric acids compared to the unamended control. However, exudation of 
maleic and fumaric acids decreased while that of succinic and malic acids ceased. We are 
unaware of any other studies on root exudations following humic product application.

Other ecosystem services 
Humic products may well provide additional ecosystem services beyond increased 

crop economic yield and soil health, although supporting evidence for some benefits 
consists of only anecdotal observations or theoretical extrapolations. Following are 
representative examples of relevant studies in recent years. This literature review is not 
comprehensive. Perminova et al. (2005) provided several primary studies and reviews 
for using humic substances to remediate polluted environments, including metals, 
anthropogenic organic compounds, and radionuclides. 

Greater microbial activity. Several independent lines of evidence suggest humic 
products stimulate microbial activity. A humic product mixed with annual ryegrass 
(Lolium sp.) residue was found to accelerate fragmentation of a hardened subsoil fragipan 
(Murdock 2017), presumably due to accelerated microbial activity. This fragipan 
limits the effective rooting depth of crops across about 25 million ha in the eastern 
U.S. Another humic product is used to degrade oil spills on soil, and the capacity of 
this product to accelerate decomposition of petroleum compounds was documented in 
laboratory conditions (Cardenas, Lopez Jr., 2016). This same product was also used to 
reduce odor emissions from swine manure by 21% for barn odor emissions (P<0.01) 
and by 21% (P=0.15) and 60% (P=0.001) for land applications in field conditions and 
laboratory conditions, respectively (Hile et al., 2017). The explanation could possibly 
also be accelerated microbial degradation of odor-causing compounds. Improved 
livestock health, accelerated weight gain and therefore feed conversion efficiency are often 
attributed to the addition of humic products to animal feed, as shown for beef cattle 
(Cusack, 2008), finishing pigs (Wang et al., 2008), poultry (Ozturk et al., 2010), and as 
broadly reviewed by Islam et al. (2005) and Trckova et al. (2005). The cause is unknown, 
but a common speculative explanation is that the humic product bestows a competitive 
advantage to favourable microorganisms in the livestock gastrointestinal tract compared 
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to pathogenic microorganisms, keeping growth-inhibiting diseases in check. Finally, 
some farmers apply humic products post-harvest in stover-rich fields with the intent of 
accelerating stover decomposition for faster recycling of stover nutrients.

If humic products were shown to consistently accelerate microbial activity, 
this would also constitute another possible mechanism for crop yield responses. Soil 
microorganisms are especially concentrated in the soil rhizosphere, and they also thrive 
inside plants. Microorganisms are capable of producing hormones that can stimulate 
plant growth (Frankenberger, Arshad, 1995). Hence, microbial responses to humic 
products deserve further consideration.

Better fertilizer use efficiency. Any promotion of crop growth by humic products 
– regardless of the mechanism – could also provide faster uptake of soil nutrients by the 
bigger plants. This consequence creates the potential for greater fertilizer use efficiency 
and diminished loss of labile nutrients via gaseous losses or leaching into groundwater 
and other water bodies, and reduced nutrient loss through soil erosion due to greater 
ground cover and quicker canopy development above the soil. Farmers often incur these 
losses with regular fertilizer use, and they are heightened at excessive fertilizer rates that 
farmers can pursue to ensure non-limiting growing conditions. Over-application of N 
and P fertilizers is thought to contribute both to increased global warming through 
nitrous oxide emissions (Shcherbak et al., 2014) and to algal blooms in freshwater lakes 
and rivers together with hypoxia zones in seas that ultimately receive excess nitrates and 
phosphates (Rabalais et al., 1996; Carpenter et al., 1998; Smith et al., 1999; Mitsch 
et al., 2001; Paerl, 2009). Hence a reasonable objective is that farmers would lower 
their fertilizer input rates if they would instead apply a humic product to ensure both 
greater fertilizer use efficiency and some protection against environmental stresses. We 
call for an array of field studies to assess crop responses to multiple rates of N and P 
fertilizer inputs with and without humic product application in regional sites that have 
been identified as critical source areas for N and P nutrient loss to water resources. 
Their objective would be to determine whether grain yield targets can be maintained 
by combining humic product application with lower fertilizer application rates that 
better approximate actual crop demand for each nutrient and to document changes 
of N and P loading to water resources, and where possible changes in N gaseous loss 
as nitrous oxides. These studies should be conducted across a range of crop and soil 
types because N and P response functions will vary with local conditions. Such research 
is especially urgent in those settings where routine over-application of fertilizers has 
led to significant environmental degradation, such as the Mississippi River Basin that 
discharges into the Gulf of Mexico.

If humic product additions to animal feeds in fact lead to healthier livestock 
and faster weight gain as described above, this would also constitute more efficient use 
of inputted nutrients. Therefore, animal manures would have lower nutrient contents. 
Application of nutrient-depleted manures to agricultural lands could also lead to the 
same environmental benefits as those associated with better fertilizer use efficiency in 
plant production.
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Heavy metal detoxification of contaminated soils and wastewaters. The binding 
of metals by humic substances is well documented for soil organic matter interactions 
with common soil cations (Tipping, 2002). A natural extension of this concept into 
agroecosystems would be the application of humic products or ores to remediate soils 
or industrial wastewaters bearing elevated concentrations of heavy metals. Humic 
substances appear suitable as remediation agents, given their variety and abundance of 
chelating groups and capacity to either solubilize or remain in colloidal form, depending 
on conditions (Baek, Yang, 2005). 

Several studies have shown in controlled conditions that dissolved humic substances 
adsorb several heavy metals (including Cd, Cu, Hg, Pb, Zn) from solution (Baek, 
Yang, 2005; Wang et al., 2016; Klučáková, Pavlíková, 2017). Tang et al. (2014), Genç-
Fuhrman et al. (2016), and Kantar et al. (2017) demonstrated concerns for unfavourable 
interactions of humic substances with other binding materials for heavy metals in 
solution. We are unaware of larger-scale application of this technology outside laboratory 
conditions. Humic product application to contaminated soil led to diminished activity 
of Cd (Meng et al., 2017) and of Zn, Pb, Ni, Cd and Cu, as reviewed by Pukalchik et al. 
(2018). Heavy metal inhibition of plant growth was alleviated following humic product 
or humic material application in hydroponic systems (Ondrasek et al., 2018; Ozfidan-
Konakci et al., 2018). Yet Park et al. (2013) discussed the potential for humic substance 
binding with heavy metals to simultaneously diminish soil contamination by the heavy 
metal but also increase plant uptake of the heavy metal. Again, we are unaware of field-
scale application of commercial humic products to remediate soils contaminated with 
heavy metals. Much more work remains to be done in this area, especially at commercial 
application rates and in field conditions, provided humic products are economically 
competitive with alternative technologies for heavy metal remediation.

Remediation of anthropogenic organic pollutants. Several controlled studies 
have examined interactions between organic pollutants and humic substances applied 
in manners analogous with use of commercial products. Haderlein et al. (2001) 
documented significant increases in the mineralization of pyrene in contaminated soil 
with the addition of humic acids or composted contaminated soil. They did not postulate 
the underlying mechanism(s) of the humic materials. One possible explanation would be 
the enhancement of microbial activity as described above. In addition, physical bonding 
of contaminants with humic materials has also been demonstrated. In a laboratory-
based study by Van Stempvoort et al. (2002), humic acid solutions bound to petroleum-
derived compounds, which increased their solubilization and subsequent rates of 
biodegradation. Mezin, Hale (2004) examined dissolved humic acids for their potential 
to reduce the toxicity of 4,4’-dichlorodiphenyltrichloroethane (DDT) and chlorpyrifos 
pesticides for freshwater and saltwater crustaceans. The humic acid treatments had no 
effect on reducing the mortality of the saltwater crustacean Americamysis bahia, but they 
substantially reduced the mortality of the freshwater crustacean Ceriodaphnia dubia. 
The difference in results between the freshwater and saltwater crustacean mortality 
was attributed to conformational changes in the structure of the humic acids by the 
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saltwater that impeded their binding with the pesticides. Perminova et al. (2001) studied 
the effects of multiple humic materials on the toxicity of pyrene, fluoranthene and 
anthracene for the crustacean Daphnia magna. They attributed reductions in toxicity 
with humic material addition both to chemical binding of the three compounds and 
to direct beneficial effects on D. magna. As with heavy metals, we are unaware of field 
applications of humic products for mitigating anthropogenic organic pollutants.

CONCLUSIONS

There is a clear theoretical basis for commercial humic products to contribute to 
several agricultural and environmental objectives. Increased crop production has received 
the most attention, especially in the presence of environmental stresses, but other potential 
benefits are animal production and environmental remediation, including reducing air and 
water degradation due to excessive fertilizer applications, cleaning oil spills and removing 
heavy metal or organic contaminants. Experiments performed under controlled conditions 
support the theoretical bases of such benefits, although the translation of laboratory result 
to field conditions is not perfect. Issues include potential differences between the chemical 
nature of humic materials extracted from soils for use in controlled conditions versus 
that of commercial products extracted from immature coals, and the disturbing results of 
Bacilio et al. (2017) who found diminishing crop tolerance of soil salinity with humic acid 
application when the research was moved from the growth chamber to greenhouse to the 
field. Benefits observed in static laboratory conditions are often not reproduced in the more 
chaotic conditions of nature. Hence the lack of practical applications of humic products at 
industrial or farm scales presents a formidable knowledge gap. We call for greater transfer 
of laboratory-acquired concepts to field applications so that the true efficacy and economic 
value of humic product-based technologies can be properly assessed for end users.
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