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A number of studies have shown the ability of natural organic matter (NOM) in general and humic substances (HS)
in particular, to affect the development of plants and microorganisms in many different natural ecosystems and agro-
ecosystems. Regarding plants, these NOM and HS effects were expressed in both root growth and architecture, and
shoot growth. However, these effects were different in intensity and quality depending on several intrinsic and extrinsic
factors associated with HS structure and concentration, plant species and soil properties. Two main mechanisms have
been proposed to explain the beneficial action of NOM and HS on plant growth. An indirect effect expressed through
the improvement of plant nutrition by increasing soil nutrient availability, principally some micronutrients (mostly P and
Fe); and a possible direct action affecting the transcriptional and post-transcriptional regulation of several enzymes and
molecular transporters in the root. These biological effects within the plant seem to be associated with both nutrient root
uptake ability and the efficient use of the nutrient in plant leaves.

In this communication, the relationships between the effects of HS on root development, shoot development, plant
nutrition, and soil properties; are discussed. This study is developed in the context of the links existing between the

signal role of some nutrients and the hormonal balance in both root and shoot.

Introduction

Many studies have demonstrated the ability of humic
substances (HS) to affect the development of diverse
plant species cultivated in several soil types, inert
substrates and hydroponics (Chen et al., 2004b;
Trevisan et al., 2010). However, the main mechanisms
responsible for these effects of HS on plant development
remain unclear and under discussion. In general two
main hypothesis have been proposed to explain these
HS actions on plant development: (i) the “nutritional
hypothesis”, which defends that the action of HS is
mainly indirect, by acting on soil properties and the
pool of plant-available nutrients in the soil (principally
micronutrients, such as Fe and Zn)(Chen et al.,
2004a,b); and (ii) the Hormone-like hypothesis which
defends that, besides an action on soil, HS can directly
act on plant metabolism through the interaction with root
cells (Trevisan et al., 2010). Recently some studies have
reported that both theories might be compatible. Thus,
Aguirre et al. (2009) reported that HS activated the main
physiological root responses involved in Fe acquisition
under Fe starvation, even under Fe sufficient conditions.
These action was expressed both at transcriptional

and post-transcriptional levels (Aguirre et al., 2009).
In these sense, another complementary work showed
that the action of HS on the shoot growth is probably
mediated by an effect improving nitrate root uptake and
further root to shoot translocation (Mora et al., 2010).
This effect is related to a promotion of cytokinin root to
shoot translocation that would be responsible for the
biostimulation of shoot metabolism and growth (Mora
et al., 2010). These results have been confirmed by
other study in rapeseed, including both microarray and
physiological approaches (Jannin et al., 2012). All these
results show that the two main hypotheses proposed to
explain HS effects on plant development are, probably,
interconnected to some extend.

In this communication we will try to both analyze and
interconnect the two hypotheses stressing the most
important experimental data that support each of them.

Discussion

The nutritional hypothesis

This theory is mainly based on the ability of HS to
complex metals due to the presence of functional groups
with chelating activity in their structure (Stevenson,
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1994). In this context, diverse studies have shown that
the treatment of several plant species with HS-metal
complexes increases plant growth under condition of
limitation in the availability of these micronutrients (Fe,
Zn and Cu) (Chen et al., 2004a,b; Garcia-Mina et al.,
2004). This effect was ascribed to the complex and its
effect improving micronutrient root uptake, since HS
applied alone did not present any effect (Chen et al.,
2004b; Garcia-Mina et al., 2004). However when the
concentration of HS was higher (about 150 mg L-1
instead of 50 mg L-1)the treatment with HS alone was
accompanied by increases in plant growth.

The Hormone-like hypothesis

Several studies have shown that certain types of HS
(mainly those obtained from vermicompost) are able to
affect plant grown in hydroponics and without nutrient
limitations (Trevisan et al., 2010; Mora et al., 2010,
2012). However, these effects were expressed for
specific ranges of concentration normally higher than
those involves in humic-micronutrient complex action.
In general, the mechanisms proposed to explain these
effects are based on the potential presence of auxin or
auxin-like compounds imbibed in HS-supramolecular-
aggregated structure (Trevisan et al., 2010). However,
other studies employing purified sedimentary humic

substances (HA), without detectable concentrations of
the main phytoregulators in their composition, showed
that HA is able to affect root and shoot functionality, both
at transcriptional and post-transcriptional levels (Aguirre
etal., 2009., Moraetal., 2010, 2012, Jannin et al., 2012).
In this sense, our results indicate that HA probably affects
shoot growth by improving nitrate root uptake and root
to shoot translocation (Mora et al., 2010; Jannin et al.,
2012). This action promotes the translocation of active
cytokinins from the root to the shoot, thus enhancing
shoot nutrient status and development (Mora et al.,
2010). These functional relationships between nitrate
root uptake and cytokinin-functionality in shoot involved
in humic action on shoot development was supported by
transcriptional and physiological studies carried out in
rapeseed (Jannin et al., 2012).

Regarding HA effects on the root, which might be behind
the above-mentioned effects on the shoot, our studies
showed that HA is able to effect the concentration in the
root of ethylene, indole-acetic acid (IAA), abscisic acid
(ABA) and nitric oxide (NO) (Mora et al., 2012). However,
this study also showed that the macro-morphological
action of HA on root architecture was not dependent on
HA-effects on the hormonal balance in the root. All these
findings are presented in Figure 1.
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Figure 1. Hypothetical mechanism of HA action on plant Growth
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Conclusion

All these findings, taken together, indicate that the
involvement of the mechanisms included in each
hypothesis may play an important role in the effect of
HS on plant growth depending on the concentration
of active-HS (HS in sail solution) that are present in
rhizosphere. Thus, when the concentration of active-
HS (HS in soil solution) is too low the effect of HS can
be ascribed to a nutritional effect by improving the root
uptake of nutrients, mainly micronutrients. When the
active concentration of HS is higher a direct action on
plant metabolism may be present, complementary to the
nutritional action.
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