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ABSTRACT

Humic acid (HA) is known to consist of various kinds of polymeric organics, their detailed structures can vary depend on sample 
sources such as organic manure, composts, peat, and lignite brown coal, and largely exists in grassland soils. HA possesses diverse 
positive effects that not only increase plant growth but also improve soil fertility. Recently, we have manufactured a co-polymeric 
product of catechol and vanillic acid (CAVA) synthesized artificially, and found that CAVA as a HA mimic increases seed 
germination and salt tolerance in Arabidopsis. In this study, we examined whether HA or CAVA affects to seedling growth in alfalfa. 
Foliar application of HA or CAVA increased alfalfa seedling growth including aerial and in root parts. HA or CAVA dramatically 
enhanced size of leaf and root, whereas HA significantly displayed higher bioactivity than CAVA. Taken together, CAVA acts like 
as a HA mimic in alfalfa that could apply as an alternation supplement to enhance plant growth and productivity.
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Ⅰ. INTRODUCTION

A major goal of sustainable agriculture is the production and 
enhancement of food, fiber and other plants using farming 
technique. Improvement of leaf biomass for livestock feed is 
one of the intense research interest in forage and feed biology. 
Legumes improve soil fertility owing their deep-reaching root 
systems, accumulation into soil and rapid breakdown of root 
biomass (Stoddard et al., 2009; Luscher, et al., 2014; Kusvuran 
et al. 2014). The appropriate availability of essential nutrients 
in soils refers plant development and productivity (Marschner, 
1986; Mengel and Kirkby, 1987). Forage legumes are 
important resources of protein and other nutrients which are 
considered as animal feed. Alfalfa (Medicago sativa L.) has 
been widely cultivated on over 32 million hectares in 
worldwide because of its forage, nutritional value and high 

biomass producing quality (Fick et al., 1988; Veronesi et al., 
2010; Xie et al., 2013). It has been well documented that crude 
protein and total digestible nutrients that plays an important 
role in livestock industry (Barnes et al., 1980; Hill et al., 1991). 

Humic acids (HA) are a principal component of humic 
substances which are the major organic constituents (Muscolo 
et al., 2013). Interestingly, HA largely exists in grassland soils 
(Stevenson, 1982). The bulk production of HA in an artificial 
manner has been highlighted in agronomy owing to their 
beneficial actions to soil, its physical and chemical properties 
are involved to increase crop productivity (Nikbakht et al., 
2008). Toward this end, it has been demonstrated that CAVA 
exhibits a humic-like activity for Arabidopsis thaliana (Col-0) 
cultivated on MS agar (Cha et al., 2017). However,  there are 
some questions still remain; (i) Can the similar HA-like 
activity of CAVA be re-created in soil-based plant cultivation 
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systems? (ii) Can the beneficial action of CAVA extend to 
crop productivity?

The aim of this study is to characterize the effect of the HA 
and CAVA on the alfalfa growth and productivity. Here, we 
found the foliar application of HA or CAVA increases the 
total biomass including fresh weight, leaf area, and root 
capacity of alfalfa. 

Ⅱ. MATERIALS AND METHODS

1. Plant materials and growth conditions

Alfalfa (Medicago sativa L. var. “Vernal”) seeds were 
obtained from National Institute of Animal Science (NIAS, 
RDA, Republic of Korea). Alfalfa seeds were directly sown in 
the potting soil No. 2 (Farmhannong) and allowed to germinate 
at 23 °C under dark condition. When the cotyledon of alfalfa 
seedling is protruded on the soil surface, the seedlings were 
transferred to the 16/8 h (light/dark) cycle for growth and 
development. 

2. Foliar application of HA and CAVA

HA was purchased from Sigma-Aldrich. Catechol (CA) and 
vanillic acid (VA) were also purchased from Sigma-Aldrich. A 
co-polymeric product of CA and VA (CAVA) was artificially 
synthesized as described previously (Cha et al., 2017). In this 
study, 100 mM sodium acetate buffer (pH 5.0)-based polymeric 
reactions were fully desalted with 5 kDa ultrafilter. Each 
powder was diluted to be a certain concentration in distilled 
water. To examine the seedling growth, foliar application of 
HA or CAVA (86 mg L-1) were carried out twice by spraying 
at 8 and 15 days after germination of alfalfa. Plants were 
harvested at 22 d after germination and measured every 
physiological parameter shown, such as plant height and fresh 
weight. Sterilized H2O sprayed to plant leaves as a control.  

3. Determination of physiological parameters

Plants were harvested as mentioned above, and shoots and 
roots were divided to measure the fresh weight. Plant height 

was measured in intact plants grown in soil. To measure leaf 
area, leaves attached in 6th node were collected and measured 
by ImageJ software (1.48v, http://imagej.nih.gov/ij). Experiments 
were carried with three (for determining the aerial and root 
growth) or nine (for leaf area) independent replicates. 

4. Statistical analysis

All the measurements were subjected to Student’s t-test 
using Microsoft Excel 2007. 

Ⅲ. RESULTS AND DISCUSSION

1. HA and CAVA increase the seedling growth in 
alfalfa

It has been previously reported that HA has positive effects 
for the development under abiotic stress responses in plants 
(Vaughan, 1974; Cacco and Dell Agnolla, 1984; Russo and 
Berlyn, 1990; Trevisan et al., 2010a). Previous study demonstrated 
that commercial HA as well as phenolic derivatives, CAVA (i.e. 
HA mimic), promotes seed germination and salt tolerance in 
model plant Arabidopsis (Cha et al., 2017). To examine whether 
HA or CAVA has the positive effects in forage crops, alfalfa 
was treated with foliar application of HA or CAVA. HA or 
CAVA were carried out twice by spraying to aerial parts of 
seedlings at 8 and 15 days after germination. At 22 d after 
germination, the seedlings treated by H2O (as a control), HA 
(86 mg L-1), or CAVA (86 mg L-1) were photographed, and 
the seedlings treated by HA showed better growth and large leaf 
size as shown in Fig. 1A. To prove this morphological changes 
by HA, we measured plant height and fresh weight (Fig. 1B 
and 1C). Plant height significantly increased by HA or CAVA 
treatment compared to H2O treatment (Fig. 1B). In addition, HA 
application significantly enhanced higher plant height of alfalfa 
seedlings than CAVA treatment. Similar to plant height, HA or 
CAVA application significantly displayed increase of fresh 
weight compared to H2O (Fig. 1C). However, no significant 
differences was observed between HA and CAVA. These data 
suggest that CAVA increases the seedling growth of alfalfa, and 
showed HA-like bioactivity. Sharif et al. (2006) reported that 
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Fig. 1. Promotion of alfalfa seedling growth by HA or CAVA. The seedlings were grown in soil for 22 d with twice 
foliar application of HA or CAVA (86 mg L-1). Water (H2O) as a negative control was sprayed at the same
time and method with HA or CAVA. (A) The picture taken at 22 d after germination. Plant height (B) and fresh
weight (F.W.; per 3 plants) of aerial parts (C) were measured at 22 d. Data are means ± SE (n=3). Significant
differences are shown as an asterisk (*P<0.05; **P<0.01; n.s., no significant differences). Abbreviations: HA,
commercial humic acids; CAVA, a co-polymeric product derived from fungal laccase oxidation of catechol and 
vanillic acid.    

     

Fig. 2. Increased leaf area by foliar application of HA or CAVA. The seedlings were grown in soil for 22 d with twice
foliar application of HA or CAVA (86 mg L-1). Water (H2O) as a negative control was sprayed at the same
time and method with HA or CAVA. (A) The picture of the leaves at 6th node was taken at 22 d after 
germination. Leaf area (B) in Fig. 2B was measured by ImageJ software. Data are means ± SE (n=9). 
Significant differences are shown as an asterisk (**P<0.01; ***P<0.001; n.s., no significant differences). 
Abbreviations: HA, commercial humic acids; CAVA, a co-polymeric product derived from fungal laccase 
oxidation of catechol and vanillic acid.

coal-derived HA increases the maize growth caused by the 
possible changes of soil properties. Sadiq et al. (2014) also 
mentioned that the application of coal-derived HA improves the 
soil quality and increases productivity of sunflower. 

2. HA and CAVA promote leaf expansion in alfalfa 

As shown in Fig. 1A, we observed that the leaf size was 
bigger in HA or CAVA treatment compared to H2O. It may 
cause the increase of biomass as shown in Fig. 1C. To prove 
these leaf phenotypes in detail, leaves at 6th node were 
detached and photographed as shown in Fig. 2A. Foliar 

application of HA or CAVA dramatically increased leaf size 
compared to that of H2O treatment. The leaf size was 
measured using ImageJ software and analyzed as shown in 
Fig. 2B. Similar to Fig. 2A, leaf area by HA or CAVA 
application was 1.7-2 fold increase compared to H2O 
treatment. Previous study showed that HA affects on net 
photosynthesis, root development, and nutrient contents in 
creeping bentgrass (Liu et al., 1998). Therefore, the previous 
studies support that the effects of HA increase the biomass of 
alfalfa. Again, CAVA displays a similar activity with HA for 
expanding the leaf size of alfalfa.
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Fig. 3. Increased root capacity by foliar application of HA or CAVA. The alfalfa seedlings were grown in soil for 22 d
with twice foliar application of HA or CAVA (86 mg L-1). Water (H2O) as a negative control was sprayed at
the same time and method with HA or CAVA. (A) The picture of the root was taken at 22 d after germination.
Fresh weight (F.W.) of roots (B) was measured at 22 d. Data are means ± SE (n=3). Significant differences
are shown as an asterisk (*P<0.05; **P<0.01). Abbreviations: HA, commercial humic acids; CAVA, a co-polymeric
product derived from fungal laccase oxidation of catechol and vanillic acid.

3. HA or CAVA increase root capacity in alfalfa

Nutrients absorption depends on root architecture and 
capacity in plant (Comerford et al., 1994). HA increases the 
root mass in several plants such as creeping bentgrass, maize, 
and tomato (Vaughan, 1974; Liu et al., 1998; Dobbss et al., 
2007; Zandonadi et al., 2007; Trevisan et al., 2010a; Trevisan 
et al., 2010b). To test this increase of root capacity in alfalfa, 
root phenotypes were monitored after foliar application of HA 
and humic mimic (i.e. CAVA) at 22 d (Fig. 3A). Interestingly, 
we found that HA dramatically enhanced root capacity together 
with increase of lateral roots, and CAVA looked more lateral 
roots than H2O treatment. Thus, we measured root mass and 
the data showed that the root fresh weight of HA treatment 
were significantly increased that approximately five-fold higher 
than H2O treatment, and two-fold higher than CAVA treatment 
(Fig. 3B). The root mass of CAVA was also 2.5-fold higher 
than H2O. These data suggest that root mass is dramatically 
increased by HA application, and CAVA partially reenact the 
activity of HA increasing root capacity. The increase of root 
development occurred by HA application has been identified in 
cellular and molecular levels (Trevisan et al., 2010a). Auxin is 

a major phytohormone triggering lateral root development and 
HA displayed as an auxin-like activity (Trevisan et al., 2010b). 
In cellular levels, HA induced mitotic sites of lateral root 
emergence like as indole-3-acetic acid (IAA) in maize 
(Canellas et al., 2002; Zandonadi et al., 2007). Trevisan et al. 
(2010b) found that HA induces the expression of early 
auxin-responsive gene, IAA19. These data suggest that HA 
may involve in root development that revealed at cellular and 
molecular levels in plants.  

Ⅳ. CONCLUSION 

HA possessing a typical structures and have many 
functional groups that enhances plant growth and productivity, 
also in abiotic stress tolerance in plants. Although HA markets 
have been increased in worldwide, the quality-control of HA 
should be followed due to the diversity of natural sources. 
Previously, we have manufactured a co-polymeric product of 
CA and VA (CAVA) by artificial synthesis, and found that its 
bioactivity enhanced seed germination and salt tolerance in 
Arabidopsis. Here, we also found that CAVA exhibits HA-like 
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bioactivity increasing alfalfa seedling growth including leaf 
expansion and root mass. These positive effects of HA or 
CAVA could enhance photosynthesis and nutrient uptakes, and 
consequently driving to increase biomass of alfalfa. 
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