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Abstract: Humic acid is commercial product that contains many elements which improve the soil fertility and
increase the biological availability of nutrients for plants. It consequently affects plant growth, yield and
ameliorates the deleterious effects of salt stress. The impact of hydroponically applied humic acids on the
growth and nutrient uptake of barley (Hordeum vulgare, Poaceae) plants grown at different salt concentrations
was investigated. Sodium salts (chloride and sulphate) were added to distilled water to obtain 100 mM saline
solutions. Humic acids were applied in different doses (0.01 and 0.1%) to the growing media with sodium salt
or alone. Salinity negatively affected the plant growth and uptake of nutrient elements except Na and K. The
interaction between applied salt and humic acids showed the increase of nutrient uptake. Humic acids represent
the opportunity for the development of the agricultural productivity negatively affected by saline conditions.
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Introduction

Salinity is the one of the major stressors limiting the
agricultural production worldwide [1]. Salinity is
caused by increased activity of soluble salts in the
soil solution with electrical conductivity exceeding
4 dS.m™ [2]. Salinity is responsible for the plant cell
dehydration, imbalance of water potential between
cells and surrounding soil solution and turgor
reduction. The intracellular osmotic potential can be
reduced by the ability of plants to accumulate Na
and Cl ions. High concentration of salt ions in cell
leads to the inhibition of the mineral nutrient uptake
[3], inactivation and degradation of cytoplasmatic
enzymes and induction of low molecular highly
hydrophilic organic substances. Ion concentration
in cells can also affect a variety of enzymes
involved in cell signaling, ion transport, energy
metabolism  (photosynthesis, ATP synthesis,
respiration), carbohydrate and lipid metabolism,
hormones (e. g. jasmonic acid, gibberelin, abscisic
acid) and secondary metabolites synthesis [4, 5, 6,
7].

The opportunity for the improvement of
agricultural production which can help to enhance
the crop productivity and ensure the soil protection
is the application of humic substances. This under-
researched area of organic substances is a mixture
of humin, humic acids, fulvic and hematomelanic
acids. Humates are created by three different ways

— from leonardite, peat or lake sapronel and
lignosulphonate  (so-called lignohumate) [8].
Lignohumates have a positive effect on
photosynthesis, respiration intensity, root system
formation, aboveground biomass development and
seed germination [9, 10]. Further abilities of humic
substances are the reduction of stress conditions
induced by different abiotic stressors (e. g.
unfavorable temperature, pH and salinity), the
enhancement of nutrient uptake and the reduction of
toxic metal intake from soil solution [9, 11, 12, 13].

The aim of the present study is to investigate the
impact of humic acids to decrease the negative
effects of sodium chloride on the growth and
nutrient uptake of barley plants (Hordeum vulgare
L., Poaceae) under salinity stress in controlled
laboratory conditions.

Materials and Methods

Plant Material and Experimental Design

Barley seeds were germinated four days in water on
Petri dishes with filter paper. Then, uniform plants
were repotted to the small boxes (25 plants per box)
with boiling beads and filter paper using different
cultivation solutions under controlled laboratory
conditions: 12 h day (8.00 am. to 8.00 pm.), photon
flux density was 210 umolm™ s at leaf level,
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25/20°C day/night temperature and a relative
humidity of ~60% [14].

For the experiments were used three different
cultivars of spring barley — Bojos (B), Xanadu (X)
and Radegast (R). Four-days old plants were
exposed to five different treatments: (i) 100 mM
NaCl, (ii) 0.01% humic acid (Sigma Aldrich, USA),
(ii1) 0.1% humic acid, (iv) 100 mM NaCl+0.01%
humic acid and (v) 100 mM NaCl+0.1% humic acid.
Simultaneously, three other experiments were
performed: (i) with corrected pH to 4.0 or 7.0 under
the same conditions as describes below, (ii) with
using two different salts (100 mM NaCl and 100
mM Na,S0O4) and pH (4.0 and 7.0) and (iii) cultivar
Radegast exposed to 100 mM NaCl and humic acid
(0.01 and 0.1%) originating from commercially
available Lignohumate (Amagro, Czech Republic)
and from Sigma Aldrich in technical quality.
Results were compared to blank treatment where
distilled water was used.

Plants were harvested after one week of
exposure to these treatments. The fresh material was
at first measured for root and shoots length, then
dried on filter paper (in the case of roots) and
considered. For the estimation of plant water
content were samples dried at 75°C to constant
weight (100-(dry mass x 100/fresh mass)). The
quality of germination was monitored using
germination energy (na4tnsgtng), germination
index ((10(n24+tn4gtny))/(n24+2ns8+3n7,)), mean
germination time ((nzs+2n4s+3n72)/ nogtnastnys))
and germination rate ((Snz4+3n4s+n72)/20).

Quantification of Mineral Nutrients

Dry material was mineralized by mixture of
concentrated ultra-pure HNO; and water in
microwave extractor (Ethos Sel Microwave
Extraction Labstation, Milestone Inc.) at 200 °C
over 1 h. The clear mineralization outcome was
quantitatively placed to plastic flasks and diluted to
a final volume of 10 ml. Measurements were
performed using an atomic absorption spectrometer
AA30 (Varian Ltd., Mulgrave, Australia) and the
air-acetylene flame. The mixture of HNO; and
water used as a blank was also checked to ensure
correctness of mineral quantifications [15, 16].

Statistical analyses

For the evaluation of significance of differences in
parameters was used ANOVA followed by a
Tukey’s test (MINITAB Release 11, Minitab Inc.,
State College, Pennsylvania). Number of

replications (Nn) in tables/figures denotes individual
plants (root and shoot) measured for each
parameter. Two independent repetitions were
performed to ensure the reproducibility.

Results and Discussion

Humic acids are technically not a fertilizer, but they
can be used as a suitable complement to organic and
synthetic fertilizers. The application of humic
substances along with fertilizer can reduce its
required doses. Plant growth is dependent on the
essential and non-essential nutrient uptake. Humic
acids are able to chelate micronutrients and thus
ensure their biological availability. Negative
consequences of NaCl were described above.
According to Khaled and Fawy [17], after the
application of doses higher than 60 mM to reduction
of calcium and potassium contents in corn occurs.
The same reduction of mineral elements uptake was
observed by Asik et al. [12] in wheat. Our analyzed
data have shown that applied 100 mM NaCl
increases the content of sodium ions (in pH 7.0)
(Fig. 1). The accumulation of Na and Cl ions was
also observed by Cimrin et al. [18]. The impact of
lower pH in salt solution was observed. Acidity
induced the enhancement of K* content. The same
action was induced in neutral pH, when sodium ions
were applied as sulphates. (Fig. 1).

Salinity decreased the maximal height of barley
leaves (leaves and stems), which was by application
of 100 mM NaCl reduced to 40%.

Dudeck et al. [19] found that plant aboveground
biomass is more affected by NaCl effect than the
root system, whose growth is not almost reduced.
The impact of sodium chloride in neutral pH had not
so visible effect on the leaf growth (Tab. 1). Salinity
stress leads to the reduction of leaf water content
(leaves with stems) which was also observed by
Reina-Sanchez et al. [20]. Differences between
NaCl- and Na2SO4-exposed plants were observed
not only in the case of leaf height and total water
content, but also in grain germination quality, which
was monitored by germination energy, germination
index, mean germination time and germination rate
during three days. Acidic and neutral pH reduced
the germination energy and other parameters, which
were caltulated from the same input data, compared
to control.

The most significant differences were observed
in cultivar Radegast whose germination energy was
higher than 90 % in control plants (Table 2).
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Table 1 The impact of Na* salts on the aboveground biomass production and tissue water content of different

cultivars of Hordeum vulgare.

Control 100 mM NaCl 100 mM NazSO4

pH 4.0 pH 7.0 pH 4.0 pH 7.0 pH 4.0 pH 7.0

BOJOS height (cm, N=3) 132+ 152+ 6.23 +£0.15% 897+ 13.4+£0.25° 11.7+
0.36* 0.60* 0.40¢° 0.26"

water content (%, 88.1+ 84.9 + 813+ 81.6 + 75.9 £5.59° 86.1 £

n=3) 3.49* 6.65° 6.85% 4.65° 5.222

XANADU height (cm, n=3) 14.8 £ 162 + 1.60 £ 0.53¢ 9.87+ 6.5+£1.01° 13.3+
0.74* 1.212 0.31¢ 0.46°

water content (%, 779 + 873+ 63.7+557° 793 + 69.3 + 87.2+

n=3) 2.592 6.17% 3.01* 9.10% 9.352

RADEGAST height (cm, N=3) 14.2 + 16.1 + 3.37£0.29¢ 114+ 10.7 £ 0.76° 14.1 £
0.252 0.352 0.75¢ 0.72°

water content (%, 93.1+ 96.7 + 58.9 +3.95b 79.9 + 88.2 £2.70° 823+

n=3) 2.60* 1.84* 1.50° 1.98"

Data are means+SDs. Values within rows, followed by the same letter(s), are not significantly different according to Tukey’s test (P < 0.05).

Table 2 Changes in germination quality of three barley cultivars exposed to different salt conditions.

BOJOS XANADU RADEGAST
pH 4 pH7 pH 4 pH7 pH 4 pH7
H;O | NaCl | Na;SO4 | H20 | NaCl | Na;SO4 | H2O | NaCl | Na;SO4 | H2O | NaCl | Na;SO4 | H20 | NaCl | Na;SO4 | H2O | NaCl | Na;SOq4
((‘;'/];:) 90.6 [ 60.3 35.7 90.2 | 659 353 859 | 45.7 50.2 859 | 50.1 40.3 90.1 | 40.7 20.8 95.1 | 45.7 553
GI 5.81 4.14 4.38 6.20 | 4.33 5.38 6.29 | 4.09 4.54 6.07 | 3.84 3.80 6.42 | 4.21 5.10 5.58 | 3.91 3.67
(1‘(/11)GT 1.72 | 2.42 2.28 1.61 | 2.30 1.85 1.58 | 2.44 2.2 1.64 | 2.6 2.62 1.55 | 2.37 2.35 1.78 | 2.55 2.72
((‘;‘/?) 2.56 1.04 0.68 272 | 1.24 0.92 2.6 | 0.76 1.04 2.52 | 0.72 0.56 2.8 | 0.72 0.48 2.6 | 0.68 0.68

Sodium salts were applied as 100 mM NaCl and 100 mM Na,SO; into the distilled water and subsequently pH was corrected to 4.0 or 7.0. The
germination was observed 72 h (n=3). Legend: GE - germination energy, GI - germination index, MGT - mean germination time and GR -

germination rate

Fig. 1 The accumulation of selected mineral
nutrients in Hordeum vulgare leaves exposed to
different Na" salts for one week (n=3). Data are
means+SDs. Values for each parameter, followed
by the same letter(s), are not significantly different
according to Tukey’s test (P < 0.05).
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The most significant differences were observed in
cultivar Radegast whose germination energy was
higher than 90 % in control plants (Table 2). The
application of salts reduced the observed
germination parameters, regardless of the used pH.
The cultivar Radegast was chosen as the most
suitable object to prove the positive effect of humic
acids in agricultural production negativelly affected
by salinity to improve the germination, nutrient
uptake ability and plant growth.

It was found that application of humic acids
enhance the uptake of plant nutrients in 100 mM
NaCl treatments. According Khan et al. [21] and
Kurban et al. [22], small amounts of NaCl may
cause a stimulative effect on the growth and nutrient
uptake, but the increasing concentration have a toxic
effects. In our study used concentration of NaCl
caused the growth deceleration (Fig. 3). Many
researchers studied the ability of NaCl to reduce the
uptake of K" in plants due to the competetive
process by Na* [23]. After the application of humic
acids into the NaCl solution, the potassium content
increased (Fig. 2). The content of Ca ions slightly
decreased (Table 2) due to its antagonistic effect on
the uptake of Na' [24]. In cultivars Bojos and
Radegast are humic acids able to stimulate ion
uptake. The ability of humic acids to enhance the
nutrient uptake may be caused by fact that humic
acids can interact with the phospholipid structures
of the membranes and react as carriers of nutrients
through them [17]. As well as Lee and Bartlett [25],
with increasing concentration of humic acids the
nutrient uptake does not increase (Fig. 2). We
studied the impact of two types of humic acids.
Humic acids in technical quality purchased from
Sigma Aldrich induced the leaf growth in all
treatments, but did not achieve the results set out in
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control plants. The same was found in the
determination of water content (Table 3). The
nutrient accumulation can be dependent on used
humic substances. Although, the content of Na ions

was not affected by the origin of humic acids, K
content increased after the addition of Lignohumate

(Fig. 4).

Fig. 2 The accumulation of selected mineral nutrients in Hordeum vulgare leaves exposed to different
treatments for one week (n=3). Three cultivars were studied — Bojos (Fig. 2A), Xanadu (Fig. 2B) and Radegast

(Fig. 2C). Other details as in Fig. 1.
A

(mg g’ DW)
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Table 3 The impact of using humic acid on the aboveground biomass production and the tissue water content

in spring barley cv. Radegast.

HA-L HA-T
Control height (cm, Nn=3) 16.4 £ 0.34* 18.2+1.23*
water content (%, N=3) 93.7+£227% 94.1 +4.87*
100 mM NaCl+0.01% HA height (cm, N=3) 14.1+0.19° 15.8+0.78°
water content (%, N=3) 89.2 + 1.79° 93.2 +£3.59*
100 mM NaCl+0.1% HA height (cm, N=3) 143 +031° 16.2 +1.04°
water content (%, N=3) 87.7+3.01° 90.5 +3.38°

For the experiment were used two types of humic acids: (i) commercially available Lignohumate which contains >60 % humic acids from 10 % dry
weight, (ii) commercially available humic acid in technical quality. Legend: HA-L — humic acid from Lignohumate, HA-T — humic acid in technical
quality. Data are means+SDs. Values within rows, followed by the same letter(s), are not significantly different according to Tukey’s test (P < 0.05).

Fig. 3 The comparison of one-week old barley plants exposed to 100 mM NaCl alone (Fig. 3B) or in
combination with 0.01% (Fig. 3C) and 0.1% humic acid (Fig. 3D) against the control (in distilled water) plants
(Fig. 3A).

Conclusion

Humic substances can ameliorate negative soil
properties; improve the plant growth and uptake of
nutrients. It may be used in case of the negative

effect of salt that would inhibit the plant growth and
the uptake of nutrients. We found out that the
applied doses and maybe also origin are important
for taking benefits from humic acids under salt
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conditions. The application of humic acids offers a
solution for the improvement of the agricultural
production of salt sensitive plants and gives us the
opportunity for further research.

Fig. 4 The accumulation of selected mineral
nutrients in barley (cv. Radegast) leaves exposed to
different treatments for one week (n=3). Two types
of humic acids were used: (i) commercially
available Lignohumate which contains >60 %
humic acids from 10 % dry weight, (ii)
commercially available humic acid in technical
quality. Legend: HA-L — humic acid from
Lignohumate, HA-T — humic acid in technical
quality. Other details as in Fig. 1.
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