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Abstract. Wood processing by-products such as bark of different wood species and hydrolysis lignin were applied as

soil mulch. The lignin-based soil conditioner (LSC) representing a lignin-based polyelectrolyte complex with the dif-

ferent composition (a lignin/polymer mass ratio) was obtained under laboratory conditions and was intended to pro-

tect sandy soil from erosion by simultaneous application of a soil conditioner as an adhesive, mulch and plant seeds

by hydroseeding. The study revealed the pronounced dependence of the properties of the treated wood-originated

mulch on the wood species as well as on the composition, the applied concentration and the application rate of LSC.

A comparison of the obtained results showed that the treated hydrolysis lignin was characterised by higher compres-

sive strength, higher water resistance and lower moisture losses from sandy soil for a given LSC composition and ap-

plication rate than the bark-based mulch. The conditioner concentrations don’t have negative impact on the germina-

tion of seeds plants of the coastal dune zone.

Keywords: bark, hydrolysis lignin, lignin-based soil conditioner, mulch, soil erosion, seed germination.

Introduction

The peculiarities of the climatic conditions of the coastal
zone of Latvia and Lithuania and non-coherent, struc-
tureless dune sand, on which the most popular species of
conifers such as Pinus sylvestris, Picea excelsa and Pinus
monticota grow, are the main reasons for riparian forest
soil erosion. Unfortunately, methods of erosion control
are labour intensive and sometimes are not very effective.
To protect land by reducing soil erosion, afforestation and
erection of hedges have been historically applied (Dy-
mond et al. 2008; Shao et al. 2011).

The known management practice for mitigating soil
erosion on non-agricultural land is based on the appli-
cation of various mulching materials (Kim et al. 2008;
Gimenez, Govers 2008; Foltz, Copeland 2009; Zhang

et al. 2013). The application of fibre mulch for protection
of erodable soil has been demonstrated for straw, wood
chips, sawdust and synthetic products, including erosion
control geonets, geotextiles, blankets and geomattings
(Curnoe et al. 2006; Pack 2007; Calatrava, Franko 2011;
Lee, Douglas 2012). Owing to the notable wood proces-
sing industry in the Baltic countries, a wide-scale wood
waste such as sawdust and bark as well as hydrolysis li-
gnin, a waste of the post-hydrolysis industry in Lithuania,
in the form of organic mulch are economically available
and promising erosion control products.

At the same time, the application of unanchored
mulch may lead to its washout and blowing off and des-
troying of the soil mulched layers. An attractive solution to
the erosion mitigation and control in the dune zone may
be the biological reinforcement of the sandy soil surface
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by hydroseeding, combining simultaneous application of
mulch, grass seeds, fertilisers and a soil polymer conditio-
ner. A polymer conditioner attaches the mulch and grass
seeds to the sandy surface, glues them by forming upper
stabilised layers, and thereby prevents the washout and
blowing off of mulch and reduces water runoff and soil
loss (Sojka et al. 2007; Li et al. 2011).

The use of a natural polymer such as lignin is of great
scientific and practical interest as a soil conditioner. Li-
gnin is the world’s second most abundant natural subs-
tance performing the function of polymeric glue in the
wood matrix. Furthermore, lignin is a precursor of humus
substances in soil. Commercial technical lignins are wide-
scale and low-cost by-products of pulp and paper mills,
and their application for the production of soil improving
agents is well known (Dong et al. 2008; Shulga et al. 2008a;
Aimi et al. 2009; Passauer et al. 2012). It has been found
that the interaction of the lignin-based soil conditioners
with the mineral surface of soil particles has a complica-
ted character and is realised via various types of binding,
including the Van der Waals forces of attraction as well
as electrostatic and electron-donor-acceptor interactions
(Kullmann 1982). The commercial lignin-based conditio-
ners include the following: Sandstop, Dustex, Lima, Lia,
Copolima, Copoliba, RoadBond, RP Ultra Plus™, Borre-
Plex CA, etc. In comparison to synthetic polymeric soil
conditioners, the lignin-based conditioners biodecay in
soil, increasing its fertility (Popa et al. 2010).

Various non-expensive lignin-based soil conditioners
(LSCs) have been synthesised under laboratory conditions
by the chemical modification of technical lignins, low-cost
wide-scale by-products of pulp and paper mills, using va-
rious environmentally friendly polymeric or oligomeric
modifiers, containing soil nutrient elements (Shulga et al.
2001). From the chemical point of view, the developed
LSCs represent lignin-based polycomplexes, in which the
macromolecules of lignin and the modifier are linked to-
gether with physicochemical bonds.

In the previous works (Shulga et al. 2007, 2008b), the
developed lignin-based conditioner was applied for gluing
mulch from wood sawdust and structuring sandy soil. It
was found (Shulga et al. 2008b) that, after applying the
water LSC solutions to the top of the soil mulched with
wood sawdust, the layer soil-mulch composites were for-
med upon drying. They consisted of a thick upper glued
layer (20-50 mm) of the sawdust and a thin lower glued
layer (1-3 mm) of the soil.

It is quite important to emphasize, that lignin based
conditioners and mulch are bind (fix) soil particles to-
gether and at the same time should be harmless for dune
sand and for plants growing under the trees, especially for
seeds germination. The sensitivity of Coastal zone “ob-
ligates” any technologies to be friendly for environment
and don’t have any negative impact to ecosystems. Only

comprehensive research of proposed technology could
contribute to successful results of its application.

The aim of this work was to study the comparison
effect of the developed LSC on the properties of sandy
soil-mulch composites obtained from wood-originated
by-products, namely, wood bark and hydrolysis lignin.

2. Objects and methods
2.1. Lignin-based soil conditioner

Commercial lignosulphonate (LS), a by-product of
softwood delignification, with an average molecular
weight of 28 KDa was used to obtain the new soil con-
ditioner. The LS elementary and functional analysis gave
the following formula: C,H_,, O, .. (OCH,), ., (SO,), ..
(OHph), ., (CO),,.. A lignin-based polyelectrolyte com-
plex having different composition Z (from 0.02 to 1.00),
which corresponded to the polymer/lignin mass ratio,
was obtained via the chemical modification of LS with
the acrylic polymer modifier according to the procedure
(Shulga et al. 2007). It differed from the conditioners de-
veloped earlier by the enhanced colloidal stability at diffe-
rent pH values in water solutions.

2.2. Soil

Soil was taken from the coastal dune zone of the Curonian
Spit of the Baltic Sea near Klaipeda (N-55, 67725, E-21,
10336, Lithuania). It was a very poor light sandy soil with
the humus content below 0.1 wt % and a pH of 6.6. The
sand was rich in phosphorus (185 mg/kg), but poor in
potassium (54 mg/kg), which is typical for a dune sandy
soil. The soil sample was obtained over a depth of 0-20 cm
and had the following mechanical composition: 3.1% of
particles ranging from 1.0 to 0.25 mm, 93.9% of particles
ranging from 0.25 to 0.05 mm, and 3.0% of particles less
than 0.01 mm in size.

2.3. Mulch

The bark of the following wood species was used: aspen,
birch, spruce and pine, which are readily available from
Latvia’s woodworking enterprises. Hydrolysis lignin was
obtained from the manufacture of fodder yeast, the remai-
ning wide-scale waste of the former Lithuanian hydrolysis
industry.

The chemical composition of the applied bark (cellu-
lose, lignin and extractives) is presented in Table 1. Before
the study, the hydrolysis lignin was washed with hot distil-
led water for removing organic and mineral acid residues.
The chemical composition of the hydrolysis lignin was the
following: pH 5.1; organic carbon 30.91 wt %; total nitro-
gen 0.34 wt %; P,O, 404 mg/kg; K O, 831 mg/kg; moisture
content 7.1 wt %. Besides lignin substances, this organic
waste also contained non-hydrolysed polysaccharides
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(25.8%) as well as small quantities of sugars (1.3%) and
cations of polyvalent metals (5.47%).

Table 1. Chemical composition of bark

Extractives, %,

ES ES
Wood & ) g N soluble in
e 2 0% » & g
species 3 - o) =B b=l Hot  Organic
3 < O = 39 .
= < o O ;5 water mixture®
Pine 69 24 24 181 674 17 19.7
Spruce 69 21 25 21.8 448 29 12.7
Birch 63 43 51 252 400 95 3.9

Aspen 59 4.2 36 221 266 9.6 8.0

Note: * ethyl alcohol : benzene ratio is close to 1:2.

After mechanical grinding, fractions with the size
ranging from 1 to 2 mm and less than 0.5 mm prevailed
in the mechanical composition of the used mulches. Two
layer thicknesses of mulch, namely, 2 and 5 cm were used
to study the effect of the treated mulch on the soil chemi-
cal composition.

2.4. Soil-mulch composites

Because the composites formed after treating the mulched
soil with a LSC solution were composed of an upper glued
mulch layer and a lower glued soil one, it was expedient
to investigate the effect of LSC on the properties of each
layer separately.

2.4.1. Glued soil layers

For obtaining a glued soil surface layer, the set of the fol-
lowing procedures was carried out: (a) placing the slightly
moistened sandy soil into aluminium containers 0.4 m
square and 0.1 m in height; (b) treating the surface of the
samples by spraying aqueous solutions of LSC with a de-
fined concentration of 50-200 g/I at an application rate of
1.0-2.5 I/m% (c) drying the treated soil samples at room
temperature.

The penetration resistance and thickness of the glued
upper sandy layers were measured using a manual labo-
ratory coner penetrometer (angle 30°) of original cons-
truction and a calliper square, described in detail earlier
(Shulga et al. 2001). The wetting-drying test to investigate
the water resistance of the formed glued layers was car-
ried out according to the procedure (Shulga et al. 2001).
Penetration resistance and thickness were measured at 8
locations on each coating, were averaged, and their stan-
dard deviation values were calculated.

To study the effect of climatic factors on the chan-
ge in the penetration resistance of the glued surface soil
layers, a climatic chamber Binder KBF LQC 240 (Bin-
der, Germany) was used. The parameters of the test were

chosen, taking into account the climatic conditions of the
Baltic coastal zone - the high humidity and moderately
high temperature of the soil upper layers at sunlight. The
air-dried glued sandy samples were put into the climatic
chamber having a temperature of 60 °C, a humidity of
75% and the UV - radiation of 1.7 Wm™ (in the range of
320-400 nm) and then exposed to the action of the clima-
tic parameters during 5, 15 and 30 days. The number of
replicates was three, and the presented results were avera-
ge arithmetic values.

2.4.2. Mulch-based composite materials
and their properties

To investigate the properties of the upper glued layer of
mulch, the composite materials were made in accordance
with the following set of procedures: (a) mixing the sligh-
tly moistened mulch with LSC water solutions with the
defined concentration; (b) compacting the obtained raw
mixtures in the form of cylinders (2x3 cm) at a pressure
of 0.1 MPa; (c) drying the cylinders at room temperature.
The content of the mulch in the obtained composites was
varied from 95 wt % to 75 wt % on the dry composite
weight.

The ability of the conditioner to glue mulch particles
was evaluated by the value of the destructive compressi-
ve strength of the obtained composite cylinders. For this
purpose, the cylinders were placed between the platens
of a universal testing machine (Instron, USA) and then
compressed at a constant rate. Compressive strength was
presented as an average value with a standard deviation
for seven samples of each applied composition of LSC.

Water resistance of the obtained composites was eva-
luated visually by the time of the initiation of the disin-
tegration of the cylinder fully immersed in cold distilled
water (287 K). The time of the beginning of the sample
decomposition in water was presented as an average value
with a standard deviation measured for seven samples of
each applied composition of LSC.

To study the effect of the mulch treated with a LSC
solution on the moisture evaporation from sandy soil, pro-
cedures for preparing the samples were as follows: (a) co-
vering the slightly moist sandy soil, placed in round plastic
baths 0.12 m in height and a surface square of 0.016 m?
with a 2 cm layer of the slightly moist mulch; (b) treating
the mulch surface with a water solution of LSC with a con-
centration of 50-200 g/1 at an application rate of 2-6 I m%
(c) drying the obtained soil samples to an air-dry state at
room temperature. Then equal amounts of water were ap-
plied to the surface of each sample so that the total content
of moisture in all samples would be equal and would make
up 12.5-12.8 wt %. The water evaporation from the soil
surface was evaluated from the weight loss of the bath
using the electron balance Kern 572 (Kern & Sohn GmbH,
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Germany) with the readout 0.01 g upon its standing in the
open air at the temperature 293+2K and an air humidity
of 60+2% every 12 hours. The soil sample was considered
air-dried, if the weight of the bath stopped varying with
increasing storage time in the given experimental condi-
tions. The average weight loss with a standard deviation
for seven samples with the same LSC application concen-
tration and rate was calculated.

2.5. Plants

After evaluating a variety of coastal zone plants and dune
flora, the following sorts of plants were chosen: Festuca
rubra L., Gypsophila paniculata L., Thymus serpyllum L.
These greeneries, according to their morphological and
ecological properties, are most suitable for prevention of
soil erosion in the dune zone of the Baltic Sea. The viabi-
lity and germination energy of plant seeds were estimated
at the Lithuanian State Seeds Laboratory in accordance
with international research methods (International Seed
Testing Association 1996). Viability and germination ener-
gy of the seeds were analysed on Petri plates in five repli-
cates, using distilled water and nutrient solutions wetting
the filter paper. Dishes with the seeds were incubated in a
biological incubator using: an incubation temperature of
20 °C for Gypsophila paniculata L., evaluation of seeds
viability after 4, 10 and 14 days; an incubation temperature
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Fig. 1. Penetration resistance of reinforced soil layers versus
the LSC composition; concentration of the applied solutions:
L] 50 g/ 100 g/l; M, 200 g/I; application rate 1.5 1/m?
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Fig. 2. Thickness of reinforced soil layers versus the LSC
composition; concentration of the applied solutions: [ 150 g/l
100 g/l M 200 g/l; application rate 1.5 I/m?

of 20-30 °C for Thymus serpyllum L. and Festuca rubra L.,
evaluation of seeds viability after 7 and 21 days. Germi-
nated, non-germinated and abnormal seeds were counted
every time. Statistical analysis was made using Statgraphics
plus software +x —mean square deviation. The significance
levels of the results are given for seed germination charac-
teristics (ANOVA): S, - standard deviation; LSD - least
significant difference.

3. Results and discussion

3.1. Effect of the lignin-based soil conditioner
on the properties of sandy soil layers

According to our findings, the penetration resistance and
thickness of the glued sandy layers formed depend on
the concentration of the applied water solutions and the
application rate, as well as on the LSC composition. The
penetration resistance and thickness of the glued upper
soil layers increase from 0.05 to 3.50 MPa and from 0.5
to 6.1 mm, respectively, with increasing application rate
of the LSC solutions from 1.0 to 2.5 I[/m?, the concentra-
tion from 10 to 200 g/l and Z from 0.02 to 0.2. Figures 1
and 2 demonstrate the dependences of the penetration
strength and thickness of the glued soil layers for the dif-
ferent concentrations of the applied solutions on the LSC
composition, at an application rate of 1.5 I/m* Reason-
ing from the obtained data and taking into account the
results of our previous work (Shulga et al. 2001), this ap-
plication rate has to be sufficient to impart the optimum
value of mechanical strength and thickness to the sandy
layer. With increasing the composition of the LSC from
0.05 to 1.00 and its concentration in a water solution from
50 g/l to 200 g/ at the same application rate, the penetra-
tion strength of the layers increases 1.8-2.5 times.

The observed gain in the mechanical properties may
be governed by increasing the LSC flocculation ability re-
lative to the soil particles as a result of the enhancement
in the molecular weight of the lignin/polymer complex,
which was testified by an increase in the maximum dy-
namic viscosity of the LSC solutions with an increase in
Z (Shulga et al. 2008b). At the same time, the thickness
of the glued sandy layers decreases with the growth in the
composition (Z = 0.1) and concentration (>100 g/) of the
LSC solutions (Fig. 2) that may be caused by their lower
infiltration into the soil due to the growth of dynamic vis-
cosity. The higher values of thickness for the glued soil lay-
ers are provided by the application of the solutions of the
LSC with Z = 0.02-0.05, having lower values of dynamic
viscosity.

It was found that the changes in the penetration re-
sistance of the glued soil layers during a test on wetting/
drying cycles depended non-linearly on the LSC composi-
tion. The sandy layers treated with the solutions of the LSC
with 0.1 £ Z < 0.2 and the concentration 50-200 g/l had
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the highest resistance to the action of the wetting/drying
cycles. Obviously, the ability of the glued soil layers to
resist the destructive action of the wetting/drying cycle
is defined by the cohesion strength of the LSC polymer
network formed, which is directly connected with the re-
duced viscosity of the lignin/polymer solutions. The obtai-
ned correlations are similar to those that have been earlier
found for the water resistance of the artificial sandy aggre-
gates (Shulga et al. 2008b).

It is known that the combined prolonged effect of cli-
matic factors such as temperature, humidity and solar ra-
diation could have a negative action on the gluing proper-
ties of a polymer conditioner due to irreversible chemical
transformations in its structure, which can be governed
by both the hydrolysis of its chemical bonds owing to the
presence of elevated humidity and destruction reactions
as a result of the integrated action of elevated temperature
and UV-radiation. The revealed changes in the properties
of the glued soil layers after their exposure in a climatic
chamber allows evaluating weather resistance of the de-
veloped soil conditioner itself. Table 2 shows the values of
the penetration resistance of the glued soil layers subjec-
ted to the simultaneous action of the elevated temperatu-
re, the humidity and the UV-radiation in different periods
of time. It can be seen that, with increasing the exposure
time, the penetration resistance of the glued soil layers
decreases. The values of the decrease in the penetration
resistance depend on the composition of LSC.

After 30 days of the exposure in the chamber, the
decrease in the penetration resistance for the lowest LSC
composition Z = 0.02 is equal to 26%, but, with increa-
sing Z to 0.1-0.2, the changes of the resistance decrease
and vary in the range of 12-17%. Taking into account the
moderate changes of the mechanical strength of the glued
soil layers, it may be concluded that the weather resistance
of the developed LSC is sufficient for retaining its binding
properties during the period of plant development and the
formation of turf on mulched soil.

3.2. Effect of the lignin-based soil conditioner
composition on the properties of mulch-based
composites

The binding properties of the soil conditioner relatively
to the mulch were investigated using several series of the
composite cylinders, in which bark and hydrolysis lignin
were used as a filler and LSC was applied as a binder. It
was found that, with growing content of LSC with Z =
0.02-0.2 from 5 to 25 wt % in the composites, their com-
pressive strength increased 2.5-4.5 times, while the densi-
ty of the bark- and hydrolysis lignin-based composites in-
creased from 521 to 598 kg/m® and from 557 to 612 kg/m?,
respectively. The effect of the LSC composition on the
compressive strength of the composites from the bark of
the different wood species and the hydrolysis lignin at the

Table 2. Penetration resistance of air-dried glued sandy soil
layers™ after exposure in the climatic chamber “Binder” during
different time

Compo- Penetration resistance, MPa/Time, days

sition, Z 0 5 15 30
0.02 1.30+£0.12  1.23+0.14 1.09+0.13  0.96+0.16
0.1 1.51+0.17 1.48+0.18 1.39+0.14 1.26+0.19
0.2 1.92+0.21 1.90£0.20 1.82+0.22 1.70+0.24

Note: ™ concentration of LSC solutions — 100 g/l; application — 1.51 m?.
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Fig. 3. Compressive strength of composites made from [_] pine
bark; [, spruce bark; M, birch bark; [, aspen bark; O
hydrolysis lignin; LCS content 25 wt % on the dry matter of
the composite

maximum content of the soil conditioner is demonstrat-
ed in Figure 3. Evidently, the presence of active reaction
centres in the hydrolysis lignin in the form of polyvalent
metal ions increases its specific surface, which, together
with the high-developed porous structure, reinforces the
adhesion interaction at the LSC/filler interface.

It can be seen (Fig. 3) that the compressive strength
of the obtained composites increases with growing the Z
values and reaches a maximum at Z = 0.2. The mulch-
based composites obtained with Z = 0.02-0.05 are cha-
racterised by weak mechanical properties. The increase
in the composition of LSC from 0.05 to 0.2 results in a
1.5-3.8-fold growth in compressive strength, depending
on the type of the wood filler. It should be noted that the
composites filled with the bark of deciduous wood spe-
cies have higher values of compressive strength than those
filled with the bark of coniferous species. The found de-
pendence of the gluing ability of LSC on the wood species
of bark may be governed by the peculiarities of the che-
mical composition of bark of deciduous and coniferous
wood species, which is confirmed by the data of extraction
with an alcohol-benzene mixture of the latter (Table 1). A
considerable amount of resin, extracted from the bark of
conifers in the organic mixture, can weaken the adhesive
interaction between the soil conditioner and the surfa-
ce of the bark particles. At the same time, the hydrolysis
lignin-based composites are characterised by the highest
compressive strength for a given Z (Fig. 3). Taking into
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account these results, it may be supposed that the defor-
mation of the obtained mulch-based composites subjected
to the shear forces of wind and water flow during their
field application will not be dramatic.

With increasing the content of LSC from 5 wt % to
25 wt % in the range of Z = 0.02-0.2, the time of the on-
set of the disintegration of the composite cylinders im-
mersed in cold water increases 5-15 times, depending on
the kind of the wood filler. Figure 4 shows the values of
time for the composites filled with the bark of the diffe-
rent wood species and the hydrolysis lignin, depending
on the composition of LSC at its content 25 wt %. Accor-
ding to the obtained results, the composites filled with
the bark of deciduous wood species are characterised by
a higher resistance to destruction under the action of wa-
ter than the composites based on the bark of coniferous
wood species. It can be seen that, in the range of Z =
0.02-0.05, the water resistance of the obtained compo-
sites is low and practically does not depend on the LSC
composition. With increasing Z from 0.05 to 0.20, the
time of the onset of disintegration for the composites

354
30
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F r{IF

0.02 0.05

Time, min

w

0.1 0.2
Composition, polymer / lignin ratio

Fig. 4. Time of the onset of disintegration in cold water for
composites made from ] , pine bark; ', spruce bark; [ |
birch bark; , aspen bark; [ | hydrolysis lignin; LCS content
25 wt % on the dry matter of the composite
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Fig. 5. Effect of moisture evaporation for sandy soil mulched
with composite materials formed from ] , pine bark; *,
spruce bark; M birch bark; aspen bark (4), [ § hydrolysis
lignin (5) on the composition of LSC; concentration of the
solutions 100 g/I, the application rate 4.0 [/m>

made from the bark of coniferous wood species grows
twice, while, for the composites filled with the bark of
deciduous wood and the hydrolysis lignin, the time in-
creases only 1.3-1.5 times.

At the same time, the more pronounced water resi-
stance of the hydrolysis lignin-based composite (Fig. 4)
may be connected with the more developed system of the
interfacial physico-chemical bonds between LSC and the
filler, which has a favourable effect on the hydrophobicity
of the composite materials.

3.3. Effect of mulch-based composites
on the evaporation of soil moisture

The results of the performed tests have shown that the
uncovered soil sample dry out in 22 days, while the sam-
ples covered with the bark and the hydrolysis lignin not
glued with the soil conditioner dry out in 33 and 34 days,
respectively. The ability to retain more soil moisture for
hydrolysis lignin in comparison with the case of bark as
mulch may be governed by its developed specific surface.
The soil samples treated with the LSC solution dry out in
39-52 days, depending on the composition of the soil con-
ditioner, the concentration of its solution, the application
rate as well as the type of mulch. These data exceed by
77-163% and 18-57% the drying time of the uncovered
soil and the untreated mulch samples, respectively. With
higher Z values, at the same LSC concentration and ap-
plication rate, the mulching effect tends to grow (Fig. 5).
Higher LSC composition results in longer drying periods.
This tendency manifests itself most dramatically in Z va-
lues in the range of 0.05-0.2. The lowest rate of the moistu-
re evaporation is achieved with the deciduous wood bark
and the hydrolysis lignin treated with the LSC solutions
having Z = 0.1-0.2 and a concentration of 100-150 g/L.

It has been found that the effect of the studied con-
centration of the applied solutions and the application
rate in the range 2-6 I/m” on the moisture losses from the
mulched soil samples has a more complicated character. At
the solution concentration >100 g/land the consumption
2 l/m?, the soil conditioner, passing through the mulch, is
mainly adsorbed on its particles, gluing them together in
the air-dry sate. In this case, the adherence of the mulch
to the soil as well as the mechanical strength of the upper
soil layers is relatively low due to the shortage of the LSC
solution. An increase in the application rate of the con-
ditioner solutions up to 4 I[/m? in the same concentration
range enhances the adhesion interaction at the mulch/soil
interface and forms a glued soil layer under the mulch. In
this case, the degree of binding the mulch practically does
not change. At the application rate of the solution 6 //m?
the excess of the LSC solution, concentrating mainly at the
mulch/soil interface, enhances significantly the penetra-
tion resistance of the glued soil layers. However, owing to
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the features of the LSC polymer structure and the po-
rous surface of the formed glued sandy soil layers, no
considerable decrease in the moisture evaporation from
the mulched soil has been achieved. On the other hand,
the decrease in the concentration of the solutions of LSC
<100 g/I within the application rates under this study
results in the worsening of gluing both the mulch and
the soil particles, which leads to a faster evaporation of
moisture from the mulched soil. A comparative analysis
of the obtained results suggests that the application of
100-150 g/Isolutions of LSC with Z = 0.1-0.2 at the rate
of 4 [/m* may be the optimum one for treating a 2 cm
mulched layer with the aim to diminish the evaporation
of moisture from sandy soil.

3.4. Effect of the lignin-based soil conditioner
composition on seeds’ viability and germination

To assess the effect of the developed soil conditioner on
the seeds’ viability and germination energy, the water so-
lutions of LSC, having Z = 0.02, 0.1 and 0.2, were used.
The conducted study has shown that the composition and
concentration of LSC in the solution are crucial factors,
which influence variously the Gypsophila paniculata, Thy-
mus serpyllum and Festuca rubra seeds’ germination and
viability. According to Figure 6 (a, b, ), the 10-100 g// and
10-50 g/l LSC solutions, irrespective of the Z values, have
a favourable action on the viability and germination ener-
gy of all the plant seeds.

At these LSC solution concentrations, the germinati-
ve energy for Gypsophila paniculata L. seeds after 4 days
and for Thymus serpyllum and Festuca rubra seeds after
7 days is increased compared to the case of the control.

After 14 and 21 days, the quantity of normally deve-
loped seeds for Gypsophila paniculata as well as Thymus
serpyllum and Festuca rubra, respectively, on the average,
is equal to the control.

For the higher concentrations (>100 g/I) of LSC with
Z > 0.2, the seed germinative energy and viability drop.
According to Figure 6 (b, c), the effect on the seeds’ ger-
mination for Thymus serpyllum and Festuca rubra is dra-
matic. The LSC solutions with Z = 0.02 and Z = 0.1 are
more favourable for the seed germination of these kinds of
plants. It should be noted that the high concentrations of
LSC are not harmful to all the plants, since most parts of
the non-germinated seeds remain undamaged and survive
in the Petri dishes. Using an optical microscope, we have
found that the high LSC concentrations, characterised by
high values of dynamic viscosity, form thick polymeric
films at the seeds’ surfaces, which can hinder the access of
water to plant seeds. It is known that, during the germi-
nation period, seeds should get 35-60% of the total water
quantity needed, and water shortage dramatically reduces
the seed germination.
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Fig. 6. Seed germination of Gipsophila paniculata L. (a) on 14th
day after the onset of the experiment (LSD, 6.10, S, = 4.04);

> VX%
Thymus serpyllum L. (LSD = 6.51, S, = 2.29) (b) and Festuca
rubra L. (LSD, = 4.98, S

o, = 5.01) () on 21st day after the
onset of the experiment versus the concentration of the applied
solutions of LSC with different composition: [ 0.02; 7, 0.10;
M. 020

Conclusions

1. Due to a pronounced gluing ability, the developed
lignin-based conditioner is capable of reinforcing the sur-
face layers of sandy soil with a thickness of 0.5-6.1 mm
and a penetration resistance of 0.5-3.5 MPa with increas-
ing an application rate of its water solution from 1.0 to
2.5 [/m™ and a solution concentration from 10 to 200 g/I.

2. The two layered soil-mulch composite coverings,
formed after applying the water conditioner solution to
the top of the sandy soil mulched with the wood process-
ing by-products, more efficiently suppressed the moisture
evaporation from the soil in comparison with the un-
treated mulch covering. Evidently, the developed system
of the interfacial physico-chemical bonds between the
conditioner and the mulch has a favourable effect on the
hydrophobicity of the formed soil-mulch composite. The
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gluing efficiency of the soil conditioner towards the mulch
depends on its composition, the applied solution concen-
tration and the application rate.

3. Owing to the presence of a considerable amount
of resin substances in the bark of conifers that can wea-
ken the adhesive interaction between the conditioner and
the mulch particles, the composite covering from the co-
nifer wood bark has worse mulching properties than the
mulch covering from the bark of deciduous wood.

4. The treated hydrolysis lignin-based mulch was
characterised by higher compressive strength, higher wa-
ter resistance and lower moisture losses from sandy soil
for a given conditioner composition and application rate
than the treated bark-based mulch due to the enhanced
specific surface of the hydrolysis lignin as well as its high-
developed porous structure, promoting the adhesion in-
teraction between the conditioner and the mulch.

5. The 10-100 g/l LSC solutions, irrespective of the
conditioner composition, have a favourable action on the
viability and germination energy of the plant seeds from
typical plants of the coastal dune zone. More concentra-
ted solutions of LSC form the thick polymeric films at the
seeds’ surfaces, which can hinder the access of water to
plant seeds.
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