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Improvement of water-air properties of eroded soils in a loess
landscape after the application of agrohydrogel”
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Abstract: Improvement of water-air properties of
eroded soils in a loess landscape after the appli-
cation of agrohydrogel. The research was carried
out in a field experiment in eroded Haplic Luvi-
sols developed from loess at a privately owned
farm in Bogucin (51°20°N, 22°23’E) at the Lublin
Upland. After spring wheat had been sawn, 9 plots
with an area of 9 m? each, including 3 control plots,
were marked out. AgroHydroGel was spread over
in the doses of 1 g-kg! and 2 g-kg™! (recalculated
to dry soil) and mixed within the 0—5 cm layer of
soil. AgroHydroGel is a cross-linked hydrophilic
polyacrylamide copolymer with water absorption
of 300-500 g-cm. Soil samples were collected
in June and August 2005 at the layer of 0-5 cm.
The results of this study indicate that the use of
AgroHydroGel in the doses of 1 and 2 g-kg
improved the majority of the water-air properties in
the soil surface layer. The bulk density decreased
significantly whereas the maximum water capacity,
saturated hydraulic conductivity, total porosity, con-
tent of macropores > 20 pm, actual air permeability
and permeability at field water saturation were
significantly higher. The polymer dose of 2 g-kg!
was more effective, increasing significantly also
field water capacity in the soils studied. The
applied doses of the hydrogel did not change
significantly actual soil moisture, retention of
water useful to plants, including retention of easily
available water, and content of water-stable
aggregates < 0.2 um in diameter. A more beneficial
effect of AgroHydroGel on water-air properties of
the eroded soils was found in August.

* The study funded from research resources in 2007—
—2008 as the research project N N310 3770 33.
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INTRODUCTION

In a loess landscape, accelerated soil
erosion by water results in shortening
of soil pedons and deterioration of soil
properties. In comparison to non-eroded
soils, eroded soils, whose Ap horizons
developed from an illuvial horizon,
contain more clods > 10 mm in their
aggregate size distribution, have lower
water stability of aggregates, higher
density, lower retention of water useful to
plants, air capacity and air permeability
(Ebeid et al. 1995; Lowery et al. 1995;
Lal 1998; Shukla and Lal 2005). An
unstable aggregate structure contributes
to surface crust forming and further water
erosion during heavy run-off periods.
Besides, cultivated plant crops from
eroded soils are poorer. As potentially
rich in nutrients for plants, those soils
require restoration of a stable aggregate
structure and improvement of water
and air properties. Traditional methods
for improving soil physical properties
include fertilization with high doses of
organic fertilizers, the application of
N-P-K fertilizers, liming, and crop rota-
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tion with greater use of papilionaceous
plants and grasses (Hussain et al. 1998;
Dabney et al. 2001; Arriaga and Lowery
2003). The traditional methods may
be supplemented by adding synthetic
gel-forming polymers to soil, resistant
to microbiological decay, non-toxic and
environmentally safe. (Al-Darby 1996;
Akhter et al. 2004; Geesing and Schmid-
halter 2004; Sivapalan 20006).

The purpose of the study was to evalu-
ate potential improvement of water and
air properties of the surface layer of
Haplic Luvisols developed from loess
with varying classes of erosion, resulted
from the application of small doses of
the polymer AgroHydroGel.

MATERIAL AND METHODS

The research was carried out at a priva-
tely owned farm in Bogucin (51°20°N,
22°23°E) at the Lubelska Upland, in
a field experiment established in 2005.
The experiment was located on a slope
with inclination ranging from 11 to
15%, transversal to the direction of the
tillage. The following Haplic Luvisols
developed from loess were selected
for the study: the slightly eroded soil
with the sequence of genetic horizons
Ap-Btl-Bt2-BC-Ck, moderately eroded
soil with the sequence of genetic horizons
Ap-Bt2-BC-Ck, and strongly eroded soil
with the sequence of genetic horizons
Ap-BC-Ck.

In 2005, sugar beet (Beta saccha-
rifera) was replaced by spring wheat
(Triticum aestivum L.) (variety Nawra).
Cultivation management included winter
ploughing, cultivatoring and harrowing
in spring. The mineral fertilization
per hectare was as follows: 40 kg of N

(once, full dose before sowing), 23 kg of
P, and 75 kg of K. In the beginning of
April 2005, after spring wheat had been
sown and post-sowing harrowing had
been carried out, 3 plots with an area of
9 m? each, including 1 control plot, were
marked out on every soil. As a supple-
mentary agrotechnical treatment, Agro-
HydroGel was introduced into the soil. It
was spread over in the doses of 1 g-kg!
and2 g-kg ' (550kg-ha'and 1100kg-ha™!,
respectively recalculated to dry soil)
and afterwards mixed within the 0-5 cm
layer of soil. AgroHydroGel (made by
Agroidea) is a cross-linked hydrophilic
polyacrylamide copolymer whose dried
macronets take the form of crystalline
white grains with diameter of 0.1-4 mm
and with the water-absorption ability of
300-500 g-cm. The soil samples with
undisturbed structure were collected in
four replications to metal cylinders with
the volume of 100 cm?® at the layer of
0-5 cm on 14 June and 8 August 2005.
Specific gravity of the soils was deter-
mined using the pycnometric method.
Bulk density was calculated from the
ratio of a mass of the soil dried at 105°C
to its volume. Actual soil moisture during
sampling was measured by the gravimet-
ric method. Water capacity measured in
the range of soil water potential from
0.1 kPa to —1554 kPa was determined in
pressure chambers, on porous ceramic
plates (made by Soil Moisture Equipment
Corporation). Retention of water useful
to plants (within the range of the poten-
tial from —15.5 to —1554 kPa), including
retention of easily available water (from
—15.5 to —155.4 kPa) and poorly availa-
ble water (from —155.4 to —1554 kPa)
was calculated as a difference of water
capacity values corresponding to the



potential. Saturated hydraulic conductivi-
ty was determined with the use of Wit
apparatus (made by Eijkelkamp) calcu-
lating filtration coefficient. Total poros-
ity was calculated on the basis of values
of specific gravity and bulk density.
Contents of soil pores with diameters of
> 20 um, 0.2-20 um and < 0.2 were
calculated on the basis of water capacity
values expressed in m*-m . Air permeabi-
lity was measured using LPiR appara-
tus (made by Polish Foundry Research
Institute in Cracow) for measurement of
air permeability in the sandmix. Texture
was determined according to Bouyoucos
method with Casagrande and Proszynski
modifications, separating the sand fraction
in the range of 0.1-1.0 mm on a 0.1 mm
sieve. C_ content was determined accor-
ding to Tiurin’s method modified by
Simakov, and soil reaction in 1 mol KCl
dm™ potentiometrically using a combi-
nation electrode.

The data were subjected to analysis
of variance (ANOVA) for two-way clas-
sification in the completely randomised
design. The significance of the differences
obtained was verified by Tukey’s test.

RESULTS AND DISCUSSION

The Ap horizons of the Haplic Luvisols
studied comprised of: 0.4-0.6% of the
1.0-0.1 mm fraction, 57.4-59.6% of the
0.10-0.02 mm fraction, and 40-42%
of the < 0.02 mm fraction, including
15-17% of the < 0.002 mm clay. The
total organic carbon content varied from
10.32 g-kg ! in the slightly eroded soil to
7.27 g-'kg! in the strongly eroded soil,
and the soil weak-acid reaction ranged
from 5.8 to 6.1 pH. The specific gravity
of the soils was within the range of
2.64-2.65 Mg-m™,
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In the plots where AgroHydroGel was
added, the bulk density in the 0-5 cm
layer was significantly lower by 0.08—
—0.11 Mg-m™ than in the control (Tab. 1).
Actual soil moisture during sampling
depended chiefly on the collecting date
and its values were significantly higher
(by 0.036 kg-kg' on average) in June
than in August. Moisture differences
caused by hydrogel inputs were insigni-
ficant, though.

The application of AgroHydroGel
significantly elevated the maximum
water capacity of the soils (at the soil
water potential of —0.1 kPa) by 0.050—
—0.068 kg-kg'. It was significantly higher
(by 0.032 kg'kg!) in August than in
June. In comparison with the control
plots, a significant rise in the field water
capacity (at the potential of —15.5 kPa)
by 0.012 kg-kg' was observed only in
the plots with the doses of 2 g-kg™' (Tab.
1). No significant differences were found
in the water capacity at the potential of
155.4 kPa resulted from the addition
of AgroHydroGel. The soil moisture at
permanent wilting of plants (—1554 kPa)
increased significantly by 0.007 kg-kg!
at the hydrogel dose of 2 g-kg!.

The retention of water useful to plants
(in the range of the water potential from
—15.5 to —1554 kPa) showed no signifi-
cant change after the application of Agro-
HydroGel. However, it was significantly
higher (by 0.014 kg-kg ') in August than
in June (Tab. 2). There were no differen-
ces in the retention of easily available
water (from —15.5 to —155.4 kPa) among
the plots, whereas the retention of poorly
available water (from —155.4 kPa to
—1554 kPa) decreased by 0.005-0.006
kg-kg! under the influence of the gel-
-forming polymer. The saturated hydraulic
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TABLE 1. Bulk density and water capacity in Ap horizons (mean values in 3 soils)

Time Dose of Bul}( Agmal Water content (kg-kg™') at
of sampling (T) AgroHydroGel dens1t§/ m01stufe —0.1 ~15.5 | =1554 | —-1554
(gkgh (D) | Mgm?) | (kgkg') | kPa kPa kPa kPa
14 June 2005 0 1.31 0.184 0.389 0.262 0.122 0.069
1 1.31 0.176 0.388 0.265 0.118 0.071
2 1.20 0.174 0.457 0.271 0.121 0.077
mean 1.27 0.178 0.411 0.266 0.120 0.072
8 August 2005 0 1.31 0.134 0.387 0.273 0.123 0.069
1 1.16 0.145 0.487 0.275 0.120 0.071
2 1.20 0.147 0.455 0.286 0.124 0.075
mean 1.22 0.142 0.443 0.278 0.122 0.071
Two time mean 0 1.31 0.159 0.388 0.267 0.122 0.069
1 1.23 0.160 0.438 0.270 0.119 0.071
2 1.20 0.160 0.456 0.279 0.123 0.076
mean 1.25 0.160 0.427 0.272 0,121 0.072
LSD (a=0.05): for doses D 0.04 n.s. 0.026 0.009 n.s. 0.004
for times T 0.03 0.006 0.018 0.006 n.s. n.s.
interaction D-T 0.06 0.013 0.037 n.s. n.s. n.s.

n. s. — non-significant differences.

TABLE 2. Water retention and saturated hydraulic conductivity in Ap horizons (mean values in

soils)

. Dose of Retention of w‘ater (kg-'kg™) Saturatqd
Time . AgroHydroGel useful ea_s1ly po_orly hydr au_hp
of sampling (T) (-kg) (D) for plants available available conduct}lvny

for plants for plants (m-d™')
14 June 2005 0 0.193 0.140 0.053 2.00
1 0.194 0.147 0.047 2.05
2 0.193 0.150 0.043 4.62
mean 0.193 0.146 0.048 2.89
8 August 2005 0 0.204 0.151 0.053 1.40
1 0.204 0.154 0.050 5.61
2 0.212 0.162 0.050 5.83
mean 0.207 0.156 0.051 4.28
Two time mean 0 0.199 0.145 0.053 1.70
1 0.199 0.151 0.048 3.83
2 0.203 0.156 0.047 5.22
mean 0.200 0.151 0.049 3.58
LSD (0. =0.05): for doses D n.s. n.s. 0.004 0.90
for times T 0.006 0.007 0.002 0.61
interaction D-T n.s. n.s. n.s. 1.28

n. s. — non-significant differences.




conductivity in the soil surface layer
showedasignificantincreaseby2.13m-d™!
in the plots with the dose of 1 g-kg! and
by 3.52 m-d ! in the plots with the dose of
2 g-kg.

The total porosity in the soils improved
by AgroHydroGel was significantly
greater by 0.028-0.040 m*m> while
compared with control plots (Tab. 3). It
was significantly higher by 0.019 m*-m~
in August than in June. The addition of
the polymer increased significantly the
content of macropores with the diameter
equivalent to > 20 pm by 0.045 m* m™ in
the plots with the dose of 1 g-kg! and by
0.054 m*-m in the plots with the dose
of 2 g-kg'!. By contrast, the content of
mesopores with the diameters ranged
from 0.2 to 20 um in the soils with the
addition of hydrogel fell significantly
by 0.015 m’>m> in comparison with
the control. As regards the content of
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micropores with the diameter < 0.2 pum,
there were only insignificant differences
among the plots.

In comparison with the not improved
soils, actual air permeability increased
significantly in the soils treated with
AgroHydroGel (by 91.9-10® m?*-Pa! s
in the plots with the dose of 1 g-kg! and
by 79.9-10® m?-Pa'-s! in the plots with
the dose of 2 g-kg'). Similarly, the air
permeability at field water capacity was
significantly higher (at —15.5 kPa), by
86.9-10°* m*-Pa"'-s™ in the plots with the
doseof 1 g-kg'and by 94.0-10 8 m?-Pa!-
-s”' in the plots with the dose of 2 g-kg™!
(Tab. 3).

This study showed that AgroHydro-
Gel applied in small doses improved the
majority of water-air properties in the
surface layer of the eroded Haplic Luvi-
sols developed from loess. Its use had
a beneficial effect on a decrease in bulk

TABLE 3. Porosity and air permeability in Ap horizons (mean values in 3 soils)

' Dose of Total Pore-si}ze cﬁ(})ntent Airip;errzneal:ilit}ll
Time . (m*-m™) (-10°*m2-Pa's™")
of sampling (T) AgroHydroGel | porosity =20 02201 <02

(gkg) (D) | (m*m?) ' “ | actual | at-15.5kPa
um um um
14 June 2005 0 0.506 0.165 | 0.252 | 0.089 61.8 23.8
1 0.505 0.159 | 0.253 | 0.093 60.8 233
2 0.546 0.221 0.232 | 0.093 101.8 52.8
mean 0.519 0.182 | 0.246 | 0.092 74.8 333
8 August 2005 0 0.505 0.148 | 0.267 | 0.091 49.7 18.9
1 0.562 0.245 | 0.236 | 0.082 234.6 193.1
2 0.545 0.201 0.255 | 0.089 169.5 177.7
mean 0.538 0.198 | 0.252 | 0.087 151.3 129.9
Two time mean 0 0.506 0.157 | 0.259 | 0.090 55.8 21.3
1 0.534 0.202 | 0.244 | 0.087 147.7 108.2
2 0.546 0.211 0.244 | 0.091 135.7 115.3
mean 0.529 0.190 | 0.249 | 0.089 113.0 81.6
LSD (a=0.05):| for doses D 0.015 0.024 | 0.012 n.s. 71.8 55.5
for times T 0.010 0.016 n.s. 0.003 48.8 37.7
interaction D-T | 0.021 0.033 | 0.017 | 0.007 101.6 78.4

n. s. — non-significant differences.
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density and, simultaneously, the hydrogel
increased significantly the maximum water
capacity,saturatedhydraulicconductivity,
total porosity, content of micropores
> 20 um, actual air permeability and air
permeability at field water saturation.
A significant decrease in the number of
mesopores with a size of 0.2-20 um was
a less positive effect, though. The dose
of 2 g-kg' of hydrogel proved to be
more effective than the dose of 1 g-kg”,
enhancing significantly field water capa-
city. However, this dose contributed to
higher soil moisture at permanent wilting
of plants which resulted from strong
sorption of water by molecular forces of
macronets. Consequently, the absorbed
water was partly immobilised in the gel
as unavailable for plants. Other research
conducted by the authors simultaneously
showed a positive influence of Agro-
HydroGel applied in doses of 1 g-kg!
and 2 g-kg!' on the aggregate structure
of eroded Haplic Luvisols developed
from loess (Paluszek and Zembrowski
2008). The hydrogel amended the aggre-
gate size distribution in the 0—5 cm layer
of Ap horizon by a significant decrease
of the share of clods > 10 mm and an
increase of the content of water-stable
aggregates with a size of 0.25-5 mm and
0.25-10 mm.

The doses of AgroHydroGel applied
in the present experiment turned out to
be too small to enhance significantly
actual soil moisture and retention of
water useful to plants, including reten-
tion of easily available water.

Studies elsewhere show that the influ-
ence of AgroHydroGel on water and air
properties of soils proved to be not as
great in comparison with the effectiveness
of other gel-forming polymers (Paluszek

2003; Akhter et al. 2004; De Oliveira et
al. 2004; Sivapalan 2006). The applica-
tion of Viterra (a potassium propenoate-
propenamide copolymer) in the doses of
0.5 and 1 g-kg! resulted in a significant
decrease in the bulk density and signifi-
cant increases in the maximum and field
water capacity, retention of useful water,
total porosity and content of air pores in
eroded Haplic Luvisols developed from
loess (Paluszek 2003). Akhteretal. (2004)
enriched the loam and sandy loam soils
with a gel-forming polyacrylamide in the
doses of 1, 2 and 3 g-kg'. The authors
observed a rise both in the field water
capacity and retention of water useful to
plants proportional to the hydrogel dose,
and a significant fall in the soil moisture
at permanent wilting of plants in the
enriched soils compared to the control.
De Oliveira et al. (2004) also stated
a significant increase in water capacity
in the range of the soil water potential
from —0.1 kPa to —1000 kPa in the loamy
and clayey soils after the application of
TerraCottem hydrogel in the doses of
0.1 g-kg'to2 g-kg'. The dose of 2 g-kg™!
enhanced the water capacity at the poten-
tial =30 kPa by 41% and 37% and reten-
tion of water useful to plants by 23%
and 35% respectively. Sivapalan (2006)
noted an increase of the water capacity
in the range of potential from —10 kPa to
—1550 kPa in the sandy soil amended by
a gel-forming polyacrylamide (Alcosorb
400) applied in the doses of 0.3 g-kg
and 0.7 g-kg'. The water capacity at
—10 kPa was higher by 23% and 95%
respectively. Since the soil moisture
at permanent wilting of plants also
increased, the retention of water useful
to plants treated with Alcosorb was only
slightly higher, though. In the study by



Geesing and Schmidhalter (2004) con-
ducted on the loam, sandy loam and
silty-clay loam soils, the use of sodium
polyacrylate contributed to a significant
rise in the retention of water useful for
plants at the doses of 3 and 5 g-dm?
while no significant influence of the dose
of 1 g-dm” was observed. Al-Darby
(1996) reported that the application of
Jalma hydrogel in the doses of 2, 4, and
8 g-kg' increased the water capacity in
the range of potential from 0.1 kPa to
—1554 kPa, proportionally to the dose.
Whereas the water capacity at —33 kPa
was found to be higher by 54%, 130%
and 250%, and retention of water useful
for plants by 46%, 70% and 91%, satu-
rated hydraulic conductivity was reduced
by 46%, 92% and 99% respectively.

During moisturizing amide functional
groups in cross-linked chains undergo
solvation and dissociate, univalent cations
(Na®, K*) are released, and negative
charges of a polymer chain repel each
other under the influence of Coulomb
forces, which is typical behaviour of
gel-forming polymers in soil (Bere$ and
Katedkowska 1992; Singh 1997). This
results in slow opening of coiled macro-
nets which gain the ability to absorb water
further and to form gel. The strongly
swollen gel absorbs water until polymer
chains forming a space lattice elongate to
a maximum. Hydrogel swelling during
moisturizing causes soil loosening and
therefore bulk density decreases whereas
total porosity increases, including par-
ticularly the share of macropores which
determines hydraulic conductivity and
air permeability.

Lower effectiveness of AgroHydro-
Gel, as compared to Viterra, Alcosorb
and TerraCottem spread over in similar
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or smaller doses, may be explained by
a different chemical composition and
higher density of macronet cross-linking
which results in their lower water
absorption ability (Hua and Qian 2001).
Dissimilarities in acting of gel-forming
polymers may be also caused by diffe-
rent textures of soils and their physical,
physico-chemical and chemical proper-
ties. An optimal dose of hydrogel is of
great importance for the efficiency and
cost-effectiveness of treatment. The
introduction of higher doses, above the
optimum level for a given polymer, may
increase retention of water unavailable
for plants.

CONCLUSIONS

e AgroHydroGel applied in the doses of
1 and 2 g-kg™!' improved effectively the
majority of water-air properties in the
0-5 cm layer of eroded Haplic Luvi-
sols developed from loess. The addi-
tion of the polymer significantly de-
creased the bulk density and increased
the maximum water capacity, saturated
hydraulic conductivity, total porosity,
content of macropores > 20 um, actual
air permeability and air permeability at
field water saturation. Simultaneously,
the content of soil mezopores with the
diameter of 0.2-20 pm was reduced.

o The dose of 2 g-kg™! of AgroHydroGel
had a greater effect, increasing signifi-
cantly the field water capacity but also
the wilting point moisture in the soils
studied.

¢ No significant differences were stated
in the actual soil moisture, retention
of water useful for plants, including
retention of easy available water, and
the content of micropores < 0.2 um at
the applied doses of hydrogel.
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e The influence of AgroHydroGel on
water-air properties of the eroded soils
was greater in August than in June.

e In consideration of high costs of
AgroHydroGel the application of this
polymer in agricultural practice is
unprofitable.
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Streszczenie: Ulepszanie wodno-powietrznych
witasciwosci erodowanych gleb w  krajobrazie
lessowym za pomocq agrohydrogelu. Badania
prowadzono w poletkowym dos$wiadczeniu na
zerodowanych glebach ptowych wytworzonych
z lessu w gospodarstwie indywidualnym w Bogu-
cinie (51°20°N, 22°23°E) na Wyzynie Lubelskie;.
Po siewie pszenicy jarej na badanych glebach
wytyczono 9 poletek o powierzchni 9 m?, w tym
trzy poletka kontrolne. AgroHydroGel wysiano
w dawkach 1 g-kg'i2 g-kg™' w stosunku do masy
gleby suchej w warstwie 0-5 cm i wymieszano
z gleba. AgroHydroGel jest usieciowanym, hy-
drofilowym kopolimerem poliakryloamidowym,
o absorpcji wody 300-500 g-cm 3. Probki glebowe
pobrano w czerwcu i sierpniu 2005 r. z warstwy
0-5 cm. Wyniki badan wykazaly, ze wniesienie



AgroHydroGelu w dawkach 112 g-kg™! polepszy-
to wigkszo$¢ wilasciwosci wodno-powietrznych
w warstwie 0-5 cm gleb. Zmniejszyta sig istotnie
gestose gleby, zwigkszyta sig istotnie pelna po-
jemnos¢ wodna, przewodnictwo wodne nasycone,
porowato$¢ ogolna, zawarto§¢ makroporow
> 20 pm oraz aktualna przepuszczalno$¢ powietrz-
na i przepuszczalno$¢ przy polowym nasyceniu
woda. Skuteczniej dzialala dawka polimeru
2 g-kg!, ktora zwigkszyta istotnie rOwniez polowa
pojemnos¢ wodna w badanych glebach. Zastoso-
wane dawki hydrozelu nie zmienity istotnie wil-
gotnosci aktualnej gleb, retencji wody uzytecznej
dla ro$lin, w tym retencji wody tatwo dostgpne;j
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oraz zawartosci mikroporéw glebowych o $red-
nicy < 0,2 um. Bardziej korzystny wplyw Agro-
HydroGelu na wtlasciwosci wodno-powietrzne
gleb zerodowanych stwierdzono w sierpniu.
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