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Abstract: To investigate the effects of organic matter activators combined with a pig slurry on a soil’s physical proper-
ties, a field experiment was carried out in a monoculture of corn (2015-2017). Three pig slurry application variants
complemented with the activators in question, i.e. with PRP SOL spread directly on the soil surface (SOL), with Z'fix
added to the slurry during the pig housing (ZF) and with a combination of both PRP SOL and Z'fix (ZF_SOL), were
compared with just the pig slurry (C) under an equal dose of nitrogen and a uniform growing technology. According
to the results, a positive effect of the penetration resistance with the pig slurry and the activators of organic matter
(Z'fix and PRP SOL) was not proven. The saturated hydraulic conductivity was demonstrably better achieved with
the Z'fix activator, but PRP SOL activator also provided a certain improvement. The largest change in the unit draught
was observed in the ZF_SOL application (20% increase). The results seem ambiguous; however, they give a good indi-
cation of the activators’ effect in practice. Nevertheless, the findings would certainly benefit from further verification.
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Currently, crop production is limited due to vari-
ous challenges, such as the growing population,
a decrease in the total agricultural area, climate
change related issues, soil erosion, or lack of soil or-
ganic matter. At the same time, when farmers deal
with the implementation of Agriculture 4.0 prac-
tices, it is necessary to also focus on the elementary
issues and solve them with respect to the environ-
ment and sustainability. Regarding the soil condi-
tions, many biological and physical properties are
related to the content of the soil organic matter
as one of the key soil components (Smith et al. 1999;
Manna et al. 2007). From a long-term point of view,
the use of organic fertilisers returns organic mat-

ter to the soil, where it ensures increased biological
activity and, thus, increases crop yields. The posi-
tive influence of organic fertilisers on a soil’s physi-
cal, chemical, and physicochemical properties has
been confirmed many times (Barzegar et al. 2002;
Herencia et al. 2007). Rational fertilisation manage-
ment can improve not only soil porosity, infiltration
capacity, and hydraulic conductivity, but it also usu-
ally helps to decrease the soil bulk density (Haynes
and Naidu 1998).

In the Czech Republic, a decline in animal produc-
tion can be observed in recent times. It is undeni-
ably associated with a reduced production of organic
matter that could be returned to the field in the form
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of an organic fertiliser. According to the Czech Sta-
tistical Office (2020), cattle breeding has decreased
to the current 40% level compared to the 1990 level,
the situation with pigs is even worse, which current-
ly sits at 31% of the 1990 level. This phenomenon
is very likely one of the reasons for the significant soil
organic matter losses. Thus, it is necessary to look
for new technologies of sustainable land manage-
ment. One of these approaches may be the utilisa-
tion of soil amendments. Also, activators of bio-
logical transformation of organic matter might have
great potential, since they are claimed to improve
soil properties. According to the manufacturer, PRP
SOL is a soil conditioner and should boost the bio-
logical activity of the soil and, thus, improve its fer-
tility (PRP Technologies, France). Z'fix is a dust-free
pearled pellet designed to enhance the agronomic
quality of manure, slurry, and compost (PRP Tech-
nologies, France). Nevertheless, the role of these
substances still has not been sufficiently described.
The positive effect of PRP SOL on the soil enzymatic
activity was confirmed by the study of Niewiad-
omska et al. (2018). Although this product cannot
be considered a conventional fertiliser, PRP SOL
can replace the traditional fertilisation of spring
barley without a negative effect on the grain yield
(Sulewska et al. 2016). There is a great lack of scien-
tific studies regarding the activators, although a few
do exist. In one of the previous studies, an increase
in the soil bulk density, and also in the implemented
draught of the machine, was detected. Concurrently,
an increase in the yield of silage maize was observed
(Sarec et al. 2019). These results are also confirmed
by the study of Sindelkové et al. (2019) who con-
cludes that the use of these products leads to a better
water management and nutrient uptake. Therefore,
activators should provide convenient conditions for
organic matter decomposition in the soil and, thus,
to affect the soil properties. In terms of the economy,
soil activators help to reduce the actual energy de-
mand by various management tasks, such as the soil
tillage (Novak and Satec 2017).

Since the actual impact of the above-mentioned
soil amendments is not described sufficiently yet,
this study aims at verifying the effect of organic mat-
ter activators combined with a pig slurry on a soil’s
physical properties. The activators under investiga-
tion should, due to their composition and to their suc-
ceeding effect in the soil profile, amplify the positive
influence of the organic matter and, therefore, pro-
vide more convenient conditions in terms of the soil
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management and crop growth. The penetration re-
sistance and bulk density were studied as important
pedocompaction indicators in real farm conditions
with the assumption that their values were expected
to decrease with the activators used. The other vari-
ables in question were the implemented draught,
since soil tillage is one of the most energy-intensive
operations in agriculture, and the saturated hydrau-
lic conductivity, which is one of the most important
hydrophysical characteristics. As a matter of fact,
the unit draught, penetration resistance, and bulk
density were expected to decrease, while the satu-
rated hydraulic conductivity should have increased
under the effect of the used activators.

MATERIAL AND METHODS

Site and crop management. The study experi-
ment was established in 2014 near the village of Pas-
eka in the Olomouc region, in the Czech Republic
(49°47'170"N, 17°13'143" E, 270 m a.s.l.). The 6.3 ha
agricultural plot was divided into smaller parcels
in order to apply the different agricultural man-
agement and crop rotating systems. The terrain
on the experimental area has practically no slop-
ing. The soil type is classified as Cambisol. Accord-
ing to the United States Department of Agriculture
(USDA 2019), the soil texture is Silt Loam at a depth
of 0-0.3 m and Sandy Loam at a depth of 0.3-0.6 m.
From an agronomic point of view, this is a poor-quali-
ty soil with a high skeleton content. The soil properties
at the beginning of this experiment are given in Ta-
ble 1. The crop rotation over the study period started
with winter wheat (2014) followed by a monoculture
of maize (2015-2017) variety LM GENER FAO 250.
The fact that the agricultural business runs, as many
others do, a biogas plant, and is, thus, forced to in-

Table 1. Chemical and physical soil properties at the begin-
ning of field experiment (2014)

Soil depth (cm)

Soil property 0-30 30-60
Clay (< 0.002 mm) (%) 7.00 5.00
Silt (0.002-0.05 mm) (%) 61.00 23.00
Very fine sand (0.05—0.10 mm) (%) 4.00 8.00
Fine sand (0.10—-2 mm) (%) 28.00 64.00
C:N 6.72 7.08
Humus content (%) 2.15 0.38
pH (KCl) 5.81 6.11
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Table 2. Pig slurry chemical analysis for “C” as the pure untreated pig slurry, and “ZF” representing pig slurry

treated by Z’fix
N N P,O, K,0 CaO MgO
Variant Dry matter (%) pH
(NH;) (kgt™) (kgt™) (kgt™) (kgt™) (kgt™)
C 59 0.61 4.7 3.0 1.9 3.4 0.72 7.6
ZF 5.9 0.83 5.6 3.6 2.4 4.2 1.05 9.0

C - pig slurry + NPK; ZF — pig slurry treated by Z'fix + NPK

creasingly grow maize, led to the particular crop rota-
tion. Four plots 50 m x 100 m (0.5 ha) were treated
each year by a pig slurry (Table 2) and by the selected
activators in the combinations described below.

PRP SOL is a soil activator manufactured
by the PRP technologies company (France) on the ba-
sis of dolomitic limestone, limestone and calcareous
sediments and produced in the form of a brown-co-
loured granulate. This composition of calcium, mag-
nesium and trace elements is claimed to improve
the soil fertility by positively influencing the soil
structure and its biological activity. Crops cultivated
on plots treated by PRP SOL should ingrain faster
and, thus, have a richer root system. The vegetation
should also emerge easier, and the canopy is then
evenly well-balanced. Secondly, the organic matter
Z'fix activator was investigated. It is a granulate con-
structed on the basis of calcium and magnesium
carbonates with an addition of other macro- and
micronutrients (potassium, sodium, sulfur, iron,
manganese). Z'fix is manufactured by PRP Technol-
ogies as well. It is produced under a patented tech-
nology, MIP (mineral inducer process), that ensures
regulation of the fermentation processes in organic
fertilisers and composts.

The Z'fix treatment involves the application
of the activator to the pig slurry first. Here, the dosage
was 0.33 kg-head™-month ™. The yearly dosage of PRP
SOL was 200 kg-ha™ of agricultural plot. The pig slur-
ry itself was applied in a yearly dose of 50 m*ha~!.
The NPK dose corresponded to a nutrient normative,
that is 170 kg-ha™! of nitrogen, 35 kg-ha™! of phospho-
rus, and 200 kg-ha™ of potassium.

For the purpose of this study, the treatment vari-
ants are labelled as follows: C (pig slurry + NPK);
SOL (pig slurry + PRP SOL + NPK); ZF (pig slurry
treated by Z'fix + NPK); ZF_SOL (pig slurry treated
by Z'fix + PRP SOL + NPK).

Data acquisition and processing. The soil’s
physical properties were studied twice a year
in the three-year experiment period during field vis-

its. Mostly, spring and autumn terms were chosen;
however, the data acquired in the spring term were
preferred because the soil profile was more likely
to be evenly saturated by water. Figure 1 summaris-
es the rainfall conditions during the 2015-2017 pe-
riod compared to the long-term normal. A PEN 70
penetrometer (CULS Prague) was used for the eval-
uation of the penetration resistance. The penetra-
tion resistance profiles at ten evenly distributed
sampling points were recorded for each variant. Per
variant, three undisturbed soil samples for the bulk
density evaluation were taken by Kopecky cylinders
(volume 100 cm?). These samples were analysed ac-
cording to CSN EN ISO 17892-2. The unit draught
was measured by a dynamometer with an S-
38/200kN strain gauge (Lukas, Czech Republic).
The dynamometer was placed between two trac-
tors, where the working tractor was a Case Maxxum
with a disc harrow — tillage depth of 8.5 cm in 2015;
a New Holland T7.270 with a disc harrow - tillage
depth of 8 cm in 2016, and a New Holland T7.270
with a tine cultivator at a tillage depth of 19 cm
in 2017. For the data collection, the NI Compac-
tRIO system (National Instruments Corporation,
USA) was used with a sampling frequency of 0.1
seconds. The GPS position for these data was re-
corded by the Trimble Business Center 2.70 soft-
ware (Trimble, USA). The soil infiltration capacity
was measured with the circular infiltrometers (each
0.15 m in diameter) according to the simplified fall-
ing-head (SFH) method that enabled one to convert
the infiltration into the saturated hydraulic conduc-
tivity. A known amount (0.5 L) of water was applied
to the infiltrometer. The time of the infiltration was
measured alongside the soil moisture before and
after the water application. The soil moisture was
measured by a ThetaProbe (Delta-T Devices Ltd.,
UK), with ten sampling points per variant. The spa-
tial distribution of the sample points was a rectan-
gular matrix corresponding to the number of sam-
ples taken for the individual variables.
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Figure 1. Rainfall conditions reported by the Czech Hydrometeorological Institute during cropping seasons 2015,

2016 and 2017 compared to a long-term normal

The acquired dataset was further processed
in R (R Core Team, 2020) using the packages tidy-
verse, reshape2 and psych; MS Excel (Microsoft
Corporation, USA), and Statistica 12 (Statsoft Inc.,
USA). Since the normality of the data was not met,
the non-parametric Kruskal-Wallis variance test
was used to determine the potential differences
in the soil properties between the experimental vari-
ants and activators.

RESULTS AND DISCUSSION

Although this study focuses primarily
on the physical properties of the soil, the po-
tential effect of the investigated activators
should have been reflected in the crop yield also.
As shown in Table 3, there was no obvious increase
in the yield among treated variants in the first
year of the experiment. However, in the following
two years, the activator treated variants’ yield was
higher compared to the control, while the best per-
forming treatment, in terms of the yield, appeared
to be the combination of both activators (ZF_SOL).

Bulk density. The values of the reduced bulk den-
sity are shown in Figure 2. Compared to the initial
state, there was an increase in the reduced bulk
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density in all the variants. The most significant
increase was observed by the variant with the pig
slurry treated by Z’'fix. These results were similar
to a study (Rimovsky and Bauer 1996) in which
the reduced soil bulk density increased after a slur-
ry application. The treatment by Z'fix, in opposite
to the original assumption, seemed to boost this in-
crease. According to the USDA (2019), in the case
of this particular soil texture, reduced bulk den-
sity values of less than 1.4 g.cm™ are considered
convenient for plant growth, a value exceeding
1.55 g.cm™ already affects the root growth and val-
ues greater than 1.65 g.cm™ restrict the root growth

Table 3. Maize yield (33% dry matter) achieved in investi-

gated treatment variants for investigated cropping seasons

Variant 2015 2016 2017
(tha™) (tha™) (tha™)
C 33.7 37.6 37.6
SOL 32.6 38.4 38.4
ZF 32.3 38.6 39.6
ZF SOL 32.9 39.2 42.7

C - pig slurry + NPK; SOL — pig slurry + PRP SOL + NPK;
ZF - pig slurry treated by Z'fix + NPK; ZF_SOL - pig slurry
treated by Z'fix + PRP SOL + NPK
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Figure 2. Reduced bulk density acquired using the Kopecky’s cylinders (100 cm?), error bars representing the stand-

ard deviation

entirely. From the point of view of the soil density,
it is, therefore, clear that the soil of the experi-
mental location does achieve ideal values for root
growth. However, the results were not statistically
evaluated due to the insufficient number of samples
for the statistical analysis.

Penetration resistance. The results of the pen-
etration resistance measurements are illustrated
in Figure 3. The results attained at the beginning
of the experiment (2015) did not show any statistical-
ly significant differences among the variants. In 2016,
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significant differences were registered at the depths
of 0.08 and 0.16 meters. At both depths, the penetra-
tion resistances between the variants ZF (pig slurry
treated by Z'fix) and C (pig slurry) differed signifi-
cantly with the value of the ZF variant being high-
er. In a similar manner, the value of the ZF variant
at 0.08 m differed significantly when also compared
to the variant ZF SOL (pig slurry treated by Z'fix
+ SOL). In 2017, a significant difference was only
observed at a shallower depth of 0.04 meters. Com-
pared to the control variant, there was a statistically
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Figure 3. Penetration resistance in specific soil profile depths, acquired by the penetrometer PEN, error bars repre-

senting the standard deviation
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significant increase in the penetration resistance
within the ZF_SOL variant. De Smet et al. (1991) de-
scribed an increase in the soil penetration resistance
after a pig slurry application. Podhrazska et al. (2012)
stated that there was no improvement in the soil
compaction in topsoil after the use of PRP SOL. Ac-
cording to the results of this study, the positive effect
of the activators on the organic matter, i.e. Z'fix and
PRP SOL, was not proven. On the contrary, instead
of ameliorating the negative impact of the slurry
on the penetration resistance, Z'fix particularly
seemed to aggravate it.

Saturated hydraulic conductivity. There are
several methods for measuring the saturated hy-
draulic conductivity, Chyba et al. (2017), in their
study, emphasised the convenience of the SFH
method for use in practice. At the beginning
of the experiment (2015), the variants SOL and
ZF_SOL reached the highest values (Figure 4). How-
ever, the differences in the values that year were
not statistically significant. In the following experi-
mental years, the values of the saturated hydraulic
conductivity, with the exception of variant ZF, grad-
ually decreased. Since the control variant showed
the biggest drop, it proved to be significantly dif-
ferent when compared to all the three variants with
the activators in 2017 (Table 4). Urbanovi¢ova et al.

https://doi.org/10.17221/84/2020-RAE

(2018), in their study, mentioned that the soil in-
filtration increased by 2 mm-h™' in a soil treated
by PRP SOL. The variant where PRP SOL was
applied showed the highest infiltration values.
Dumbrovsky et al. (2011) mentioned the fact that
the use of PRP SOL does not demonstrably im-
prove the properties of the soil infiltration, but
in comparison with the untreated soil, it stabilises
these values more. According to the results of this
study, the Z'fix treatment demonstrated the most
beneficial effect concerning the saturated hydraulic
conductivity. PRP SOL also produced an improve-
ment though.

Unit draught. Tillage is one of the most energy-
intensive operations in agriculture. Figure 5 shows
the values of the unit draught in 2015, 2016 and
2017. Since the measurement conditions and till-
age implements differed among the individual years,
the assessment of the values relative to the control
variant should be stressed. The results in the first
year of the experiment were certainly influenced
by the previous management system. It is possible
to observe significant differences between the vari-
ants with the untreated pig slurry (C and SOL),
and the variants with the pig slurry treated by Z'fix
(ZF and ZF_SOL), with the latter having lower val-
ues. In 2016, the unit draught of variant ZF SOL
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Figure 4. Saturated hydraulic conductivity measured according to the SFH method, error bars representing the stand-

ard deviation

SFH - simplified falling-head method
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Table 4. Mean values of investigated physical soil properties, and results of Kruskal-Wallis variance test

Penetration 2015 2016 2017
resistance
(MPa) variant mean C SOL ZF mean C SOL ZF mean C SOL ZF
at depth
C 029 - - - 0.25 - - - 0.02 - - -
004 m SOL 029 0.89 - - 024 1 - - 0.05 0517 - -
ZF 0.28 0.97 0.89 - 033 014 014 - 008 0236 0517 -
ZF SOL 0.36 0.85 085 085 025 1 1 016 011 0.042 0236 0517
C 049 - - - 0.44 - - - 025 - - -
SOL  0.84 026 - - 049  0.52 - - 039 033 - -
008 m ZF 0.74 0.7 0.7 - 061 0.014 0078 - 042 013 0.38 -
ZF SOL 0.53 0.7 026 0.7 048  0.383 0.969 0.034 0.32 028 0.63  0.56
C 1.19 - - - 0.69 - - - 047 - - -
012 m SOL 1.50 0.67 - - 092 074 - - 0.66 0.53 - -
ZF 1.39 091 0.77 - 1.03 024 074 - 0.59 053 0.78 -
ZF SOL 0.96 0.91 067 089 074 051 1 047 056 0.74 0.62  0.62
C 1.92 - - - 0.99 - - - 089 - - -
SOL 299 0.66 - - 1.78  0.056 - - 1.02  0.76 - -
0-16m ZF 214 0.74 0.69 - 1.58  0.026 0.622 — 1.10  0.76 0.76 -
ZF SOL 2.03 0.74 069 074 155 0189 0.622 0.849 083 0.76 0.76  0.76
C 345 - - - 1.45 - - - 1.03 - - -
090 m SOL  3.87 1 - - 229  0.084 - - .12 0.76 - -
ZF 327 1 1 - 1.95  0.084 0303 - 1.39  0.72 0.72 -
ZF SOL 375 1 1 1 1.82 0151 0296 0595 100 0.76 0.76  0.72
cC 228 - - - 1043 - - - 1027 - - -
Infiltration SOL 2671 0.76 - - 1936 0.1 - - 18.24 < 0.001 - -
(mm-h") ZF  16.02 0.71 0.71 - 1287 042 0.23 - 24.04 <0.001 0739 -
ZF SOL 2211 0.76 085 071 1330 023 023 08 1295 0.021 0.02 0.08
C 2931 - - - 39.09 - - - 53.82 - - -
Unit draft SOL  29.98 0.414 - - 3944 0798 - - 56.75 0.0307 — -
(kN-m~?) ZF  25.09<0.001 <0.001 - 3453 <0.001<0.001 - 51.60 0.048 <0.001 -
ZF SOL 2653 0.0277 0.0039 0.156 39.08  0.042 0.203 <0.001 59.47 <0.001 0.086 < 0.001
C 1.24 - - - 1.30 - - - 127 - - -
Bulkden-  ¢o; 121 - - - 127 - - - 125 - - -
flgt.zm_s) ZF 1.14 - - - 1.30 - - - 1.30 - - -
ZF SOL 118 - - - 1.31 - - - 128 - - -

Statistically significant on a significance levels a = 0.05 in bold; C — pig slurry + NPK; SOL — pig slurry + PRP SOL + NPK;
ZF — pig slurry treated by Z'fix + NPK; ZF_SOL - pig slurry treated by Z'fix + PRP SOL + NPK
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Figure 5. Unit draft obtained by dynamometer with strain gauge S-38/200kN, error bars representing the standard

deviation

raised to the level of variants C and SOL, thus, only
leaving the variant ZF to be significantly different.
In 2017, the variant ZF SOL continued its increase
relative to the control variant, and the variant SOL
also joined this trend. All three variants presented
significant differences compared to the control vari-
ant, with the variants SOL and ZF_SOL having high-
er values and the variant ZF having lower values.
The largest change could be observed in ZF SOL,
where the increase in the unit draught value was 20%
relative to the control variant between the years 2015
and 2017. In a similar way, an increase of 10.3% was
attained concerning the variant ZF, and mere 3.2%
increase within the variant SOL. The study writ-
ten by Urbanovi¢ova et al. (2018) mentioned a de-
crease in the energy intensity for the soil treatment
by 5.71% during the soil treatment with PRP SOL,
which was, therefore, not confirmed.

CONCLUSION

The results evaluate the effect of using organic
matter activators alongside a pig slurry application,
which was taken as the control. After three years
of applying the activators together with the pig slur-
ry, significant differences among the variants were
observed in some cases. Contrary to the initial as-
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sumption, the effect was mostly adverse, i.e. increas-
ing values, concerning the soil bulk density, penetra-
tion resistance, and unit draught. Namely, the variant
with the pig slurry treated by Z'fix (ZF) increased
the values of the soil bulk density and penetration
resistance. The unit draught of the tillage implement
was amplified particularly when applying the pig slur-
ry treated by Z'fix and SOL (ZF_SOL). On the other
hand, the activators had a significant positive effect,
i.e. increasing values, on the soil infiltration. Particu-
larly in the case of the SOL and ZF variants. The re-
sults seem ambiguous, but provide a good indication
of the effects of the activators in practice. It must
be taken into consideration that the study does not
provide a thorough assessment of the activators, but
is aimed merely at their impact on the soil’s physi-
cal properties. For instance, the study does not as-
sess the effect of the Z'fix activator on the pig housing
welfare, nor the effect of the activators on the crop
yield. In order to explore the ways of operation
of the activators in the soil, a thorough laboratory ex-
periment would have to be accomplished. Since only
a few studies on this topic can be found, and regard-
ing the results proving certain impacts on the soil’s
physical properties, it is highly recommended to fo-
cus on selected soil amendments in the fvuture to ac-
quire long-term results.
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