
The positive effect of soil organic matter (SOM) on 
the physical, chemical and biological soil properties 
has already been well described. A high SOM level 
is related to improved soil properties resulting in 
higher water infiltration and nutrients accessibil-
ity. According to Lal (2020), SOM increases the 
available water capacity for all soil types. Besides 
others, such a list of benefits leads to increased 
biomass and eventually crop yields (Bauer and Black 
1994, Berzsenyi et al. 2000, Önemli 2011). Farmyard 
manure is one of the most common ways to reintro-
duce quality organic matter to the soil. Compared 
to synthetic fertilisers, manure application strongly 

and positively affects the relative yield by increasing 
soil organic carbon storage, soil nutrients, and soil 
pH (Cai et al. 2019, Voltr et al. 2021). However, due 
to various socio-economic changes over the recent 
30 years, there has been a significant decrease in 
animal husbandry in the Czech Republic. The num-
bers of cattle were reduced by 60% (Czech Statistical 
Office 2021). Therefore, the amount of produced 
organic fertiliser is limited nowadays. Together with 
still more intensive agricultural practice, it results 
in a serious lack of SOM that is further related to 
a number of other environmental issues, for example, 
to low water infiltration ability leading to surface 
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runoff and related soil erosion (Matula 2003). In 
contrast with the benefits in the form of quality 
organic matter, it is necessary to pay attention to 
the negative aspects of livestock breeding as well. 
According to the estimates, livestock farming accounts 
for 18% of greenhouse gases. The largest source of 
these gases is cattle breeding, which accounts for 
about 65% (Gerber et al. 2013). The optimisation of 
organic fertiliser production with respect to their 
environmental footprint is therefore undeniably 
necessary. Manure agents are the substances that are 
used by farmers to enhance the welfare of animals, 
control produced odours, and eventually increase 
fertiliser value (Cluett et al. 2020). Z’Fix (Olmix 
Group, Bréhan, France) is one representative of such 
agents. It is a dust-free pearled pellet, which can be 
added to deep animal bedding, but it is applicable 
to all types of farm fertilisers (manure, slurry, com-
post). Some studies already evaluated the effect of 
Z’Fix both on animal welfare and organic fertiliser 
properties. When applied directly to straw bedding, 
the fermentation process is enhanced, resulting in 
better manure quality. The higher nutrient content 
was also determined (Šařec et al. 2017a). In combi-
nation with pig slurry, it is trusted to increase crop 
yield and micronutrients content (Mozdzer and 
Chudecka 2017). Nevertheless, the exact impact on 
major soil physical properties was not yet sufficiently 
described. Reduced bulk density after application of 
manure treated by Z’Fix was examined by Šařec et al. 
(2017b), where the conclusion confirmed the positive 
effect of Z’Fix compared to control (NPK) on heavy 
soils. Since this activator is claimed to positively 
influence SOM, the objective of this study is to verify 
this statement in a three-year study conducted in real 
conditions. Hypotheses that are about to be verified 
are related to (a) reduction of cone index and imple-
ment a unit draft, and (b) increase of the infiltration 
ability of the soil. Moreover, the secondary impact 
of Z’Fix on crop status is about to be examined via 
spectral index derived from remotely sensed data.

MATERIAL AND METHODS

Farmyard manure agent Z’Fix. Z’Fix is an activa-
tor of the biological transformation used in stables 
to enhance the quality of bedding by controlling the 
fermentation process of organic matter. The primary 
benefit here is animal welfare; the manufacturer, 
however, claims that there is also a secondary effect 
for resulting organic fertiliser. Z’Fix is produced in 

the form of granules based on calcium and magne-
sium carbonates with an admixture of micro- and 
macro-elements (potassium, sodium, sulphur, iron, 
manganese), which is designed to regulate fermenta-
tion processes in manure and compost. The compo-
sition of Z’Fix is: organic matter – 5%, Ca – 26.8%, 
Mg – 2.7%, Na – 2.88%, S – 0.28%, K – 0.42%, P – 
0.04%, Fe – 2 000 ppm; Mn – 150 ppm, Zn – 30 ppm. 
The patented MIP (mineral inducer process) tech-
nology uses bioactive properties of minerals and 
specific trace elements in order to stimulate the 
biological reactions of the plant and the microflora 
within the soil.

The site and crop management. The field ex-
periment was conducted near the town of Městec 
Králové, Central Bohemian Region, Czech Republic 
(50°12'56.8''N, 15°19'50.6''E, 235 m a.s.l.) during 
2018–2020 cropping seasons. The experimental field 
of the farm company ZS Sloveč, a.s. involved three 
smaller plots according to the agricultural manage-
ment. The area of the control variant (C) was 1 ha, 
while the variant with pure farmyard manure (FYM) 
and farmyard manure treated by Z’Fix (FYM_ZF) had 
5 ha. The distribution of experimental variants was 
performed with respect to the dimensions of the field.

According to the national system, the soil type is 
Haplic Chernozem. According to the USDA trian-
gle diagram, it is clay loam soil. Selected chemical 
properties of the soil on the monitored plot are 
shown in Table 1.

NPK fertiliser was applied at the rate corresponding 
to the farm-specific agricultural standards concern-
ing crop demand for pure nutrients. Cattle manure 
(FYM and FYM_ZF) dosages were as follows: 2017 – 
50 t/ha; 2019 – 30 t/ha. Concerning the FYM_ZF 
variant, Z’Fix was applied at the rate of 1 kg/head/
week directly to deep bedding. The composition 
characteristics of manure and manure treated by 

Table 1. Chemical soil properties

Soil depth (cm)
0–30 30–60

C (%) 3.1 2.7
C/N ratio 9.7 6.9
pHKCl 7.1 7.2
K

(ppm)

797 697
Ca 7 532 8 036
Mg 350 337
P 159 123
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Z’Fix are shown in Table 2. The crop rotation sys-
tem during the investigated seasons was as follows: 
sugar beet (2018), poppy (2019), and winter wheat 
(2020). Since soil properties are strongly influenced 
by water content, the information about precipita-
tion is given in Figure 1.

Data acquisition and processing. To assess the 
physical soil properties, two field visits were ac-
complished each year. Cone index (CI), water infil-
tration (WI), and implement unit draft (IUD) were 
investigated. CI was measured in spring terms when 
the soil profile was more likely to have been evenly 
saturated with water. The measurements of the IUD 
and WI took place in the autumn terms, i.e., it fol-
lowed the crop harvest, as it was a common practice 
for this kind of measurements.

CI is a staple indicator of pedocompaction, where 
higher values negatively impact the crop’s ability to 
penetrate the soil profile and thus create a rich root 
system. CI is basically a measure of soil resistance 
against a cone with precisely described geometric 
properties (angle, area). To obtain such data, the 
penetrometer PN70 was developed at the Czech 
University of Life Sciences Prague. This custom-made 
device meets all requirements of the agriculture nor-
mative ASAE S313.3 (ASABE). Measurements of CI 

were conducted in the spring term of each cropping 
season with ten repetitions per variant.

WI was examined using a rain simulator. This 
instrument was designed to measure not only pa-
rameters of erosion but also soil infiltration char-
acteristics using a color dye. Usually, blue dye as 
a solution of water and brilliant blue (E 133) is used 
to spray the surface by the rain simulator for a pe-
riod of 1 h. Such an application is followed by a 5 h 
break, during which the blue dye penetrates the soil 
profile. Afterwards, the soil profile is removed to 
a depth of approximately 40 cm and photographed. 
This method of infiltration characteristics assess-
ment is based on image analysis (Figure 2). In the 
case of this study, the measurement was repeated 
three times per each variant. The soil profile was 
captured by a digital camera and further analysed 
by computer software Gwyddion 2.30 (Brno, Czech 
Republic). The pre-processing procedure involved 
cutting the image according to precisely located pins 
in order to analyse the exact same area recurrently, 
determining colour zones, and eliminating low-size 
soil particles to avoid errors caused by reflection. 
Further, the image was converted to a binary image, 
where the black colour defined the soil profile, and 
the white colour indicated the infiltrated area. In 

Table 2. Cattle manure chemical analysis for variants FYM (farmyard manure) and FYM_ZF (farmyard manure 
with Z’Fix)

Variant
Dry matter N

C : N
P K Ca Mg

pH
(%) (%)

FYM 23.1 0.56 22.3 : 1 0.162 0.573 0.35 0.096 8.4
FYM_ZF 23.6 0.69 18.1 : 1 0.179 0.739 0.458 0.12 9.4

 

Figure 1. Rainfall 
condi t ions  dur-
ing invest igated 
cropping seasons 
compared to a long- 
term normal
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this format, the image was also processed in ImageJ 
software (LOCI, Madison, USA), where the total image 
area was calculated together with the determination 
of percentages representing soil profile (black) and 
infiltrated part of it (white).

Energy demand for soil tillage is commonly de-
scribed by the IUD. The IUD was determined using 
a drawbar dynamometer with strain gauge S-38/ 
200kN (Lukas, Prague, Czech Republic) placed be-
tween the towing and the towed tractor. The IUD 
was measured using a tine cultivator Köckerling 
Vario 480 (Verl, Germany), during several passes 
of the machinery across each variant. The measure-
ment was conducted under a constant speed and 
at a set tillage depth (2018 – 11 cm; 2019 – 17 cm; 
2020 – 7 cm). The tillage depth was checked after 
each pass. In order to determine the potential influ-
ence of terrain slope and the rolling resistance of 
the towed tractor, machinery passes were repeated 
with the tillage implement, not in work. Data was 
collected using the system NI CompactRIO (National 
Instruments Corporation, Austin, USA), the sampling 
rate frequency was 0.1 s. GPS location was assigned 
to measured values using Trimble Business Center 
2.70 (Trimble, Sunnyvale, USA).

Crop yields were measured using three separate 
passes of a harvester per each variant. The yield was 
weighed after each pass. When relevant, samples were 
taken to ascertain representative characteristics of 
the harvested product.

Since the set of soil properties has a direct impact 
on cropped vegetation, crop status within investigated 
variants was also evaluated. In the presented study, 
freely available Sentinel-2 satellite images (European 
Space Agency) with atmospheric correction and 10 m 
spatial resolution were collected and processed to 
obtain the normalised difference vegetation index 
(NDVI). NDVI is considered as a common indirect 
indicator of vegetation greenness and health (Rouse 
et al. 1974) and is often used to describe actual crop 

status. Each variant was then described by the mean 
value of NDVI of all pixels within its boundary.

Statistics. The acquired dataset of all investigated 
soil and crop properties was eventually statistically 
analysed with the aim to describe potential differ-
ences between investigated variants. The required 
homogeneity of variances for ANOVA utilisation 
was not met in the case of soil physical properties; 
therefore, a non-parametric Kruskal-Wallis test of 
variance was applied. Nevertheless, remotely sensed 
data met the ANOVA requirements, and so NDVI 
variance was evaluated using a standard parametric 
test (ANOVA with random effect of the term) followed 
by Tukey HSD (honestly significant difference) test 
for multiple comparisons. For all the computations, 
the R version 4.0.4 (R Core Team 2021) with pack-
ages readexcel, tidyverse, and reshape2 was utilised. 
Plots were further generated using the ggplot package 
(Vienna, Austria).

RESULTS AND DISCUSSION

Table 3 provides the results of the Kruskal-Wallis 
variance test for all investigated soil properties. 
CI was monitored in soil profile depths of 4, 8, 12, 
16, and 20 cm. Although there was no statistically 
significant difference between variants, the trend 
depicted in Figure 3 shows the lowest values within 
FYM_ZF compared to the other two variants al-
most at all depth levels. In terms of WI, FYM_ZF 
performed the best since the analysis showed a sig-
nificant difference compared to C in 2018 and 2020, 
i.e., in the years straight after the manure applica-
tion. The situation in particular soil profile levels 
is presented in Figure 4, where FYM_ZF shows the 
best infiltration characteristics at all depths and 
years. Eventually, IUD results indicated significant 
differences in FYM and FYM_ZF compared to C in 
seasons 2018 and 2020, i.e., again instantly after the 
manure application. Figure 5 provides the overview 

 

Figure 2. Water infiltration assessed by the rainfall simulator via (A) a digital image converted to (B) a binary image 

(A) (B)
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for all three seasons. Furthermore, vegetation status 
expressed by means of NDVI was evaluated, and 
results are presented in Table 4. Even though three 
different crops were evaluated, statistically significant 
differences were indicated by ANOVA in all levels 

(P < 0.01). The secondary impact of a particular 
treatment on crop status is also demonstrated by 
yield information provided in Table 5. The best yields 
were consistently attained by FYM_ZF, followed by 
FYM throughout all three seasons. As demonstrated 

Table 3. Descriptive statistics of investigated physical soil properties within variants C (control), FYM (farmyard 
manure), and FYM_ZF (farmyard manure with Z’Fix)

Variant
2018 2019 2020

mean ± SD C FYM mean ± SD C FYM mean ± SD C FYM
CI (MPa)

4 cm

C 0.35 
± 0.334 – – 0.43 

± 0.134 – – 0.55 
± 0.127 – –

FYM 0.422 
± 0.406 0.8 – 0.4 

± 0.125 0.97 – 0.55 
± 0.085 0.91 –

FYM_ZF 0.39 
± 0.281 0.8 0.84 0.42 

± 0.123 0.97 0.97 0.58 
± 0.199 0.91 0.91

8 cm

C 1.17 
± 0.587 – – 0.83 

± 0.125 – – 0.99 
± 0.247 – –

FYM 1 
± 0.568 0.68 – 0.83 

± 0.2 0.72 – 0.89 
± 0.233 0.45 –

FYM_ZF 0.94 
± 0.712 0.59 0.68 0.77 

± 0.067 0.72 0.72 0.8 
± 0.125 0.13 0.48

12 cm

C 2.04 
± 0.532 – – 1.07 

± 0.267 – – 1.33 
± 0.424 – –

FYM 1.289 
± 0.528 0.4 – 0.94 

± 0.158 0.53 – 1.12 
± 0.355 0.36 –

FYM_ZF 1.2 
± 0.506 0.4 0.54 0.9 

± 0.141 0.32 0.53 1.07 
± 0.350 0.2 0.62

16 cm

C 2.04 
± 0.532 – – 1.45 

± 0.493 – – 1.62 
± 0.450 – –

FYM 1.744 
± 0.332 0.45 – 1.09 

± 0.238 0.092 – 1.53 
± 0.291 0.91 –

FYM_ZF 1.75 
± 0.453 0.45 1 1.01 

± 0.166 0.058 0.509 1.45 
± 0.328 0.91 0.91

20 cm

C 2.36 
± 0.497 – – 1.71 

± 0.547 – – 1.99 
± 0.482 – –

FYM 2.011 
± 0.289 0.42 – 1.25 

± 0.242 0.054 – 2.03 
± 0.416 0.62 –

FYM_ZF 2.25 
± 0.54 0.73 0.45 1.24 

± 0.299 0.054 0.787 1.8 
± 0.422 0.57 0.57

UID 
(kN/m2)

C 105.11 
± 4.131 – – 170.8 

± 5.376 – – 246.571 
± 14.095 – –

FYM 104.62 
± 5.833 0.82 – 172.77 

± 4.973 0.29 – 243.47 
± 14.340 0.26 –

FYM_ZF 97.86 
± 6.713 < 0.001 < 0.001 168.82 

± 6.766 0.29 0.1 233.43 
± 15.319 < 0.001 < 0.001

WI (%)

C 22.724 
± 8.566 – – 22.34 

± 3.195 – – 12.76 
± 3.163 – –

FYM 30.243 
± 13.447 0.325 – 36.827 

± 4.853 0.0591 – 22.253 
± 5.003 0.198 –

FYM_ZF 48.975 
± 18.093 0.034 0.146 53.02 

± 5.256 0.0097 0.0591 34.82 
± 5.391 0.013 0.198

Results of Kruskal-Wallis variance test (significance level P < 0.05 in bold). SD – standard deviation; CI – Cone index; 
IUD – implement unit draft; WI – water infiltration 
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in Table 5, the differences in yields were significant 
between FYM_ZF and C in the case of sugar beet 
and winter wheat. Also, the sugar content reached 
by FYM and FYM_ZF was significantly higher than 
the one attained by C.

CI represents a staple soil property since it is closely 
related to root architecture and thus also a water 
uptake (Colombi et al. 2018). CI around 2.5 MPa is 
considered the threshold where higher values directly 
restrict the plant growth (Whalley et al. 2007). In 
the case of this study, this threshold was not reached 
within any variant, nor depth. However, positive 
effects of Z’Fix treatment may be observed through 
the reduced CI values in comparison with control 
and pure manure. The study of Celik et al. (2010) 
confirms that the application of organic fertilisers 
leads to a reduction in CI. In our study, FYM_ZF 

performs even better than FYM in most of the cases, 
and this beneficial effect, even though not signifi-
cant, is likely to be supported by Z’Fix addition. The 
reduction of CI in upper layers of the soil profile is 
in line with findings of the study of Čermáková et 
al. (2019). When CI was lower when using Z’Fix.

The results of WI using a rain simulator showed 
a trend that was maintained during all monitored 
seasons. These results seem to be very interesting, 
as they do not provide a simple point information 
since the area under investigation involves approx. 4 
square meters of the soil profile. The highest WI was 
always achieved by the FYM_ZF variant. In addition, 
there were statistically significant differences between 
C and FYM_ZF each season following manure ap-
plication. The results clearly show an improvement 
of infiltration conditions for the FYM_ZF variant, 

Figure 3. Cone index acquired by the penetrometer PN70, error bars representing standard deviation. C – control; 
FYM – farmyard manure; FYM_ZF – farmyard manure with Z’Fix

Figure 4. Percentage of infiltrated area (WI) using rainfall simulator in specific levels error bars representing the 
standard deviation. C – control; FYM – farmyard manure; FYM_ZF – farmyard manure with Z’Fix
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Figure 5. Implement unit draft obtained by dynamometer 
with strain gauge S-38/200kN, error bars representing 
the standard deviation. C – control; FYM – farmyard 
manure; FYM_ZF – farmyard manure with Z’Fix

as well as the general effect of manure and other 
organic matter, but to a lesser extent than when 
using activators. Concerning the fact that the WI is 
influenced by the bulk density (Chyba et al. 2017), 
WI results of the present study concurrently confirm 
the conclusions of the study of Šařec et al. (2017b), 
which described the favourable effect of Z’Fix on 
soil properties, bulk density, respectively.

The reduction in IUD within FYM_ZF is in line with 
the results obtained in previous small-plots one-year 
studies on two different soil types, where cattle manure 
treated by Z’Fix was applied (Šařec and Žemličková 
2016, Žemličková and Šařec 2016). Tillage is one of the 
most energy-intensive operations in agriculture. The 
implement draft of FYM_ZF decreased by 4.5% (three-
years average) compared to FYM. This decrease might 
result in fuel savings of about 0.45 L/ha (assuming 
average power delivery efficiency of around 50% and 
the fuel requirements of tillage operations at the level 
of 20 L/ha). However, the benefit is not only linked 
directly to fuel consumption and costs but also to the 
reduced emissions produced during tillage (Lal et al. 
2019). Finally, vegetation conditions were evaluated. 
A total of 31 satellite images between 2018–2020 were 
analysed to derive the NDVI index. The beneficial 
effect of the Z’Fix during the emergence phase could 
be observed by sugar beet (2018) and wheat (2020). 
However, the effect was uncertain in 2019 (Table 4). 
Z’Fix seemed to maintain beneficial even during the 
drought periods. Although the months of July and 
August were really dry in 2018 (Figure 1), FYM_ZF 
kept showing the highest NDVI values. This obser-
vation is in line with the statement of Šařec et al. 
(2017b), which declares that Z’Fix can alleviate the 
stress of vegetation in the dry season.

Table 5. Descriptive statistics of yield parameters during the period of field experiment and results of one-way 
ANOVA through Tukey HSD (honestly significant difference) test (statistically significant results with P < 0.05 
marked as bold)

Year Variable Variant Mean ± SD C FYM

2018

sugar beet yield (t/ha)
C 55.19 ± 2.38 – –

FYM 58.60 ± 1.84 0.150 –
FYM_ZF 61.17 ± 1.33 0.020 0.295

sugar content (%)
C 19.00 ± 0.46 – –

FYM 21.80 ± 0.70 0.002 –
FYM_ZF 22.20 ± 0.30 0.001 0.629

2019

poppy yield (t/ha)
C 0.82 ± 0.10 – –

FYM 0.89 ± 0.06 0.555 –
FYM_ZF 0.97 ± 0.07 0.126 0.473

poppy seed and straw mix yield (t/ha)
C 1.41 ± 0.09 – –

FYM 1.49 ± 0.07 0.496 –
FYM_ZF 1.56 ± 0.09 0.141 0.576

2020 winter wheat yield (t/ha)
C 7.60 ± 0.27 – –

FYM 8.13 ± 0.20 0.322 –
FYM_ZF 8.66 ± 0.62 0.044 0.322

SD – standard deviation; C – control; FYM – farmyard manure; FYM_ZF – farmyard manure with Z’Fix
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Eventually, based on the above-described results, the 
following conclusions can be drawn. CI and IUD were 
mostly reduced when using agent Z’Fix for manure 
treatment. Concurrently, WI status was found to be 
superior over the other variants. All those described 
effects on the soil environment also positively influ-
enced the plant status indicated by NDVI and finally 
resulted in higher yields during investigated cropping 
seasons, especially in drought periods. With respect 
to the sustainability of agricultural production, these 
findings are directly applicable to the agricultural 
practice; nevertheless, it is necessary to verify them 
further under different conditions (various soil types, 
manures, and climatic conditions, etc.).
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