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ABSTRACT

The decrease in application of organic fertilizers into arable soils in Slovakia observed
for the past twenty-five years has caused degradation of their physical, chemical and biological
parameters. In order to solve this problem, Slovak farmers often add to soil such carbon-rich
substances which either pose a risk of increasing the heavy metal content of soil, or whose
purchase and use are economically demanding. Meanwhile, sawdust is a cheap and available
carbon-rich material. Therefore, the objective of a two-year pot experiment was to determine
the impact of sawdust used alone or with added inorganic nitrogen on the parameters of sugar
beet yield as well as on some soil parameters. The results proved that the separate application
of sawdust in autumn in doses of 3.4 t ha! and 6.8 t ha! caused the retardation of the growth
of sugar beet and the decrease of the total chlorophyll content in leaves during the first 80 days
of plant growth and development. This application did not have the significant impact
on the root yield, but it increased the sugar content of sugar beet roots. The roots contained less
a-amino nitrogen and more potassium. The number of nitrogen-fixing bacteria of genus
Azotobacter chroococcum (AzCh) and the quantity of organic carbon in soil increased. The addi-
tion of mineral nitrogen fertilizer in a dose of 60 kg ha! into sawdust before sugar beet sowing
in spring lowered or even eliminated the negative impact of sawdust itself on the beet growth
and the content of total chlorophyll. It also increased the root yield. This addition had positive
impact on the number of bacteria of the genus AzCh and the quantity of organic carbon in soil.
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INTRODUCTION

In Slovakia, the number of livestock such as cattle, sheep and pigs has
declined in the last twenty-five years. Consequently, the production
of manure has fallen by 55-60% and the production of composts decreased
by 80-85% during the given period. As a result, a decrease of the soil organic
substance content has emerged. This is due to both the decreased production
and use of organic fertilizers, and to the increased transport of carbon
through the by-products. The primary source of organic substance in soils
in Slovakia has become the crop residues. Nowadays, depending on the crop
rotation cycle and harvest technology, they often compensate the require-
ment of organic substances by just 10%, which is insufficient. The low quan-
tity of organic substances in soil along with the subsequently deteriorated
physical, chemical, biological and sanitary and toxicological parameters mean
that many agricultural farms have begun to experience stagnation or even
a decrease of yields despite maintaining the optimal mineral nutrition
of plants (KovAcCik et al. 2010). Farmers try to stabilize or increase the yields
of crops by counteracting the deficit of organic substances in soil, and have
therefore started to apply the different carbonaceous materials into soil
(FECENKO et al. 1995, VALSIKOVA, VITEKOVA 2006, SIMANSKY et al. 2019). Hence,
lignite or lignite dust (sources of carbon harder to dissolve) are applied into
Slovakian soils in higher quantities. Biochar as a carbon source is used
in smaller amounts. Consequently, both yield increases and decreases
of cultivated crops are recorded following the application of lignite or biochar,
depending largely on the quality of these substances, their doses and dates
of application, soil parameters, course of the weather and type of cultivated
crop (KovAcik et al. 2016). However, farmers seem unaware that the cheap-
est sources of carbon, excellent in terms of the impact on soil and crops,
are straw and fermented sawdusts (NoraN et al. 2011, Troy et al. 2012).

Special attention needs to be drawn to the quantity and quality of organic
substances in soil, which is confirmed by data indicating a positive relation-
ship between the quantity of organic carbon (organic substances) in soil and
the soil’s fertility (éIMANSKY, ToBIiAsovA 2012, Kona et al. 2014, DuDEK et al.
2020). Zuao et al. (2015a,b) claim that after straw application an increase
in yield was recorded in 92% cases, while a yield decrease appeared in 8%
of the cultivated crops. On the contrary, OvVERHOLSER (1955) and KovAcik
(2014) state that a yield decrease can be expected after the application
of significant quantities of lignocellulose material (straw, sawdust, shavings).

One of the many reasons why results of studies into the impact of saw-
dust or straw application on the yield of cultivated crops are divergent is
their inaccurate interpretation. The inaccuracy arises from the fact that
while the research methods clearly show testing the interactive effect of car-
bon and fertilizers, the achieved effect is sometimes credited to the applied
carbonic materials. Positive results of the interactive impact of straw and
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industrial fertilizers have been detected by Zuana et al. (2016), ZHAO et al.
(2016) and Zuo et al. (2017).

Taking into consideration the above considerations, the objective of our
experiments was to determine the effect of using sawdust alone and the
shared effect of sawdust and mineral nitrogen added by fertilizer on the yield
and quality of sugar beet and selected soil parameters.

MATERIALS AND METHODS

Experimental design and field management

A pot experiment was carried out for two years (2010-2011) in an out-
door cage for growing plants, located on the premises of the SUA (Slovak
University of Agriculture) in Nitra (48°18'N, 18°06'E — Slovakia). The dimen-
sions of the cage were 20 m x 20 m x 5 m. The walls and roof were made
of metal mesh, with the mesh size 15 mm x 15 mm, to protect the experi-
ment against birds. The floor was made of interlocking grey pavement slabs.
23.5 kg of Haplic Luvisol (WRB 2006) soil taken from the topmost 0.0-0.3 m
soil horizon was put into the pots, having a cylindrical shape, with the
height of 35 cm with diameter of 35 cm. While weighing soil batches, the soil
was mixed with Norway spruce sawdust (Picea abies) (treatments 2, 3, 4, 5),
thus sawdust was distributed evenly within the whole pot. 79.62% of saw-
dust was composed of the size fraction 0.25-3.0 mm, 12.36% represented
fraction 3.0-10.0 mm, 1.59% comprised particles larger than 10.0 mm
and 6.43% of sawdust consisted of particles smaller than 0.25 mm. The pots
with soil and sawdust were placed on saucers able to keep to keep 1000 ml
of the flowing soil solution in the period of rainfall. The flowing solution was
returned to the pots. The agrochemical parameters of the used soil and saw-
dust are indicated in Table 1.

The experiment was established according to the method of the random
design with four replications and 5 treatments (Table 2). The sawdust doses
were selected so that the basic sawdust dose (3.4 t ha'') contained the same
quantity of organic substance as 4 t ha' of straw, which is the quantity
recommended to incorporate into soils in Slovakia every year. The dose
of 6.8 t ha' of sawdust (tr. 4) was by 100% higher than the basic dose
of sawdust (treatment 2). Sawdust was applied in autumn, when the experi-
ment was set up. It was in October in the first year and in November in the
second year. In spring, about 7 days before the sowing of beet, nitrogen was
applied in the same dose of 60 kg ha' to treatments with both sawdust
doses. Nitrogen was added as mineral fertilizer, i.e. ammonium nitrate with
limestone (27% N), in a dose of 1.67 g of pure nitrogen per pot. The N dose
was calculated based on the weight of the soil in the pots. The selected
dose complied with the legislation of the Slovak Republic, according to which
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Table 1
Chemical parameters of soil and sawdust used in experiment

Parameters Unit Soil Sawdust
N... 14.3 1875
N-NH,* 4.1 152.2
N-NO, 10.2 35.3
P 65.6 9.7
K (mg kg DM) 437.5 435.8
Ca 1053 871.5
Mg 353.0 171.0
N,.. 1369 806.9
C,. 13.4 502.3
oM (& ke DM 24.2 934.3
C:N 9.8:1 622.5:1
pH,, - 5.98 4.35
pH, 6.27 4.75

OM - organic mater

the maximum single dose of mineral N fertilizers is 60 kg ha' N in the soils
where the nitrate content in groundwater is higher than 50 mg dm.
The doses of sawdust and nitrogenous fertilizer were calculated in accor-
dance with the hectare application doses per pots. In comparison with ma-
nure pot experiments, these doses were fivefold higher (Table 2).

The sowing of sugar beet cultivar Antek seeds took place in the fisrt ten
days of April in both years of the experiment. After sowing 10 seeds, the soil
surface was covered up evenly with 0.5 kg of siliceous sand. After germina-
tion of the first seeds of sugar beet plants, mechanical weeding was carried
out. In June, 80 days after sowing, the plants per pot were thinned unified

Table 2
Treatments of the experiment
Treat ¢ Doses
reatments icati
sawdusts N Apphc_atlon
period
No. labelling description (t hat) (kg ha't)

1 0 control
2 Saw, sawdust 3.4 autumm
3 Saw +N sawdust+N 3.4 60 autumm and spring
4 Saw, sawdust 6.8 autumm
5 Saw,+N sawdust+N 6.8 60 autumm and spring
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to three, which continued to grow until the end of the growing season.
The experiment was completed in the second ten days of October.

Analysis of soil and sawdust

The agrochemical analyses of soil and sawdust before the experiments
were made as follows: NH,*-N by the Nessler’s colorimetric method; NO,-N
by the colorimetric method with phenol - 2,4 disulphonic acid, N, _ was cal-
culated as the sum of NH,*-N + NO,-N; the content of available P K Ca, Mg
was determined by Mehhch 11T extractlon procedure (MEHLICH 1984).
The content of P was determined by the colorimetric method, K and Ca
by flame photometry, Mg by atomic absorption spectrophotometry, pH,,
(in solution of 1.0 mol KCI dm™) potentiometrically. The total N content (N,
was determined according to the Kjeldahl method (BREMNER 1960), organic
carbon content (C ) oxidometrically after oxidation by the Tyurin method
(OrLoOV, GRISINA 1985) The content of organic matter (OM) was determined
gravimetrically at temperature 550-600°C (KovAcik 1997). For the analysis
of bulk density, undisturbed soil cores (100 cm?®) were taken from each pot.

Measurements and analysis during the plant growing season,
at the end of the experiment

Thirty days after sowing, and subsequently 45 days, 80 days and 190 days
after sowing, the plant height was measured (length of leaves). The first
measurements were done by measuring of the perpendicular distance
between the soil surface and the end of the highest leaf. The following two
measurements required pulling plants out. On the 80" day, 5-7 plants were
pulled out from the pot (depending on the number of germinated plants).
On the 190™ day after sowing, 3 plants were pulled out of the pot (the end
of experiment). The plants were placed on a pad and the length of the lon-
gest leaf of each plant was recorded.

The content of assimilation pigments (chlorophyll a, chlorophyll b)
was also determined on the 80% day after sowing (the last ten days of June).
The third longest leaf was taken from each removed plant. The pigments
were determined in acetonic extract by the spectrophotometric method, using
the equations of LICHTENTHALER (1987).

In mid-September, a soil sample was taken and the number of nitrogen-
-fixing bacteria Azotobacter chroococcum (AzChr) were determined by the
plate-dilusion method on Ashby agar (SuBBa Rao 2005).

On the day of the termination of the experiment, before pulling the
plants out of the pots, soil samples were taken, in which the bulk density
(Bd), the content of organic carbon (C ) and soil reaction (pH,.) were speci-
fied by the methods described above. The root yield of sugar beet was deter-
mined by weighing. The following parameters were determined in roots:
sugar content (polarimetrically), K content, Na and a-amino N in mmol kg'!
of beet pulp (spectrophotometrically), with the help of an automatic line
VENEMA (made in Slovakia, by Selekt Bucany, Plc.).
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Statistical analysis

The results were processed by mathematical and statistical methods,
applying the multifactorial analysis of variance (ANOVA). The differences
between the treatments were evaluated subsequently by the LSD test at
a significance level a = 0.05 and in Stathgraphic, version 5.

RESULTS AND DISCUSSION

A large C and N ratio as well as a significant content of phenols in ligno-
cellulose substances put into soil shortly before planting or sowing crops can
cause unequal germination or retardation of plant growth (KovAcCik 2014).
Our experiment indicates that the application of sawdust caused the retar-
dation of plant growth seven months afterwards. The strongest negative
impact of sawdust on the plant growth was evident in the early growth stages
of sugar beet (Table 3). On the 30" day after sowing, the plant height

Table 3
Impact of sawdust on height of sugar beet plants
Sampling / number of days after sowing
Treatments
1./30 II./ 45 II1. / 80 IV. /190
No. labelling (cm)

1 0 3.33d 6.82¢ 15.92¢ 18.19ab
2 SaW1 1.50b 3.04b 15.47b 18.85¢
3 Saw1+N 2.25¢ 5.28d 17.74d 18.93¢
4 Saw2 0.50a 0.70a 10.31a 17.89a
5 Saw2+N 1.15b 4.90c 15.45b 18.50b¢

LSD,,, 0.360 0.307 0.408 0.527

LSD_ _ — limit of significant differences at the level a = 0.05 (LSD test), different letter after

0.05
a numerical value indicate a statistically significant difference at the level 95.0%.

in treatment 2 (basic sawdust dose) achieved only 45% of the height
of the control plants, and on the 45 day — it corresponded to just 44.6%
of the control. With the double sawdust dose (treatment 4), the plant height
achieved 15% of the height of the control treatment on the 30" day after
sowing, and 10.3% on the 45" day after sowing. On the 80 day after sowing,
the beet plants in treatments 2 and 4 were still significantly lower in com-
parison with the plants from the control treatment, although, the differences
were proportionally smaller. At the end of the experiment, only the plants
from treatment 4 were lower (insignificantly) than the plants from treatment
1. In treatment 4, the double dose of sawdust was used. The plants from
treatment 2 were considerably higher than the ones from treatment 1.
It is evident that the negative impact of sawdust on the plant hight was only
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temporary and dependent on the applied dose of sawdust. The higher saw-
dust dose caused stronger and longer lasting growth retardation.

The data from Table 3 indicate that the spring application of nitrogen
into soil containing sawdust before sowing (treatments 3 and 5) had a signi-
ficant positive impact on the sugar beet growth. On the 30" day after
sowing, the beet plants in the treatment 3 were taller by 50% and on the
45" day they were taller by 73.7% than in treatment 2. Similarly,
on the 30" day after sowing, the beet plants in treatment 5 were taller
by 130% than the plants from treatment 4 and on the 45%day the difference
was up to 600%. The statistically significant positive impact of the applied
nitrogen on the plant height was recorded almost until the half of the beet
growth season (80 days after sowing). At the end of the experiment, the dif-
ference between treatments 2 and 3 was insignificant. The difference
between treatments 4 and 5 was significant as the negative effect of the double
sawdust dose on the plant growth had finished.

Nitrogen applied in the dose of 60 kg ha! was unable to eliminate the
negative impact of both sawdust doses on the beet growth during the first
45 days. Therefore, the height of beet plants in treatments 3 and 5 was
lower in comparison with the control treatment. At the end of the experi-
ment, the plants in treatments 3 and 5 were equally tall or taller than in the
control treatment. This fact proves the temporary negative impact of saw-
dust on the plant growth, which we had recorded earlier, and the duration
of this effect can be shortened via the application of inorganic nitrogen.

The above findings agree with the observations by other researchers
(PiNntpa1ToON 2011, BHARALI et al. 2017), which indicate that simultaneous
application of lignocellulose substances and nitrogen has a positive impact
on the phytomass formation by crops.

The highest content of total chlorophylls determined in beef leaves
on the 80% day after sowing was recorded in the control treatment (Table 4).

Table 4

Impact of sawdust on chlorophyll content in sugar beet leaves on 80t day after sowing

Chlorophyll
Treatments
a b atb a/b
No. labelling (mg m?)
1 0 160.98¢ 72.86¢ 233.84c 2.21
2 Saw, 136.11b 60.92b 197.03b 2.23
3 Saw +N 140.46b 62.04b 202.50b 2.26
4 Saw, 115.65a 53.14a 168.79a 2.18
5 Saw,+N 118.79a 51.91a 170.70a 2.29
LSD, . 4.905 5.376 7.960

LSD,,, — limit of significant differences at the level @=0.05 (LSD test), different letter after
a numerical value indicate a statistically significant difference at the level 95.0%.
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The lowest content of total chlorophyll was detected in those treatments
where the double sawdust dose was applied (treatments 4 and 5). As there
are dependences between the quantity of available nitrogen as well as mag-
nesium, sulphur, phosphorus and other elements in soil versus their content
in a plant and the quantity of chlorophyll (REY-CaARAMES et al. 2016, WaAsaya
et al. 2017), it is highly possible that the lower content of total chlorophyll
detected in treatments 2 and 5 compared with treatment 1 are caused
by the biological sorption of these nutrients, resulting in reduced quantities
of the available forms of N, P and S in soil.

The content of total chlorophyll we determined is comparable with
the one reported by RocHaLska (2005). The proportions between chlorophyll a
and b affirm the data of Wanag et al. (2009), who claimed that the content
of chlorophyll a¢ in leaves is higher than chlorophyll 5. The proportion
between chlorophyll @ and b in the treatments was 2.23:1, which i1s a nar-
rower ratio than detected by KovAcCik et al. (2014) in leaves of winter wheat
(2.73:1) and winter oilseed rape (2.45:1).

In the early period, the recorded growth retardation and lower content
of chlorophylls in leaves of beets growin on soil where sawdust was applied
(treatments 2-5, Tables 3 and 4), was manifested slightly in the yield of sugar
beet roots (Table 5). Significant differences in yields were caused by the
spring application of nitrogen into soils treated with sawdusts (Table 5).

Table 5
Impact of sawdust on parameters of sugar beet yield
Treatments Yield Sugar content a-amino N K | Na
No. labelling (g pot?) (g kg) (mmol kg)

1 0 220.73a 172.8a 40.10b 34.80a 1.93a
2 Saw, 228.39a 194.9b 36.50a 39.60b 2.07ab
3 Saw +N 455.71c 172.3a 35.80a 38.60b 2.09ab
4 Saw, 171.95a 195.0b 37.20a 39.70b 2.15b
5 Saw,+N 348.10b 178.5a 37.00a 38.90b 2.17b

LSD, . 64.811 9.58 2.24 2.93 0.17

LSD, ,; — limit of significant differences at the level ¢ = 0.05 (LSD test), different letter after
a numerical value indicate a statistically significant difference at the level 95.0%.

The differences between treatments 3 and 5 were not considerable, although
they suggest that the dose of nitrogen should be increased as a dose of saw-
dust is higher. The lowest beet root yield was achieved in the treatment
where sawdust was applied in the highest dose (tr. 4). These findings confirm
the data obtained by KovAcik (2014), where high doses of lignocellulose sub-
stances led to yield decreases. Similarly, the information presented in this
paper is confirmed by Xit et al. (2017), who materials with the high C:N
sorportion should be added to soil in combination with nitrogen.
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The application of sawdust (treatments 2 and 4) increased significantly
the sugar content of sugar beet roots, and the double dose had an impact
on the sugar content similar to the one produced by the basic dose of saw-
dust (Table 5). The addition of inorganic nitrogen to sawdust (treatments
3 and 5), in comparison with sawdust application alone (treatments 2 and 4)
decreased considerably the sugar content of sugar beet roots. This was
expected because it agrees with the knowledge about the impact of N ferti-
lizing on the sugar content in sugar beet roots (HaLvorsoN et al. 1978,
TsiaLTas, MasLArts 2005).

When comparing the sugar content recorded in the control treatment
(treatment 1) with the one obtained in treatments 3 and 5, it is apparent
that when sawdust is applied together with inorganic N there is no decrease
in the sugar content of sugar beet roots in comparison with beetroots from
untreated soil. This emphasizes that the application of sawdust in doses
3.4 and 6.8 t ha! and the following application of inorganic N in the dose
60 kg ha! are a measure that inceases significantly the yield of sugar beet
roots while maintaining the sugar content.

The application sawdust alone (treatments 2 and 4), but also with
inorganic nitrogen (treatments 3 and 5), decreased considerably the content
of a¢-amino N in beet roots, which is a positive outcome. The addition
of nitrogen to sawdust (treatments 3 and 5) did not result in any change of
the content of a-amino N, which - along with the highest values of the sugar
content in treatments 3 and 5 — is the evidence that the selected dose
of N was suitable and could even be higher. The lack of any increase in the
a-amino N content after the application of nitrogen is not a common finding.
On the contrary HorrManN (2005) claims that after the application of inor-
ganic N, a rise in a-amino N values was recorded. The content of a-amino N
varied from 35.80 to 40.10 mmol kg.

The results of our determinations show that the application of sawdust
can improve the quality of sugar beet roots by increasing the sugar content
and decreasing the content of a-amino N. However, the application of saw-
dust can increase the content of potassium and sodium, which is an undesir-
able effect (Table 5). The increase of potassium achieved the level
of 10.9-14.1% and that of sodium 7.3-12.4%. The increase of K and Na
in beet roots is the consequence of the increase of available nutrients in soil,
which begins four months after the application of sawdust to soil. During
the first four months after the application of sawdust particles, the decrease
in available nutrients in soil was detected as a result of their immobilization,
1.e. biological sorption (KovAcik, 2013)

The application of sawdust, bark or any other organic substance has
a significant impact on the frequency and composition of the soil microflora
(OveERHOLSER 1955). Adding sawdust to soil in the quantities of 3.4 and
6.8 t ha! increased considerably the number of the nitrogen-fixing bacterium
Azotobacter chroococcum (Table 6). The differences in the frequency of bacte-
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Impact of experimental treatments on the number of nitrogen-fixing bacteria fapled
(Azotobacter chroococcum) and selected soil parameters
Treatments Azotobacter chroococcum Bulk density C,
No. | labelling (CFU x 10° g dry soil) (g cm™) (g kg PHya
1 0 433.25a 1.39¢ 1.29a 6.01c
2 Saw, 549.85b 1.27a 1.33b 5.96¢
3 Saw +N 586.25b 1.36b 1.41c 5.78b
4 Saw, 561.90b 1.25a 1.40c¢ 5.81b
5 Saw,+N 620.80b 1.34b 1.46d 5.64a
LSD,,, 76.945 0.028 0.034 0.129

CFU — colony forming unit, LSD . — limit of significant differences at the level «=0.05 (LSD test),
different letter after a numerical value indicate a statistically significant difference at the level
95.0%.

ria between the treatments of with the lower and higher sawdust doses were
insignificant. The recorded positive impact of sawdust on the count of nitro-
gen-fixing bacterium Azotobacter chroococcum agrees with the current know-
ledge on this issue, for example MocKERIDGE (1915) and KovAcik (2014) claim
that one of the essential prerequisites for bacteria Azotobacter chroococcum
to live is the sufficient amount of easily mineralized organic matter in soil.
Similarly, the addition of nitrogen to sawdust (treatments 3 and 5) did not
have any considerable impact on the frequency of the bacteria AzChr.
We can state that the application of the higher dose of sawdust and the
application of inorganic nitrogen tended to increase the number of bacteria
AzChr. Similarly, ABDEL-AzIEz et al. (2014) claim that the occurrence
of the nitrogen-fixing bacterium Azotobacter chroococcum in the world soils
is determined by the application dose of inorganic N and the season
of the year, and that the response of particular phyla of bacteria to the envi-
ronmental conditions is different.

The finding that there was a significant increase in the number of nitro-
gen-fixing bacterium AzChr in soil after the application of sawdust is import-
ant in terms of the possibility of increasing the soil content of N as well
as for the health of plants. This bacterium can fix atmopheric nitrogen
and has the inhibitory, antagonistic impact on the agents of the genera
Fusarium, Alternaria and Penicillium, which cause serious mycoid plant
diseases (LAKSHMINARAYANA 1993, KovAcik 2014). Therefore, rather than
trying to remove crop residues (lignocellulise substance) from fields, farmers
should try to create the best conditions for the development of this bacte-
rium, for example by ploughing in sawdust.

The content of organic carbon at the end of the experiment was,
as expected, the lowest in the control treatment, where sawdust was not
used (Table 6). The application of the higher dose of sawdust resulted
in a higher content of C_ than after soil was treated with the lower dose
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of sawdust (treatments 2 and 4). The addition of nitrogen to sawdust (treat-
ments 3 and 5) significantly increased the content C_. This is probably relat-
ed to the formation of a more massive root system in treatments 3 and 5
than in treatments 2 and 4. The highest content of organic carbon was
detected in treatment 5, which emphasizes the rationality of the widesprea-
due of sawdust and inorganic nitrogen.

When we compare the pH soil values determined at the end of the expe-
riment, it becomes evident that only the higher dose of sawdust (treatment 4)
was able to have a significant impact on the soil reaction. Sawdust had an
acidifying effect. The addition of commercial nitrogen to sawdust (treatment
3 versus 2 and treatment 5 versus tr. 4) decreased considerably the soil reac-
tion. The lowest pH value was detected in the treatment where the highest
dose of sawdust was applied along with inorganic nitrogen (treatment 5).
SARKAR et al. (2010), Liu et al. (2010), GeaB and GoNDEK (2014) arrived
at similar conclusions, claiming the decrease of the soil pH value after the
application of mineral N fertilizer alone or in combination with manure and
straw.

CONCLUSIONS

1. The initial retardation in sugar beet growth caused by the autumn
application of sawdust in the doses of 3.4 t ha! and 6.8 t ha! did not result
in a significant decrease of sugar beet yield.

2. The use of sawdust significantly reduced the g¢-amino nitrogen content
in sugar beet roots and improved some soil parameters. The number of bac-
teria of the genus Azotobacter chroococcum and the amount of organic carbon
increased. The bulk density decreased.

3. The addition of nitrogen in the dose of 60 kg ha! to sawdust before
beet sowing:

— lowered or even eliminated the negative impact of sawdust applied
alone on the beet growth and the content of total chlorophyll,

— increased more significantly the number of bacteria of the genus
Azotobacter chroococcum and the quantity of organic carbon in soil
than the application of sawdust alone.

4. The autumn application of sawdust in the tested doses together with
the spring application of inorganic N in the dose 60 kg ha!, in comparison
with the untreated soil, increased significantly the sugar beet root yield, pre-
served its sugar content, decreased the content of a-amino N and has a posi-
tive impact on the content of organic carbon in soil, on the number of bacte-
ria of the genus Azotobacter chroococcum and on the bulk density of soil,
which decreased.



1152

REFERENCES

ABDEL-AzIEZ S.M., EwEDA W.E., Gircis M.G.Z., ABDEL-GHANY, B.F. 2014. Improving the producti-
vity and quality of black cumin (Nigella sativa) by using Azotobacter as N, biofertilizer.
Ann. Agr. Sci., 59(1): 95-108. http://dx.doi.org/10.1016/j.a0as.2014.06.014

Buararnr A., Baruan K.K., BHATTACHARYYA P., GorH D. 2017. Integrated nutrient management
in wheat grown in a northeast India soil: Impacts on soil organic carbon fractions in rela-
tion to grain yield. Soil Till. Res., 168: 81-91. https://doi.org/10.1016/].still.2016.12.001

BreEMNER J.M. 1960. Determination of nitrogen in soil by the Kjeldahl method. J. Agr. Sci.,
55(1): 11-33. https://doi.org/10.1017/S0021859600021572

Dubpek T., Woraxskr P., Rocur K. 2020. Accumulation of organic carbon in soil under various
types of highland temperate meadows. J. Elem., 25(1): 85-96. DOI: 10.5601/jelem.2019.24.2.1849

FeceEnko J., Maui$ L., KovAcik P. 1995. Effects of sodium humate on the yield formation and
quality of spring barley. Zesz. Probl. Post. Nauk Rol., 421 B: 31-36.

GrAB T., GonDpEK K. 2014. The influence of soil compaction and N fertilization on physico-
-chemical properties of Mollic Fluvisol soil under red clover/grass mixture. Geoderma,
226-227(1): 204-212. https://doi.org/10.1016/j.geoderma.2014.02.021

HavvorsoN A.D., HArtMAN G.P., CoLk D.F., HaBy V.A., BAaLDRIDGE D.E. 1978. Effect of N fertiliza-
tion on sugarbeet crown tissue production and processing quality. Agron. J., 70(5): 876-880.
https://doi.org/10.2134/agronj1978.00021962007000050040x

Horrmann C.M. 2005. Changes in composition of sugar beet variaetes in response to increasing
N supply. J. Agron. Crop Sci., 191(2): 138-145. https://doi.org/10.1111/;.1439-037X.2004.00149.x

Kong X.B., LaL R., L1 B.G., Liv H.B., Li K.J., Fenc G.L., Zuanc Q.P., Zuanc B.B. 2014. Chapter
four — Fertilizer intensification and its impacts in China’s HHH plains. Adv. Agron.,
125: 135-169. https://doi.org/10.1016/B978-0-12-800137-0.00004-2

Kovacik P. 1997. Analysis of soils, plants, fertilizers and calculation of nutrient doses to field
and garden plants. SAU, Nitra, Slovakia. 99 p. (in Slovak)

Kovacik P., KMETovA M., RENCO, M. 2013. The impact of fresh sawdust and dry pig manure pro-
duced on sawdust bedding application on the nutrients mobility in soil and sugar beet yield.
dJ. Ecol. Eng., 14(3): 69-76. DOI: 10.5604/2081139X.1056049

KovAcik P., KozANEK M., TAKAC P., GALLIKOVA M., VARGA L. 2010. The effect of pig manure fermen-
ted by larvae of houseflies on the yield parameters of sunflowers (Helianthus annus L.). Acta
Univ. Agric. Silvic. Mendelianae Brun., 58(2): 147-153. https://doi.org/10.11118/
/actaun201058020147

KovAcik P. 2014 The principles and methods of plant nutrition. Slovak Agricultural University
in Nitra, Nitra, Slovakia. 278 p. (in Slovak)

KovAcik P., Baran A., FrLovA A., Vician M., Hupkc J. 2014. Content changes of assimilative pig-
ments in leaves after fertilizer Mg-Titanit application. Acta fytotech. zootech., 17(2): 58-64.
https://doi.org/10.15414/afz.2014.17.02.58-64

KovACIK P., Zorajovia A. Simansky V., Hariszova K. 2016. Spring barley yield parameters
after lignite, sodium humate and nitrogen utilization. Agriculture (Polnohospodarstvo),
62(3): 80-89. https://doi.org/10.1515/agri-2016-0009

LARSHMINARAYANA K. 1993. Influence of Azotobacter on nutrition of plant and crop productivity.
Proc. Indian. Nat. Sci. Acad., B59(3-4): 303-308.

LicuteNTHALER H.K. 1987. Chllorophylls and Carotenoides: Pigments of Photosynthetic Biomem-
branes. Methods Enzymology, 148: 350-382. https://doi.org/10.1016/0076-6879(87)48036-1

Liv E., Yan CH., ME1 X., HE W., Bina S.H., Dinc L., Liv Q., Liu S., Fan T. 2010. Long-term effect
of chemical fertilizer, straw, and manure on soil chemical and biological properties in nor-
thwest China. Geoderma, 158(3-4): 173-180. https://doi.org/10.1016/j.geoderma.2010.04.029

MEeHLICH A. 1984. Mehlich-3 soil test extractant: a modification of Mehlich-2 extractant. Comm.
Soil Sci. Plan., 15(12): 1409-1416. https://doi.org/10.1080/00103628409367568



1153

MockeRIDGE FA. 1915. Soil organic matter as a culture medium for Azotobacter. Biochem .,
9(2): 272-283. https://doi.org/10.1042/hj0090272

Noran T., Troy S.M., HeaLy M.G., Kwaprinskt W., Leany J.J., LawLor P.G. 2011. Characteriza-
tion of separated pig manure composted with a variety of bulking agents at low initial C/N
ratios. Biores Technol., 102(14): 7131-7138. http://dx.doi.org/10.1016/j.biortech.2011.04.066

Orrov D.S., GriSiNa L.A. 1985. Soil Chemistry. MGU, Moscow, Russia. 376 p. (in Russian)

OVERHOLSER J.L. 1955. Sawdust mulches for larger crops, better soil. Report No. G-5. Oregon
Forest Products Laboratory. State Board of Forestry and School of Forestry, Oregon State
College, Cooperating Corvallis, USA. 5 p.

PintpaiToON S., SUWANARIT A., BELL R.W. 2011. A framework for determining the efficient combi-
nation of organic materials and mineral fertilizer applied in maize cropping. Field Crop
Res., 124(3): 302-315. https://doi.org/10.1016/j.fcr.2011.06.018

REY-CaraMEs C., TarDAGUILA J., SANz-GARcIA A., CHicA-Ormo M., Diaco M.P. 2016. Quantifying
spatio-temporal variation of leaf chlorophyll and nitrogen contents in vineyards. Biosyst.
Eng., 150: 201-213. https://doi.org/10.1016/j.biosystemseng.2016.07.015

RocHaLska M. 2005. Influence of frequent magnetic field on chlorophyll content in leaves of sugar
beet plants. Nukleonika, 50(Suppl. 2): 25-28.

SARkAR A.K., SincH B.P., Sinea K.P., SingH R.P. 2010. Long-term effects of fertilizer manure and
amendment on crop production and soil fertility. Technical Bulletin 2, Division of Soil
Science and Agriculture Chemistry, BAU, Ranchi, India. p. 1-57.

SuBBa Rao N.S. 2005. Soil microbiology (fourth edition of Soil microorganisms and Plant
growth). New Dehli : Oxford and IBH publishing Co. Pvt. Ltd. India, 207 p.

Smvansky V., Topiagova E. 2012. Effect of different doses of nutrients on changes of soil organic
matter in Rendzic Leptosol. Agriculture (Polnohospodarstvo), 58(4): 131-138. https://doi.
org/10.2478/v10207-012-0014-7

SIMANSKY V., HorAk J., PoLLAKOVA, N. Jurica M., Jonczak, J. 2019. Will the macro and micro-
nutrient content in biochar show in the higher content of the individual parts of corn?
J. Elem., 24(2): 525-537. DOI: 10.5601/jelem.2018.23.2.1671

Troy S.M., Noran T., Kwarinskt W., LEany J.J., HEaLy M.G., LawLor P.G. 2012. Effect of sawdust
addition on composting of separated raw and anaerobically digested pig manure.
J. Environ. Manage, 111: 70-77. https://doi.org/10.1016/j.jenvman.2012.06.035

Tsiavras J.T., Masraris N. 2005. Effect of N fertilization rate on sugar beet yield and non-sugar
impurities of sugar beets (Beta vulgaris) grown under mediterranean conditions. J. Agron.
Crop Sci., 191(5): 330-339. https://doi.org/10.1111/1.1439-037X.2005.00161.x

Varsikova M., VITEROVA A. 2006. The effect of Lignofert organic fertilizer on formation and
quality of head lettuce yield. Hort. Sci. (Prague), 33(3): 114-118.

Wane H., Liv L.R., Jin J.Y. 2009. Effects of zinc and soil moisture on photosynthetic rate and
chlorophyll fluorescence parameters of maize. Biol. Plantarum, 53(1): 191-194. https://doi.
org/10.1007/s10535-009-0033-z

Wasava A., Tanir M., Aut H., HussaiNn M., Yasir T.A., SHER A., 154z M., SATTAR A. 2017. Influence
of varying tillage systems and nitrogen application on crop allometry, chlorophyll contents,
biomass production and net returns of maize (Zea Mays L.). Soil Till. Res., 170: 18-26.
https://doi.org/10.1016/].sti11.2017.02.006

Xie W., WuB L., Zaanc Y., Wu T., L1 X., Ouvanc Z. 2017. Effects of straw application on coastal
saline topsoil salinity and wheat yield trend. Soil Till. Res., 169: 1-6. https://doi.org/
/10.1016/5.sti11.2017.01.007

ZuanG P., CHEN X., WEI T., YaNG Z., J1a Z., YaNG B., HaN Q., REN X. 2016. Effects of straw incor-
poration on the soil nutrient contents, enzyme activities, and crop yield in a semiarid region
of China. Soil Till. Res., 160: 65-72. https://doi.org/10.1016/j.stil1.2016.02.006



1154

Zuao H., Sun B.F., Lu F., Zuanc G., Wanc X.K., Ouvanc Z.Y. 2015a. Straw incorporation strategy
on cereal crop yield in China. Crop Sci., 55(4): 1773-1781. https://doi.org/10.2135/
/eropsci2014.09.0599

Zuro J., Yane X.G., Da1 SW., Lv S., Wanc J. 2015b. Increased utilization of lengthening
growing season and warming temperatures by adjusting sowing dates and cultivar selection
for spring maize in Northeast China. Eur. J. Agron., 67: 12-19. https://doi.org/10.1016/].
€ja.2015.03.006

Zuao Y., L1 Y., Wana J., Panc H., L1 Y. 2016. Buried straw layer plus plastic mulching reduces
soil salinity and increases sunflower yield in saline soils. Soil Till. Res., 155: 363-370.
https://doi.org/10.1016/.sti1l1.2015.08.019

Zuo Q., Kuvar J., Zuao L., Hu Z., Wu J., Zrou G. 2017. The effect of sowing depth and soil com-
paction on the growth and yield of rapeseed in rice straw returning field. Field Crop. Res.,
203: 47-54. https://doi.org/10.1016/.fcr.2016.12.016

WRB. 2006. World reference base for soil resources 2006. World Soil Resources Reports.
No. 103. FAO, Rome, 103 pp. ISBN 92-5-105511-4.

Conflict of interest: The authors do not declare conflict of interest.



