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The existence of a small number of publications dealing with the impact of solid sodium humate and lignite on the 
quantity and quality of grown crops was the reason for establishing the field experiment. The objective of this expe-
riment was to detect the impact of solid lignite and solid sodium humate on the quantity and quality of spring barley 
yield. These substances were applied into the soil either independently or along with nitrogen fertiliser. The next ob-
jective was to determine the impact of foliar application of sodium humate water solution applied either independently 
or along with nitrogen fertiliser on the quality and quantity of spring barley yield.The achieved results showed that 
the autumn application of solid lignite and the presowing application of solid sodium humate into the soil tended to 
decrease the yield of both grain and straw of spring barley, crude protein content in grain, proportion of the first-class 
grains and volume weight of grain, whereas the impact of humate was more negative. Lignite and sodium humate in 
the solid form should be used along with nitrogen fertiliser. The application of sodium humate in liquid form during 
the growth season of barley tended to increase the yield of both grain and straw. The joint application of nitrogen and 
liquid sodium humate during the growth season of barley increased the grain yield of barley significantly. A lower dose 
of nitrogen, applied during the growth season of barley (growth season BBCH 23), increased the grain yield of barley 
considerably more than a higher N dose, applied into the soil before barley sowing.

In Slovakia, the supply of humus creating mate-
rial into soil (manure, postharvest residues, etc.) has 
fallen dramatically in the last 25 years. As a result, 
the yields of field crops have stagnated in many ag-
ricultural enterprises in the recent five or ten years, 
in spite of the growth of commercial fertiliser ap-
plications. The quality of cultivated products is also 
diminishing. One way to solve this unfavourable 
situation is to utilize the substances which are rich 
in carbon (sawdust particles, coal materials, etc.). 

However, their incorrect usage can lead to the inhi-
bition of plant germination, growth retardation and 
yield decrease (Kováčik 2014). Therefore, the agri-
cultural practice applies the materials which are rich 
in carbon only by foliar application, in particular, in 
gram and kilogram quantities per hectare. They have 
the stimulating effect on the plant growth, but they do 
not have any impact on carbon content in soil, which 
hereafter limits the yield quantity and quality. The 
usage of solid coal materials (dust of bituminous, 



81

Agriculture (Poľnohospodárstvo), 62, 2016 (3): 80−89                                      

sub-bituminous or lignite coal, sodium humate, po-
tassium humate, etc.), which would supply soil with 
substantial quantities of carbon, does not appear. In 
spite of that, there are many facts that give evidence 
of their positive impact on the yield crop parame-
ters and their quality. The experiments of Weis-
mann et al. (1993), Valšíková and Viteková (2006) 
demonstrated that after the application of 5 t/ha 
lignite into soil, the yields of potatoes, sugar beet, 
maize, spring barley and lettuce increased. Similar-
ly, the positive results after the application of 5 kg/ha 
sodium humate into the soil during spring barley 
cultivation were recorded by Kováčik and Fecen-
ko (1996) and by Shalabey and Bízik (1998) during 
wheat cultivation. The significant yield growth af-
ter the application of the given materials into soil in 
solid form or dissolved in water during the cultiva-
tion of different crops, was also registered by other 
authors (Lee & Bartlett 1976; Lobartini et al. 1992; 
Patil et al. 2011).

We took into consideration a small number of 
publications dealing with the impact of usage of 
solid coal materials on the quantity and quality of 
yields of cultivated crops. Therefore, we started the 
experiment with the target to find out the impact of 
solid lignite and solid sodium humate applied into 
soil independently, or along with nitrogen fertiliser. 
The objective was also to guage the impact of foli-
ar application of water solution of sodium humate 
on the quantity and quality of spring barley – when 
applied independently and when applied along with 
nitrogen fertiliser.

MATERIAL AND METHODS

The field small-plot trial was carried out during 
two farming years (2005 and 2006) at an altitude 
of 320 meters above sea level in the locality of 
town Sabinov (49o05´N and 21o04´E – eastern Slo-
vakia) on Haplic Dystric Cambisol (WRB 2006), 
which was typical of high acidity to acid soil pH 
and low carbon content. The agrochemical pa-
rameters of Haplic Cambisol are given in the Ta-
ble 1. They were determined by the following 
methods: N-NH4

+ – colorimertically by Nessler`s 
agent, N-NO3

- – colorimetrically by the phe-
nol 2.4 disulphonic acid, Nin = N-NH4

+ + N-NO3
-,  

P – colorimetrically (extract Mehlich 3 – Mehlich 
1984), K and Ca – by flame photometry (extract 
Mehlich 3 – Mehlich 1984), Mg – by atomic ab-
sorption spectrophotometry (extract Mehlich 3 
– Mehlich 1984), Cox – oxidometrically by Ťjurin 
in modification of Nikitin (Dziadowiec & Gonet 
1999), pH/KCl – potentiometrically (1.0 mol/dm3 

KCl).
In the first year of experiment, we detected acid 

soil reaction, and in the following year, high acidity 
of soil reaction was found. In both years, 2.5 t/ha 
90% of CaCO3 was applied before tillage in autumn.

Solid sodium humate (black flakes) was used 
in the experiment. This was produced in the Czech 
Republic by alkalic extraction from low-cal coal, 
which was carbonized imperfectly from undersur-
face coal, called Capuchin. Lignite was of Slovak 
origin, and it was sold with the trade mark Ligno-
fert. It was produced by grinding, followed by siev-
ing of lignite through sieves of 0.1–10.0 mm. The 
agrochemical and physical parameters of both tested 
materials are given in the Table 2 and 3.

The model crop was spring barley, malting cul-
tivar Nitran, sown by 4.5 million seeds per hectare, 
cultivated within the sowing plan after potatoes. Af-
ter the harvesting of potatoes, green fertilising was 
carried out using winter oilseed rape.

The experiment variants, doses of lignite, sodium 
humate and nitrogen are given in the Table 4. This 
table shows that in the control variant 1 neither coal 
materials nor nitrogen fertilisers were used. As the 
only tested material, lignite was applied in autumn 
because it is well known that this material is rela-
tively stable (var. 2, 6 and 10). The dose of lignite 8 
t/ha was in adherence with the knowledge about the 
application doses of processed coal mechanically, 
obtained by Weismann et al. (1993). In variant 2, 
lignite was applied individually, and in the variants 
6 and 10, nitrogen was added to lignite in two dif-
ferent periods. Sodium humate was applied in two 
periods – before sowing and during growth season 
of spring barley in the same dose 10 kg/ha (var. 3, 
5, 8 and 9). In the variants 3 and 8, lignite was ap-
plied individually, and in the variants 5 and 9, it 
was used along with N fertiliser. The dose 10 kg/ha 
originated from the dose of lignite (8 t/ha), and the 
knowledge presented by Kováčik and Jasiewicz 
(2009) that sodium humate contains about 800 times 
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more hot-water soluble carbon than Lignofert. The 
same quantity of hot-water soluble carbon was ap-
plied with the dose 8 t/ha of lignite as with the dose 
of 10 kg/ha sodium humate.

Nitrogen was applied through the fertiliser 
DAM-390 containing 30% N in three forms: 7.5% N 
in nitrate form, 7.5% in ammonium form and 15% in 
amidic form. The pH value of the fertiliser was 7.5. 
In the variants 4, 5 and 6, N was applied before sow-

ing, and in the variants 7, 9 and 10, N was applied 
during barley growing season in the growth phase 
BBCH 23 (tillering). The dose of nitrogen fertilisers 
(DN) in the variants 4, 5, and 6 was calculated on 
the basis of respecting level Nin (inorganic nitrogen) 
in the soil sample taken from the layer 0.0–0.6 m 
in spring (Table 1) and the necessity N for the planned 
yield (PN). According to the facts presented by 
Kováčik and Fecenko (1992), who have given 6 dif-

T  a  b  l  e   1

Agrochemical parameters of Haplic Cambisol (dry matter)

T  a  b  l  e   2

Agrochemical parameters of sodium humate and lignite (dry matter)

T  a  b  l  e   3

Size fractions of sodium humate and lignite (Lignofert)

Layer
[m]

Year of
experiment

N-NH4
+ N-NO3

- Nin P K Ca Mg
pH/KCl

Cox

[%]

Nan

at BBCH 22
[mg/kg][mg/kg]

0.0 – 0.3
first

9.8 5.2 15.0 138 275 700 138 5.41 1.08 12.4
0.3 – 0.6 8.4 3.9 12.1   95 290 800 165 5.64 0.73 10.1
0.0 – 0.3

second
9.8 4.1 13.9 123 353 1,000 163 4.63 1.14 13.3

0.3 – 0.6 8.3 4.0 12.3 81 203 1,225 198 4.98 0.82   9.5

Material 
N-NH4

+ N-NO3
- Nin P K Ca Mg

pH/KCl
Cox

[%]
EC

[mS/cm][mg/kg]
Sodium humate 3,125 6.5 3,132 165 27,250 52,000 2,840 9.66 45.0 13.87
Lignite 11.1 1.6 12.7 traces 75 2,750 908 5.35 30.7 2.62

Size fraction
[mm]

Sodium humate Lignite
[%]

>7 0.19 4.80
>5 0.38 9.66
>3 2.67 17.68
>1 23.87 20.97

>0.5 33.67 14.65
>0.25 19.09 9.43
<0.25 20.12 22.80
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ferent effective approaches for the calculation of N 
dose for spring barley, it was calculated for 100% us-
age of nitrogen, which occurs in the layer 0.0–0.6 m, 
and the requirement of 24 kg of N per 1 tonne of 
the main product and the respective quantity of a 
by-product. The planned yield was 6 t/ha. N dose 
was calculated using the formula given below:

DN = PN – Nin × 9,

where: PN = necessity of N for the planned yield, Nin 
= the content of inorganic nitrogen in the soil sample 
taken from the layer 0.0–0.6 m in spring. The num-
ber 9 is the coefficient of recount from unit mg/kg 
to unit kg/ha. The coefficient was determined by soil 
layer (0.6 m) and volume weight of soil in the par-
ticular layer (1.5 g/cm3).

In the variants 7, 8, 9 and 10, the soil samples 
were taken from the layer 0.0–0.6 m in the growth 
phase of spring barley BBCH 22 (tillering) and Nin 
content was determined. At the same time the abo-
veground phytomass was taken in order to specify 
N content in it. The quantity of nitrogen (in kg/ha) 
taken in by vegetation was calculated. Based on the 

data obtained, the N dose was calculated according 
to the following formula:

DN = PN – Ns – Np,

where: DN is N dose, PN is N needed for planned 
yield and Ns is nitrogen (kg/ha) in soil in the layer 
0.0 – 0.6 m (Nan as mg/kg × 9).

We assumed 100% utilization of nitrogen and Np 
meant nitrogen in a plant. In the growth phase, there 
was 22.7 kg/ha N of BBCH 22 in the barley plants in 
the first year of the experiment and 21.3 kg/ha N in 
the second year. The analyses and calculation were 
accomplished in the course of five days because it 
was necessary to apply N fertilisers after sampling 
as soon as possible.

The experiment was established using the split-
plot design as fully randomised blocks in three rep-
lications. The area of one plot was 21 m2 (1.5 m × 
14 m). The harvest was carried out manually in the 
following way – the whole aboveground phytomass 
was taken from the area 1m2 in the period of tech-
nological ripeness of barley from each plot. The 
yield of grain and straw were evaluated. In grain, 

T  a  b  l  e   4

Variants of experiment and dosages of tested materials

0 – control; LigAut – lignite in autumn; HumSow – humate before of sowing; NSow – nitrogen before sowing; 
HumSow + NSow – humate and nitrogen before sowing; LigAut + NSow – lignite in autumn and nitroben before 
sowing; NBBCH23 – nitrogen in growth phase of BBCH 23; HumBBCH23 – humate in growth phase of BBCH 23; 
HumBBCH23+ NBBCH23 – humate and nitrogen in growth phase of BBCH 23; LigAut + NBBCH23 – lignite in autumn and 
nitrogen in growth phase of BBCH 23

Variant

First year of experiment Second year of experiment

before growing season at the time of 
growing season before growing season at the time of 

growing season

lignite
[t/ha]

sodium 
humate N humate N lignite

[t/ha]

sodium 
humate N sodium 

humate
N

designation number [kg/ha] [kg/ha]
0 1 – – – – – – – – – –

LigAut 2 8 – – – – 8 – – – –
HumSow 3 – 10 – – – – 10 – – –

NSow 4 – – 22 – – – – 26 – –

HumSow + NSow 5 – 10 22 – – – 10 26 – –
LigAut + NSow 6 8 – 22 – – 8 – 26 – –
NBBCH23 7 – – – – 20 – – – – 20
HumBBCH23 8 – – – 10 – – – – 10 –
HumBBCH23+ NBBCH23 9 – – – 10 20 – – – 10 20
LigAut + NBBCH23 10 8 – – – 20 8 – – – 20
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the content of crude protein and weight of one thou-
sand grains (TKW – thousand kernel weight), the 
proportion of the first-class grain and the volume 
weight and nutrient content (N, P, K, Ca) was de-
termined. In order to determine the nutrient con-
tent, the methods published in Kováčik (1997) were 
used. Crude protein content was calculated accord-
ing to the formula 6.25 × % N. The obtained results 
were processed using the mathematical and statisti-
cal methods, namely, analysis of variance (ANOVA) 
and linear regres sion analysis using Statgraphics PC 
software, ver sion 5.0.
 

RESULTS AND DISCUSSION

The autumn application of lignite and the 
pre-sowing application of sodium humate tended to 
decrease the yield of grain and straw of spring bar-
ley. Here the impact of humate was more negative, 
and it was statistically insignificant (var. 2 and 3, 
Table 5). In the variant (var. 3) where sodium hu-
mate was used, the absolutely lowest yield of grain 
and straw was achieved out of the 10 variants in the 
experiment. The negative impact of sodium humate 

and lignite on the yield of barley grain and straw, 
which was recorded in the experiment, did not cor-
respond with the facts published by Halčínová and 
Kováčik (2011), who recorded 12.6 and 11% in-
crease of grain yield after the application of lignite 
and humate in the doses 900 kg/ha and 300 kg/ha.

The presowing N application in the dose, which 
took cognizance of Nin in soil, increased the yield of 
grain and straw as compared to the control variant, 
however, only insignificantly (Table 5, var. 4). The 
unimportant yield growth after the application of N 
fertilisers did not correspond to the opinion of many 
authors who claimed that after presowing, the fertil-
isation of spring barley yields increased significant-
ly, often by 30% or more (Užík et al. 2009; Šrek & 
Kunzová 2011; Chen et al. 2016). On the contrary, N 
application carried out during barley growth season 
(BBCH 23) evidently resulted in the highest yields 
of grain and straw out of all the variants (var. 7). The 
recorded higher growth of spring barley yield after 
N application during the growth season as compared 
with presowing N fertilisation is identical with the 
findings of several authors (Kováčik et al. 2006; 
Škarpa 2006; Candráková et al. 2009). Because of 
the frequent significant increase of contents of crude 

T  a  b  l  e   5

The impact of lignite, sodium humate and nitrogen on the spring barley yield parameters (average of two years)

LSD0.05 – least significant difference at the level a = 0.05 (LSD test); different letter behind a numerical value 
indicate statistically significant difference at the level 95.0%

Explanation: See Table 4

Variant Grain Straw Crude
protein

Grain of the 1st 
class Volume weight

[g/l]
designation number [t/ha] [%]

0 1 4.63ab 3.64ab 9.51b 78.87abc 741.00ab

LigAut 2 4.54ab 3.57ab 9.31ab 77.57ab 737.33a

HumSow 3 4.35a 3.44a 9.10ab 77.30a 738.50ab

NSow 4 4.82b 3.72abc 9.34ab 79.76cd 741.11ab

HumSow + NSow 5 4.80bc 3.66ab 9.26ab 80.17cd 742.09ab

LigAut + NSow 6 4.88bc 3.66ab 9.27ab 81.30d 742.83ab

NBBCH23 7 5.14c 3.98c 9.56b 80.47cd 744.17b

HumBBCH23 8 4.71ab 3.67a 8.96a 78.93abc 741.09ab

HumBBCH23+ NBBCH23 9 5.06c 3.83bc 9.37ab 80.43cd 742.65ab

LigAut + NBBCH23 10 5.09c 3.85bc 9.41ab 79.37bc 741.83ab

LSD0.05 0.368 0.295 0.465 1.864 6.409
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proteins in spring barley grain after the N applica-
tion during growth season, several authors do not 
recommend fertilisation of spring barley during the 
growth season (Cook 1982; Kandera 1994). Užík 
and Žofajová (2006) pointed out that it is important 
to adapt spring barley fertilisation to the cultivar re-
quirements.

The solo application of sodium humate in the 
form of water solution (var. 8) carried out in the 
growth phase of barley BBCH 23, unlike the pre-
sowing application of the solid humate (var. 3), did 
not have a negative impact on the yield of grain and 
straw (Table 4). This fact refers to the sensitivity of 
germinating barley plants, or young barley plants to 
the presowing application of the solid sodium hu-
mate, which is typical of a high value of electrical 
conductivity (Table 2). Thus, as the autumn lignite 
application is recommended, similarly, the appli-
cation of the solid humates should be carried out  
much in advance, before the crop sowing.

The presowing nitrogen application into soil, 
which contained coal materials (var. 5 and 6), had 
a positive impact on the grain and straw yield in 
comparison with the control variant. However, the 
difference was not significant. In spite of the fact 
that the solo applications of lignite and humate did 
not increase grain yield (var. 2 and 3), a higher grain 
yield was achieved by the joint application of lig-
nite and nitrogen (var. 6), as compared to the solo 
nitrogen application (var. 4). This finding proved the 
negative impact of solid sodium humate application 
into soil on the barley grain yield recorded in the 
variant 3.

The pre-sowing addition of nitrogen to the coal 
materials did not bring a higher straw yield in rela-
tion to the N application itself (var. 5 and 6 versus 
var. 4).

The nitrogen fertilisation in the growth phase 
BBCH 23 (var. 7, 9 and 10) resulted in a higher grain 
and straw yield, regardless of the application of N 
on the plants cultivated on soil treated or untreat-
ed by lignite or sodium humate. The comparison of 
the grain and straw yields between variant 7 and the 
variants 9 and 10 confirmed the negative impact of 
coal materials on the quantity of spring barley yield, 
where humate had more negative effect than lignite.

The evaluation of impact of tested materials and 
studying the crude protein content in spring barley 

grain, detected that the lowest content of crude pro-
tein was recorded in variants where only sodium 
humate had been applied (var. 8 and 3). Amongst 
all the nine treated variants of the experiment, the 
content of nitrogen substances decreased in all but 
one variant, where nitrogen was applied on barley 
leaves during the growth season (var. 7). The detect-
ed negative impact of coal material on the content of 
crude protein in grain can be evaluated as a positive 
effect if barley is grown on soils rich in total and 
organic nitrogen because barley, which is grown on 
these soils, usually achieves excess content of crude 
protein. The drop of crude protein level as a positive 
effect of humate was also presented by Fecenko et 
al. (1995).

In the experiment, in all the variants, crude pro-
tein contents were lower than 10%. Therefore, the 
decrease of crude protein level after the application 
of coal materials was evaluated as a negative impact 
leading to the worse qualitative parameter of spring 
barley grain grown for malty purposes.

No significant relation was determined between 
the crude protein level and grain yield, the crude 
protein and straw yield, the crude protein and the 
proportion of the first-class grain and the volume 
weight of grain (Table 6).

The smallest proportion of the first-class grains 
and also the lowest volume weight of grains were 
registered in the variants where the solo applica-
tion of lignite and humate was carried out into soil 
(var. 2 and 3). These facts along with the impact 
of solo applications of coal materials recorded till 
date proves unambiguously that in this experiment, 
the usage of solid lignite and solid sodium humate 
tended to decrease the quantity as well as quality of 
spring barley.

The pre-sowing nitrogen applications and N ap-
plications in the growth phase BBCH 23 carried 
out independently, or the nitrogen applications on 
the variants treated by coal materials – all these 
measures increased the proportion of the first-class 
grains (var. 4, 5, 6, 8, 9, 10). The statistically sig-
nificant increase of the proportion of first-class 
grains in comparison with the control variant was 
recorded only in variant 6. In this variant, lignite 
was applied into soil in autumn and nitrogen before 
sowing. Along with an increase in the proportion of 
first-class grains in the variants where nitrogen was 
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applied apart from coal materials, there was an in-
crease of grain yield also recorded in those variants. 
This fact means it is necessary to simultaneously 
apply lignite or humate with the nitrogen fertiliser.

The impact of experiment variants on the bulk 
density of soil was comparable with the impact 
of variants on the proportion of first-class grains, 
which can be proved by the correlation coefficient 
r = 0.9096++ between the first-class grains and the 
volume weight of grain.

The application of the soil additive substances, 
the different biostimulants can often result in a high-
er yield with a lower content of nutrients, and a low-
er quantity of the content substances (Bielek 1998). 
The Table 7 shows that the tested coal materials had 

a negative impact on the contents of phosphorus and 
potassium in grain of spring barley. The partially 
different findings were achieved by Halčínová and 
Kováčik (2011), who did not record a significant 
change after the application of solid lignite and so-
dium humate in the content of P and K in barley 
grain.

In the presented experiment, a decrease in phos-
phorus contents was also seen in the variants where 
only nitrogen was applied without coal materials 
(var. 4 and 7). This fact confirms the information 
provided by Vaneková and Vanek (1983), Gill and 
Lavender (1983), who claimed that along with an in-
crease in the application dose of nitrogen, there usu-
ally is a falls in the phosphorus content in a plant.

T  a  b  l  e   7

The impact of lignite, sodium humate and nitrogen application on the content of P, K and Ca in spring barley 
grains (dry mater ‒ average of two years)

Explanation: see Table 4 and 5

Variant P K Ca
designation number [mg/kg]

0 1 4,206.3f 5,242.7e 564.0a

LigAut 2 3,923.7cd 4,974.3abc 562.0a

HumSow 3 3,956.0cd 4,939.7ab 568.0a

NSow 4 4,100.0e 5,248.0e 520.0a

HumSow +NSow 5 3,886.0bc 5,146.7de 534.0a

LigAut +NSow 6 3,824.3ab 5,066.3bcd 528.0a

NBBCH23 7 3,768.0a 5,094.0cd 522.0a

HumBBCH23 8 3,991.0d 4,998.0abc 542.0a

HumBBCH23+NBBCH23 9 3,803.0ab 4,956.0ab 551.0a

LigAut +NBBCH23 10 3,794.0ab 4,912.7a 538.0a

LSD0.05 98.124 136.927 46.412

T  a  b  l  e   6

Correlation coefficient r expressing the relationship between the crude protein content and some quantitative and 
qualitative parameters of barley yield

ns – non significant (n = 10)

Dependent parameter Independent parameter Correlation coefficient (r)
Crude protein grain 0.535 ns

Crude protein straw 0.610 ns

Crude protein grain of the 1st class 0.350 ns

Crude protein volume weight 0.412 ns



Agriculture (Poľnohospodárstvo), 62, 2016 (3): 80−89

87

The impact of application of lignite and sodium 
humate on the calcium content was not recorded, 
which is in accordance with the above mentioned 
authors Halčínová and Kováčik (2011).

The level of available phosphorus in soil is in-
fluenced positively by the quantity of humus acids, 
which create chelate bonds with mineral sorbents 
of the phosphoric ions, protecting in this way the 
water-soluble phosphorus against the reactions 
with calcium, iron, aluminium and heavy metals 
(Kováčik 2014). The data in Table 8 proves this fact 
completely. The application of coal materials into 
soil increased the content of available phosphorus 
in soil considerably (var. 2 and 3). The addition of 
nitrogen to these materials (var. 5 a 6) increased the 
content of movable P in the soil, which is related to 
the support of mineralization of organic compounds 
containing phosphorus after the application of the 
mineral nitrogen fertiliser into soil. The utilizations 
of only foliar treatments by sodium humate (var. 8, 
9) did not have a significant impact on the content 
of available phosphorus in soil. Table 8 shows that 
the lowest content of available P was in the control 
variant. This implies that with the foliar application 
of sodium humate, a part of substance gets into soil 
and influences the soil chemism.

We have enriched the information about the ex-
istence of direct correlation between the quantity of 

applied manure and the quantity of available phos-
phorus in soil (Kováčik 2014) by the fact about pos-
itive correlation coefficient r between the quantity 
of available phosphorus in soil and the content of 
total carbon in soil (r = 0.647+).

The application of coal materials into soil (var. 2 
and 3) increased the carbon content in soil, howev-
er, the increase was not considerable. The addition 
of nitrogen to lignite, or to sodium humate (var. 5 
and 6) increased the carbon content significantly. 
Similarly, the independent application of commer-
cial nitrogen fertiliser (var. 4 and 7) increased the 
quantity of carbon in the soil after harvest, which is 
a result of the positive impact of N not only on the 
aboveground phytomass (Table 8) but also on un-
derground phytomass. Šimanský et al. (2008) also 
claim that after the application of commercial nitro-
gen fertilisers, the Cox content can be both decreased 
and increased in soil.

The application of sodium humate, lignite and 
nitrogen fertiliser into soil and also the application 
of sodium humate and N fertiliser on leaves had an 
impact on the value of soil reaction; they increased 
it (Table 8, var. 2 – 10). The solo applications of so-
dium humate and DAM-390 into soil increased the 
pH value more than the application on leaves (var. 3 
and 4 versus var. 7 and 8). The increase in pH values 
after the usage of sodium humate and also DAM-

T  a  b  l  e   8

The impact of lignite, sodium humate and nitrogen application on some soil parameters detected after finisching 
experiment in layer 0.0–0.3 m (dry mater ‒ average of two years)

Explanation: see Table 4 and 5

Variant P
[mg/kg]

Cox

[%]
pH/KCl

designation number 
0 1 55.00a 1.30a 5.39a

LigAut 2  72.00bc  1.40ab  5.42ab

HumSow 3 79.50bc  1.34ab   5.60abc

NSow 4 68.83ab  1.43ab  5.48ab

HumSow + NSow 5 86.75c 1.47b 5.73c

LigAut + NSow 6  82.00bc 1.50b   5.52abc

NBBCH23 7  57.75ab  1.41ab  5.43ab

HumBBCH23 8 55.17a 1.30a   5.58abc

HumBBCH23+ NBBCH23 9  59.83ab 1.31a  5.64bc

LigAut + NBBCH23 10  73.50bc  1.42ab    5.54abc

LSD0.05 16.727 0.157 0.249
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390 were expected as these materials are alkalic. In 
the process of lignite application, the change was 
not expected because its pH value was almost the 
same as soil pH value. From a statistical viewpoint, 
the change did not happen. The difference was not 
significant. The considerable change of pH value ap-
peared only in two variants, particularly in the case 
when apart from sodium humate, nitrogen was also 
applied (var. 5 and 9). This means that the signifi-
cant change of soil pH value requires an abundant 
quantity of alkalic substances.

CONCLUSIONS

The autumn application of solid lignite and the 
pre-sowing application of solid sodium humate 
into soil tended to decrease the grain and straw 
yield of spring barley, content of crude protein in 
grain, proportion of the first-class grains and vol-
ume weight of grain. The impact of humate was 
more on the negative side; however, it was not sig-
nificant statistically.

Lignite and sodium humate in solid form should 
be used along with nitrogen fertiliser.

The application of coal materials into soil in-
creased the content of available phosphorus in soil 
significantly, and the carbon content insignificant-
ly. The addition of nitrogen to these materials fur-
ther increased the content of movable phosphorus 
and the total carbon in soil. We have detected a 
positive relationship between the quantity of the 
available phosphorus in soil and the content of to-
tal carbon in soil.

The application of sodium humate in liquid 
form during the growth season of spring barley 
tended to increase the grain and straw yield. The 
joint application of nitrogen and liquid sodium hu-
mate during the barley growth season increased the 
yield of barley grain significantly.

A lower dose of nitrogen, applied on barley 
leaves in growth phase BBCH 23, increased the 
yield of barley grain considerably more than a 
higher N dose applied into the soil before barley 
sowing.
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