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Abstract: The study was aimed to determine the effect of the fertilizer dose on growth of barley. In the

experiment we used calcium sulphate, which is a waste during gas desulphurisation in heat and power

stations. We assumed that dihydrate calcium sulphate would react with aluminium and form insoluble AlSO4
+.

We weighed the biomass of barley, underground and aboveground parts separately, determined the content of

chlorophyll and the change in soil reaction caused by the applied doses of fertilisers. The vase experiment

with barley of the brewery variety Propino was conducted in a setting of sub-blocks with fertilizing as the one

changing factor. One experimental block included 5 variants in 5 repetitions. During growth period we

conducted detailed observations of growth and development of barley. Calcium sulphate has positive effect on

the growth of biomass and chlorophyll content in leaves of barley. Application of a double dose of calcium

sulphate did not bring measurable increase in the growth of biomass and the height of barley stems.
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Cereals are strategic products in national and international economy, because of their

multipurpose utility. Besides consumption by man, cereals are also widely use as a feed

for animals. Barley grain is used specifically for production of malt, which is used in

fermentation, bakery and pharmaceutical trade. The largest amounts of barley are used

in brewing industry.

Mineral fertilisation is one of the most important factors that affect the size of crop.

Fertilizing is efficient at maximum level only if other factors that determine its activity

are optimally adjusted by agrochemical practices. Many studies showed the influence of

fertilizing with nitrogen on crops of cereals, including spring barley [1–4]. Nitrogen not
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only improves productive layerage of plants but also the number of grains in an ear,

which is additional factor that increases crop. Unsustainable fertilisation without

supplementation with calcium leads to strong acidification of soil and considerable loss

of quality of cultivated plants. Using calcium sulphate in agriculture and gardening is

not a standard practice in Poland. Calcium sulphate is a waste from gas desulphurisation

by both wet and semi-dry methods. The semi-dry method of gas desulphurisation is

more economic than the wet methods because it uses less water. But the waste from the

wet method (synthetic CaSO4), which is used as a substitute of the natural calcium (VI)

sulphate has buyers. Thus the chemical content of waste from gas desulphurisation will

be decisive for its commercial use in agriculture.

This study was aimed to determine the effect of the type and the dose of fertilizers on

the biomass of barley. The study included measurements of overground parts of plants,

including the ear and grains, and of their root systems. We also determined the content

of chlorophyll in leaves of plants, and tested soil for changes in its reaction and in the

content of exchangeable aluminium in the effect of the used doses of fertilizers.

Material and methods

We started the two-year vase experiment with barley of the variety Propino in 2014.

During the first year of study the experiment was designed as five variants in three

repetitions. In the second year we modified the experiment by increasing the number

repetitions to five. We used three repetitions of the experiment to assess the biomass of

plants (of overground parts and roots) produced by the beginning of barley flowering.

We collected the remaining plants when they were fully mature in the third decade of

July, and we measured the length of ear and the number and the mass of grains. We

dosed fertilisers according to the methods of vase experiments. At the base of the

control (variant I), which was low-intensity cultivation without fertilizing, we set up

four other variants (II, III, IV and V), in which we used mineral fertilizing by NPK

fertilisers in proportions 4 : 12 : 12 at a dose of 20 g/12 dm3 of soil. In variants III, IV

and V we additionally applied fertilising by ammonium nitrate (NH4NO3) at two doses

of 6 g/12 dm3 of soil, one before the start of growth and before the start of growth and

the second one during stem formation. Variants IV and V were fertilized with calcium

sulphate (CaSO4 � 2H2O) at doses of 15 and 30 g/12 dm3 of soil, respectively [5]..

Soil used in the experiment was collected from the arable layer of podsolic soil of the

granulometric content of a light clay sand. Soil dried in the air was sifted through

a sieve with holes of 2 mm diameter and moved to vases of the volume 12 dm3 each.

During growth of plants we maintained constant humidity of soil at the level of 60%

f.w.c. (field water capacity). We sowed material of the score K1 treated with

preparation Premis Universal 275 FS. We sowed barley by hand at a density of

300 seeds per 1 m2. We kept equal distances between grains by using a previously

prepared template during sowing. Sowing material was placed in the soil at the depth of

3 cm. Each time we sowed barley in the first decade of April. During the experiment, in

the phase of an ear formation, the plants were sprayed against aphids with preparation
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Rapid 060 CS. During growth the relative content of chlorophyll in plants was

measured using chlorophyll meter CCM 200.

Before the plants formed ears, we measured the height, the length of the root

(measurement of the longest root in a bundle) and biomass of the overground and

underground parts of each individual in 15 vases. We used the July harvest of plants

from the remaining 10 vases to estimate the crop of grains. The content of the dry mass

was determined by drying and weighing plant material in 105oC until the mass was

stable. We measured reaction (pH) and the content of exchangeable aluminium in soil

using the method of Sokolow.

Results and discussion

During the period of growth detailed observations of development and growth of

barley while constant humidity of soil was maintained. Density of plants was

determined directly after germination (z0) and after the experiment was finished (z1).

The relative density was between 0.83 and 1.0. (Table 1). Germination was similar in

the control variant and in variant IV, the weakest germination was recorded in the

variant where ammonium nitrate was applied (variant III). The number of individuals

did not change until the end of the experiment.

Table 1

Relative density of individuals

Repetitions

Density of individuals in relation to maximum density

VARIANTS

I II III IV V

z0 z1 z0 z1 z0 z1 z0 z1 z0 z1

1 0.94 0.94 0.94 0.94 0.88 0.88 1.00 1.00 0.94 0.94

2 0.94 0.94 0.88 0.88 0.83 0.83 0.94 0.94 1.00 1.00

3 1.00 1.00 0.94 0.94 0.88 0.88 0.94 0.94 0.88 0.88

4 1.00 1.00 0.88 0.88 0.94 0.94 1.00 1.00 1.00 1.00

5 1.00 1.00 0.94 0.94 0.94 0.94 1.00 1.00 0.88 0.88

Soil used in the experiment had acidic reaction (pHKCl = 4.6). Spring barley belongs

to plants that are sensitive to acidic reaction and associated high concentration of

exchangeable aluminium [6]. We used calcium sulphate for fertilizing (variant IV and

V), which did not change pH of soil, despite it contains calcium. Thus, using calcium

sulphate for de-acidification of acidic soils will not bring the expected effect. However,

calcium sulphate would be good fertilizer in soils of alkaline reaction but with a deficit

of calcium. Application of the calcium sulphate can give good effects where soil

contains calcium in a form temporarily inaccessible for plants [5]. Low content of

aluminium at the level of 0.6 mg/100 g of soil, was obtained by applying fertilizing by
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NPK only (variant II) and in the control variant (0.5 mg/100 g of soil). Other authors [6]

obtained similar results for the control sample, with the content at the level of 0.4

mmol(+) � kg–1. The largest content of aluminium was found in the combination of

fertilizing with NPK and ammonium nitrate (variant III), where pH was also the lowest

among all analysed samples (pHKCl = 3.9). The content of aluminium in this variant of

fertilizing varied from 1.6 to 2.0 mg/100 g, which was caused by acidification effect of

ammonium nitrate [7], which increases amount of exchangeable aluminium [8].

Production of biomass in plants is a function of their assimilation surface, efficiency

of photosynthesis from a unit of this surface, and the duration of photosynthesis. The

amount of biological crop of different plant species is varied and depends on their

productive capacity expressed as the amount of produced dry mass, which is associated

with the size of their organs. According to Pecio [9], the larger the assimilation surface

grows before barley flowers the greater is the chance it produces shapely grain. We used

some simplification in our two years of studies using vases. We did not measure the

assimilation surface. Instead we assessed the biomass of plants before they started

flowering, assuming that assimilation surface that affects the crop increases pro-

portionally to the mass of individuals. We are aware that individual plants of the same

biomass may differ in assimilation surface.

Statistical analyses showed large variation of individuals in biomass, height, length

of stems and in the mass and number of grains. Biometric analysis of the root length of

the spring barley showed that the longest roots occurred in these vases where we

applied calcium sulphate (variants IV and V). In both these variants the length of the

root was about 24 cm (Fig. 1). Thus the double dose of calcium sulphate in variant V

did not cause increase of the root length proportional to fertilizing. The weakest root

systems occurred in variant III, where NPK and ammonium nitrate were applied. In this

variant the mean length of a root was 16 cm, the longest root had 27 cm and the shortest

had 4 cm. The coefficient of variation for the length of roots was between 27%

(variant I) and 54% (variant V) (Table 2).
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Fig. 1. Root length of spring barley depending on the dose applied fertilization variants
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Similar relationships occurred in the height of individuals. Application of calcium

sulphate at a dose of 250 kg/ha increased the height of plants 16% in relation to the

applied dose of this fertiliser in the variant V (500 kg/ha). Thus, using high dose of

calcium sulphate did not improve the height of barley. A half of studied individuals of

the variant IV reached the height over 64 cm (Table 2, Fig. 2). According to the

producer, the mean height of the barley of the variety Propino is 65 cm. Variation of the

overground parts of plants was smaller than that of the root system, and was between

15% (variant I) and 39% (variant III).

Fertilising had positive effect on the biomass of the underground parts and of the

roots of spring barley. Individuals in vases that were fertilised with calcium sulphate at

a dose of 250 kg/ha reached the largest mean biomass. Dry mass in this variant

increased on average for 56% in relation to the control variant. A half of examined

individuals had greater mass than 2.430 g [dry mass] (Table 4, Fig. 3). Application of

the double dose of calcium sulphate caused 44% increase of biomass in relation to the

control. Introducing NPK fertilizer only into the soil caused 27% increase of the

biomass (variant II). Fertilizing with combination of NPK and ammonium nitrate

(variant III) caused decrease in the mass of roots. General biomass of spring barley

increased for 34% in relation to the control (Table 4), but the root system with this

combination of fertilizers was the smallest of all four variants of fertilizing (Table 3).

This situation may be associated with the content of exchangeable aluminium.

According to Marschner [10] the toxic effect of aluminium affects mostly roots of plants.

Badora [11] also stated that the first symptom of aluminium stress in spring barley is

a significant decrease of the mass of the root system. According to this author the first

symptoms of shortage of phosphorus, magnesium and calcium occur with about 70 mg

of exchangeable Al per one kg of soil, which gives 7 mg/100 g. In our laboratory experi-

ment we observed decrease of the root system already with 2 mg Al/100 g of soil [5].
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Fig. 2. The height of spring barley depending on the dose of fertilization

I II III IV V

Variants

100

80

60

40

20

0

H
e
ig

h
t 
[c

m
]



Biomass of Spring Barley (Hordeum vulgare L.) in Relation to Fertilising 449

T
ab

le
3

B
io

m
as

s
o
f

sp
ri

n
g

b
ar

le
y

o
f

th
e

v
ar

ie
ty

P
ro

p
in

o
in

re
la

ti
o
n

to
ap

p
li

ed
d
o
se

s
o
f

m
in

er
al

fe
rt

il
iz

er
s

(h
ar

v
es

te
d

b
ef

o
re

fl
o
w

er
in

g
)

sp
li

t

in
to

th
e

o
v
er

g
ro

u
n
d

p
ar

ts
an

d
ro

o
ts

M
ea

su
re

s
o
f

ce
n
tr

al
te

n
-

d
en

cy
an

d
d
i-

sp
er

si
o
n

B
io

m
as

s
sp

ri
n
g

b
ar

le
y

d
ep

en
d
in

g
o
n

th
e

fe
rt

il
iz

at
io

n

I
II

II
I

IV
V

O
v
er

g
ro

u
n
d

p
ar

ts
R

o
o
t

O
v
er

g
ro

u
n
d

p
ar

ts
R

o
o
t

O
v
er

g
ro

u
n
d

p
ar

ts
R

o
o
t

O
v
er

g
ro

u
n
d

p
ar

ts
R

o
o
t

O
v
er

g
ro

u
n
d

p
ar

ts
R

o
o
t

[g
d
.m

.]

M
ea

n
1
.1

2
3

0
.0

6
6

1
.3

9
3

0
.2

3
5

1
.6

2
8

0
.1

7
1

2
.2

7
0

0
.4

6
2

1
.7

5
9

0
.3

4
8

S
D

0
.4

2
1

0
.0

3
6

0
.7

3
2

0
.1

6
6

0
.8

4
4

0
.1

2
2

0
.9

3
0

0
.3

3
8

1
.1

0
4

0
.2

6
6

M
in

0
.2

4
8

0
.0

2
0

0
.3

5
3

0
.0

6
2

0
.1

6
2

0
.0

3
9

0
.8

8
5

0
.1

2
4

0
.2

6
2

0
.0

1
5

M
ax

1
.9

4
8

0
.1

7
3

3
.1

1
4

0
.9

2
7

3
.0

0
4

0
.4

0
4

5
.2

4
2

1
.3

7
9

4
.8

3
7

1
.0

1
5

M
e

1
.1

0
8

0
.0

8
2

1
.3

3
2

0
.2

1
8

1
.4

5
7

0
.1

3
2

2
.0

5
4

0
.3

5
2

1
.3

3
2

0
.3

1
6

v
[%

]
3
7
.4

7
5
4
.7

2
5
2
.5

3
7
0
.6

9
5
1
.8

5
7
1
.3

6
4
1
.5

0
7
4
.1

1
6
2
.7

8
7
6
.4

3

E
x
p
la

n
at

io
n
s

se
e

T
ab

le
2
.



Table 4

Biomass of spring barley of the variety Propino in relation to applied doses

of mineral fertilizers (harvested before flowering)

Measures

of central tendency

and dispersion

Biomass of spring barley [g d.m.]

I II III IV V

Mean 1.189 1.628 1.798 2.732 2.107

SD 0.430 0.854 0.881 1.160 1.293

Min 0.315 0.511 0.206 1.108 0.298

Max 2.014 3.704 3.408 6.621 5.495

Me 1.197 1.595 1.775 2.430 1.626

v [%] 36.11 52.45 48.98 43.02 61.39

Explanations see Table 2.

The differences in chlorophyll content, depending on the applied fertilizer, were

determined by Chlorophyll Content Index (CCI) – proportional to chlorophyll content in

the sample. The lowest relative content of chlorophyll was observed in the control

variant. Fertilizing with NPK (variant II), as well as adding ammonium nitrate (variant

III) caused small increase in the content of chlorophyll in leaves of barley. But treating

the soil with calcium sulphate doubled the content of chlorophyll in relation to the

control variant.

In our experiment we determined the effect of fertilizing on features of crop

structure. Statistical analysis showed that all factors in the experiment (fertilizing with

NPK, ammonium nitrate and calcium sulphate) had significant effect on layerage

(Table 4) and on the increase of crop (Table 5). The largest improvement of crop was

obtained by fertilizing with a combination of NPK, ammonium nitrate and calcium

sulphate (variant IV). Crop of grain from this variant was 5200 kg/ha, which was 36%
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Fig. 3. The average biomass of a single individual (Hordeum vulgare L.) in relation to the fertilizer dose
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Table 5

The structure of yield depend on fertilization – mean values

Variants

experience

Length of ear

[cm]

Number of productive

ears per m2

Number of grains

per ear

Weight of grains

per ear [g]

I 8.2 377 17.5 0.82

II 8.6 476 19.0 0.88

III 8.5 400 18.8 0.85

IV 9.0 528 19.8 0.97

V 8.8 489 18.9 0.90

increase of harvest of grain in relation to the control (Table 5). It is known from

literature [3] that nitrogen improves layering of plants and increases the number of

grains in an ear, which is an additional important factor that improves crop. In all

combinations of fertilizing the number of grains in a head was greater than in a control

(Table 4). However, too high doses of fertilizing with nitrogen may cause decrease in

the number of grains in an ear, because greater productive layering requires the plant to

feed more grains. The accuracy of grain deteriorates at the same time, which means that

the proportion of shapely grains in crop decreases. With a similar length of the head

(variant II and III) we obtained different number and mass of grain in an ear (Table 5).

Moreover, variant III caused production of low number of ears in comparison to the

remaining variants of fertilizing. The recorded biomass of the overground part of barley

in the variant III (mean = 1.628 g of dry mass) was greater than in the control variant

and the variant with NPK fertilizing (Table 3). This indicates sufficient layering of the

plants. However, a part of plants did not enter the generative phase, which could be

caused by the increased content of aluminium in soil [5, 11].

Conclusions

Based on the study the we drew the following conclusions:

1. Combination of fertilising with NPK, ammonium nitrate and calcium sulphate had

the greatest effect on the crop of spring barley.

2. Calcium sulphate did not change pH of soil, but had a positive effect on the bio-

mass of the overground parts and roots and crop of grain.

3. Application of double dose of calcium sulphate did not cause measurable improve-

ment in layering of plants and thus in crop of grain from barley.

4. In conditions of low content of exchangeable aluminium in soil, larger biomass

produced by barley plants before they flower had a positive effect on production of

shapely grain.
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BIOMASA JÊCZMIENIA JAREGO (Hordeum vulgare L.)

JAKO FUNKCJA NAWO¯ENIA

1 Samodzielna Katedra Biotechnologii i Biologii Molekularnej, Uniwersytet Opolski
2 Samodzielna Katedra Ochrony Powierzchni Ziemi, Uniwersytet Opolski

Abstrakt: Dwuletnie doœwiadczenie wazonowe z jêczmieniem jarym odmiany browarniczej Propino rozpo-

czêto w 2014 roku. Celem pracy by³a ocena wp³ywu rodzaju i dawki nawozu na biomasê jêczmienia. W na-

wo¿eniu wykorzystano m.in. siarczan wapnia bêd¹cy odpadem odsiarczania spalin w elektrociep³owniach.

Za³o¿ono hipotetycznie, ¿e dwuwodny siarczan wapnia wejdzie w reakcjê z glinem, tworz¹c nierozpuszczaln¹

formê AlSO4
+. Zakres badañ obejmowa³ pomiary biometryczne czêœci nadziemnej wraz z k³osem i ziarniaka-

mi oraz system korzeniowy. Okreœlono zawartoœæ chlorofilu w liœciach roœlin, a tak¿e wykonano badania gle-

bowe w zakresie zmiany odczynu i glinu wymiennego pod wp³ywem zastosowanych dawek nawozów.

Najwiêkszy wp³yw na wielkoœæ plonu jêczmienia jarego mia³o zastosowanie kombinacji nawozowej:

NPK, saletry amonowej i siarczanu wapnia. Siarczan wapnia nie wp³ywa na zmianê pH gleby, ale ma korzyst-

ny wp³yw na biomasê czêœci nadziemnej i systemu korzeniowego oraz plon ziarna. Zastosowanie podwójnej

dawki siarczanu wapnia nie przynios³o wymiernych korzyœci w plonie ziarna jêczmienia.

S³owa kluczowe: biomasa, nawo¿enie, plon ziarna, jêczmieñ jary

452 Monika Sporek and Tomasz Ciesielczuk
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