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Abstract
In some regions of the world, there is a risk of limiting crop production due to the growing pressure of biotic and 
abiotic factors. It is mostly connected with the forecasted climatic changes. Hence, alternative methods for supporting 
plant growth are sought for, and among them, biostimulants can play a significant role. The three-year (2009 – 2011) 
field experiment with spring barley (Hordeum vulgare L.) was conducted in Poland to assess the response of grain 
yield, yield components, as well as the content and uptake of N, P and K in grain to differentiated times and to a dose 
of seaweed (Ecklonia maxima Osbeck) biostimulant Kelpak application. Preparation was applied in a dose of 2 L ha-1 
at BBCH 22 (early treatment) or in a dose of 2 L ha-1 at BBCH 31 (late treatment), as well as two times, 1.5 L ha-1 each, 
in both phases. The study indicated that the biostimulant had a favourable effect on the root weight, grain number 
per spike, thousand grain weight and seed yield in early treatment as compared with the control. Early application 
also had a positive effect on N and P uptake in the grain yield. Favourable response of barley to the application of 
biostimulant shows the usefulness of the seaweed extract in the cultivation technology of this crop.
Key words: root weight, yield component, grain yield, macroelements.

Introduction
Barley (Hordeum vulgare L.) is among the most 

economically vital cereal crops. It is used mostly as 
a raw material for feed production. An increase in 
the meat production generate an increasing demand 
for grain of fodder cereals (FAOSTAT, 2018). At the  
same time, there is a risk of limiting grain production 
due to the growing pressure of environmental  
factors, mostly connected with an increased risk of 
drought and heat stress (Sharma et al., 2014). Hence, 
alternative methods for supporting plant growth 
and hardiness are sought for, and among them, 
biostimulants are highly promising (Craigie, 2011; 
Khan et al., 2009; Kocira et al., 2017; Kotwica et 
al., 2014; Sangha et al., 2014; Sharma et al., 2014; 
Szczepanek, Wszelaczyńska, & Pobereżny, 2018). 
Agricultural biostimulants are organic substances 
that are applied to plants or soils to increase crop 
tolerance to stress, and the quantity and quality of 
yield (EBIC, 2018). Among the preparations from this 
group, biostimulants produced from marine algae (e.g. 
Ascophyllum nodosum, Ecklonia maxima, Laminaria 
digitate, Fucus serratus, Durvillaea potatorum) 
constitute a significant part (Craigie, 2011; Sharma 
et al., 2014). Currently, it is known that the use of 
macroalgal extracts can bring many benefits in the 
cultivation of agricultural crops, but the reasons for 
the positive results are not fully understood (Sharma 
et al., 2014). Nowadays, the economics of crop 
production limit the use of biostimulants mainly 
to high-value horticultural crops. However, high 
prices for fertilizers and pesticides may change this 
situation, and these preparations exhibiting activity 
for promoting plant growth and stress tolerance will 
become commonly used in many agricultural crops 
(Shanga et al., 2014; Sharma et al., 2014). Learning 
the effects for use of alga biostimulants requires 

research concerning the method of application, which 
forms the basis for increasing the effectiveness of those 
preparations. The aim of the study was to assess the 
response of spring barley yield and yield components, 
as well as the content and uptake of macronutrients 
in grain to differentiated times (cereal developmental 
stages) and a dose of algae (Ecklonia maxima Osbeck) 
biostimulant Kelpak application.

Materials and Methods
The current study was based on two strict 

field experiments located in Poland, in Kuyavian-
Pomeranian voivodeship (53°13’N; 17°51’E), carried 
out for three years (2009, 2010 and 2011). Most of 
the time, the rainfall and thermal conditions in the 
area of the study are favourable for wheat and barley 
cultivation. The cereal growing period begins on the 
first days of April and ends on the last days of July. 
The long-term mean of total precipitation in this 
period amounted to 197 mm. In 2009, the lowest 
precipitation was recorded in April (0.4 mm) and in 
2010 in June (18.1 mm). In 2011, the rainfall during 
the growing period of barley (from April to July) was 
the lowest (59.2 mm). 

Field experiments were located on the Haplic 
Luvisol (Cutanic) soil (IUSS Working Group WRB). 
The soil at experimental fields was characterized by  
a low content of organic carbon 7.55 – 7.8 g kg-1  
(PN-ISO 10694) and a low content of the total nitrogen 
0.69 – 0.75 g kg-1 NH4 – N and NO3 – N (PN-R-04028). 
The content of available phosphorus (PN-R-04023) 
and potassium (PN-R-04022) were 190 – 210 mg kg-1 
(high) and 95 – 150 mg kg-1 (medium), respectively. 
The content of magnesium (PN-R-04020) was very 
low (<20.0 mg kg-1). The soil was characterised by a 
slight acidic reaction (pH in 1 mol KCL 5.7 – 6.1) 
(PN-ISO 10390).
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The field study was conducted as strict one-
factorial experiment, in four replications. The plots 
had an area of 12 m2. The subject of the study was 
the spring barley (Hordeum vulgare) cultivar ‘Nuevo’. 
In the experiment, the seaweed biostimulant Kelpak 
was used during three successive growing seasons. 
Biostimulant Kelpak is obtained from macroalga 
(Ecklonia maxima Osbeck) belonging to the division 
of brown algae (Phaeophyta), collected on the south 
coast of Africa. In the processing of algae, Cold Cellular 
Burst Technology is used, thanks to which the full 
physiological activity of all substances is preserved. 
The bioproduct Kelpak contains phytohormones like 
auxins (11 mg L-1) and cytokinins (0.031 mg L-1), 
alginians, amino acids, and brassinosteroids. Kelpak 
was applied as an early treatment (in a single dose of 
2 L ha-1, at tillering - two tillers detectable, BBCH 22) 
or as a late treatment (in a single dose of 2 L ha-1, at 
stem elongation, first node at least 1 cm above tillering 
node, BBCH 31), as well as a sequential treatment 
(two times, 1.5 L ha-1 in each of both growth stages, 
BBCH 22 and BBCH 31). Preparation was applied as 
aqueous solution in a dose of 300 L ha-1. The three 
kinds of applications of the seaweed biostimulant 
were compared with the control (without treatment) 
group. 

The spring barley was sown on 2 – 4 April in 
germinate able seeds of 430 per 1 m2. Pre-sowing 
fertilization was used in an amount of 31 kg P,  
66 kg K and 80 kg N ha-1. At the beginning of the stem 
elongation, the second dose of N was applied in dose 
of 30 kg N ha-1. For weed control, Lintur 70 WG in a 
dose of 150 g ha-1 (dicamba, 988 g ha-1 + triasulfuron, 
61.5 g ha-1) was used at BBCH 22 – 24. To protect 
the barley against fungal diseases, Capalo 337.5 SE 
in a dose of 1.5 L ha-1 (metrafenone, 112.5 g ha-1 +  
epoxiconazole, 93.8 g ha-1 + fenpropimorph,  
300 g ha-1) was used at BBCH 34 – 39 and Alert 375 
SC in a dose of 1 L ha-1 (carbendazim, 250 g ha-1 +  
flusilazole, 125 g ha-1) at BBCH 51 – 59. For 
pest control, Bi58  400 EC in a dose of 0.5 L ha-1 
(dimethoate, 200 g ha-1) was used at BBCH 59. The 
harvest of barley grain was performed at the beginning 
of August.

At flowering stage (BBCH 75), the generative tiller 
number on the area of 1 m2 and generative tiller length 
on 30 randomly chosen tillers were determined. At 
the same time, the dry matter of roots was determined 
based on 20 successive plants in a row. At the end 
of ripening (BBCH 89) on 30 randomly selected 
spikes from each plot the number of grains per spike 
was determined. The grain yield and moisture were 
determined directly after harvest. The straw weight 
was measured 6–8 days after the grain harvest. One 
to two months after the grain harvest the 1000 grain 
weight was also assessed according to the method PN-

68/R-74017. The yield of spring barley grain and straw 
weight were converted to the determined humidity of 
14%. For each plot, the harvest index was calculated 
(the dry matter of grain yield divided by the sum of the 
dry matter of grain and straw yields). Mineralization 
of grain was performed by wet combustion with 
sulphuric acid and perhydrol (PN-91/R-04014). The 
content of P, N and K were made using the following 
methods: PN-ISO 6491, PN-EN ISO 2048, and PN-
EN ISO 6869, respectively. The uptake of phosphorus, 
nitrogen, and potassium was calculated for each 
plot as the product of grain dry matter yield and the 
microelement content in grain.  

The results were analysed using the ‘Analysis of 
variance’ statistical program by the UTP University 
of Science and Technology. The differences between 
the means were verified with Tukey’s test and the 
significance level p=0.05. Pearson’s correlation 
analyses were carried out using the Statistica for 
Windows.  

Results and Discussion
Preparations produced from algae may have a 

favourable effect on barley growth. In the study by 
Möller & Smith (1999) it was indicated that priming 
in seaweed (Ascophyllum nodosum) suspension was 
beneficial to seed germination. Seaweed (Ecklonia 
maxima) application at later developmental stages 
may also be favourable, though there are few studies 
on this subject (Featonby-Smith &Van Staden, 1987; 
Matysiak & Adamczewski, 2006).  

In the current study, the early application of 
biostimulant at the tillering (BBCH 22), in a dose of 
2 L ha-1, and sequential, in two doses of 1.5 L ha-1 at 
the tillering and shooting stages (BBCH 22 and 31), 
resulted in an increase in the barley root weight in 
comparison with the control group (Table 1). Barley 
root growth after the application of extract from 
algae (Ascophyllum nodosum) has also been reported 
by other scientists (Steveni, Norrington-Davies, 
& Hankins, 1992). Horoszkiewicz-Janka & Jajor 
(2006), however, did not observe a difference in the 
root weight after the use of algae (Ecklonia maxima) 
biostimulant in comparison with the control group, 
but in that study, the biopreparation was used for seed 
dressing. Stimulation of the root system development 
can be attributed to phytohormones contained in algae, 
and particularly to auxins (Tarakhovskaya, Maslov, & 
Shishova, 2007; Kurepin, Zaman, & Pharis, 2014). 
Apart from that, Kelpak also contains other active 
compounds including cytokinins, polyamines and 
brassinosteroids (Stirk et al., 2014; Stirk & Van 
Staden, 2014).

In the current study no significant effect of the use 
of biostimulant on density or generative tiller length 
was observed (Table 1). The straw yield increase, in 
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turn, was recorded for the late application (2 L ha-1  
at BBCH 31). The early use of the biostimulant 
resulted in a significant increase in the harvest index 
in comparison with the late and sequential treatment. 
The early application of the biostimulant (BBCH 22) 
in a dose of 2 L ha-1 resulted in an increase in the 
grain yield in comparison with the control group. This 
application method also resulted in an increase in the 
thousand grain weight. Positive effects of application 
of the extract from algae were also obtained for the 
number of grains per spike, for which a positive 
correlation with grain yield was proved (Table 2). 
Featonby-Smith & Van Staden (1987) also have 
indicated stimulation of traits connected with shaping 
the barley grain yield as affected by the seaweed 
concentrate. They showed an increase in grain weight 
per plant, largely due to a greater number of fertile 
spikelets per spike. An increase in the spring barley 

grain yield under the influence of foliar application 
of the biostimulant from algae was also reported by 
Matysiak & Adamczewski (2006). 

In our study, the grain yield of spring barley was 
positively correlated with the root weight, tiller length 
and their density, and negatively with the thousand 
grain weight (Table 2). A positive correlation was seen 
between the number of grains per spike with the root 
weight, straw yield and generative tiller length, and a 
negative correlation between the number of grains per 
spike with the thousand grain weight. The thousand 
grain weight, in turn, was negatively correlated with 
the root weight and the tiller length. The correlation 
between the tiller length and the root weight was also 
positive. The straw yield was positively correlated 
with the generative tiller length, root weight and grain 
yield. There was a negative correlation of the harvest 
index with the thousand grain weight and positive with 
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Table 1 
Biometric features and yield of barley depending on biostimulant
rate and growth stage during application, means from 2009 – 2011

Characteristics

Biostimulant rate and growth stage of barley

2 L ha-1

BBCH 22

1.5 L ha-1

BBCH 22
1.5 L ha-1

BBCH 31 

2 L ha-1 

BBCH 31 Control

Root weight†, g 14.2a‡ 14.4a 12.8b 12.3b
Generative tiller length, cm 57.5a 56.7a 57.4a 57.0a
Generative tiller density, no m-2 975a 980a 981a 956a
Grain number per spike, no 21.3a 21.1a 21.1a 20.5b
Thousand grain weight, g 41.3a 40.9a 40.0b 39.6b
Grain yield, kg ha-1 6141a 5975b 5912b 5909b
Straw yield, kg ha-1 5726b 5936b 6162a 5820b
Harvest index 0.507a 0.489b 0.475b 0.491ab

†dry root weight from 20 plants; ‡within a row for each characteristic, values followed by different letters are significantly 
different according to LSD (0.05). 

Table 2 
Pearson’s correlation coefficients for the relation between biometric features and yield of barley

Characteristics 1. 2. 3. 4. 5. 6. 7.
1.	 Root weight, g
2.	 Generative tiller length, cm 0.64*
3.	 Generative tiller density, no m-2 -0.09 ns 0.08 ns
4.	 Grain number per spike, no 0.69* 0.95* 0.19 ns
5.	 Thousand grain weight, t ha-1 -0.47* -0.83* 0.20 ns -0.74*
6.	 Grain yield, kg ha-1 0.57* 0.82* 0.40* 0.88* -0.47*
7.	 Straw yield, kg ha-1 0.54* 0.82* 0.20 ns 0.79* -0.64* 0.73*
8.	 Harvest index 0.50* 0.71* 0.38* 0.80* -0.38* 0.94* 0.47*

* significant at p<0.05; ns – non significant
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the root weight, generative tiller length and density, as 
well as with the number of grains per spike and with 
the grain and straw yield.  

No significant effect of the seaweed biostimulant 
on N content in the spring barley grain was indicated 
(Table 3). Sequential use of the preparation resulted 
in an increase in P content in the grain, as compared 
with the control group and the other application 
variants. The early and sequential applications of the 
biostimulant resulted in a decrease in K content in 
the spring barley grain, as compared with the control 
group and late treatment. The uptake of N and P in 
grain was the highest after a single application of the 
preparation at the tillering stage (early treatment). No 
significant effect of the biostimulant application on K 
uptake was indicated. 

In the current study, N and P uptake in barley grain 
was determined mainly with the grain yield quantity. 
Due to the lack of influence of the preparation on 
N content or a small effect on P concentration, the 
uptake of those elements in the grain was the highest 
after the application, resulting in the growth of 
yield (single early treatment). Potassium uptake, in 
spite of smaller concentration in grain in early and 
sequential treatments, was similar to the application 
of biostimulant and in the control group. The lack and 
even a negative response of the macroelement N, P 
and K content in the barley grain to the biostimulant 
application may result from genetic traits of the 
studied barley cultivar. According to Carvalho et al. 
(2014), the effect of the use of extracts from algae 

depends not only on the dose, method, and time of 
application, but also on the cultivar sensitivity. The 
integration of cultivation methods and improvement 
of varietal traits may bring about a significant increase 
in the effectiveness of nutrient utilization,affecting 
barley grain yield quantity and quality (Anabessa & 
Juskiw, 2012).

Conclusions 
1.	 The response of spring barley to the foliar 

application of seaweed (Ecklonia maxima 
Osbeck) biostimulant Kelpak depended on the 
dose and developmental stage of plants during the 
application.

2.	 Early application of biostimulant (in a dose of 2 
L ha-1 at BBCH 22) had a favourable effect on the 
number of grains per spike, thousand grain weight, 
and grain yield of spring barley. This application 
method stimulated the growth of root weight and 
resulted in an increase in N and P uptake in grain. 

3.	 Favourable response of the grain yield and nutrient 
uptake gives grounds for recommendations of the 
foliar application of seaweed biostimulant Kelpak 
in early treatment for spring barley. There is a 
need for further field studies on the effect of the 
preparation application in conditions of growing 
biotic and abiotic stress.
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Table 3
Content and uptake of N, P, K in barley grain depending on biostimulant

rate and growth stage during application, means from 2009 – 2011

Macroelement

Biostimulant rate and growth stage of barley

2 L ha-1

BBCH 22

1.5 L ha-1

BBCH 22
1.5 L ha-1

BBCH 31

2 L ha-1 

BBCH 31 Control

Content, g kg-1

N 16.3a‡ 16.3a 16.6a 16.4a
P 3.57b 3.60a 3.56b 3.57b
K 3.65c 3.68b 3.71a 3.70a
Uptake, kg ha-1

N 84.4a 81.9b 81.8b 81.5b
P 19.1a 18.6b 18.2b 18.4b
K 18.5a 18.1a 17.8a 18.0a

‡within a row for each macroelement, values followed by different letters are significantly different according to LSD (0.05).
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