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SUMMARY

Barley is the fourth most important cereal in the world, right behind maize,
wheat and rice, but before sorghum, oat and rye. In Republic of Macedonia,
barley is sown on a quarter of the entire cereal production area. On the National
variety list, there is only one registered variety of spring barley -Makedo. Barley
grain yield can vary from year to year. It is highly dependent on of the climate
conditions, as well as the agronomic measures applied during the vegetation
period. One of the most important measures is the fertilization of the crops.

Starting from the fact that the use of chelate fertilizer solutions, using the
spray-on foliar method is in the early development phase, an experiment was
conducted using spring barley Makedo variety, and three types of chelate
fertilizer solutions (Agrosal N12P5SK7+ME, Agrosal NH4NO3 50% and Agrosal
N31POKO+ME), applied in 6 different concentrations (0.5, 1, 3, 5, 10 and 15
percent).

The average grain yield was 1 347 kgha-1, the best results of this trait were
registered at the crops treated with Agrosal N12PSK7+ME in a 1 percent
solution, while the lowest yield was measured on the crops treated with Agrosal
N31POKO+ME in the concentration of 0.5 percent. The quality highly varied
depending of the different applied treatments. Highest protein content was
registered on the crops treated with Agrosal N31POKO+ME in a 10 percent
solution, whilst the lowest on the crops treated with Agrosal N12PSK7+ME, in a
0.5 percent solution.
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INTRODUCTION
Barley is the fourth most significant cereal in the world, right after corn,
wheat and rice (FAO, 2013). Barley accounts for around 41 000 ha, of the total
production of cereals in the Republic of Macedonia (State Statistical Office of the
Republic of Macedonia, 2014). The majority parts of the varieties are imported
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autumn varieties. On the National variety list in Republic of Macedonia is
registered the two rows spring barley - variety Makedo as the only domestic
variety (MAFWE, 2008).

The efficient cereal production, including barley, largely depends on the
applied agro-technics, especially the diet. Numerous tests have been performed,
which confirmed that proper and balanced cereals diet is essential to improve the
yield and quality and can directly and indirectly affect the efficiency of the other
agro-technical measures (Negrild and Negrild, 1995; Popescu et al., 1997). Basic
nutrients, such as nitrogen, phosphorus, potassium, sulfur and magnesium, are
crucial elements in many processes in the development of the plant and the
formation of the yield (Randahwa and Arora, 2000), but besides these elements,
microelements play a large role in the quality of final product as well.

Common practice in cereal production is introduction of nutrients through
the soil. However, recently it has been discovered that different nutritive
solutions containing the elements, enable easy availability of nutrients to plants,
which results in positive outcomes (Alaru et al., 2003; Arif et al., 2006). Because
of the fact that soil application of nutrient solutions can lead to loss of nutrients
(Dines et al., 2002; Follet and Delgado, 2002), over the last decades it has been
confirmed for the fact that foliar application is the preferred option and it can
reduce losses (Brar and Brar, 2004; Kinaci and Kinaci, 2001; Cakmak, 2008;
Babaeian et al., 2011). Fast and efficient input of required elements into the
plants, in the form of nutrient solutions is commonly performed through the leaf.
This method has higher efficiency and lower cost and at the same time, it does
not pollute the environment (Abbou EI-Nour, 2002; Bozogi et al., 2011).

Foliar fertilization, i.e. supplementation of nutrients through the leaf,
represents an efficient fertilization technique which highlights the availability of
nutrients. In more developed countries, this application is simplified through a
large-scale sprinkling irrigation (linear machines, ranger machines, hydromatics
etc.), a process known as fertigation, or simultaneous irrigation and feeding. In
this context, Tanaskovik and Chukaliev (2014) point out that in the United States
fertigation of agricultural crops (corn, soybeans, etc.) is conducted via sprinkling
irrigation systems, where instead of conventional sprinklers, micro-sprinklers are
set near the surface. Quite often, besides fertigation, pesticides are applied via
this system, a process known as chemigation. Unfortunately, due to the
separation of production area on small plots, such a technique where really big
irrigation systems can efficiently and economically operate is not applicable in
our country.

Awasti and Brahm (1994) conclude that the barley yield is increased by
increasing the dose of nitrogen. In addition to this element, a number of studies
so far have proven the usefulness of treating cereals with nutrient solutions
containing other important elements (Diaz-Zorita et al., 2001; Kinaci and Kinaci,
2001; Demirer et al., 2004), whereby the yield and the quality are enhanced with
positive effects.
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Foliar application of nitrogen at different development stages of wheat and
triticale development improve seed quality and increase yield (Brar and Brar,
2004; Saeed et al., 2012). Well balanced nitrogen and phosphorus fertilization
increases the nitrogen content of the wheat grain, but also affects the gluten
formation (Hera et al., 1996; Brucher and Moroy, 1988).

Nitrogen deficiency, which occurs due to constant dynamics of this
element in the soil, can cause poor growth and poor plants vitality, yellowing of
leaves, formation of tiny leaves, falling leaves, forming a less branched root
system, small and poor quality fruits etc. The nitrogen supply of the crop is one
of the essential measures for successful and quality agricultural production.

From the farmers’ perspective, it is difficult to achieve high yields and
high protein content in grain at the same time, because these properties are
usually inversely proportional. Bhatia and Rabson (1976) and Sinclair and
DeWitt (1995) have shown that the simultaneous increase in yield and protein
content was incompatible in terms of energy. For best growth and development
of plants, specific amounts of certain nutrients at certain times are required (Sajid
et al., 2008).

The research results of Bosev et al. (2013) showed that different treatments
with nutritive solutions have significant effects on wheat and triticale.
Applications of different concentrations of nutritive solutions have shown
increased protein synthesis and content of wet gluten in wheat and triticale
(Bosev et al., 2012). Other researchers also point out that foliar application of
nutrient solutions has positive impact on the yield of wheat grain (Yassen et al.,
2010; Matilo et al., 2006; Slaton et al., 2011). Rémheld and El-Fouly (1999)
came to the conclusion that the effectiveness of foliar application is better than
that of soil application of nutrient solutions, because in this way, the intake of
necessary nutrients is focused directly at the site where it is needed most - in the
leaf, and has relatively rapid absorption.

In Macedonia, there is data deficiency regarding the effects of the use of
nutritive solutions in barley. Considering the fact that in Macedonia the use of
nutritive solutions in cereals is in nascent, while in other crops has seen rapid
rise, the aim of this research was to determine the effects of different nutritive
solutions at different concentrations on grain yield and protein content in brewing
barley. Through the results of this research it will be able to see the influence of
different concentrations of nutritive solutions, applied at different stages of plant
development, on the analyzed traits. Determination of the necessary dosages and
the type of solution required for obtaining higher yields and adequate quality of
barley will result in lowering the cost of fertilization, which will further lead to a
reduction of the production costs of brewing barley. Such measures can
ultimately lead to the spread of the areas sown with brewing barley in
Macedonia.

MATERIAL AND METHODS

The experiments of this research were conducted in the Skopje region

(41°56'58"Nand 21°25'06"E, 550 m above sea level), with the two rows brewing
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barley, variety Makedo. The experiment was designed as CRBD, with three
fertilizers and six concentrations, in three replications. The blocks represent the
nutritive solution, which are marked with the letters A, B and C, and refer to the
following nutritive solutions:

Agrosal N12PSK7+ME (A)- liquid mineral fertilizer which, in addition to
basic nutritive elements, contains microbiogenetic elements in chelated form
(Table 1).

Table 1. Chemical content of Agrosal N1,PsK;+ME (%)

Total Nitrogen (N,) 12.00 £ 0.7%
Phosphorus (P,0s) 5.00+£0.7%
Potassium (K,0) 7.00£0.7%

Microelements in chelated form: Mg, Cu, Zn, Mn, Ca, Co, Fe, B

Agrosal NH4NO350% (B)- liquid nitrogen fertilizer where nitrogen is in
ammonia and nitrate form (Table 2).

Table 2. Chemical content ofAgrosal NHsNO350% (%)
Ammonia Nitrate (NH,;NO,) 48.00 % - 52.00%
Total Nitrogen(N,) 16.80 % - 18.20%
Agrosal N3;PoKy+ME (C)- liquid nitrogen fertilizer, in which nitrogen is
found in all three forms (ammonia, nitrate and amide), and contains iron and
magnesium (Table 3).

Table 3. Chemical content of Agrosal N3, PoKo+ME (%)

Total Nitrogen(N,) 31.00 + 1.5%

Ammonia nitrate (NH;NO3) 37.00 £ 2.0%

Microelements in chelated form: Mg, Fe

The variants of the concentrations used in the study are marked with
numbers 1 to 6 and refer to the following concentrations of the solution: 0.5% (1)
1% (2) 3% (3) 5% (4) 10% (5) and 15% (6).

Prior to setting up the experiment, in order to determine the application
irrigation rate with the nutrient solution, an agro-chemical analysis of the soil
was done, and retention of moisture and bulk density were determined. The plots
were 5 m2 each, and each plot had 8 rows positioned at a distance of 12.5 cm.
During the vegetation, the plots were kept clean of weeds. The treatment with
nutrient solution was done manually, in the following phases of plant growth:
tillering, stem extension, head visible and early maturity of the grain. During the
harvest, all plants were harvested from the plots in order to determine the yield of
grains (kg ha-1) and the protein content (%).

The analysis of the yield of grain results was calculated to 14% moisture,
and the protein content was determined by the method of khjeldal. The results
were statistically processed by the method of analysis of variance (ANOVA), and
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mean values for the properties in respect of all the factors involved in the survey
were analyzed by LSD-test.

RESULTS AND DISCUSSION
Anlysis of variance
In order to determine the effect of the factors (nutritive solution and
concentration) as well as their interactive impact on analyzed characteristics, an
analysis of variance — ANOVA was conducted. This analysis provides insight
into the impact on individual examined traits, as well as the interaction influence
of the factors on their performance.

Table 4. Influence of the source of variability on the analyzed traits

Soqrc_e of Replication | Fertilizer | Concentration | Interaction | Error
variation

Df 2 2 5 10 34
Yield 37742ns | 2673507 | 210108.6 316168~ | 21220.7
Proteins 0.099ns 10.861" 2415 5.999” 0.114

Based on the obtained values (Table 4), it can be concluded that the
fertilizer concentration had a very significant impact on the tested properties,
meaning that it is crucial for their expression. Nutrient solution showed highly
significant influence on both yield and quality. The interaction of the
concentration with the nutrient solution had higly significant effect on the tested
properties, which confirms the fact that apart from the right choice of the nutrient
solution, it is crucial to determine the concentration of the same. These two
factors together are the key to getting good results in brewing barley cultivation.

Grain yield

Barley grain is the main product and the main reason for growing barley as
well, except when used in silage, or as biomass for biogas production, when the
whole plant is being used. The yield is limited by the genetic potential of the
plant itself, but it largely depends on the technical measures applied to the crop.
So far, there are numerous surveys confirming the link between foliar application
of nutritive solutions and yield. Thus, Shah and Saeed (1989) came to the
conclusion that the barley grain yield has increased by foliar application of
nitrogen solutions and Fathi et al. (1990) and Szafranski (1995) concluded that
this characteristic is directly related to the dosage of nitrogen applied.

The results of our study are shown in Table 5. In terms of the interaction of
the two factors in the experiment, the highest grain yield was seen at A2 (2355 kg
ha™), while the lowest in C1 (988 kg ha™). Statistically, these values were
significantly different in comparison to all other combinations of nutritive
solution and concentration.

If the effect of the concentration in the blocks is analyzed in details, in
block A, the highest value was achieved with the plants treated with two
concentrations (2355 kg ha™), and the lowest using concentration 4 (1047 kg ha’
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1). Blocks treated with solutions B and C obtained similar results with each other,
that is, the highest yields were observed in treatment 4, and the lowest in
treatment 2.

Table 5. Grain yield (kgha™)

1 2 3 4 5 6 Average

A 1444 2355 1221 1047 1342 1244 1442

B 1104 1269 1146 1318 1260 1163 1210

C 988 1284 1592 1643 1383 1454 1391
Average 1179 1636 1320 1336 1328 1287 1348

Fertilizer LSD, g5=82Concentration LSD, gs=56Interaction LSDg ¢s=51
Fertilizer LSD, y;=195Concentration LSDg y;=94Interaction LSDg¢;=77

In terms of the impact of the concentration of the solutions, the average
values of the yield of grain indicate that the highest value of grain yield (1636 kg
ha™) was observed in treatment 2, while the lowest has been reported in treatment
1 (1179 kg ha™). The differences are statistically significant compared to other
applied concentrations. The highest average yield was obtained in the block
treated with the fertilizer A (1442 kg ha™), followed by the fertilizer C (1391 kg
ha™). The lowest yield was achieved in the block treated with B (1210 kg ha™),
statistically significantly lower yield compared with other fertilizers. Mean
values for blocks have confirmed the importance of balanced diet, i.e. the
participation of all elements, as well as the justification of the application of
foliar nutrient solutions. Namely, the use of relatively low concentrations resulted
in higher yields. Additionally, the use of multiple components nutrient solutions
(NPK), required lower concentrations of the solution compared to the solutions
dominated by nitrogen.

Protein content
The protein content is one of the important features of the cereals, which is an
indicator of their quality. Two rows brewing barley, compared to wheat and other
cereals used in bakers’ industry, differs in a way that with it, this property is
coveted to have as lower values as possible, if used in brewing industry. The
reason for this is because the protein can cause biochemical instability of the
brewing, which usually manifests as foggy brewing (Beer Haze), what means
clouding of beer caused by proteins breakdown.

The results obtained by Jasvinder (2012) in the experiments with different
N, doses on the two rows brewing barley, show that the protein content was
proportional to the amount of nitrogen applied. Similar results have been
obtained by Tarjoc and Tabara (2011) in the tests they had performed on brewing
barley with foliar application of different nutritive solutions.

From the results presented in Table 6, it can be concluded that the highest
protein content in terms of interaction effect of the two factors was obtained in
treatment C5 (12.91%), while the lowest in treatment A5 (8.07%), which is in
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line with the previous investigations conducted by several authors. Statistically
these results are significantly different from the other set for this parameter.

Table 6. Protein content (%)

1 2 3 4 5 6 Average

A 8.82 955 | 12.26 8.95 8.07 | 10.57 9.71

B 1061 | 11.31 991| 11.73| 11.86| 11.06 11.08

C 10.93 8.96| 11.79| 1163| 1291 9.89 11.02
Average 10.12 994 | 11.32| 10.77| 10.95| 1051 10.60

Fertilizer LSDg ¢5s=0.19Concentration LSD, 45=0.13Interaction LSDgs=0.13
Fertilizer LSDy;=0.45Concentration LSDy;=0.22Interaction LSDg;=0.18

If we analyze each block separately, in order to recognize the influence of
the concentration in a particular block, we can say that, in block A, the highest
percentage of protein showed plants in treatment 3 (12.26%) and the lowest in
treatment 5 (8.07%). In block B, the highest results were obtained with the dose 5
(11.86%), as opposed compared to the results obtained in the previous block.
Similar values have been achieved with dosage 4 (11.73%), so that statistically
non significant differences were found between these values. The plants treated
with the dose 3 (9.91%), had the lowest content of protein. In block C, the
highest values were measured in plants treated with nutritive solution
concentration 5 (12.91%) and the lowest in plants with a dose 2 (8.96%). These
results support the claim that protein synthesis is closely dependant on the
amount of nitrogen applied on plants.

From the perspective of the influence of nutrient solutions on average
values of protein content, the highest share of protein was measured in the block
B (11.08%). Similar results were found in block C (11.02%), and the lowest in
block A (9.71%), which is the only one that showed a statistically significant
difference compared to blocks B and C. In terms of the effect of concentration,
the highest average values had dose 3 (11.32%), which significantly differed
from other concentrations, and the lowest values were obtained in dose 2
(9.94%). The remaining doses showed similar values ranging from 10.12% to
10.95%.

CONCLUSIONS

From the results of the tests conducted on the Makedo two-rows brewing
barley, one may perceive which nutritive solutions and in what way they affect
the analyzed properties, if applied foliar at different concentrations. The highest
yield of grain is determined in plants treated with 1% solution of Agrosal
N1,PsK;+ME, and the highest yield in terms of the impact of nutrient solution
showed the plants treated with Agrosal N;,PsK;+ME. The highest concentration
of protein is observed in the plants treated with 10% solution of Agrosal
N31PoKo+ME, and the lowest in the plants treated with 10% solution of Agrosal
N12P5K7+ME.
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If barley is grown in order to be used in the brewing industry, then the
most appropriate treatment is with Agrosal Ni,PsK;+MEin 10% solution
concentration, because this combination of nutrient solution and dosage results in
low protein content. If the purpose of cultivation is the use of this crop as fodder,
in that case Agrosal NsPoKo+ME and concentration of 10% solution is
recommended, because this treatment provides plants whose grains have the
highest proportion of protein.

On the other hand, treatment with Agrosal N;,PsK;+ME at a dose of 1%,
showed the highest yields and acceptable low percentage of protein, which would
be a good combination for brewing industry production of as well as for fodder.
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