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ANALYSIS OF GENOTYPE BY ENVIRONMENT INTERACTION 
FOR SPIKE TRAITS IN WINTER SIX-ROW BARLEY 

 

Barley (Hordeum vulgare L.) is one of the most important cereal crops in the 
world. Based on number of grains row per spike there are two different forms 
of barley spike. Six-row spikes show fertile lateral spikelets compared with two-
row spikes with sterile lateral spikelets (Ullrich, 2011). Spike length and grain 
number per spike are one of the most important components of grain yield of 
barley. Six-row barley per unit of spike length contains a greater number of 
grains compared to two-row barley, so even a small increase in spike length is 
followed by a significant increase in the grain number per spike. That is why 
increasing the spike length of the six-row form of barley is one of the main 
goals in breeding (Dodig, 2000). An increase in grain number per spike affects 
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Abstract: This research was conducted with some spike traits of twenty 

winter six-row barley genotypes in six environments. The aim of this study was 
to determine the significance and take advantage useful genotype by 
environment interacton (GEI) by applying AMMI-1 model. High statistical 
significance GEI was determined. Wide adaptability genotypes were J-29, J-33, 
J-9 and J-21 for spike length (SL) as Grand and Ozren for grain number per 
spike (GNS). The winner genotypes in all environments were Ozren and Grand 
for SL as Ozren for GNS. All the examined environments can be considered as 
one megaenvironment, which indicates that unpredictable interactions 
dominate in this research. 
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the increase in grain yield, and its increase can compensate for the reduced 
number of spikes and plants per unit area (Barczak and Majcherczak, 2009).  

Genotypes have different expression depending on environmental 
conditions (Bocianowski et al., 2019). In this way, they form genotype by 
environment interaction (GEI) whose presence complicates the effectiveness of 
selection (Pržulj et al., 2015). A special group of models for analysis of GEI are 
linear-bilinear statistical models that have the ability to model complex 
interactions in multiple dimensions. The additive main effects and 
multiplicative interaction (AMMI) analysis are widely used (Alake and Ariyo, 
2012). 

 
Materials and methods 

 
The data set in this paper represents spike traits as spike length and grain 

number per spike of 20 winter barley genotypes, 11 recognized cultivars and 9 
advanced breeding lines of F7 and F8 generation (marked with J). Genotypes 
were origin from Republic of Serbia and according to type of spike belong to 
six-row barley (Hordeum sativum, ssp. vulgare). 

Field trials were conducted over a two growing seasons (2008/2009 and 
2009/2010) at three locations in Serbia under dry farming conditions: 
Kragujevac (KG)-central Serbia (44º02’N 20º56’E, altitude 185 m, Smonitza type 
soil), Zemun Polje (ZP)-north Serbia (44º49’N, 20º17’E, altitude 96 m, calcareous 
Chernozem) and Zaječar (ZA)-eastern Serbia (43º53’N, 22º17’E, altitude 144 m, 
non-carbonate Smonitza). The first season was moderately humid (based on 
precipitation) with warm and sunny spring (stem elongation, anthesis and 
grain filling stage) while the second season was humid with colder and cloudly 
spring. Combinations year and locality there were six environments were 
labeled as follows: KG09, ZP09, ZA09 represent locations KG, ZP and ZA in the 
first growing season, while KG10, ZP10 and ZA10 represent the same locations 
in the second growing season, respectively. The experiments were set up 
according to Fisher's plan of randomized blocks with four replications and 5 m² 
plots. Sowing was machine in mid-October. At full maturity, from each plot 20 
primary spikes were analyzed according the length (cm) and number of grains.  

Spike traits data were analyzed using linear mixed model with 
homogeneous residual error variances. The choice between models is based on 
the value of the Akaike Information Criterion (AIC). The interaction and 
assessment of genotype stability in different environmental conditions was 
analyzed using a linear-bilinear model Additive Main effects and Multiplicative 
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Interaction (Gauch and Zobel, 1996). The statistical significance of individual 
AMMI models was tested, and the AMMI-1 view was applied, taking into 
account all the advantages of the applied approach (Yan and Tinker, 2006). In 
the biplot graph, AMMI parameters on the ordinate are the values of the 
interaction principal components (IPC-1), while on the abscissa are the mean 
values of the genotypes and the environments. AMMI-1 model had its 
estimated value for interaction and equal IPC-1g x IPC-1e. This estimated 
interaction is part the AMMI-1 expected values of traits for any genotype and 
environment combination. The rest is the additive AMMI-0 part of the AMMI 
model is simply the genotype average plus the environment average minus the 
general average (Zobel et al., 1988). Statistical data processing was performed 
using R software, version 3.1.2 (R Development Core Team, 2014). 
 

Results and discussion 
 
To explain the variation for spike length (SL) and grain number per spike 

(GNS), using Akaike's information criterion (–583.6, 1391.8, respectively), it was 
determined that the most suitable mixed model with homogeneous error 
variances environments (Table 1). For both traits, the effect of genotype and the 
interaction of genotype with the external environment stand out as a highly 
significant factor (P < 0.01) for explaining the variation, while the environment 
in which the research was conducted did not show significance (P > 0.05). 
Therefore, the application of the AMMI model is justified because, based on 
Shaft and Price (1998), this model has an advantage in a situation of significant 
interaction and nonsignificant main effects. 
 
Table 1. Mixed model with homogeneous variances of environmental errors of 
spike length (SL) and grain number per spike (GNS) of twenty six-row barley 

across six environments 

Source 
variation 

 SL GNS 
Fixed effect 

F P F P 
Genotype (G) 63.35 <0.0001 12.66 <0.0001 

Random effect 
Z P Z P 

Environment(E) 1.50 0.0670 1.57 0.0588 
Interaction(G×E) 6.79 <0.0001 6.80 <.0001 

Residual 2σ  13.08 <0.0001 13.08 <.0001 
P < 0.01 – highly significant; P < 0.05 – significant; P > 0.05 not significant 
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AMMI-1 analysis for SL of six-row barley showed that the first principal 

component explained 41.3 % of the genotype by environment interaction 

(Graph 1). Regarding the SL low interaction values indicating a high stability 

were observed for genotypes J-24, Leotar and J-27 with below average of spike 

length (5.89 cm). In case breeding lines J-29, J-33, J-9, J-21 the highest stability 

was associated with high values of this trait. These genotypes maintain the 

yield level in all environments and are less sensitive to changes in external 

conditions. The stability of certain above average genotypes can generally be 

considered as the ability to be well adapted to unfavorable climate conditions 

(Ciulca et al., 2018). Elakhdar et al. (2017) such genotypes are considered widely 

adaptable and important in the use of beneficial interaction effects. Genotype 

Ozren was the lowest stability and the highest values of lenght which in 

accordance with Mohhamed et al. (2009) which indicate that it is more difficult 

to achieve stability at high values of properties.  
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Graph 1. AMMI1 biplot for spike length of twenty six-row barley genotypes 

across six environments 

 

Based on the results of the AMMI-1 model for the GNS of six-row barley 

(Graph 2), we observe that the first principal component explained 44.1 % of the 

sum of squares of the interaction between genotype and external environment. 
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The highest stability was recorded by genotypes J-27, J-26, J-9, J-33, Grand 

and Ozren which showed high variaton of this trait over the environments. 

Regarding wide adaptation, genotypes Grand and Ozren stood out. They were 

very stable and with a significantly higher number of grains compared to the 

general average (40.2). None of the genotypes showed significant unstability. 

For the GNS, higher values of the trait were not associated with unstability as 

for the SL. Only genotypes J-33 and J-9 showed stability in both traits, while 

Ozren was the most unstable in SL and among the most stable in GNS. 
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Graph 2. AMMI1 biplot for grain number per spike of twenty six-row barley 

genotypes across six environments  
 

AMMI model provides an agronomically meaningful interpretation of the 

data which is usually desirable in order to make reliable traits estimations. They 

are given in Table 2 AMMI-1 estimates for SL and GNS. These estimated values 

are used for prediction and recommendation, and their values depend on the 

characteristics of the investigated environments. In such cases when the 

environments are location-year combinations, Zobel et al. (1988) points out that 

a locality suitable for prediction and recommendation is one whose interaction 

effects differ slightly from year to year. The environments of each locality in SL 

differ significantly in the interaction effect. Gauch and Zobel (1997) suggest yes 
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large unpredictable interactions and diference between years require other 
access so the best predictive strategy is not to try to exploit interactions (only 
AMMI-0). For the GNS, this approach was not applied. 

 It is noticed that they were Grand and Ozren in SL as Ozren in GNS winner 
and recommended genotypes in all environments (Table 2). AMMI-1 model 
data compared to unadjusted data in our research (results not shown) has a 
smaller number of winning genotypes. We had three winners for both traits 
(Grand, Ozren and NS-737 for SL; Grand, Ozren and Atlas for GNS). This is in 
agreement with the results obtained by Egesi et al. (2002) indicating that 
AMMI-1 model ignoring irrelevant interaction noise and error thus reducing 
the number of winner genotypes. These were also the genotypes with the 
highest average trait values in our research because AMMI-1 estimates 
interaction has low values (GNS) or is ignored in case of differences in effects of 
environments (SL), so values estimates were based mainly on the main effect 
(AMMI-0). 

 
Table 2. AMMI-1 estimated values for SL (cm) and GNS (in brackets) twenty 

six-row barley genotypes across six environments 
Genotypes KG09 ZP09 ZA09 KG10 ZP10 ZA10 
Grand 7.71(54.2) 7.35(48.5) 7.29(45.7) 7.08(47.2) 7.02(51.0) 6.88(37.0) 
NS-313 5.28(44.8) 4.92(39.0) 4.86(36.3) 4.65(37.8) 4.59(41.6) 4.45(27.7) 
Ozren 7.71(55.9) 7.35(50.3) 7.29(47.4) 7.08(48.9) 7.02(52.7) 6.88(38.5) 
Sombor 5.34(43.8) 4.98(38.2) 4.92(35.3) 4.71(36.8) 4.65(40.6) 4.51(26.4) 
Sremac 5.04(43.4) 4.68(37.8) 4.62(34.9) 4.41(36.4) 4.35(40.2) 4.21(26.2) 
Atlas 7.16(53.8) 6.80(48.2) 6.74(45.2) 6.53(46.7) 6.47(50.5) 6.33(36.2) 
Leotar 5.28(42.0) 4.92(36.7) 4.86(33.6) 4.65(35.1) 4.59(38.9) 4.45(24.5) 
NS-773 5.37(47.0) 5.01(41.2) 4.95(38.6) 4.74(40.1) 4.68(43.9) 4.54(30.0) 
Nonius 5.49(46.4) 5.13(41.0) 5.07(38.1) 4.86(39.6) 4.80(43.4) 4.66(29.1) 
NS-737 7.21(49.1) 6.85(43.5) 6.79(40.5) 6.58(42.0) 6.52(45.8) 6.38(31.5) 
Javor 7.32(48.8) 6.96(43.2) 6.90(40.3) 6.69(41.8) 6.63(45.6) 6.49(31.3) 
J-26 5.49(45.2) 5.13(39.5) 5.07(36.7) 4.86(38.2) 4.80(42.0) 4.66(27.9) 
J-32 7.05(46.8) 6.69(41.0) 6.63(38.4) 6.42(39.9) 6.36(43.7) 6.22(29.9) 
J-24 5.47(47.2) 5.11(41.4) 5.05(38.7) 4.84(40.2) 4.78(44.0) 4.64(30.2) 
J-9 6.92(46.5) 6.56(40.8) 6.50(38.0) 6.29(39.5) 6.23(43.3) 6.09(29.2) 
J-33 6.96(46.3) 6.60(40.5) 6.54(37.8) 6.33(39.3) 6.27(43.1) 6.13(29.1) 
J-27 5.52(43.4) 5.16(37.7) 5.10(34.9) 4.89(36.4) 4.83(40.2) 4.69(26.1) 
J-29 6.78(43.7) 6.42(38.1) 6.36(35.2) 6.15(36.7) 6.09(40.5) 5.95(26.2) 
J-16 7.20(50.2) 6.84(44.6) 6.78(41.7) 6.57(43.2) 6.51(47.0) 6.37(32.8) 
J-21 7.35(46.3) 7.48(40.6) 6.93(37.7) 6.72(39.2) 6.66(43.0) 6.52(28.7) 
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Since the existence of one winner genotype is observed in all localities, 
which is according to the winner-method proposed by Gauch (2013) za AMMI-
1 model, the data suggest considering all environments as a single mega-
environment for spike traits of barley. Our trial is clearly dominated by 
unpredictable interactions over predictable ones which acording Gauch and 
Zobel (1997) indicates that they are typically associated with years and make 
mega-environments less numerous and less advantage can be taken of specific 
adaptations. This is the main reason for the existence of only one such 
environment in this paper and the reason why specific adaptations do not 
significant. 

 
Conclusion 

 
Genotype by environment interaction (GEI) is complex problem which 

complicates the selection process field crops. Our study showed complex and 
importance investigate of interaction. Variable climatic conditions require 
barley breeders to select adaptability genotypes and therefore the AMMI model 
is very suitable. Only genotypes J-33 and J-9 showed stability in both traits 
while stability not associated with average values of genotypes. Genotypes with 
wide adaptation and suitable for growing in different agroecological conditions 
were J-29, J-33, J-9 and J-21 for spike length (SL) as Grand and Ozren for grains 
number per spike (GNS). However, based AMMI-1 estimated values, the 
winner genotypes in all environments were Ozren and Grand for SL as Ozren 
for GNS. This genotypes had the highest values of spike traits. Therefore all the 
examined environments can be considered as one megaenvironment, which 
indicates that unpredictable interactions dominate in this research, due to 
which specific adaptations were not of high importance. All this information 
could be use in barley breeding in order to increase the genetic gain for grain 
yield. 

 
Acknowledgement 

 
The research was financed by the project of the Ministry of Education and 

Technological Development of the Republic of Serbia TR 31054. 
 
 
 
 



 
 
“1st INTERNATIONAL SYMPOSIUM ON BIOTECHNOLOGY”                            Proceedings, 2023 

52 
 

References 
 

Alake C. O., Ariyo J.O. (2012). Comparative Analysis of Genotype x 
Environment Interaction Techniques in West African Okra. Journal of 
Agricultural Science, 4, 135-150. 

Barczak B., Majcherczak E. (2009). Effect of varied fertilization with sulfur on 
selected spring barley yield structure components. Journal of Central 
European Agriculture, 9 (4), 777-784. 

Bocianowski J., Warzecha T., Nowosad K., Bathelt R. (2019). Genotype by 
environment interaction using AMMI model and estimation of additive and 
epistasis gene effects for 1000-kernel weight in spring barley (Hordeum 
vulgare L.). Journal of Applied Genetics, 60, 127–135. 

Ciulca A., Madosa E., Velicevici G., Costea A., Ciulca S. (2018). Regression 
analysis of stability for spike traits in winter barley. Journal of Horticuture, 
Forestry and Biotechnology, 22 (3), 79-85. 

Dodig D. (2000). Morphological and productive characteristics of two-row and 
six-row barley hybrids in the F4 and F5 generations. Master's thesis, 
University of Belgrade, 102. 

Egesi C.N., Asiedu R. (2002). Analysis of yam yields using AMMI model. 
African Crop Science Journal, 10, 195-201. 

Elakhdar A., Kumamaru T., Smith K., Robert S., Brueggeman R., Capo-chichi L., 
Shyam Solanki S. (2017). Genotype by Environment Interactions (GEIs) for 
Barley Grain Yield Under Salt Stress Condition. Journal of Crop Science and 
Biotechnology, 20 (3), 193-204. 

Gauch H.G. (2013). A Simple Protocol for AMMI Analysis of Yield Trials. Crop 
Science, 53, 1860–1869. 

Gauch H.G., Zobel R.W. (1996). AMMI analysis of yield trials. In: Kang M.S. 
and Gauch H.G. (ed). Genotype by environment interaction. CRC Press, 
Boca Raton, FL, 85-122. 

Gauch H., Zobel R.W. (1997). Identifying Mega-Environments and Targeting 
Genotypes. Crop Science, 37, 311-326. 

Mohammed M.I. (2009). Genotype x environmental interaktion in bread wheat 
in nothern Sudan using AMMI analysis. American-Eurasian Journal of 
Agricultural and Environmental Sciences, 6 (4), 427-433. 

Pržulj N., Mirosavljević M., Čanak P., Zorić M., Boćanski J. (2015). Evaluation of 
Spring Barley Performance by Biplot Analysis. Cereal Research 
Communications, 43 (4), 692–703. 



 
 
“1st INTERNATIONAL SYMPOSIUM ON BIOTECHNOLOGY”                            Proceedings, 2023 

53 
 

Shaft B., Price W. J. (1998). Analysis of genotype by environment interaction 
using the AMMI model and stability estimates. Journal of Agricultural, 
Biological and Environmental Statistics, 3, 335-345. 

Ullrich E.S. (2011). Significance, adaptation, production and trade of barley. 
Barley: Production, Improvement and Uses, 3-13. 

Yan W., Tinker N. A. (2006). Biplot analysis of multi-environment trial data: 
Principles and applications. Canadian Journal of Plant Science, 86 (3), 623-
645. 

Zobel R.W., Wright M.J., Gauch H.G. (1988). Statistical analysis of a yield trial. 
Agronomy Journal, 80, 388-393. 

 



 

 
 
 

 
 
 

CIP - Каталогизација у публикацији 
Народна библиотека Србије, Београд 
 
63(082) 
606:63(082) 
 
INTERNATIONAL Symposium on Biotechnology (1 ; 2023 ; Čačak) 
    Proceedings / 1st International Symposium on Biotechnology, 17–18 
March 2023 ; [organizer] University of Kragujevac, Faculty of 
Agronomy [in] Čačak. - Kragujevac : University, Faculty of Agronomy 
in Čačak, 2023 (Čačak : Copy Xerox). - 555 str. : ilustr. ; 24 cm 
 
Na vrhu nasl. str.: Univerzitet u Kragujevcu, Agronomski fakultet u 
Čačku. - "XXVIII Savetovanje o biotehnologiji sa međunarodnim 
učešćem" --> kolofon. - Tiraž 100. - Bibliografija uz svaki rad. 
 
ISBN 978-86-87611-88-7 
 
а) Пољопривреда -- Зборници б) Биотехнологија -- Зборници 
 
COBISS.SR-ID 110983945 

  
 

DOI: 10.46793/NasKg2252 
 
 
 
 

https://doi.org/10.46793/NasKg2252�

	Naslovne strane 2023
	Predgovor 2023
	Suorganizatori-SoB2023-B5
	Sadrzaj 2023
	Sections-SoB2023
	1. Field Vegetable
	01-SoBT2023_Šutković J. et al
	02-SoBT2023_Đukić V. et al
	03-SoBT2023_Marković M. et al
	03-SoBT2023_Marković M. et al-Blank
	04-SoBT2023_Marković J. et al
	05-SoBT2023_Bratkovic K. et al
	05-SoBT2023_Bratkovic K. et al-Blank
	06-SoBT2023_Mickovski-Stefanović V. et al
	07-SoBT2023_Mickovski-Stefanović V. et al
	Chang W., Qiujuan J., Evgenios A., Haitao L., Gezi L., Jingjing Z., Shah F., Ying J. (2022). Hormetic effects of zinc on growth and antioxidant defense system of wheat plants, Science of The Total Environment,Vol. 807, Part 2, 150992, PR China
	Xiang-Yu Z., Li-Ping G., Pei-Pei G., Jun-Wen D., Chang Z., Hong-B L., M iao- Miao C., Pei-Ying X., Wen-Ju L. (2022). Bioimaging of Pb by LA-ICP-MS and Pb isotopic compositions reveal distributions and origins of Pb in wheat grain, Science of The Total...
	Ling Y.,Qiang R., Kaixuan Z., Zhiqiang J., Xinling R., Yangyang W. (2022). Migration of heavy metals in the soil-grape system and potential health risk assessment, Science of The Total Environment, Part 2, 150646, PR China
	Yanfang Q., Hong H., Ligen C., Hailong W., Paramsothy J., Yifu L., Liu, C., Long Z., Dongjin H. (2022). Comparison of Pb and Cd in wheat grains under air-soil-wheat system near lead-zinc smelters and total suspended particulate introduced modeling att...

	07-SoBT2023_Mickovski-Stefanović V. et al-Blank
	08-SoBT2023_Gavrilović M. et al
	09-SoBT2023_Žunić D. et al
	10-SoBT2023_Pashovska S. et al
	11-SoBT2023_Marković D. et al
	12-SoBT2023_Zornić V. et al
	13-SoBT2023_Tomić D. et al
	14-SoBT2023_Madić M. et al
	14-SoBT2023_Madić M. et al-Blank

	2. Pomology Viticulture
	15-SoBT2023_Glišić I. et al
	16-SoBT2023_Milošević N. et al
	16-SoBT2023_Milošević N. et al-Blank
	17-SoBT2023_Jasnić I. et al
	18-SoBT2023_Garić M. et al
	18-SoBT2023_Garić M. et al-Blank
	19-SoBT2023_Tomić J. et al
	20-SoBT2023_Jovanovic-Cvetković T. et al
	20-SoBT2023_Jovanovic-Cvetković T. et al-Blank

	3. Livestock_Product
	21-SoBT2023_Novković N. et al
	22-SoBT2023_Kurćubić V. et al
	23-SoBT2023_Rakonjac S. et al
	24-SoBT2023_Stojković B. et al
	24-SoBT2023_Stojković B. et al-Blank
	25-SoBT2023_Stojković B. et al
	25-SoBT2023_Stojković B. et al-Blank
	26-SoBT2023_Veljkovic B. et al
	26-SoBT2023_Veljkovic B. et al-Blank
	27-SoBT2023_Doskovic V. et al
	27-SoBT2023_Doskovic V. et al-Blank
	28-SoBT2023_Đoković R. et al
	28-SoBT2023_Đoković R. et al-Blank

	4. Plant_Protection
	29-SoBT2023_Vranešević M. et al
	29-SoBT2023_Vranešević M. et al-Blank
	30-SoBT2023_Šarčević Todosijević Lj. et al
	31-SoBT2023_Petrović G. et al
	32-SoBT2023_Petrović G. et al
	33-SoBT2023_Nikolić V.  et al
	34-SoBT2023_Kojadinović N. et al
	35-SoBT2023_Jevremovic D. et al
	36-SoBT2023_Stupar V. et al
	36-SoBT2023_Stupar V. et al-Blank
	37-SoBT2023_Đukić D. et al
	38-SoBT2023_Đelić G. et al
	39-SoBT2023_Đurović V. et al
	40-SoBT2023_Stanojević Nikolić S
	Global industralization and urbanization are responsible for increasing amounts of  toxic pollutants in the effluents and soil. Environmentally relevant most hazardous substances which contaminаte environment, expecially water, are heavy metals, due t...
	The application of biosorption for removal of heavy metals from wastewater has been concidered as an effective procedure for water treatment (He and Chen, 2014). Major advantages of biosorption over conventional treatment methods (precipitation, adsor...
	In order to make advanced biosorbents for removal of cadmium ions from aqueous solutions, we have developed processing method for immobilization of non-pathogenic and safe Saccharomyces cerevisiae cells in silica-alginate composite material. Kinetic a...

	40-SoBT2023_Stanojević Nikolić S-Blank

	5. Food_Technology
	41-SoBT2023_Stanišić N. et al
	42-SoBT2023_Savić_Radovanović R. et al
	42-SoBT2023_Savić_Radovanović R. et al-Blank
	43-SoBT2023_Stajic S. et al
	43-SoBT2023_Stajic S. et al-Blank
	44-SoBT2023_Kurćubić V. et al
	45-SoBT2023_Lukyanov A. et al
	46-SoBT2023_Manjenčić D. et al
	47-SoBT2023_Ranđelović D. et al
	48-SoBT2023_Isaković S. et al
	49-SoBT2023_Milovanović D. et al
	50-SoBT2023_Petrović A. et al
	50-SoBT2023_Petrović A. et al-Blank
	51-SoBT2023_Stanisavljević D. et al
	51-SoBT2023_Stanisavljević D. et al-Blank
	52-SoBT2023_Stanisavljević D. et al
	52-SoBT2023_Stanisavljević D. et al-Blank
	53-SoBT2023_Stojićević A. et al
	53-SoBT2023_Stojićević A. et al-Blank
	54-SoBT2023_Tahmaz J. et al
	55-SoBT2023_Pantelić V. et al
	56-SoBT2023_Pantelić V. et al
	57-SoBT2023_Trišović et al
	57-SoBT2023_Trišović et al-Blank
	58-SoBT2023_Trišović et al
	MOBILE DEVICE FOR WATER PURIFICATION WITH BOILER
	0F
	Tomislav Trišović 1, Branimir Grgur 2, Zaga Trišović 3
	Abstract: Water is the best-known universal solvent, which in nature is almost always loaded with minerals. Those minerals can be removed by purifying water, which involves physical and chemical processes that produce higher-quality water.
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	Introduction
	Food industry plants often require a higher quality of water than prescribed by the Rulebook for drinking water. For many elements present in drinking water, there is a maximum allowed concentration - MAC, as well as a maximum allowed concentration in...
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	Hardness can be reduced in several ways: thermally, magnetically and electromagnetically, high-frequency currents and chemically. In this article, chemical softening is applied.
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	Ca(HCO3)2 + Ca(OH)2 → 2CaCO3↓ + 2 H2O
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	Water softening using the lime-soda process is achieved by removing salts insoluble in water after the action of lime (precipitation and filtration):
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	Today, one of the widely used ways of softening water is ion exchange. The following reaction takes place on the grains of the ion exchange material:
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	Mg2+ + 2Na - R = Mg - R2 + 2Na
	When the ion mass is saturated, it is necessary to regenerate it. The regeneration process is achieved using a saturated solution of table salt or acid for cationic masses, while anionic ion masses (anions are removed) are regenerated with sodium hydr...
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	Figure 1. Scheme of cationic and anionic ion mass regeneration
	Results and discussion
	We designed and built a mobile device for softening and preheating water with a simple construction and low cost that can be used in small food industry plants where washing processes with hot and demineralized water are necessary. Such devices can al...
	The device works as follows. Inlet water of drinking water quality, with increased hardness, enters via valve V1 and candle filter Fs1 into the column with ionic mass KO, where transient water hardness (mainly bicarbonates of calcium and magnesium) is...
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	Figure 2. Drawing of a mobile device for softening and preheating water
	The ionic mass column is usually made of composite material (polyethylene container reinforced with glass fibers and polyester). Inside the container, there is an ion exchange mass about 75% of the volume of the column. At the top of the column there ...
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	Figure 3. Single-column water softening unit with a brine
	A container for making a saturated salt solution is called a brine (Figure 2). The volume of the brine is determined according to the volume of the ionic mass in the column. Tableted table salt is poured into the brine up to half of the container. The...
	During the ionic mass regeneration process, a concentrated table salt solution is drawn from the bottom of the vessel with an ejector so that 120 to 200 g of table salt are consumed per liter of regenerated ionic mass. After that process, the same amo...
	The technological calculation of the capacity of the ion exchanger shows how much water can be softened in one working cycle, i.e. before it enters the regeneration process. If we have 75 l of ionic mass in the column and if the softening capacity is ...
	After the cumulative flow through the column of 17600 l of softened water, the regeneration process must be activated, which is achieved by programming the softener head. If the incoming water has a hardness of 17 odH. We set the desired output water ...
	The ion exchange water softener works fully automatically and is programmed according to the following parameters:
	required flow of softened water of 500 liters per hour continuously during all 24 hours and
	according to water hardness of 17 odH (German degrees).
	The condition for optimal operation of the softener is the optimal pressure in the pipeline for its supply, which is around 3 bar. The maximum pressure to which the column is certified is 10.5 bar. The automatic valve head works properly if the pressu...
	The softener feeds the boiler with a volume of 500 l of water. The water heater has dry electric heaters and proper protection so that they cannot be switched on if there is no water in the water heater. The boiler has a double set of thermostats that...
	On the top of the boiler tank there is an IN level indicator that does not allow the boiler to start working until the water level reaches the top of the tank. If the water heater tank is not completely full, the water heating process will not start, ...
	Conclusion
	A prototype of a mobile water purification device with a boiler was installed in the PIK Oplenac winery in Topola in the bottling plant, where it is intended to soften and heat water for packaging washing. The device has been in operation for a long p...
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