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INTRODUCTION 
 

 Barley is one of the leading winter cereals and the fifth most produced grain in the world (Penckowski and Borsato, 2016). 

The production of national barley in 2020 was 364.8 thousand tons and is concentrated in the southern region due to climatic 

ABSTRACT 
 
Barley (Hordeum vulgare L.) is one of the main winter cereals, intended primarily for brewing. The physiological 
characteristics of barley seeds are fundamental for the production of quality malt. To meet the requirements of Brazilian 
legislation for malt manufacturing, the minimum germination power required of seeds is 95%, thus, the objective of this 
study was to evaluate the seed quality of barley cultivars and whether they meet the minimum quality requirements for 
malt production when produced in a low altitude site in a subtropical environment. The experiment field was conducted 
in 2019 at the Federal University of Santa Maria (UFSM), located in the municipality of Santa Maria-RS. Four barley 
cultivars (BRS Quaranta; BRS Korbel; BRS Cauê, and BRS Brau) were analyzed. After the harvest, the seeds were taken to 
the Seed Analysis Laboratory (LAS-UFSM), where the physiological quality tests of the seeds were performed. The design 
used was completely randomized, with four repetitions. The evaluations performed to analyze the physiological quality of 
the seeds were radicle length (RL), shoot length (SL), germination test (GT), first germination count (FGC), vigor from 
shoots (VFS), and weight of one thousand seeds (WTS). The data obtained in the experiment were submitted to variance 
analysis and the means were compared by the Scott-Knott test at 5% significance, with the aid of the SISVAR software. The 
cultivars BRS Cauê and BRS Korbel showed values of radicle length and shoot superior to the other. The cultivar BRS Korbel 
obtained a higher seed weight. Therefore, the cultivar BRS Brau showed higher germination and vigor, obtaining a value 
higher than the minimum germination power required for malt manufacturing, indicating that with the proper 
management and positioning of cultivars it is possible to produce barley grains that meet the requirements for malt 
production in a low-lying site in southern. 
 
Keywords: Hordeum vulgare L.; Germination power; Malt production; Vigor. 
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conditions (Conab, 2020). Barley is grown on a commercial scale exclusively for the manufacture of malt, the main raw material of 

the brewing industry (Ferreira, 2015).  

 

In the processing of barley for malt manufacturing, the minimum germination power required of seeds is 95%, as 

established by ordinance 691/1996 (Brasil, 1996). For seed germination to occur, it is subjected to favorable conditions of the 

controlled temperature, humidity, and aeration (Venturini Filho, 2018). According to Carvalho and Nakagawa (2000), germination 

is the phenomenon by which, under appropriate conditions, the embryonic axis continues its development, which had been 

interrupted at physiological maturity. Thus, germination power is characterized as the most important aspect to be observed in beer 

barley, because grains without germination power cannot be used in malt production (Silva, 2007).  

 

Another factor that affects plant establishment is vigor, defined as the sum of attributes that gives the seed the potential to 

germinate, emerge, and quickly result in normal seedlings (Krzyzanowski and França-Neto, 2001). Seeds with low vigor suffer 

reduced viability when they are subjected to conditions of high temperature and humidity (Bressan, 2018). Therefore, vigor is 

directly associated with the physiological quality of seeds, becoming a relevant characteristic to be observed in beer barley.  

 

The physiological potential of seeds is based on genotype, with cultivars producing better quality seeds within the same 

species (Bazzo et al., 2018), a fact that conditions the development of research for the evaluation and regional recommendation of 

barley cultivars. In addition to genetic differences between cultivars, the cultivation environment also promotes a difference in the 

physiological quality of barley seeds (Jaques, 2018). Climate, genetics and management are determining factors for the production 

of barley with a quality standard for malting, particularly in relation to the germination power, size, protein content and grain health 

(Minella, 2019). The choice of more competitive cultivar in the region of intention to cultivate is a decisive factor for the success of 

the enterprise (Souza, 2019). 

 

The physiological characteristics of barley seeds are fundamental for malt production and quality seed production. In this 

sense, the objective of this article was to evaluate the physiological quality of the seeds of barley cultivars produced in a low-altitude 

site in a subtropical environment. 

 

MATERIALS AND METHODS 

To determine the physiological quality of the seeds, seeds from the field experiment were used, conducted in 2019 at the 

Federal University of Santa Maria (UFSM), located in the municipality of Santa Maria- RS (latitude 29º71'S, longitude 53º70'W 

and 90 m altitude). The predominant climate in the region is of the humid subtropical Cfa type, according to the Köppen 

classification (Alvares et al., 2013). 

The soil is classified as Arênico Dystrophic Red Argisol (Santos et al., 2018). The chemical and physical analysis of the 

soil presented the following contents: clay = 18%, organic matter = 1.9%, pH = 4.8, P (Melich) = 22.6 mg dm-3, K = 0.184 cmol 

cdm-3, H+Al = 4.4 cmol cdm-3, Ca+2 = 2.1 cmol cdm-3 and Mg+2 = 0.7 cmol cdm-3. Four barley cultivars BRS Quaranta, BRS Korbel, 

BRS Cauê and T4 - BRS Brau were analyzed, representing an important portion of the barley cultivars available in the Brazilian 

market. 

 

The experiment was sown in the field on June 5, 2019, with a density of 300 plants/ m2. The basic NPK fertilization was 

300 kg ha-1 of the commercial formula 5-20-20. The nitrogen fertilization in coverage was divided into two applications with equal 

amounts, in the tapering and stretching stages, totaling 81 kg of N ha-1. 

 

The applications of herbicides, insecticides, and fungicides were carried out based on the level of incidence and doses 

according to the recommendation of the products applied. Among the diseases, the incidence of powdery mildew (Blumeria graminis 

f. Sp. Hordei) stands out, in which a greater number of fungicide applications was required for control. The rainfall and temperature 

data were obtained by the National Institute of Meteorology (INMET), registered at the location of the automatic surface weather 

station in Santa Maria-RS. 

 

The harvest was carried out on October 23, 2019, 4 m2 of useful area of each experimental unit was evaluated, which were 

subjected to screening, cleaning (removal of impurities), and drying of the samples, which later remained stored with the moisture 

of 13%. The repetitions of the experimental units in the field for each cultivar were mixed and homogenized to constitute four 

samples (one from each cultivar) to be subjected to seed quality analysis.  

 

In the analysis of seed quality, the experimental design used was completely randomized (DIC). The Germination Test 

(GT) was set up on December 16, 2019. To overcome dormancy in barley seeds, the papers (substrate) were moistened using a 0.5% 

solution of Gibberellic Acid (GA3) (500mg GA3 / liter), in the amount of 2.5 times the weight of the paper. Four replications of 100 

seeds of each cultivar (working sample) were performed. Then the samples remained in a germination chamber type B.O.D at a 

controlled temperature of 15 ° C. 

 

Seed quality assessments were performed at the Seed Analysis Laboratory (LAS-UFSM), which are: radicle length (RL), 

shoot length (SL), germination test (GT), first germination count (FGC), the vigor of the aerial part (VAP) and the weight of a 
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thousand seeds (WTS). TG, FGC, and WTS were conducted according to the Rules for Seed Analysis-RAS (Brasil, 2009). GT was 

performed on the seventh day, is considered normal and abnormal plants. The FGC was performed on the fourth day of GT, 

considering the seedlings that have already started germination and emitted essential (normal) structures. For the SVG, the number 

of seedlings with shoots greater than 2 centimeters in length was counted. For RL and SL, with the aid of a millimeter ruler, 10 

normal seedlings were measured by repetition on the fourth day of the test, from its insertion in the pericarp to its apex. The WTS 

was obtained by weighing eight repetitions of 100 seeds on a precision scale, expressed in grams. 

 

The data obtained in the experiment were subjected to analysis of variance and the means compared by the Scott-Knott test 

at 5% significance, with the aid of the SISVAR Version 5.7 software (Ferreira, 2019). 

 

 

RESULTS 
 

The results obtained from the analysis of variance demonstrated significant differences for the thermal time and calendar 

days in all development stages at 5% error probability (Table 1). The experimental precision represented by the coefficient of 

variation, indicated high reliability and precision of the observed data. In the analysis of variance of the characters presented, the 

radicle length (RC) did not show a significant effect at 5% probability by the Scott-Knott test. For the other characters, there was 

an effect of cultivars (Table 1). 

 

Table 1. Analysis of variance and significance of the mean square of the sources of variation of five characters in seeds of four 

barley cultivars. 

Variation source RL SL GT FGC SVG WTS 

Cultivate (GL= 3) 0.38ns 0.58* 30.75* 69.50* 545.22* 14.34* 

Error (GL = 9) 0.16 0.05 3.45 6.62 52.97 1.32 

Average 3.70 3.53 92.37 89.00 56.68 37.74 

CV (%) 10.96 6.41 2.01 2.89 12.84 3.05 

RL: radicle length, SL: shoot length, GT: germination test, FGC: first germination count, SVG: shoot vigor greater than 2 

centimeters, WTS: weight of a thousand seeds. *: Significant effect by the F test at a 5% level of significance. ns: Not significant. 

 

The average radicle length (RL) of the cultivars analyzed was 3.7 cm (Table 2). Analyzing this same character, Bazzo 

(2018) found higher values for the cultivars BRS Brau and BRS Cauê, with measurements taken on the fifth day in a germinator. 

For Tavares et al. (2015) the radicle length reached 5.2 cm for the cultivar BRS Cauê, higher than that found by Bressan (2018), of 

4.38 cm for this same cultivar, analyzed with the harvest carried out at 107 days after sowing. 

 

Table 2. Test of averages of physiological quality characters among barley cultivars in 2019. 

RL: radicle length, SL: shoot length, GT: germination test, FGC: first germination count, SVG: shoot vigor greater than 2 

centimeters, WTS: the weight of a thousand seeds. Means not followed by the same letter in the column differ by the Scott-Knott 

test, at 5% significance. 

 

The cultivars BRS Cauê and BRS Quaranta presented higher SL values concerning the cultivars BRS Korbel and BRS 

Brau, indicating a difference in vigor of the aerial part between the cultivars tested. Authors such as Tavares et al. (2015), found a 

length of 3.3 cm using the BRS Cauê cultivar. Bressan (2018) obtained 4.05 cm in length to cultivate BRS Cauê. The SVG 

maintained a similar response to the SL, with emphasis on the cultivars BRS Quaranta (71.25%) and BRS Cauê (61.00%). 

 

The germination of all cultivars, in general, was greater than the minimum requirement of 85% set for commercialization 

of seeds (Brasil, 2013), ranging from 96.25% for the cultivar BRS Brau to 90.25% for cultivar BRS Korbel. The cultivar BRS Brau 

showed germination power significantly higher than the others, reaching the minimum requirement of 95% for the malting process. 

For this same cultivar, Tavares (2015) and Souza et al. (2019) found very similar values, 96.6 and 95%, respectively. For Borowski 

(2012), the BRS Cauê cultivar obtained 88% germination, a value close to this study (90.50%). For Ferreira (2015) the minimum 

values of germinative power were greater than 95% for this cultivar. The results found in the study are consistent with those by 

other authors and highlight the physiological potential of the seeds of the tested cultivars. However, the difference between the 

Grow crops RL (cm) SL (cm) GT (%) FGC (%) SVG (%) WTS (g) 

BRS Quaranta 3.94 a 3.71 a 92.50 b 89.00 b 71.25 a 37.26 b 

BRS Korbel 3.30 a 3.34 b 90.25 b 85.00 b 47.50 b 40.54 a 

BRS Cauê 3.96 a 3.96 a 90.50 b 87.25 b 61.00 a 36.45 b 

BRS Brau 3.62 a 3.10 b 96.25 a 94.75 a 47.00 b 36.71 b 
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cultivar BRS Brau and the others may be related to the greater resistance to losses caused by climatic factors. There is high rainfall 

at the end of the cycle, starting on October 2, 2019 (Figure 1). 

 
Figure 1. Temperature and rainfall during the growing period of barley cultivars in the municipality of Santa Maria-RS (INMET, 

2020). 

 

The FGC obtained a similar response to germination, where the cultivar BRS Brau showed a value significantly higher 

than the other cultivars, with germination power of 94.75%, 9.75% higher than cultivar BRS Korbel, which also presented the lowest 

value for germination. Jaques (2018), testing different doses of nitrogen for crop, in the municipalities of Alegrete and Pelotas-RS, 

found values of 95 and 91% for the cultivar BRS Cauê, 89 and 88% for cultivar BRS Brau, respectively. Tunes et al. (2008), with 

the harvest at 140 days after sowing, found values of 87 and 92% for cultivars MN 721 and Scarlett, in that order. Tavares (2015) 

and Bressan (2018) using the BRS Cauê cultivar obtained 80% and 87% germination, respectively. 

For the weight of a thousand seeds, the cultivar BRS Korbel was superior to the others, obtaining 40.54 g. The cultivars 

BRS Quaranta, BRS Cauê, and BRS Brau did not differ among themselves, presenting values between 36.45 to 37.26 g. Results 

consistent with those of Sanches et al. (2015), comparing cultivars on different irrigation depths, which ranged from 37.9 to 44.0 g. 

For Borowski (2012), the values varied between 42.1 and 45.9 g, including the cultivar BRS Cauê, which presented 44.2 g. For 

Souza et al. (2019), the values were higher than 50 g, in which the cultivar BRS Brau obtained 55.6 g in the municipality of 

Domingos Martins-ES. 

 

DISCUSSION 
 

The assessment of physiological quality is a fundamental factor in the production of seeds, as well as in making decisions 

as to their purpose (Jacques, 2018). The length analysis is essential to interpret the vigor between seedlings, as these differences are 

most often quite visible, but there is a need for numerical values to separate the more vigorous ones (Oliveira et al., 2009). On the 

other hand, cultivars with higher VPA values present a higher germination speed, reaching a size larger than the others, and may be 

directly related to more vigorous seeds. 

 

The germination percentages are influenced by climatic conditions, frequent rains combined with high temperatures result 

in rapid losses of viability, and vigor of the seeds in the crops (Delouche, 1980). For Silva (2007), the physiological quality of seeds 

of barley cultivars tends to decrease when subjected to high temperature and humidity stress. According to Borowiski (2012), due 

to low dormancy, lower values of germination can be found due to the occurrence of precipitation during the physiological 

maturation period, which can generate pre-germinated grains, which have already started the germination process and cannot be 

most used for malt production. 

 

Combined with these losses, the delay in harvesting due to high grain moisture, carried out 140 days after sowing, 

potentiated the loss of quality, reducing the viability of the seeds due to the consumption of nutritional reserves in the pre-harvest 

phase (Tunes et al., 2010), also decreasing the seed vigor (Silva, 2007), in the winter period at the beginning of the crop development, 

during the vegetative stages, there were many days with high cloudiness, decreasing the present solar radiation, characteristic typical 

winter for this low altitude region in the central region of the state of Rio Grande do Sul. 

 

In this sense, Tunes et al., (2008) and Bressan (2018) analyzing different harvest times concluded that the delay in 

harvesting contributed to the depreciation of the grain, in addition to increasing the deterioration of barley in the field. For the 

present study, it is highlighted that the cultivation cycle was very close for the 4 cultivars and the most likely factor that contributed 
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to greater or lesser twinning was the genetics of the cultivars, that is, the cultivar BRS Brau had a positive interaction with the 

cultivation environment in a low altitude location in a subtropical climate. 

 

Cultivars with higher FGC values showed accelerated seedling development and, consequently, were considered more 

vigorous. In the same way as in GT, in FGC, according to Oliveira et al. (2009), seed lots that have a higher percentage of strong 

normal seedlings will be considered more vigorous and, consequently, better physiological quality and characteristics of industrial 

interest. 

In the analysis of the WTS, lower values than those found by the other authors may be related to the influence of climatic 

factors during the development of the culture, as Costa et al. (2013) concluded that the mass of a thousand grains is a measure that 

has strong genetic control, but is also affected by the conditions of temperature and humidity during the maturation phase in the 

field. The WTS is a physical parameter that allows a subjective assessment of the quality of the grain, thus, it is expected that 

cultivars with high WTS and good classification have a higher yield and contain high levels of starch (Lizarazo, 2003). For Kobata 

(2019), the character weight of a thousand grains had a positive relationship with grain yield in a greater number of locations and 

years, demonstrating to be a character of greater stability. 

 

CONCLUSION 
 

The cultivars BRS Cauê and BRS Korbel showed higher seedling growth in the radicle and shoots, in addition to the cultivar 

BRS Korbel obtaining higher seed weight. The cultivar BRS Brau showed higher germination in the germination pattern and the 

first germination count, obtaining germination power higher than the minimum required by Brazilian legislation for malt 

manufacturing. Therefore, it is concluded that with the management and proper positioning of cultivars it is possible to produce 

barley grains that meet the requirements for malt production in a low-lying site in southern Brazil in a subtropical environment. 
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