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Abstract 
 
The evaluation of garlic accessions is important in the search for superior, adapted and flowering cultivars for botanical seed 
production. The objective of this work was to assess the agronomic performance, flowering capacity and genetic divergence of 13 
experimental garlic accessions bred in Brazil. The experiment was laid out as a completely randomized block design with four 
replications at Lavras, Minas Gerais, Brazil from May to October 2018.  A total of 11 accessions were experimental and two were 
control varieties, Quitéria and Caçador.  The control varieties are commercially produced in Brazil and the 11 experimental 
accessions are elite. The emergence, emergence speed index, plant height, percentage of overcrowding, average weight of 
commercial bulb, number of bulbs per bulb, total yield, commercial yield, flowering percentage, length and diameter, soluble 
solids, titratable acidity, pH and ratio soluble solids and titratable acidity of the exhaust floral were measured. The data obtained 
were submitted to analysis of variance (p≤0.05), and when significant the effects of genotypes, their means grouped by the Scott-
Knott test. We also proceeded to study genetic divergence through multivariate analysis, adopting the canonical variables 
technique. Variance analysis indicated significant differences between genotypes for emergence speed index, flowering 
percentage, floral scape diameter, floral scape length and commercial yield. The highest commercial yield and flowering percentage 
were observed in RAL (8.82 t ha

-1
) and DDR 6024 (80.92%) access, respectively, which differed only from commercial cultivars 

(Quitéria and Caçador). The greatest genetic divergence was verified between experimental accessions and commercial cultivars. 
The experimental accessions presented flowering potential and botanical seed production in the studied region. 
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length; DFS_ floral scape diameter; pH_hydrogenionic potential; SS_soluble solids; TA_titratable acidity; SS/TA_ratio of soluble 
solids and titratable acidity NPK_nitrogen, phosphor and potassium; ANOVA_analysis of variance; KPa_kilopascal; MAX. 
T._maximum temperature; MIN. T._minimum temperature; AVER. T._average temperature; RH_ relative humidity; CV 1_canonical 
variable 1; CV 2_canonical variable 2. 
 
Introduction 
 
Garlic (Allium sativum L.) is a compulsory exclusively 
apomitic species, being propagated only vegetatively 
because of its unviable sexual propagation (Simon and 
Jenderek, 2003; Mayer and Goldstein, 2019). For commercial 
production underground bulb bulbs are used, or less 
frequently, mini bulbs, present in the floral leaks or 
inflorescences (Novak, 1972; Mayer et al., 2015). However, 
asexual multiplication using so-called seed bulbs, originating 
from previous production and without prior disinfection,  

 
 
generates the problem of viral accumulation across 
generations. This is called degeneration, which has 
significantly contributed to the low productivity of garlic 
(Simon and Jenderek, 2003; Oliveira, 2010). 
The cause of the unfeasibility of botanical garlic seed 
production is attributed to several possible mechanisms: 
development of garlic flower buds that are not able to 
compete with aerial bulbs; the pollen sac degenerates 
before pollen mitosis; degenerative diseases or even 
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morphological abnormalities already observed in garlic 
flowers, which may interfere with sexual reproduction and 
contribute to the sterility of the species (Etoh, 1985; 
Tchórzewska et al., 2018; Mayer and Goldstein, 2019). 
In addition, during the domestication process, garlic was 
propagated asexually for many generations. This may have 
resulted in accumulation of chromosomal aberrations, such 
as aneuploidy, and translocations and / or inversions, which 
may have contributed to reducing the incidence of fertile 
gametes (Kamenetsky et al., 2005). Therefore, species 
breeding for new cultivars is only possible through the 
selection of variants resulting from natural or tissue culture 
induced mutations (Konvicka et al., 1978; Simon and 
Jenderek, 2003). However, sexual reproduction, whether 
natural or human-facilitated, is the cheapest and easiest way 
to develop garlic genetic breeding programs. Therefore, 
identifying productive and better flowering garlic genotypes 
is an important strategy to obtain genetic variability, 
allowing to find genotypes with higher potential for seed 
production. 
Garlic flowering for later botanical seed production is a 
viable solution to generate greater genetic variability. This 
can further ensure virus-free plants and could somehow 
contribute to increased yield (Zhang et al., 2018). However, 
commercially available commercial cultivars lost their 
flowering capacity during the selection process aiming at 
better bulb yield and the elimination of the floral stem, thus 
reducing the nutrient dispute between inflorescence and 
bulbs (Mayer and Goldstein, 2019).This phenomenon had a 
very significant contribution to the occurrence of several 
diseases, especially viruses, favored by the continuous use of 
the same genetic materials, which contributed to reductions 
in garlic productivity (Oliveira, 2010). 
Currently, one way to reduce or even eliminate viral load for 
increased yield has been the use of tissue culture 
technology. However, in addition to being costly and 
laborious, the technique requires specialized labor, which is 
often not feasible for small and medium garlic producers 
(Macêdo et al., 2009). Studying the genetic divergence in 
garlic allows us to identify the genetic variability of 
genotypes in relation to the various characteristics to be 
studied (Viana et al., 2016). In plants with normal flowering 
and seed production, information on genetic divergence 
allows the establishment of recombination through crosses 
that enhance the increase of genetic diversity in subsequent 
generations. 
The pursuit of botanical seed production is the most viable 
and affordable way to establish a solid breeding program 
with garlic. This facilitates the production of virus-free plants 
and therefore more productive. Thus, the objective of this 
study was to evaluate the agronomic performance, 
flowering capacity and genetic divergence of garlic 
accessions. 
 
Results and discussion 
 
The analysis of variance (Table 1) showed a significant effect 
of genotypes on emergence speed index (ESI), commercial 
yield (CY), flowering percentage (FP), floral scape length 
(FSL), floral scape diameter (DFS), soluble solids (SS), pH, 
titratable acidity (TA) and ratio of soluble solids and 
titratable acidity (SS/TA). There was no significant effect of 

treatments for emergence, plant height (PHG), percentage 
of overcrowding (PO), average weight of commercial bulbs 
(AWCB), number of bulbils per bulb (NB) and total yield (TY). 
The variables presented coefficients of variation between 
0.43 and 27.26%, which indicates an acceptable precision of 
the assay, according to the adopted design. 
 
Agronomic characteristics and flowering 
The highest values of emergence speed index were observed 
for cultivar Caçador, with an average of 35.28 (Table 2). This 
treatment differed statistically only from the RAL 27, OU 73, 
RE PSK and RE 6820 accessions, which presented the lowest 
values (Table 2). Importantly, the cultivators Caçador and 
Quitéria are the earliest genotypes, with cycles ranging from 
120 to 135 days, while for other accessions, the cycle needs 
further studies (Resende et al., 2016). Experimental 
accessions with emergence speed index similar to 
commercial cultivars are favorable features, as these may 
indicate greater precocity of these materials. 
Trenhago et al. (2011) reported that factors such as region, 
climate, temperature and vernalization directly influence the 
acceleration of garlic emergence. When there is a positive 
response to these factors, there is slight acceleration in the 
emergency. The difference found between genotypes may 
have been influenced by one or more of these factors. Such 
a difference can be attributed to genetic variability, or the 
differentiated response of genotypes to the environment, or 
even to the quality of seedlings (Tchórzewska et al., 2018). 
This relationship between emergence and seedling quality is 
related to the possibility that they may be in a state of 
differentiated physiological maturation. The ripening is 
mainly influenced by factors such as photoperiod, 
temperature, high altitude, soil fertility and irrigation 
management, which can interfere with cultivar development 
(Oliveira, 2010). 
Experimental accessions presented higher commercial yield 
in relation to commercial cultivars (Table 3), which is related 
to the higher amount of disposal found in commercial 
cultivars. This was due to the higher production of small 
bulbs in these treatments, considerably influencing the 
results. When considering total yield, there was no 
significant difference between genotypes. 
Although commercial yields of experimental accessions were 
higher than those of commercial cultivars, these values are 
lower than the average garlic yield in Minas Gerais State, 
Brazil, which has an average of 14.9 t ha

-1
 (Ibge, 2018; 

Conab, 2018; Anapa, 2019). In addition to genetic factors, 
the low yield found in this study may also be associated with 
an accumulated viral load, or even with the genetic 
performance of accessions in the studied environment 
(Macêdo et al., 2009; Fernandes et al., 2013). The early age 
of commercial cultivars may also have contributed to the 
low yield, as late cultivars tend to be more productive than 
early-growing ones. 
The highest flowering percentage was verified in DDR 6024 
access, with an average of 80.92%. However, it differed 
significantly only from the commercial varieties Caçador and 
Quitéria, which presented lower flowering percentage, with 
average values of 40.05 and 20.39%, respectively (Table 4). 
The highest values of length and diameter of floral scape 
were observed in cultivar Caçador, with an average of 61.16 
cm and 17.99 mm in length and diameter, respectively 
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(Table 4). In general, the other genotypes did not differ in 
these two characteristics, with average values ranging from 
44.32 to 51.68 cm for the length, and from 10.52 to 15.11 
mm for the diameter. 
The most widely cultivated commercial garlic cultivars in 
Brazil have low flowering capacity, or even almost 
nonexistent, especially in the Southeast, Midwest and 
Northeast regions of the country, even under vernalization 
conditions, due to their genetic conditions, as reported by 
authors (Etoh and Simon, 2002; Tchórzewska et al., 2018; 
Mayer and Goldstein 2019) in their studies of flowering 
under similar conditions. This is in agreement with the 
findings of this paper. The other accessions tested showed 
high flowering aptitude. 
Based on Table 4, there is a flowering potential of 
experimental accessions in relation to commercial cultivars. 
This high percentage of flowering of accessions is a strong 
indication of environmental adaptation to flowering 
(Mueller et al., 1998; Chaturvedi et al., 2018). However, it is 
important to mention that it was not possible to obtain 
botanical seeds in this trial, which may be justified by the 
occurrence of rainfall at the end of the cycle (beginning of 
flowering), as observed in Fig. 1, besides the genetic 
limitations of the crop. 
This may have affected the development and maturation of 
the inflorescences, as well as favoring abortion and not 
allowing the production of true seeds. A similar study was 
developed by Jenderek and Hannan (2004), who evaluated 
45 accessions of garlic and found that all of them presented 
flowering, but with different intensities. However, of the 45 
accessions, only 19 produced true seeds. Rotem et al. 
(2007), also developed a similar study with 2 accessions of 
garlic, both of which flowered, but only one of them 
produced botanical seeds and the other aborted in the early 
phase of inflorescence development. This reinforces the 
difficulty in obtaining botanical seeds in garlic, even under 
experimental conditions. 
Floral induction and development is a complex process and 
not only depends on environmental factors, but also 
involves the genetic factor (Pooler and Simon, 1993). Thus, 
the genetic characteristic of genotypes influences the 
capacity of botanical seed production. This indicates the 
need for more detailed studies at different growing seasons 
to evaluate the effects of genotype x environment 
interaction (G x E) and to identify potential seed producing 
genotypes. 
Other studies have indicated that there is no correlation 
between these characteristics of floral scape length and 
diameter and the ability of the genotype to produce 
botanical seeds (Etoh and Simon 2002; Tchórzewska et al., 
2018; Mayer and Goldstein 2019). However, the emission of 
the floral stem means that the garlic cultivar is adapted to 
flowering in a given region (Hong and Etoh, 1996; Lopez-
Bellido et al., 2016). Thus, based on this information, the 
emission of floral escapes indicates that genotypes have 
adaptability to flowering in the region, but with different 
intensities. 
This floral induction, in addition to the genetic factor, is 
influenced by the photoperiod, growth temperature, and 
bulb shelf life and storage temperature (Brewster 1982a; 
Brewster, 1982b; Brewster 1983; Bertaud, 1988; Chaturvedi 
et al., 2018). Increasing the length and diameter of the 

exhaust, in addition to climatic factors, can often be 
associated with greater efficiency in nutrient utilization, 
especially nitrogen, which tends to be transferred to these 
regions because they are preferential drains. This fact 
generally implies a reduction in the size of the bulb, and 
consequently of the bulbils (Zhang et al., 2018; Liu et al., 
2019). 
The flowering capacity observed in the evaluated 
experimental accessions is a positive and extremely 
important result from the point of view of garlic botanical 
seed production and the implementation of a genetic 
improvement program with the crop conducting new 
research seeking flowering and viable botanical seed 
production in garlic genotypes. 
 
Biochemical characteristics 
The highest percentage of soluble solids (SS) was presented 
by access RE 493099 (33.50%), the lowest obtained by 
access RAL 159 (25.00%) (Table 5). The importance of 
knowing the soluble solids content is in choosing the best 
time for harvest planning. The results found are close to 
those obtained by Oliveira (1999), who verified a variation of 
28.83 to 38.45% of soluble. This author also states that the 
increase in storage days influences the increase in the 
percentage of soluble solids. 
The pH varied from 6.27 to 6.43, with the lowest value 
observed for RE PSK access and the highest value for RAL 
159 access, respectively (Table 5). The results obtained are 
close to those found by Bessa et al. (2017), who found a 
variation from 5.88 to 6.7, and were different from those 
found by Mota et al. (2003), in the evaluations made in the 
municipality of Lavras, whose pH varied from 6.60 to 7.06. 
The highest levels of titratable acidity (TA) were observed in 
the cultivar Quitéria, with 1.29%, which differed from the 
other genotypes (Table 5). The lowest values were observed 
in the Caçador and RE 6820 genotypes, with 0.38% TA. These 
results are close to those found by Mota et al. (2003), 
evaluating garlic genotypes in the Lavras municipality, where 
they found values between 0.83 to 1.29% of TA. 
The highest percentage of the ratio of soluble solids / 
titratable acidity was presented by cultivar Caçador with 
71.92%, and the lowest, by cultivar Quitéria with 25.16%. 
The SS / TA ratio is one of the best ways of assessing the 
taste of fruits and vegetables, being more representative 
than the isolated measurement of sugars or acidity, as it 
reflects the balance between sugars and acids (Chitarra and 
Chitarra, 2005). The values of the SS / AT ratio are close to 
that found by Soares (2013), when evaluating different garlic 
cultivars, values between 39.6 and 61.6% were obtained in 
the SS / AT ratio. 
Physico-chemical analyzes of pH, TA and SS are normally 
performed for most plant products, as these are directly 
associated with the flavor presented. Their concentrations 
can influence their acceptance with the consumer. The 
information generated through the physicochemical analysis 
of garlic indicates whether the product is more suitable for 
fresh consumption or for industry, greater post-harvest 
storage capacity and also, according to Oliveira (1999), the 
best time for harvesting. harvest. 
The values of titratable acidity, pH and soluble solids found 
in the present work are considered ideal to those accepted 
by the consumer market, when compared to existing  
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Table 1. Summary analysis of variance for emergence, emergence speed index (ESI), plant height (PHG), percentage of 
overcrowding (PO), average weight of commercial bulbs (AWCB), number of bulbils per bulb (NB), total yield (TY), commercial yield 
(CY), flowering percentage (FP), floral scape length (FSL), floral scape diameter (DFS), soluble solids (SS), Hydrogenionic potential 
(pH), titratable acidity (TA) and ratio of soluble solids and titratable acidity (SS/TA) in experimental accessions and commercial 
garlic cultivars. UFLA, Lavras-MG, Brazil, 2018.  

 CF ddf Mean squares 

Germination and morphology 

Emergence     ESI PHG PO AWCB          NB 
Block 3 0.121 121.630 66.939 84.536 19.273 1.641 
Genotypes 12 0.017

ns
 32.439

*
 33.484

ns
 0.927

ns
 19.141

ns
 1.898

ns
 

Residue 36 0.011 6.288 32.642 0.804 25.110 0.779 
CV (%)  7.57 7.93 10.84 27.26 16.12 8.36 
  Mean squares 
CF df Germination and morphology 

TY  CY         FP  FSL DFS  
Block 3 13.584 13.702 190.910 320.650 194.073 
Genotypes 12 1.246

ns
 18.086

*
 921.790

*
 119.720

*
 16.012

*
 

Residue 36 12.170 15.039 83.220 60.870 35.255 
CV (%)  12.92 16.65 14.5 16.47 19.46 
FV GL Mean Square   

  Physico-Chemical Characteristics   

SS (%) pH TA (%) SS/TA (Ratio) 

Block  3 0.632 0.001 0.002 25.249 
Genotypes 12 41.794

*
 0.016

*
 0.209

*
 385.26

*
 

Residue 36 2.109 0.001 0.002 28.88 
CV (%)   5.05 0.43 8.21 9.88 

                                  Significant 
(*)

and not significant 
(ns)

  by the F test (p ≤0.05). 
 

 
Figure 1. Maximum (MAX. T.), minimum (MIN. T.) and average (AVER. T.) temperature, relative humidity (RH), precipitation and 
photoperiod in the municipality of Lavras, MG, Brazil, from April to October 2018.  
 
Table 2. Emergence, emergence speed index (ESI), plant height (PHG) and percentage of overcrowding (PO) in experimental 
accessions and commercial garlic cultivars. UFLA, Lavras-MG, Brazil, 2018.   

Genotypes Emergence (%) ESI PHG (cm)  PO (%) 

Caçador 97.92 a  35.28 a 57.91 a 59.38 a 
DDR 6024 97.92 a 34.28 a 52.47 a 54.51 a 
DDR 6811 97.22 a 32.93 a 55.18 a 59.38 a 
Quitéria 95.83 a 32.64 a 52.12 a 42.71 a 
RAL 159 96.53 a 31.04 a 59.16 a 44.10 a 
RAL 27 93.06 a 30.15 b 50.55 a 38.19 a 
RAL 75 97.92 a 31.91 a 51.55 a 44.45 a 
RAL 751 94.79 a 33.26 a 48.09 a 53.82 a 
RE 493099 94.45 a 32.13 a 51.61 a 54.86 a 
RE 518-1 97.92 a 34.67 a 54.53 a 46.88 a 
RE 6820 87.50 a 26.67 b 50.63 a 56.94 a 
RE PSK 89. 24 a 27.93 b 54.38 a 39.58 a 
UO 73 92.01 a 27.49 b 56.63 a 54.17 a 

                                   Means followed by the same letter in the column do not differ from each other by the Scott-Knott test (p≤0.05). 
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Figure 1. Multivariate analysis performed with 15 significant variables from those evaluated in experimental accessions and 
commercial garlic cultivars. UFLA, Lavras - MG, Brazil, 2018. 
 
 
Table 3. Average weight of commercial bulb (AWCB), number of bulb per bulb (NB), total yield (TY) and commercial yield (CY) in 
experimental accessions and commercial garlic cultivars. UFLA, Lavras-MG, Brazil, 2018.    

Genotypes AWCB 
(g bulb

-1
) 

NB 
(bulbils bulb

-1
) 

TY 
(t ha

-1
) 

CY 
(t ha

-1
) 

Caçador 33.42 a 11.50 a 8.91 a 2.89 b 
DDR 6024 28.88 a 10.50 a 8.19 a 8.12 a 

DDR 6811 32.98 a 10.84 a 9.10 a 8.10 a 
Quitéria 34.70 a 9.17 a 7.60 a 2.48 b 
RAL 159 31.00 a 11.33 a 8.81 a 8.54 a 
RAL 27 31.30 a 9.92  a 8.94 a 8.82 a 
RAL 75 31.33 a 10.00 a 8.86 a 8.70 a 
RAL 751 28.15 a 10.42 a 7.99 a 7.94 a 
RE 493099 31.34 a 10.75 a 8.87 a 8.39 a 
RE 518-1 31.31 a 10.00 a 8.83 a 8.57 a 
RE 6820 28.84 a 10.50 a 8.04 a 7.60 a 
RE PSK 27.66 a 10.75 a 7.67 a 7.23 a 
UO 73 33.28 a 11.58 a 9.21 a 8.39 a 

Means followed by the same letter in the column do not differ from each other by the Scott-Knott test (p≤0.05). 
 
 
Table 4. Flowering percentage, length and diameter of floral scape in experimental accessions and commercial garlic cultivars. 
UFLA, Lavras-MG, Brazil, 2018.      

Genotype Flowering (%)  
Floral Scape 
Length (cm) Diameter (mm) 

Caçador 46.06 b 61.16 a 17.99 a 
DDR 6024 80.92 a 51.68 b 11.97 c 
DDR 6811 66.78 a 43.61 b 11.03 c 
Quitéria 20.39 c 45.49 b 10.54 c 
RAL 159 65.79 a 44.56 b 12.32 c 
RAL 27 67.43 a 50.20 b 13.21 c 
RAL 75 65.46 a 46.55 b 13.55 c 
RAL 751 72.04 a 46.99 b 15.11 b 
RE 493099 63.82 a 46.02 b 10.69 c 
RE 518-1 71.38 a 48.31 b 11.98 c 
RE 6820 62.17 a 44.32 b 12.05 c 
RE PSK 60.86 a 44.60 b 10.52 c 
UO 73 74.67 a 50.04 b 12.99 c 

Means followed by the same letter in the column do not differ from each other by the Scott-Knott test (p≤0.05). 
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Table 5. Percentage of soluble solids, pH and titratable acidity in experimental accessions and commercial garlic cultivars. UFLA, 
Lavras – MG, Brazil, 2018. 

Genotype Soluble solids (%) pH Titratable acidity (%) SS/TA (Ratio) 

Caçador 27.33 b 6.34 c 0.38 d 71.92 a 
DDR 6024 25.50 c 6.32 c 0.56 b 42.18 c 
DDR 6811 27.50 b 6.34 c 0.47 c 59.05 b 
Quitéria 32.50 a 6.31 c 1.29 a 25.16 d 
RAL 159 25.00 c 6.43 a 0.47 c 53.69 b 
RAL 27 26.83 c 6.21 e 0.56 b 48.22 b 
RAL 75 29.17 a 6.33 c 0.59 b 49.89 b 
RAL 751 33.00 a 6.42 a 0.62 b 54.54 b 
RE 493099 33.50 a 6.33 c 0.53 b 63.40 a 
RE 581-1 25.00 c 6.36 b 0.47 c 53.24 b 
RE 6820 26.50 c 6.42 a 0.38 d 69.84 a 
RE PSK 28.83 b 6.27 d 0.53 b 54.57 b 
UO 73 33.17 a 6.40 a 0.59 b 56.87 b 

The means followed by the same letter do not differ from each other by the Scott-Knott test (p≤0.05). 
 

Table 6. Correlations established between the first two canonical variables and nine characteristics evaluated in experimental 
accessions and commercial garlic cultivars. UFLA, Lavras – MG, Brazil. 2018. 

Characteristics Canonical variable 1 Canonical variable 2 

Emergency speed index (ESI) 9.00% 26.00% 
Flowering percentage (FP) -77.00% -22.00% 
Floral scape length (FSL) -5.00% 47.00% 
Diameter of floral scape (DFS) 3.00% 27.00% 
commercial yield (CY) -67.00% -40.00% 
Soluble solids (SS) 31.00% -43.00% 
Titratable acidity (TA) 90.00% -29.00% 
Hydrogen potential (pH) -21.00% -51.00% 
Soluble solids / titratable acidity (SS/TA) -66.00% 29.00% 

 
 
commercial cultivars. Regarding the physicochemical quality 
of garlic, the values accepted by the market are above 0.30% 
of titratable acidity, 30% of soluble solids and in relation to 
pH, below 7 (Bessa et al., 2017). 
 
Genetical diversity 
There was a negative correlation between flowering (-
77.00%), commercial yield (-67%) and SS / TA ratio (-66.00%) 
with the canonical variable 1 (CV1), in addition to a strong 
positive correlation with titratable acidity (90%) (Table 6). 
Thus, it is possible to infer that commercial cultivars were 
more dispersed (divergent) in relation to experimental 
accessions, mainly because they presented less flowering 
and less commercial production (Figure 2). In addition, it 
appears that the cultivar Quitéria diverged strongly from the 
other genotypes mainly due to its higher content of 
titratable acidity. 
The pH was the variable that showed the greatest negative 
correlation with the canonical variable 2, whose value was -
51% (Table 6). Based on the dispersion of the genotypes 
(Figure 2), it is observed that the experimental accessions 
RAL 751, UO 73 and RAL 751 are among those with the 
highest pH. In canonical variable 1, the divergence of the 
cultivar Quitéria was influenced by the variables, commercial 
yield, percentage of flowering and titratable acidity, while 
the cultivar hunter was due to pH. This analysis further 
strengthens the potential of experimental accesses, in 
general, in relation to commercial cultivars, being ideal for 
carrying out further studies. 
 

Materials and methods 
 
Study location  
The work was conducted in the experimental area of the 
Olericulture Sector of the Department of Agriculture of the 
Federal University of Lavras (UFLA), located in Lavras (21 ° 
1320.54 south latitude, 44 ° 58 7.99 west longitude and 910 
m altitude), southern region of the state of Minas Gerais. 
This work is part of the master's thesis of the first author, 
held at UFLA (Taula, 2011). The local climate, according to 
Köppen classification, is Cwa type, subtropical 
(mesothermal) temperate with dry winter and rainy 
summer, characterized by a dry season from April to 
September and a rainy season from October to March 
(Köpen, 1948). The soil of the experimental area is classified 
as Typical Distroferric Red Latosol, with clay texture, with 
33% of sand, 18% of silt and 49% of clay (Curi et al., 2017). 
The climatic data of the region are presented in Fig. 1: 
 
Study materials 
As treatments were evaluated 11 experimental accessions 
from Embrapa Vegetables Garlic Germplasm Bank (DDR 
6024, RAL 159, RAL 75, RAL 751, RAL 27, RE 518-1, DDR 
6811, RE 6820, RE 493099, RE PSK e OU 73) and two 
commercial cultivars (Caçador and Quitéria), used as 
treatments control. 
The experimental accessions used in the study came from 
the University of Wisconsin / USA, indicated with aptitude 
for botanical seed production. 
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The seed garlic bulbs were subjected to a vernalization 
process for 50 days in a cold room at 4°C ± 1°C and 70% 
relative humidity. The bulbs were removed from the cold 
chamber one week before planting for threshing. After 
threshing, the bulbils were classified according to size 
(Regina and Rodrigues, 1970), and those retained in sieves 1 
and 2 were used for planting the experiment. 
 
Experimental design 
The experiment was conducted between May and October 
of 2018, in a randomized complete block design with 13 
treatments and 4 replications. The tillage consisted of 
plowing and harrowing, followed by raising the beds. The 
plots consisted of beds of 0.2 m in height, 1.0 m in width and 
2.0 m in length, totaling 2m

2
. plot

-1
. In the planting were 

used 4 simple lines, with 19 plants per line, totaling 76 plants 
per plot. The bulbs were planted at a depth of 0.05 m, with a 
spacing of 0.20 m between rows and 0.10 m between bulbs. 
Planting fertilization was made with formulated NPK 
(nitrogen, phosphor and potassium) (4:14:8), 150 g m

-2
. In 

addition, an organic compound fertilizer in the amount of 20 
tons ha

-1
 was added. The top dressing was applied in two 

applications, one at 30 days and one at 60 days after 
planting, with ammonium sulfate, in the proportions of 10 g 
m

-2
, corresponding to 400 kg ha

-1
. 

The micro sprinkler irrigation system was used, with a flow 
rate of 27 l h

-1
 by micro sprinkler, pressure of 200 KPa, and 

the estimated amount of water applied according to the 
crop evapotranspiration. Weeding was carried out manually 
as needed to keep the crop clean. Insecticides and fungicides 
were also sprayed for disease prevention and control. 
 
Variables collected 
The emergence speed index was evaluated by daily counting 
of emerged plants in all plots for seven days after the 
emergence of the first seedlings, calculated according to 
Maguire (1962); emergence (%) by counting plants that 
emerged at 25 days after planting; plant height (cm) 
assessed at 115 days after planting, as measured by the 
distance from ground level to the longest leaf edge; the 
flowering percentage (%) observed and accounted for the 
plants that emitted the floral stem per plot; the length (cm) 
and diameter (mm) of floral scape, where 20 plants were 
selected per plot with floral tassel and measured with the 
aid of a tape measure for vertical length and a caliper for 
diameter. 
Bulbs were harvested at 140 days after yellowing and 
dryness of 2/3 of the aerial part of the plants. During 
harvest, 5 plants with floral scape were left in each row for 
the production of botanical seeds. The harvested plants 
were submitted to the pre-cure process, remaining for three 
days in the open, protected from direct sunlight. Then, the 
plants were stored for 30 days in the shed (dry and 
ventilated environment), and later evaluated for production 
and quality of bulbs. 
The average weight of the commercial bulb (g bulb

-1
) was 

estimated based on the weight of the bulbs classified as 
commercial (in grams) divided by their number of bulbs, the 
adjusted values being expressed in g bulb

-1
; for the number 

of bulbs per bulb, 20 bulbs per plot were randomly selected 
and threshed, then the bulbs were accounted for grouped by 
determining the mean expressed in bulbs bulb

-1
; the total 

yield was evaluated from the weighing of the whole 
production of the plot, and the commercial from the bulbs 
that presented good phytosanitary and physiological 
conditions with commercial value according to the 
classification established by Ministry of Agriculture, 
Livestock and Supply (MAPA), whose results were expressed 
in t ha

-1
. 

Physical-chemical analyzes of titratable acidity, pH and 
soluble solids were also performed. The determination of 
titratable acidity was carried out by titration with 0.1N 
sodium hydroxide solution (NaOH), using phenolphthalein as 
an indicator, according to the Instituto Adolfo Lutz (2005). 5 
g of garlic paste, diluted in distilled water to a volume of 20 
ml, was used. Two drops of 1% alcoholic phenolphthalein 
were added. The results were expressed in g of pyruvic acid 
(predominant acid) per 100g. The pH was determined using 
a pH meter Schott Handylab, according to the AOAC 
technique (2012). The total soluble solids were determined 
by refractometry, and the digital refractometer ATAGO PR-
100 with automatic temperature compensation at 25 ° C was 
used, according to Instituto Adolfo Lutz (2005) and the 
results expressed as a percentage. In addition, the soluble 
solids / titratable acidity ratio (Ratio) was obtained, obtained 
by dividing the soluble solids content by the titratable 
acidity. 
 
Statistical analysis 
The data were submitted to analysis of variance (ANOVA) by 
the F test (p ≤0.05), and when significant the effects of the 
genotypes, the means of the treatments were grouped using 
the Scott-Knott test, adopting the 5% significance level. 
Multivariate data analysis was also performed, considering 
the characteristics with significant effect (p≤0.05) by ANOVA. 
The purpose of this analysis was to verify the degree of 
similarity and dissimilarity between the treatments in the 
multivariate aspect, which was studied through canonical 
variables. Data analyzes were performed using the R 
statistical software (R Core Team, 2018). 
 
Conclusions 
 
The experimental accessions presented the highest values of 
bulb commercial yield and flowering percentage, in Lavras, 
MG. The experimental accessions presented flowering 
potential and botanical seed production in the region of 
Lavras, MG. Genetic divergence between experimental 
accessions and commercial cultivars was verified, mainly in 
relation to flowering capacity and commercial yield. 
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