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Abstract: Aimed to obtain purple garlic varieties, 360 bolting bulbs from the Protected Geographical Indication 
(PGI) “Las Pedroñeras” were selected for their size, and the presence of abundant external scales. After a 
further selection, 243 out of the 360 bulbs were discarded due to undesired characteristics, as light purple color, 
high number of small cloves, cloves affected by Fusarium spp. and mites, among other. It was stablished that 
each bulb would give rise to a family. Thus, 117 families were planted under a random design during season 
2021-2022. Either physiological, morphological and phenological traits were assessed for each family, and the 
affectations by pest and pathogens were also controlled. After the assessment of this trial, 103 out 117 families 
remained in the program, and were used for the establishment of a second trial the next season. Unlike the first 
trial, after the evaluations only 23 families remained in the program. There was observed a high variability for 
most of traits, with a great influence of families. The phenotypic behavior of families was significative 
influenced by environment, highlighting the need of their assessment under different environmental 
conditions. The high variability registered for the target sample, opens the possibility to select new garlic 
varieties from this PGI.  

Keywords: Allium sativum (L.); clonal selection; genotype-environment interaction; landrace; plant 
breeding; selection pressure  

 

1. Introduction 

Garlic (Allium sativum L.) is a species from Amaryllidaceae family [1-5], cultivated from sub-
tropical to boreal regions [6]. Its primary center of origin is located in Central Asia, extending through 
Middle East regions to reach the Mediterranean basin [5-7]. Garlic has been used from early times, 
from 5000 to 2000 years ago, by Babylonian, Chinese, Egyptian and Indian cultures [8,9] for its 
medicinal properties, as well as for its folkloric, and culinary uses [9]. 

Although garlic is considered the second most important species in Allium genus, after onion, 
only few thousands of varieties has been used throughout history [10]. Nowadays, the total number 
of cultivars available worldwide is set up around 600 [11]. Either biological, technological, and social 
factors might contribute to this situation. Frequently, few distinctions are made by famers and 
producers, being the most distinguishable characteristics bolting-not bolting, red-white, early-late, 
and local-exotic garlics [10]. This highlights the need to develop new varieties, designed for intensive 
agriculture, and adapted to the current environmental and legislative conditions, having besides 
exceptional characteristics, like a higher content of organosulfur compounds among other 
metabolites. 

Garlic has been mostly unamenable to conventional plant improvement techniques, since has 
almost lost its capacity for sexual reproduction [11]. Whereas only wild types can produce true-seeds 
in some regions of Kazakhstan and Kyrgyzstan [9,12], propagation of garlic is only possible using 
asexual propagules, mostly cloves, becoming an important limitation for combining traits by the 
mating of outstanding parents. Under these conditions, it would be expected a great homogeneity in 
commercial exploitations, and germplasm collections. Nevertheless, wide variations have been 
registered and documented, for morphological, phenological, biochemical, and physiological traits, 
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as well as for the tolerance to biotic stresses [13-20]. It is not clear what is the main cause of this 
phenotypic and genetic heterogeneity; however, has been suggested that the accumulation of changes 
from natural mutations, the crossing between ancient ancestors [9,10], and the occurring of epigenetic 
events might provoke this unexpected variability [21,22]. Thus, these naturally occurring variations 
would offer a great opportunity for the selection of superior genotypes.  

The target of this research is the violet or purple (morado) garlics, from the Protected 
Geographical Indication (PGI) “Las Pedroñeras” (Spain). It is characterized by the color of their 
cloves’ tunics, giving the name to this indigenous ecotype [23]. Bulbs are, in general, medium size 
with spherical shape, bearing 8-12 cloves in average, and unlike cloves, their scales are mostly white. 
This violet garlic has a high content of organosulfur substances, and iodide, giving a spice flavor, and 
facilitating its conservation. These characteristics become the “Ajo Morado de Las Pedroñeras” a 
valuable landrace for practicing selection. Although some attempts have been made for the creation 
of varieties by selection from this PGI [24,25], and other ecotypes [11, 16], is still recognized the 
scarcity of varieties worldwide in the context of a modern agriculture. 

Therefore, this research, using this landrace as target, is aimed to determine (1) if there is enough 
phenotypic variability to practice selection; (2) which are the traits with the greatest variability; (3) if 
families can be separated by physiological, morphological and phenological characters; and (4) if 
there is any chance to select clonal varieties. 

2. Materials and Methods 

2.1. Plant Material, and Statements for the Field Trials 

Violet or purple (morado) garlics, from the Protected Geographical Indication (PGI) “Las 
Pedroñeras” (Spain), were used as starting materials. For virus removing, meristems from 
outstanding materials were in vitro cultured, following the same protocol described by Bhojwani et 
al. [26]. The first clonal generation (G0), formed by mixed materials, was planted under an insect-
proof net-house in the campaign 2019-2020. The second clonal generation (G1) was cultivated using 
similar conditions during the season 2020-2021. After the harvest, 360 bolting bulbs were randomly 
selected according to their weights (>50g), and the presence of abundant external scales (>5). After 
removing external scales, only bulbs with healthy purple cloves, bearing few small cloves (<25%), 
and without pest damages were selected; thus, 243 out the 360 bulbs were discarded. It was ruled 
that a bulb would form a family; therefore, each one would be properly identified, and its 
individuality would be preserved. The rest of 117 families were planted (5 cloves/family) in an insect-
proof net-house using a random design. In parallel, all families were in vitro introduced (2-5 
meristems/ family), to speed-up the reproduction of plant materials to be used on further 
experiments. After the first assessment of families at the end of growing cycle, 103 out 117 were 
randomly planted during the season 2022-2023. In this case, each family was represented by a variable 
number of plants, between 35 and 65 each. 

2.2. Phenotypic Selection 

The first trial (117 families) was established on December 3rd, 2021 in an insect-proof net-house 
property of SAT Peregrin at 191m AMSL (above mean sea level) [coordinates 37.396960, -1.741961, 
Pulpí, Almería, Spain]. The initiation (SI, weeks) and the length of sprouting (SP, weeks), and the 
initiation (DIF, weeks) and the length of flowering (DFF, weeks) were controlled. After 26 weeks of 
cultivation, the number of active leaves (LN_26), the plant height (PH, mm), the pseudo-stem height 
(PSH, mm), and the diameter at the base of pseudo-stem (PSD, mm) were measured. After harvest 
(June 24th, 2022), bulbs were storage under controlled conditions (temperature was adjusted to 19-
21°C, and relative humidity to 50-60%). Five months after harvest, the bulb weight (BW, g), the bulb 
diameter (BD, mm), and the number of cloves (C) were registered. The second trial (103 families) was 
planted on November 25th, 2022, in a different insect-proof net-house at 781m AMSL [coordinates 
38.007285, -1.912556, Caravaca, Murcia, Spain], and was harvested during the 31th week of cultivation 
(June 28th, 2023). Because of climatic disorders during the 26th week, were not possible the evaluation 
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of DIF, DFF, LN_26, PH, PSH and PSD. Since more volume of bulbs per family was available, the 
number of small (SC) and large (LC) cloves was counted; the weight of small (SW, g) and all cloves 
(CW, g) per bulb, and the unitary weight of small (UWSC, g) and large (UWLC, g) cloves were 
weighted; and the potential yield was estimated (Y, kg ha-1). The values of PSD and BD are the 
average of 2 perpendicular measures. The sphericity of bulbs (Φ) was calculated as the rate between 
the lower BD/ the higher BD. As active leaves were considered those leaves with green portions, 
regardless their wilting degree. The PH was measured from the base of pseudo-stem to the tip of the 
largest leaf, and the PSH from the base to the latest visible insertion-point of the sheath with the leaf 
blade (Figure 1). The potential yield (Y) was calculated multiplying the average BW by the planting 
density (270000 plants ha-1). The percentage of lost caused by the reduced size of cloves (WtP, %) was 
determined as the ratio between the number of small cloves and the total number of cloves. Other 
traits were also considered as the premature sprouting of cloves, the percentage of plants affected by 
the formation of external cloves and/or bulbs (P), the burst of lateral shoots, the sprouting of multiple 
plants per planted clove, and the damages caused by pathogens (mainly Fusarium spp.), and pests 
(mainly eriophyid mites). 

 

Figure 1. Representation of a garlic plant, and morphological descriptions of some of its traits. 

2.3. Statistical Analysis 

Statistical data processing was performed using R language [27], and its integrated development 
environment (IDE) RStudio. For analysis of variance (ANOVA), the function ‘aov ()’ was used. The 
assessment of ANOVA assumptions was performed using the function ‘gvlma ()’ [28]. For those 
dependent variables that do not fits to the ANOVA assumptions, a Kruskall-Wallis test was used 
{kruskal.test ()}. The effect size for parametric and non-parametric analysis, were determined using 
ω2 (square omega) and ε2 (square epsilon) [29], respectively. For the interpretation of effect sizes, the 
rules of Sawilowsky [30] were followed. The post hoc tests, and figures were made with ‘posthoc ()’ 
and ‘barplot ()’ functions, respectively. The Pearson’s correlation among variables were performed 
using 'apa.cor.table ()’, and graphs generated with ‘pair.panels ()’ function from package {psych}. To 
determine the contribution of traits to whole variance, a principal component analysis (PCA) was 
conducted using the function ‘PCA ()’ {FactoMiner} [31]. The graphical joint representation of 
components and variables was made with function ‘fviz_pca_biplot ()’. Euclidean distance matrix 
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among families were calculated {get_dist ()} for the construction of dendrograms. To determine the 
optimal number of clusters, the ‘NbClust ()’ function was used by ‘kmeans’ method. The assignation 
of each family to the suggested clusters was made with ‘kmeans ()’ function, performing 30 starts. 
Dendrograms were generated with ‘fviz_dend ()’.  

3. Results 

3.1. The First Trial. Season 2021-2022  

During cultivation, some undesired physiological disorders were observed. Therefore, 14 out 
the 117 families were discarded, 11 affected by the early sprouting of cloves, 2 with the sprouting of 
multiple plants per planted clove, and 1 with the presence of plants with a burst of multiple lateral 
shoots.  

Regarding quantitative characters, a great variability was registered for all the assessed traits 
(Table 1), with medium effect sizes of families on most of them, except for the leaf number (LN_26), 
and the sphericity of bulbs (Φ).  

Table 1. Results of ANOVA for 8 dependent variables, and the effect sizes of families on them. 
Resume of the first trial (2021-2022 season). 

Dependent 
Variables 

F 
Value 

df 
Signif.     

(p) 
ω2 95% IC ω2** 

Interpretation 
of Effect Size 

PSH 6.631 102 <0.001 0.54 [0.41-1.00] Medium 
PSD 8.216 102 <0.001 0.60 [0.50-1.00] Medium 

LN_26 5.030 102 <0.001 0.45 [0.29-1.00] Small 
PH 7.843 102 <0.001 0.58 [0.48-1.00] Medium 
BD 12.230 102 <0.001 0.70 [0.63-1.00] Medium 
Φ* 148.100 102 <0.01 0.27 [0.36-0.48] Small 

BW 12.540 102 <0.001 0.70 [0.64-1.00] Medium 
C 6.296 102 <0.001 0.52 [0.39-1.00] Medium 

* Result of Kruskal-Wallis test. The size effect was calculated for ε2. ** One-sided CIs: upper bound fixed at [1.00], 
except for Φ. Legend: PSH, pseudo-stem height; PSD, pseudo-stem diameter; LN-26, number of active leaves on 
the 26th week; PH, plant height; BD, bulb diameter; Φ, sphericity of bulb; BW, bulb weight; C, number of cloves. 

The correlation analysis showed significative relationships among some traits (Figure 2). As was 
expected, the bulb weight (BW) and diameter (BD) are mutually dependent (r=0.99***). Similarly, BW 
and BD are highly correlated with the pseudo-stem diameter (PSD), the number of active leaves 
(LN_26), and the plant height (PH). For PSD and LN_26 was also calculated a positive direct 
relationship (r=0.71***) between them. Interestingly, only a medium positive association was 
calculated between the number of cloves, and BW (r=0.56***) and BD (r=0.56***). Whereas, medium and 
negative correlations were registered for the initiation of flowering (DIF), and PSH (r=-0.49***) and PH 
(r=-0.30**). On the other side, there was not found any relationship (r=0.09n.s.) between the initiation 
(SI) and the length of sprouting (SP). 
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Figure 2. Pearson’s correlation among phenotypic characters, showing the histograms of correlation, and the scatterplots for the assessed traits. First trial (season 2021-2022). * Indicate 
signification for p < .05. ** Indicate signification for p < .01. *** Indicate signification for p < .001. Legend: PSH, pseudo-stem height; PSD, pseudo-stem diameter; LN-26, number of active 
leaves; PH, plant height; BD, bulb diameter; Φ, sphericity of bulb; BW, bulb weight; C, number of cloves. 
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According to the principal component analysis (PCA) for 12 traits, the components 1 and 2 
explained 54,7% of whole variance. For PC1, the traits with the higher contributions were BD, BW, 
PSD, PH, LN_26, and C; whereas for PC2, PSH, and the phenological characters SI, SP, DIF, and DFF 
were the most important (Figure 3). The biplot representation of families on PC1 and PC2, suggests 
the formation of 3 main groups. On the right of PC1 are clustered those families with the higher 
values associated with productivity (BW, BD, and C), whereas, on the left are the less productive 
families, and in the center are the average ones. 

 
Figure 3. Scatterplot of bidimensional representation of 111 out 117 families and 12 traits on the first 
(Dim 1), and the second (Dim 2) components. For 6 families were not possible to complete the 
assessment because of abundant early sprouting of shoots. Legend: PSH, pseudo-stem height; PSD, 
pseudo-stem diameter; LN-26, number of active leaves; PH, plant height; BD, bulb diameter; Φ, 
sphericity of bulb; BW, bulb weight; C, number of cloves. 

Among the 30-index used by function ‘NbClust’, most of them (9) recommended 2 as the optimal 
number of clusters; although 8-index also suggested 3 clusters as the best option. Nevertheless, the 
majority rule was followed, therefore dendrogram was constructed using only 2 clusters. Thus, in 
cluster I (blue, on the right) were gathered 44 families, and the resting 67 in cluster II (red, on the left) 
(Figure 4). Whereas in the cluster I were mostly ubicated those families with the highest productive 
potential (BW >50g, and BD >48mm), in the second were gathered those with the lowest values for 
BW and BD. 
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Figure 4. Clustering of 111 out 117 families based on the Euclidean distance for 12 morphological and phenological traits. For 6 families were not possible to complete the assessment 
because of abundant early sprouting of shoots. First trial (season 2021-2022). 
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3.2. The Second Trial. Season 2022-2023  

Unlike the first trial, in this occasion 80 out of the 103 families (77.7%) were discarded: 41 
(51.25%) by low yield, 34 (42.5%) affected by physiological disorders, and 5 (6.25%) with different 
affectations caused by Fusarium spp., and/or mite attacks. 

During this season there was a high incidence of the abnormal sprouting of cloves. Therefore, 
for the positive selection a threshold of 20% of plants affected by this physiological disorder per 
family was established. Thus, 25 families were eliminated from the selection program during the 
cultivation period. After the assessment of bulbs, other 9, affected by the formation of external 
bulbs/cloves, were also discarded. 

The calculation of the potential yield showed great differences among families, ranging from 
8874 to 19800kg ha-1, with an average of 13353.9kg ha-1 for the 69 assessed families. Since the lower 
yield to practice selection was fitted on 14000kg ha-1, 41 families were removed from the selection 
program.  

Like the first trial, significative differences were registered for all traits (Figure 5 and Table 2), 
although the effect sizes of families were reduced. Nevertheless, still remained a relative high 
variability for the bulb diameter, the total number of cloves, and the number of small cloves as well. 
Noteworthy, was the greater variation (F value, 8.018 vs 3.225), and effect size (ω2, 0.31 vs 0.12) 
registered for the number of small cloves regarding the largest ones. 

Table 2. Results of ANOVA for 6 dependent variables, and the effect sizes of families on them. 
Resume of the second trial (2022-2023 season). 

Dependent 
Variables 

F 
Value 

df 
Signif.  

(p) 
ω2 95% IC ω2* 

Interpretation 
of Effect Size 

BD 8.254 23 <0.001 0.32 [0.22, 1.00] Small 
Φ 2.326 23 <0.001 0.08 [0.00, 1.00] Very Small 

BW 5.330 23 <0.001 0.22 [0.11, 1.00] Small 
C 8.883 23 <0.001 0.33 [0.24, 1.00] Small 

SC 8.018 23 <0.001 0.31 [0.21, 1.00] Small 
LC 3.225 23 <0.001 0.12 [0.02, 1.00] Small 

* One-sided CIs: upper bound fixed at [1.00]. Legend: BD, bulb diameter; Φ, sphericity of bulb; BW, bulb weight; 
C, number of cloves; SC, number of small cloves; LC, number of large cloves. 

Although there was a reduction on the calculated value of ‘r’ regarding the first trial between 
BD and BW, it is still considered high (r=0.78***). Whereas, the correlations among the number of 
cloves (C), and bulb diameters and weights were quite similar to the previous trial: 0.53** and 0.55**, 
respectively (Figure 6). As was expected, the total number of cloves positively correlated with the 
number of small cloves (r=0.88***), and the large ones (r=0.74***). The unitary weight of large cloves 
(UWLC) is close related with BW (r=0.84***), and BD (r=0.64***). High correlation was also calculated 
for the yield with the bulb diameter and weight, the number of cloves, and the unitary weight of large 
cloves. Positive high correlations were registered for the percentage of lost (WtP), and the number 
(r=0.83***) and weight (r=0.93***) of small cloves; however, there was not determined any association 
between WtP, and yield (r=0.06n.s.). Whereas, the sphericity had a negative correlation (r=-0.51**) with 
the sprouting of lateral shoots and/or the formation of external cloves and/or bulbs (P). 
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Figure 5. Phenotype of bulbs (a-d) and cloves (e, f) from families (a) 89, (b) 40, (c, f) 344, (d) 26, and (e) 
157. Families 26 and 89 were discarded from the selection program because of the formation of 
external cloves (signaled with red arrows), and low yield, respectively. Although selection was 
performed for the PGI “Morado de las Pedroñeras” (purple or violet garlic), important differences in 
color can be observed. Second trial (season 2022-2023). 

Regardless a reduction of whole variability, it was still possible to separate the families by 
clusters (Figure 7). Again, most of indexes (13 out 30) used by the function ‘NbClust’ suggested the 
formation of 2 groups. Thus, families 54, 75, 233 and 344 were grouped in an isolated cluster (right 
blue cluster). These families are in general those with the highest yield (averaging 18418.5kg ha-1), as 
well as the longest sprouting period (2-3 weeks). 
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Figure 6. Pearson’s correlation among phenotypic characters, showing the histograms of correlation, and the scatterplots for assessed traits. Second trial (season 2022-2023). * Indicate 
signification for p < .05. ** Indicate signification for p < .01. *** Indicate signification for p < .001. Legend: BD, bulb diameter; Φ, sphericity of bulb; BW, bulb weight; C, number of cloves; 
SC, number of small cloves; LC, number of large cloves; CW, total clove weight; SCW, weight of small cloves; P, percentage of bulbs with external cloves; WtP, percentage of lost cause 
for reduced size of cloves; UWLC, unitary weight of large cloves; UWSC, unitary weight of small cloves; Y, potential yield. 
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Figure 7. Clustering of 23 families based on the Euclidean distance for 14 morphological and phenological traits. Second trial (season 2022-2023). 
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For the 23 families that remain in the program, a classification of the different commercial 
categories according to BD was performed (Table 3). Since is expected that the higher the yield, the 
higher the percentage of bulbs on the superior categories (A-C), and vice versa; four groups were 
created on the base of their potential yield, avoiding biased comparations among families with quite 
different yields. Whereas for group I most of bulbs are gathered on C category, the other three 
produced mostly bulbs from B one. However, striking differences inside the same group were 
observed. For example, unlike most of families inside of group I, family 283 produce more bulbs of 
D category (53.3%) than C (26.7%); whereas families 100, and 256 had a greater equilibrium on the 
distribution of categories B to D. For groups II and IV, is outstanding the behavior of families 233 and 
75, producing the highest percentages of the greatest bulbs (A category), 46.7% and 33.3%, 
respectively.   

Table 3. Grouping of families according to their potential yield, and distribution of percentages of the 
different commercial bulb size categories per family  . 

Fa
m

ily
 Yield (kg 

ha-1) 

Grouping of 
Families 
by Yield 

Bulb Size Category (%) 

F <37mm 
E  
37-45 

mm 

D 
45-50 

mm 

C 
50-55 

mm 

B 
55-60 

mm 

A 
>60mm 

38 14112 

I 

0.0 0.0 20.0 60.0 20.0 0.0 
57 14490 0.0 0.0 20.0 53.3 26.7 0.0 
99 14724 0.0 6.7 13.3 66.7 13.3 0.0 
100 14112 0.0 13.3 26.7 26.7 26.7 6.7 
194 14652 0.0 0.0 13.3 73.3 6.7 6.7 
238 14562 0.0 0.0 26.7 53.3 13.3 6.7 
256 15372 0.0 0.0 20.0 46.7 33.3 0.0 
276 15228 0.0 0.0 6.7 60.0 33.3 0.0 
283 14670 0.0 6.7 53.3 26.7 13.3 0.0 
333 14544 0.0 0.0 6.7 73.3 20.0 0.0 
340 15336 0.0 0.0 13.3 46.7 40.0 0.0 
359 14508 0.0 6.7 13.3 66.7 13.3 0.0 
7 16668 

II 

0.0 0.0 20.0 20.0 53.3 6.7 
8 16092 0.0 0.0 20.0 26.7 46.7 6.7 
27 16650 0.0 13.3 26.7 53.3 6.7 0.0 
40 17028 0.0 0.0 6.7 40.0 46.7 6.7 
132 16056 0.0 0.0 13.3 46.7 26.7 13.3 
137 16146 0.0 0.0 6.7 53.3 40.0 0.0 
233 16776 0.0 0.0 0.0 20.0 33.3 46.7 
294 16092 0.0 0.0 0.0 53.3 46.7 0.0 
54 17640 III 0.0 0.0 13.3 20.0 40.0 26.7 
75 19458 IV 0.0 0.0 0.0 0.0 66.7 33.3 
344 19800 0.0 0.0 0.0 20.0 66.7 13.3 

3.3. Interaction Genotype-Environment (G×E) 

Since clustering based on phenotype already suggested the existence of genotypic differences, 
the influence of location (Pulpí-Almudema) on the behavior of families, and the interaction family-
location (F×L) were also analyzed. Either the family (except for the sphericity of bulb), the location, 
and the interaction F×L had significative differences on the assessed variables; however, had variable 
effects (Table 4). The location had the greatest influence on the bulb diameter, followed by the bulb 
weight, the number of cloves, and its sphericity. Although the effect sizes for the interaction F×L were 
considered small, or very small (for sphericity of bulbs), it was significative. 
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Table 4. Results of 2-ways ANOVA for 4 dependent variables, and the effect sizes of families (F), 
location of trials (L), and the interaction between them on phenotype (F×L). 

Dependent 
Variable 

Variation 
Factor 

F 
Value 

df 
Signif.   

(p) 
ω2 

95% CI  
ω2 * 

Interpretation 
of Effect Size 

Bulb Diameter 

 F 8.750 22 <0.001 0.27 [0.18, 1.00] Small 

 L 824.089 1 <0.001 0.64 [0.60, 1.00] Medium 
  F×L 9.725 22 <0.001 0.30 [0.21, 1.00] Small 

Sphericity 

 F 1.507 22 n.s. 0.02 [0.00, 1.00] Very small 

 L 69.445 1 <0.001 0.13 [0.08, 1.00] Small 
  F×L 2.256 22 <0.01 0.06 [0.00, 1.00] Very small 

Bulb Weight 

 F 6.296 22 <0.001 0.20 [0.12, 1.00] Small 

 L 429.649 1 <0.001 0.49 [0.43, 1.00] Small 
  F×L 8.750 22 <0.001 0.27 [0.18, 1.00] Small 

Number of Cloves 

 F 7.859 22 <0.001 0.25 [0.16, 1.00] Small 

 L 256.415 1 <0.001 0.36 [0.30, 1.00] Small 
  F×L 5.255 22 <0.001 0.17 [0.08, 1.00] Small 

* One-sided CIs: upper bound fixed at [1.00]. n.s.: non significative. F, family; L, location of trial. 

4. Discussion 

The first step on every selection program is to determine if phenotypic variations for the interest 
traits exist on the target population. This is especially critical for vegetatively propagated species, as 
garlic, since the only sources of variation come from the natural mutations, the accumulation of pre-
existing sexual variations, and the epigenetic changes [22,32]. As garlic is asexually propagated, it 
would be expected a high phenotypical homogeneity in their populations; however, for both trials, 
significative differences were observed for all the assessed variables. Those traits close related with 
yield (bulb weight and diameter, and the number of cloves) were among the most influenced by 
families, as well as some other traits as plant height, pseudo-stem diameter and height, and the 
number of active leaves. Phenological characters, as the initiation and the period of sprouting, and 
the initiation of flowering had an important contribution to the registered variation. Similarly, 
various authors have previously detected great phenotypic and genotypic variations in natural and 
commercial populations, as well as in germplasm collections [11, 33-37]. Like the present research, 
statistic differences have been registered among different accessions for bulb diameter and weight 
[17,35-41]; bulb color [35,39]; clove number [35,38-40]; plant height [39,40]; pseudo-stem height and 
diameter [40]; number of green leaves [39,40]; plants forming multiple shoots [15]; number of external 
sheaths [35,39], among other traits. Additionally, for most of these have been calculated from 
moderate to great heritabilities [33,36], allowing thus to consider the possibility to select stable clones. 
Therefore, the results here presented set the bases for the obtaining of new violet varieties from the 
PGI “Morado de las Pedroñeras”, as has been previously stated for various local and national 
selection programs [11,15,16,20,34,39].  

The establishment of mathematical relationships among characters might contribute to speed up 
the selection of high productive genotypes. Hence, positive high correlations have been found among 
yield components and the plant heigh, the pseudo-stem diameter and heigh, and the number active 
leaves, which is in agreement with previous reports [33,36].  

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 June 2024                   doi:10.20944/preprints202406.0829.v1

https://doi.org/10.20944/preprints202406.0829.v1


 14 

 

Likely, the number of cloves is the most controversial trait on garlic improvement programs, 
since frequently the higher the number of cloves, the higher the weight of bulbs [35,42]. However, at 
the same time, the higher the number of cloves per bulbs, the higher the number of small cloves, 
which is an undesirable trait. For the assessed families, positive high correlation was calculated for 
the percentage of lost caused by the number and weight of small cloves. The obtaining of varieties 
with large and uniform cloves is a critical objective for garlic improvement programs, with great 
economical repercussion both on “seed” (cloves) production protocols, and productivity. In an 
apparent contradiction, the yield was not influenced by the percentage of lost, likely because the 
selection was focused on those bulbs/families with a reduced number of small cloves. This suggests 
the need to select varieties with a low number of small cloves, to reduce the economical loses, 
especially during production of “seeds”, and peeled cloves. Nevertheless, the viability to select on 
the base of the low number of small cloves must be confirmed during the next years, since this trait 
seems to be highly influenced by environment [42], agricultural managements [43], and biological 
factors [44]. This was partially confirmed by the results of ANOVAs, once significative differences 
were registered for the families, the locations, and the interaction between them on the total number 
of cloves per bulbs.  

Undoubtedly, the obtaining of high yields is the final goal of every improvement program. For 
this trait, great variations among families were registered, ranging from 8874 to 19800kg ha-1. The 
establishment of a threshold of 14000kg ha-1, allowed the positive selection of 23 out 69 families, 
averaging a potential yield of 15857.2kg ha-1. This represent outstanding results, since the historical 
yields of this PGI are setup between 9000 to 10000kg ha-1, would reaching as much as 13000kg ha-1 
under optimal exploitation conditions [23,45].  

For species as garlic, the yield by itself do not express its real productivity, being important to 
differentiate between agronomic and marketable yield; since frequently the last one determines the 
success of commercial exploitations [46]. Certainly, the occurring of multiple external bulb/cloves do 
not have negative affectations on the weight of bulbs, at the contrary, this kind of bulbs has usually 
showed the greatest sizes; but this is an undesirable characteristic that reduce their commercial value. 
The early sprouting of cloves is also a great affectation that reduce the usage of bulbs; in fact, famers 
from Syria do not appreciate new genotypes prone to the formation of multiple shoots [15]. Although 
sphericity has a reduced influence on agronomic yield, it has been included in some selection 
programs [47,48], once it facilitates the management of bulbs after harvest, the manipulation during 
packaging, and the increase the acceptance both producers and consumers. 

After the classification of bulbs by size categories, was also observed that there were variations 
among families with similar yields, becoming an aspect to be considered for those selection programs 
aimed to obtain the greatest proportions of big bulbs. 

The phenotypic characterization has allowed the clustering of families suggesting the existence 
of genetic differences, which has to be further confirmed by mean of properly DNA-based tests. This 
is in agreement with previous reports, which have demonstrated the effects of genetic factors on 
phenotype, allowing the selection of new garlic varieties [11,16,34]. However, in some cases the 
genetic similarity among accessions does not correlate with the phenotypic variations registered [49], 
suggesting the occurring of other variations sources than genotypic.   

For the first trial, was calculated variable effect sizes of families on the evaluated traits. However, 
because of practicing of selection, their effects were drastically reduced for the second trial, but were 
still enough to separate phenotypically the resting 23 families at the end of the assessment of the 
second trial (Figure 7). Similarly, in an experiment conducted during 13 years, has been observed a 
reduction in polymorphism as a consequence of the increasing of the selection pressure; although the 
remaining variability was sufficient for the morphological classification of genotypes [32].  

A critical step for the selection programs is to determine the response of families to different 
environmental conditions. In USA, has been observed that bulb diameter and weight were influenced 
by the location, likely because of variations in mineral composition of soil [17]. For Belltall landrace 
was also registered variations in bulb size, and clove heterogeneity depending on the cultivation 
place, being determined its identity by environmental factors [42]. The assessing of 14 garlic 
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genotypes in six locations during 2 years, under conditions of Ethiopia, revealed significative G×E 
interactions for yield, and other traits, mostly caused by different weather conditions [50]. Similarly, 
for the current research, either size and weight of bulbs, and the number of cloves were the most 
influenced by family, location, and the interaction between them (F×L). This highlights the 
importance to assess the families for those conditions where they will be exploited, to perform solid 
recommendations to producers. 

In this first approaching to the selection of high-productive garlic varieties from this purple PGI 
“Morado de las Pedroñeras”, has been registered a high variability on the target population for most 
of the assessed traits. These are mostly associated to either productive, physiological, and 
phenological traits, assuring a reasonably well characterization of each family. Thus, it was possible 
the clustering of families according their phenotypes. Since the G×E interactions were statistically 
significative for the weight, the diameter, the sphericity, and the number of cloves of bulbs, it is 
mandatory the evaluation of candidates to varieties under different environments, and management 
conditions. The next step must be focused on the assessing of new variation sources, and the genetic 
and/or epigenetic characterization of phenotypes. These results could be used as a reference for the 
clonal selection from different ecotypes.   
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