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Abstract. Cultivating garlic after the rice season has been increasingly att ractive for rice farmers in 

the Philippines especially in areas where rice production is constrained by water scarcity. In 

Mindoro, Philippines, garlic cultivars planted include ‘Mindoro White’ (MW), ‘Lubang’ (LB), 

‘Batanes White’ (BW), and ‘Ilocos White’ (IW). This study provides an in-depth analysis of major 

local garlic cultivars for classification and for selection of those with improved adaptation and 

marketability. For classification, we focused on phenotypic stable traits. Among these traits 

analyzed, clove weight (p < 0.001) and number of bulb leaf sheaths (p < 0.05) were significantly 

different. While there were small differences in their clove number and bulb color, bulb 

circumference (p < 0.001) and weight (p < 0.01) were highly significant. BW has the largest bulb 

circumference (126.50 ± 1.88 mm) and weight (22.38 ± 0.94 g) while MW has the smallest 

(103.30 ± 1.57 mm) and is lightest (13.78 ± 0.50 g). Bivariate analysis revealed that the highest bulb 

circumference and weight values of MW population correspond to the lowest values of BW 

population suggesting that these cultivars are two distinct populations. This was further supported by 

classical clustering analysis that distinguished them by bulb circumference (87.12%), clove number 

(76.01%) and number of clove vascular structures (78.27%). Across cultivars, measurements of the 

epidermal and parenchymal cells significantly differed. Qualitative analysis of the bulb 

characteristics showed that BW exhibits a regular, multi-fan bulb structure with three layers of large 

cloves implying market attractiveness while IW’s distinctly tight clove’s skin indicates long storage 

potential. 
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Introduction 

Garlic (Allium sativum L.) is a monocotyledonous herb that produces a bulb, an 

aggregate of sheath-covered cloves serving as the main economic organ 

(Stavelikova, 2008). It is the second most widely cultivated Allium distributed from 

boreal areas to tropic regions (Mhazo et al., 2014). Central Asia is recognized as the 

Allium’s main center of origin which is supported by the discoveries of several 

primitive garlic types in the northwestern side Tien-Shan Mountains (Kotlinska et 

al., 1991; Etoh and Simon, 2002; Kamenetsky, 2007) and genetic fingerprinting 

(Volk et al., 2004; Kamenetsky et al., 2007; Zhao et al., 2011; Jo et al., 2012). It is 

also the home to the richest genetic diversity of garlic (Kamenetsky et al., 2007).  
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In the Philippines, regions with Type I climate, characterized by a dry season 

during November to April, are main producers of garlic. Occidental Mindoro 

remains the second largest garlic producer, which shares 17% of the country’s garlic 

national production (BAS, 2009). Farmers call it ‘white gold’ because it is a 

profitable crop planted in the fallow period after rice. Garlic cultivars usually grown 

in Mindoro include ‘Lubang’, ‘Mindoro White, ‘Batanes White’ and ‘Ilocos White’.  

Morphological and anatomical studies are valuable in the Allium genus, since 

they provide suitable data for diagnosis of different taxa (Stearn, 1980; Fritsch and 

Friesen, 2002). Morphological traits of garlic are used in evaluating the diversity of 

garlic collection and classification based on phenotypic characters (Keller, 2002; 

Volk et al., 2004; Panthee, et al., 2006; Kamenetsky et al., 2007; Volk and Stern, 

2009). However, since garlic is highly adaptive to its growth environment (Volk et 

al., 2004) and to different agroclimatic regions (Mario et al., 2008; Hirata et al., 

2016), it is important to evaluate traits that were either influenced or not by growth 

environment for a reliable classification of cultivars. Moreover, Volk and Stern 

(2009) reported that clove arrangement, number of cloves, clove weight, clove skin 

color, and clove skin tightness were stable for each cultivar regardless of production 

location and conditions whereas those that vary with growth location include bulb 

traits. 

The International Plant Genetic Resources Institute (IPGRI) Descriptor for Allium 

(2001) is the most common scheme used in evaluating and characterizing traits of 

garlic accessions. In addition, according to Miryeganeh and Movafeghi (2009), the 

anatomy of scapes and vegetative organs of Allium have been used for taxonomical 

purposes in different hierarchical levels. Most important anatomical studies on 

Allium were focused on the structure of the bulb scales (Fritsch, 1988), leaf (De 

Mason, 1990; Mathew, 1996), and scape (Miryeganeh and Movafeghi, 2009). 

Given that garlic (A. sativum) is the only Allium that produces cloves, anatomy of 

clove and its potential use in the classification and delimitation of species of A. 

sativum is important. Hence, this work provides the clove anatomical findings on 

local garlic cultivars grown in the Philippines and represents some distinctions 

among cross-sections of cloves. Moreover, this study evaluated stable traits of four 

major garlic cultivars commonly grown in the Philippines to provide information in 

classification, market recognition, and identification of production-quality garlic. 

Materials and methods 

Bulb and clove characteristics 

Four major local garlic cultivars were obtained from a garlic grower cooperative 

in Occidental Mindoro, Philippines (12° 21’ 19.2456” N and 121° 3’ 37.8324” E) 

which include ‘Mindoro White (MW)’, ‘Lubang (LB)’, ‘Batanes White (BW)’ and 

‘Ilocos White (IW)’. These garlic cultivars are the most common garlic planted for 

commercial production in major garlic provinces in the country. MW accessions are 

from Mindoro province while LB accessions are originally from the Lubang Island 

located in the northwest of the northern end of Mindoro (Fig. 1). The accessions IW 

and BW are from the northern provinces of the Philippines specifically in the 

provinces of Ilocos Norte and Batanes, respectively. 
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Figure 1. Location map of the origins of the garlic accessions in the Philippines. ‘BW’ in 

Batanes Island (A), ‘IW’ in Ilocos Norte (B), ‘Lubang’ in Lubang Island (C), and MW in 

Mindoro Occidental (D). (Google Map, 2018) 

 

 

For each cultivar, nine bulbs (further categorized into large, medium, and small-sized 

bulbs, each having three representatives) were randomly selected to which phenotypic 

traits of the bulb and its cloves were analyzed based on IPGRI Descriptor for Allium 

(2001) (Fig. 2). Phenotypic data of the bulb collected from each cultivar include: sheath 

color and number, bulb shape, structure type, bulb circumference (mm) and weight (g). 

For the clove data, analysis on scale color and tightness, clove arrangement within a 

bulb, number of cloves per bulb, and weight (g) were made. In particular, the sheath and 

scale color as these are highly subjective, a color chart was used to distinguish intensity 

of color as indicated in the IPGRI (2001). 

 

Microscopy analysis 

The cross-sections of clove samples from each garlic cultivar were prepared and 

fixed in 70% ethanol for 48 h. Following the methods of Gerlach (1977) as cited by 

Silva et al. (2015), they were then stained with safranin and fast green to distinguish the 
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plant cell structures (Fig. 3). Thereafter, the sections were dehydrated through a graded 

ethanol series and then mounted on glass slide with a cover slip for observation. Each 

clove section was then examined under a light microscope (Axio Lab.A1, ZEISS, 

Germany) and dissecting microscope (Olympus, SZ61, Japan) linked to a digital 

camera. From the resulting images, sizes of the epidermal and parenchyma cells, size 

and number of rows of the vascular structures, and number of vascular structure per row 

were analyzed with Image J software (National Institutes of Health, USA). 

 

 

Figure 2. Bulb and clove characteristics of four major local garlic cultivars in the Philippines 

showing arrangement of cloves and coloration of bulb sheath and clove skin 

 

 

Statistical analysis 

Analysis of variance on quantitative data was performed using R Commander, a 

package available in R version 3.5.0. Qualitative data was summarized based on careful 

examinations of bulbs and cloves of each cultivar. Principal component analysis (PCA) 

was used to detect the characters that are most relevant to distinguish among the 

cultivars. Clusters of cultivars were formed on the basis of these factors using Classical 

Clustering Analysis (CCA). The graph representing classification is a dendrogram of 

similitude with standardized distances representing the closest cultivars in homogeneous 

groups. 
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Figure 3. Diagrammatic presentation of parameters measured from bulb and clove 

characteristics as well as anatomical analysis of garlic cloves using safranin and fast green 

dyes under light microscope (A) Clove section under LPO (10x), (B) Epidermal cells (arrow 

head), (C) Normal clove cells with nuclei, (D) Vascular tissue under HPO (40x) 

Results 

Bulb characteristics 

Color and pattern of bulb sheath were similar among cultivars except for LB which 

had darker sheath and more prominent brown stripes. MW, BW and IW all had white 

sheath with brown stripes. Similarities on the bulb shape and its structure type were also 

observed among cultivars. The bulb shape of MW and LB was circular with a 

prominent basal plate, BW and IW, were broadly ovate with an even (same level as the 

cloves) basal plate (Table 1). The MW and IW had similar bulb structure type which is 

regular two-fan groups while LB and BW had regular multi-fan groups. Regular two-

fan groups have large outer cloves and small inner cloves while regular multi-fan 

groups have large outer cloves, medium inner cloves and small innermost cloves. 

 
Table 1. Bulb and clove morphological characteristics of four garlic cultivars grown in the 

Philippines 

Cultivar 

Bulb Clove 

Sheath color Shape Structure type Scale color 
Scale 

tightness 
Arrangement 

Mindoro 

White 

White/light 

brown stripe 

Circular, basal 

plate prominent 

Regular two-fan 

groups 

Tan lower and 

white/pale upper 
Loose 2 layers 

Lubang 

White-

tan/moderate 

brown stripe 

Circular, basal 

plate prominent 

Regular multi-fan 

groups 

Brown lower and 

white/pale upper 
Moderate 3 layers 

Batanes 

White 

White/light 

brown stripe 

Broadly ovate, 

basal plate even 

Regular multi-fan 

groups 

Light brown/tan 

lower and white 

upper 

Moderate 3 layers 

Ilocos 

White 

White/light 

brown stripe 

Broadly ovate, 

basal plate even 

Regular two-fan 

groups 

Yellowish lower and 

white/pale upper 
Snug 2-3 layers 

 

 

Significant differences in bulb weight and circumference were observed among four 

garlic cultivars (Fig. 4). Bulb circumference and weight of ‘LB’ (122.46 ± 2.20 mm and 

18.8 ± 1.16 g) is comparable with IW (119.32 ± 1.26 mm and 19.77 ± 0.76 g). Among 

the cultivars, BW produced the biggest and heaviest bulb while MW had the smallest 
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and consequently the lightest. Bulb sheath number, ranges from five to seven with MW 

having the most number of sheath. 

 

 

Figure 4. Bulb characteristics of four garlic cultivars in the Philippines. BW = Batanes White, 

IW = Ilocos White, LB = Lubang, MW = Mindoro White 

 

 

Bivariate analysis of bulb circumference and weight through 95% confidence ellipse 

was used to estimate the population of each cultivar (Fig. 5). The results revealed that 

the common weight and circumference ranges of the four cultivars fall in the 15-18 g 

and 110-118 mm, respectively. While there exist two distinct cultivars, namely BW and 

MW, overlapping of bulb characteristics was still observed. The most notable overlap 

was between the smallest and lightest predicted populations of BW and the largest and 

heaviest populations of MW. Moreover, the population of IW cultivars was within the 

boundaries of the BW population, and that the largest bulb characteristic values of IW 

only reached the median values of BW. The LB, on the other hand, showed a wide 

range of bulb characteristics. While its bulb circumference and weight were comparably 

higher than MW and IW, it did not completely share with the BW population. 

Additionally, LB circumference and weight showed weaker correlation compared with 

the correlations observed in other cultivars. For instance, the bulb circumference of LB 

that were on the same circumference range as the other three cultivars weighed on the 

lower weight range, in fact, LB’s largest bulbs were not necessarily heavier than their 

smaller counterparts from other cultivars. 



Ragas et al.: Analysis of the morpho-anatomical traits of four major garlic (Allium sativum L.) cultivars in the Philippines 

- 1149 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(1):1143-1157. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1701_11431157 

 2019, ALÖKI Kft., Budapest, Hungary 

 

Figure 5. Scatter plot of bulb weight and circumference of four garlic cultivars in the 

Philippines using 95% confidence ellipse visualization (R Studio). BW = Batanes White, IW = 

Ilocos White, LB = Lubang, MW = Mindoro White 

 

 

Clove characteristics 

Cultivars were classified according to clove scale color and tightness, number of 

cloves per bulb, clove arrangement and clove weight (Table 1 and Fig. 4). Two hues of 

clove skin color were observed among cultivars. Different clove skin colors were also 

observed varying from tan to yellowish upper part to pale-white lower part. High 

variability was observed at the lower part of the clove skin and not as much in the upper 

part. White-pale upper part was observed in all cultivars except for BW which only had 

a white upper part. For the color of lower part, MW, LB, BW, and IW had tan, brown, 

light brown-tan, and yellowish, respectively. Clove skin tightness varied from snug to 

loose (Table 1). Clove arrangement within the bulb varied from two layers as observed 

in MW, two to three layers in IW, and three layers in BW and LB. 

A significant difference in clove weight among garlic cultivars was observed 

(Fig. 6). The clove weight of MW is significantly different from other cultivars except 

for LB. Clove number per bulb among cultivars were not significantly different from 
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each other (Fig. 4). The IW produced the most numerous cloves per bulb while BW had 

the highest clove weight. The MW produced the fewest cloves and the lightest clove 

weight (Figs. 4 and 6). It was also observed that the larger the cloves produced, the 

heavier the bulb. 

 

 

Figure 6. Clove weight of four garlic cultivars in the Philippines. BW = Batanes White, IW = 

Ilocos White, LB = Lubang, MW = Mindoro White 

 

 

The dendrogram gave the clustering pattern for the garlic cultivars shown in 

Figure 7. There were two main clusters; the BW cultivar cluster and the other cultivars. 

The MW and LB cultivars were classified into the same group, but the IW cultivar was 

separated into a minor group. The distances between the cultivars ranged from 0.99 to 

1.00, suggesting that genetic diversity between the garlic cultivars was moderately high. 

 

Anatomical characterization 

Differences in shape of clove’s cross-sections were observed. The shape of the clove 

cross-sections was elliptic-oblong in MW and LB, circular in BW and cuboidal in IW. 

Across cultivars, epidermis was single layered with a thin cuticle outer covering. 

Epidermal cells were more or less isodiametric-cuboidal. Minimum width of epidermal 

cells across cultivars was 0.020 mm. BW had the biggest (width: 0.040 ± 0.002 mm) 

and thickest (length: 0.035 ± 0.002 mm) layer of epidermal cells among the cultivars 

(Table 2). Thinnest epidermal cell layer was observed in MW. 
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Figure 7. Similarity dendrogram generated by classical cluster analysis (CCA) using PAST 

3.15 software showing two major clusters on the basis of morphology and anatomical 

characters of four garlic (Allium sativum L.) accessions in the Philippines. BW = Batanes 

White, IW = Ilocos White, LB = Lubang, MW = Mindoro White 

 

 
Table 2. Anatomical characteristics of the cloves of four garlic cultivars grown in the 

Philippines 

Cultivar 
Epidermal cell Parenchymal cell Vascular structure 

Width (mm) Length (mm) Width (mm) Length (mm) Width (mm) Length (mm) 

MW 0.034±0.002 0.019±0.001 0.111±0.004 0.130±0.006 0.167±0.008 0.184±0.019 

LB 0.030±0.001 0.028±0.001 0.109±0.005 0.113±0.006 0.152±0.010 0.178±0.014 

BW 0.040±0.002 0.035±0.002 0.111±0.005 0.150±0.006 0.183±0.130 0.213±0.014 

IW 0.036±0.002 0.029±0.002 0.119±0.005 0.130±0.007 0.149±0.005 0.200±0.014 

p-value 0.002 0.000 0.426 0.006 0.049 0.321 

LSD (5%) 0.004 0.004 0.013 0.017 0.020 0.029 

Values are means ± standard errors 

BW = Batanes White, IW = Ilocos White, LB = Lubang, MW = Mindoro White 

 

 

Parenchymal cells vary from hexagonal to ovoidal. LB had the smallest parenchyma 

cells while IW (in terms of width) and BW (in terms of length) have the largest 

(Table 2). Cell staining revealed that parenchyma cells contained compounds but were 

mostly starch granules. Most of the parenchyma cells of LB contained starch and 

carbohydrates while only few carbohydrates containing parenchyma cells were 

observed in MW. 

The vascular structures were arranged in a ring like pattern in cortex which is 

commonly observed in monocots. They were collateral in all cultivars. Furthermore, 

vascular structures were surrounded with vascular sheaths consisting of some layers of 
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small parenchyma cells. BW had the largest vascular structure in terms of length and 

width while LB had the smallest (Table 2). One to three layers of vascular structures 

were observed across cultivars. The BW had the most number of vascular structures (3 

layers) per clove while MW (1-2 layers) had the fewest. Width and length of cells of 

different tissues were not congruent. A cultivar with the highest cell width does not 

imply that it also had the utmost length. 

 

Multivariate analyses 

Classical clustering analysis was used to detect similarities among cultivars using 

quantitative variables that were statistically significant and all of the qualitative 

variables. The analysis showed two major groups having BW the least similar (99.56%) 

cultivar compared with other cultivars, while IW shared 99.80% similarity with a 

second group, LB and MW. The LB and MW shared the highest similarity (99.93%) 

among all cultivars (Fig. 7). 

Cross-validating the results with the PCA, the first three PCA axes described 97.71% 

of the total variance, thus indicating that these three axes represent the majority of the 

variation for the morphological and anatomical characteristics. The first axe accounts 

for 87.12% variability, which is correlated to the bulb circumference and bulb weight. 

The second axe represents 78.27% of the variation, which represents the characteristics 

of the vascular structure number within the clove and the third axe separates the 

cultivars on the basis of their clove number. 

Discussion 

Variation in both qualitative and quantitative characters was observed in this study. 

We focused our analysis on bulb and clove traits primarily because they are the 

economic organs of garlic used in culinary, medicine, and propagation. Bulb weight, in 

particular, is the parameter which has the most direct impact on garlic yield as it 

represents the most significant production characteristics and its market value 

(Moravčević et al., 2017). According to Panthee et al. (2006), variation in qualitative 

characters are useful for varietal descriptor and variety identification, in contrast to 

quantitative characters that have direct application in variety improvement programs 

owing to its agronomic interest. 

Bulb circumference and weight of the four cultivars in this study were significantly 

different with BW being the largest and heaviest bulb, followed by IW, LB and then, 

MW being the smallest and lightest. The largeness and heaviness of BW could be 

accounted to the number of cloves and clove weight. The present finding is in 

accordance with the results of Islam et al. (2007) and Yeshiwas et al. (2018) who 

reported significant variation for bulb weight due to genotypic difference. Additionally, 

in India, Rakesh Sharma et al. (2018) found that bulb diameter and weight contributed 

maximum towards the total variability in their evaluated germplasm. The slight change 

in order between IW and LB in terms of clove weight could be due to carbohydrates 

stored in their clove’s cells. The cells of LB cloves were anatomically small but had 

more carbohydrates containing parenchyma cells as revealed after cell staining. Plant 

cells contain large amount of carbohydrates such as starch, glycogen and cellulose, 

which are important for energy, structure, storage and increasing biomass (Guertin and 

Sabatini, 2005). In garlic, carbohydrates play an important role from dormancy and 

sprouting (Mashayekhi et al., 2016). 
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Hirata et al. (2016) evaluated garlic diversity based on morphological, physiological 

and isozyme variation of collected germplasm from Asia including Southeast Asia and 

reported that all accessions from tropical regions have comparable bulb yield in terms of 

weight and circumference as well as number and weight of cloves. Menezes-Sobrinho et 

al. (1999) identified bulb weight and bulb skin color among many characters to have a 

combination of qualitative and quantitative characters in principal components which 

are similar to the present study. In this study, cultivars differed in qualitative traits 

including bulb shape and structure type, and bulb sheath number and color. These traits 

are considered valuable for market recognition (Volk et al., 2004) because consumers 

are attracted to colorful, bigger, flavorful and unique types of garlic for different 

culinary purposes. While BW is easily distinguished as the biggest garlic, LB could be 

the choice for a colorful garlic due to its unique bulb sheath color. The MW, on the 

other hand, would be a preferred cultivar for flavor and aroma, which are ascribed to its 

small bulb size similar to the findings of Medina and Garcia (2007). 

With regard to bulb structure type, both LB and BW have a regular multi-fan groups 

with cloves arranged in three layers within a bulb. This type of garlic is a valuable 

specimen for propagation as overall bulb yield and quality are influenced, not only by 

growth location and farmer’s management practice (Volk and Stern, 2009), but also by 

the size and quality of the planting stock (Conci et al., 2003 Melo et al., 2006). Initial 

planting stock that is of sufficient size and quality yields higher harvests because it can 

produce bigger bulb circumference and considered as more valuable commercial assets 

(Castellanos et al., 2004). Each clove can develop a new plant and often, large-sized 

cloves are utilized as seedlings. Heredia et al. (1997) and Gwandu and Isa (2016) 

reported that bulb selection based on the number of cloves are partially due to findings 

that a bulb with few cloves produces large individual seeds, which in turn contributes to 

a greater bulb yield, but does not imply the use of a greater amount of seed. However, in 

this study, cultivars that have bulb with many cloves produced larger individual seeds as 

observed in BW. 

Obtaining only three distinct clusters from sampled cultivars indicates that there must 

be a frequent material flow from one place to another owing to the small geographical 

region of the Philippines. Garlic is a clonally propagated species, which may reduce 

variation hence little number of clusters. This observation is congruent to several studies 

on diversity analysis of garlic germplasm in other countries in which despite large 

geographical coverage and number of garlic accessions, only a few clusters were 

derived. For example, Panthee et al. (2006) examined 179 garlic germplasms in Nepal 

and found only three clusters. Menezes-Sobrinho et al. (1999) characterized 89 garlic 

germplasms of Brazil and found 13 clusters. Lallemand et al. (1997) evaluated 65 garlic 

accessions and found six clusters on the basis of morphological characters. Hence, three 

clusters from a relatively small geographical coverage in the Philippines are reasonable. 

However, it is noteworthy that local garlic cultivars evaluated in this study have much 

larger circumference than those reported by Hirata et al. (2016). 

Garlic from warm, short-day lowland tropical regions produces poor bulbs as 

compared with garlic from temperate zones, which produces bigger bulbs, where days 

are longer and winters are cold (Brewster, 2008). Bulb formation is greatly influenced 

by photoperiod and temperature (Brewster, 1990). In an attempt to improve garlic bulb 

size in the tropics, Ragas et al. (2016) studied the effect of night break on phenotypic 

traits of locally produced and one imported cultivar planted in selected Philippine 

provinces. They observed that all garlic cultivars produced larger bulbs when exposed 
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to night break treatment than those in natural sunlight. Interestingly, BW in this study 

had larger and heavier bulb produced than ‘Taiwan’, the imported accession reported by 

Ragas et al. (2016). Hence, locally-produced cultivar especially BW has the potential to 

outperform imported garlic available in the Philippine market. 

The shape of the clove’s cross- sections differed among the cultivars studied. 

However, the shape of the cross-section of cloves and bulbs of LB and MW were 

relatively similar probably because of the proximity in the geographical origins of these 

cultivars. The LB cultivars were originally from Lubang, an island, northwest of 

Mindoro province. However, Batanes, where BW originated, is a province of some 

distance from the other provinces (Ilocos and Mindoro), which may be the reason for 

the distinct differences between the BW and the other garlic cultivars studied. In all 

cultivars examined, the clove epidermis consisted of a single cell layer, which is 

congruent to the observations of Miryeganeh and Movafeghi (2009) in scape and 

Mashayekhi and Columbus (2014) in leaf blade structures of Allium species. Size of 

cells in epidermis, ground and vascular tissues differed from one cultivar to the other. 

Observations on plants suggest that growth and most morphology do not depend on the 

number of cells or their size within an organ (Walbot, 2012). This matches the result 

obtained in this study wherein a cultivar with smallest bulb circumference is not the 

cultivar with the smallest cell size or vice versa. Plant cells have their own adaptations 

to achieve near normal morphology despite fewer cells or small cell size (Haber and 

Foard, 1961). For instance, the LB had smaller cell size than MW even if the latter had 

smaller bulb circumference. 

Anatomical characterization of several cross-sections of the clove revealed that cell 

size is invariable within a given cultivar; therefore, a useful criterion for grouping 

similar cultivars. On the other hand, the layers and number of vascular structures per 

layer are inconsistent among cultivars studied implying that it is an important 

anatomical character for taxonomic classification. These were confirmed in the 

clustering analysis which detected highest similarities between LB and MW cultivars, 

both originally from Mindoro province; and the BW consistently remained the least 

similar with the rest of the cultivars studied. 

Conclusion 

This study established the morpho-anatomical characterization of major Philippine 

garlic cultivars by analyzing stable phenotypic traits which are expected to facilitate 

efficient measure for revealing relationships and detecting morphologically similar 

garlic cultivars. The results point at one population (BW) that displayed significant bulb 

traits and suggest that this cultivar could be further improved to match desirable traits of 

an imported garlic available in the Philippine market. To represent a richer selection 

base, however, for the needs of culinary and pharmaceutical purposes, it is 

recommended that future work should consider larger number of germplasms and 

should be tested at multi-location sites for national variety trial test useful for 

dissemination to researchers, farmers, and consumers. 
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