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Introduction 

Garlic (Allium sativum L.) is one of the products of 

horticultural plants that have a high demand. High 

demand is based on high consumption. Indonesia is an 

agrarian country that has high demand for garlic 

products and has high consumption, but the consumption 

is not balanced or in accordance with production that is 

capable of or can be produced by the Indonesian country 

so it must carry out the import policy of garlic at the 

time of the high demand of garlic so that the supply of 

garlic in Indonesia increases. Garlic bulbs/tuber is 

widely used as cooking spices. Besides being 

consumed as a cooking spice, it is also consumed either 

as raw vegetables (fresh or dried clove leaves), or after 

being processed in the form of oil, extracts and even 

powder. Garlic is one of the most important tuber crops 

produced by small and commercial farmers for local 

use and export (Metasebia and Shimelis, 1998;    

Diriba-Shiferaw et al., 2013). The main qualities of 

garlic products are the different flavors, as a result of 

complex biochemical reactions (Randle and 

Lancaster, 2002; Doi et al., 2019; Wang et al., 2019; 

Kim et al., 2019; Yang et al., 2019). There are differences 

in chemical composition and, consequently, the content of 

bioactive compounds is observed among available garlic 

formulations (Lanzotti et al., 2014). The center of garlic in 

Indonesia is generally concentrated in Java Island. 

Based on exploration survey, about 72% of garlic 

planting areas are in Java (Buurma, 1991). Most of the 

planting of garlic in Java (66%) conducted in the 

highlands (> 700 m above sea level). The main garlic 

varieties cultivated in the highlands are Lumbu Hijau, 

Tawangmangu, Lumbu Kuning, Gombloh and Tes. 

The need for garlic from year to year continues to 

increase in line with the increasing number of 

population, the improvement of the national economy 

and the increasing public knowledge of the importance 
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Abstract: This study aims to determine the growth patterns of four types of local 

garlic (Allium sativum L.) and to obtain the adaptive appearance of the agronomical 

characteristics with maximum tuber weight in two different altitude places. The 

research was conducted in the Borah garlic farmer garden, Wiyurejo village, Pujon 

subdistrict, Batu city with an altitude of 1200 m above sea level, daily temperature of 

15-20C and average rainfall of 21.400 millimeter/year and in the UB pilot garden of 

Cangar, Tulungrejo Urban village, Bumiaji Sub district, tourism city of Batu with an 

altitude of 1600 m above sea level, daily temperature of 17.5-22.8C and average 

rainfall of 2733 millimeter/year/year. The experimental design used was a Nested 

completely randomized design. The parameters observed were measuring plant 

variables consisting of plant height, number of leaves, leaf area, tuber diameter, tuber 

wet weight, tuber dry weight and tuber dry weight (tons per hectare). The results 

showed that the best growth pattern occurred at an altitude of 1600 m above sea level 

with 10 weeks after planting/meters sea level (weeks after planting). On the other hand, 

the highest weight is found in the type of Atsabe (3.932ton ha1) but not significantly 

different from Saigon (3.735ton ha1) at altitude of 1600 m above sea level as well as 

genotype of Saigon (3.628ton ha1) and Atsabe (3.355ton ha1) at altitude of 1200 m 

above sea level. Besides that, the highest percentage of allicine is found in the varieties 

of Atsabe (19.18%) and the lowest is found in the varieties of Sembalun (4.87%) at an 

altitude of 1200 m above sea level. For the growth and productions of local garlic plants 

from the four varieties, it is recommended to use Saigon and Atsabe genotypes at 

altitudes of 1600 m above sea level and 1200 m above sea level. 
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of nutrition of these commodities. However, this 

increase has not been able to be offset by the increase 

in production. From the references we can identify 

that either the harvest area and production have 

increased from year to year, while yield productivity 

is still low even though it has increased especially 

since 1991 so that it has not been able to meet 

population consumption needs because there is a 

tendency for imports of garlic bulbs/tuber increasing 

from year to year, this is related to a less optimum 

growing environment and high yield loss due to 

inadequate tuber storage techniques at the farmer level 

(Hilman et al., 1991). Thus, it is recommended that the 

use of good and healthy seeds can determine the quality 

of crop yields. Tuber size is one of the factors that can 

affect the presence of vigor, yield and quality 

(Copeland and McDonald, 2001; Goldy, 2000; MACB, 

2008). In essence the farmers use makeshift planting 

material regardless of the size of the bulbs/tuber which 

will guarantee the growth, yield and quality. 

The low production of local garlic one of the reasons 

is the low land area and productivity. In addition, the 

quality of the seeds of garlic used is low, the growing 

environment is less optimum and the high yield loss due 

to inadequate storage techniques is also one of the causes 

of the low production of garlic (Woldewahid et al., 

2010; Tomšik et al., 2019). Apart from its importance 

(increasing the production and productivity of garlic), on 

the one hand, the production of garlic is low, because of 

genetic and environmental factors that affect the yield and 

nature of production (Nonnecke, 1989; Getachew and 

Asfaw, 2000; Widodo et al., 2008; Rai, 1992). Factors 

that affect the availability of garlic in Indonesia, the 

response of the availability of garlic in Indonesia as 

well as the projection of domestic production over the 

next few years so that it can find out Indonesia's ability 

to achieve self-sufficiency especially garlic. This study 

is important to note because to these two heights no 

research has been carried out to explore and 

characterize local Garlic plants by studying the 

morphological and agronomical aspects of plants to 

describe plants as well as patterns of plant growth and 

development. Specifically this research is aimed to 

obtain an adaptive response of growth patterns and has 

the potential for production yield and secondary 

metabolites (quality) from four types of local garlic at 

altitudes of 1200 and 1600 m above sea level. 

Research Methods  

This research was held in two different locations of 

height and was carried out in January 2018 until 

November 2018 and the heights of the different places 

referred to above are: 

a. Plains with an altitude of 1200 m above sea level, in 

the garden of Borah garlic farmer, Wiyurejo village, 
Pujon subdistrict, administrative city of Batu with a 

daily temperature of 15-20C and an average rainfall 

of 21.400 millimeter/year 
b. Highland of 1600 m above sea level, in the pilot 

garden of UB Cangar, urban village of Tulungrejo, 
sub district of Bumiaji, tourism city of Batu with an 

altitude of 1600 m above sea level, the daily 
temperature of 17.5-22.8C and an average rainfall 

of 2733 millimeter/year 

 

Tools and Materials 

The tools used in this study namely; oven, digital 

caliper, analytical scales, hands prayer, measuring 

cylinder, bucket, stirrer, ruler and planting aid (garden 

tools) and the planting material used in the study 

namely local garlic genotype from four genotypes 

(Layur, Saigon, Sembalun and Atsabe), chicken 

manure, NPK Phonska and PGPR basic fertilizers. 

Research Methods 

This study was designed with a nestead randomized 

design with Four treatments, each treatment four 

replications. The first factor is the altitude (T) namely; 

T1 = 1200 m above sea level and T2 = 1600 m above sea 

level the second factor is genotype (V) with four levels 

namely; V1 = Saigon and V2 = Layur, V3 = Atsabe, V4 

= Sembalun. The combination of each altitude with the 

genotype has 16 combinations of unit experiments. 

Research Implementation 

The treatment was carried out in an experimental plot 

after the tillage and preparation of the planting had been 

completed. Planting was carried out by making 1×3 m 

planting plots and planted by drill method at a depth of 5 

cm. The distance between plots 0.3 m and the distance 

between blocks 0.4 m. The spacing used is 20×20 cm with 

a trial plot of 7×3 m. As a basic fertilizer is 15 tonh1 

chicken manure, 800 kg Phonska/h1 and phonska which 

given 2 stages; the first stage is 400 kg as basic fertilizer 

and the second stage is 400 kg at 30 days after 

planting/WAP, 350 kg ZA and two weeks after 

planting/meters sea level PGPR is given. To find out the 

differences in character between provenances that describe 

the genotype, then the observations were made during the 

period of growth from planting to production. 

Maintenance includes; weeding weeds, pest control, 

fertilization and watering. 

Observation Variable 

Observation variables were carried out by 

observing agronomical and morphological 
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characteristics. Plant observations include; plant 

height (cm), number of leaves (strands), leaf area 

(cm), number of cloves per plant, tuber diameter(mm), 

tuber wet weight (kg), tuber dry weight(kg) and tuber 

dry weight tons per hectare (t/ha1). 

Analysis of Plant Growth 

Observations were made on the growth of local 

garlic plants "Layur, Saigon, atsabe and Sembalun" 

namely: Aspects of growth include: Total dry weight 

per plant, total leaf area per plant. 

Data Analysis 

Data from the observations were analyzed using 

SAS software version 9.3.1 (analysis of variance), if it 

shows a significant effect then proceed with the BNJ 

Test at the level of α 0,05. 

Results and Discussion 

From this study it can be concluded that the pattern 

of plant growth in the two soil characteristics at an 

altitude of 1600 m above sea level and 1200 m above 

sea level, can present plant growth from 4 local garlic 

genotypes, starting in plants aged 2, 3, 4, 6, 8, 9, 

10,15 days after planting, As for the growth patterns 

of plant height, number of leaves, leaf area index, 

number of cloves per tuber, fresh weight of tubers and 

dry weight of tuber at an altitude of 1200 m above sea 

level and 1600 m above sea level each are presented in 

the following Table. 

Plant Height 

Based on the results of variance analysis showed 

that the treatment of genotypes at various heights was 

significantly different on the height of the garlic 

plants aged of 2, 4, 6, 8 and 10 weeks after 

planting/meters above sea level the plant height 

increased from 2 weeks after planting/meters above 

sea level until 10 weeks after planting/meters above 

sea level. The response of plant height was started on 

plants aged two weeks after planting/meters above sea 

level where the Sembalun genotype at 1600 m above 

sea level with an average plant height higher (9.53 

cm) but not significantly different from the Atsabe 

genotype treatment (8.51 cm) at an altitude of 1600 m 

above sea level and Sembalun genotype (7.81 cm) at 

an altitude of 1200 m above sea level. In the plant 

aged four weeks after planting/meters above sea level, 

the Sembalun genotype at an altitude of 1600 m above 

sea level has the highest average plant height (16.74 

cm) compared to genotypes at various other heights but 

not significantly different from the Atsabe genotype 

(15.37 cm) at an altitude of 1600 m above sea level. In 

plants aged 6, 8 and 10 weeks after planting, the 

Sembalun genotype at an altitude of 1600 m above sea 

level shows the highest plant height (23.00, 27.99 and 

41.80 cm) compared to genotypes at other heights. As 

for the treatment effect on the height of garlic plants in 

the age of 2, 4, 6, 8 and 10 weeks after planting/meters 

above sea level can be seen in Table 1. 

Leaves Area Index 

Garlic leaves area index on plant aged 2, 4, 6, 8 

and 10 weeks after planting. Growth response of leaf 

area index increased starting from 2 weeks after 

planting to 10 weeks after planting. Growth of leaf 

area index in the observation of 2 weeks after planting 

where the Sembalun genotype (0.61 cm2.tan1) at an 

altitude of 1200 m above sea level shows the leaf area 

index was higher but not significantly different from 

the sembalun treatment at the altitude of 1600 m 

above sea level and saigon genotype (0.57 cm2.tan1) 

at an altitude of 1200 m above sea level. 

 

Table 1: Average of plant height at various ages of local garlic growth towards the place height/altitude 

  Plant height (cm) at the age of weeks after planting (WAP) 

  ----------------------------------------------------------------------------------------------------- 

Altitude (mASL) Genotype 2 4 6 8 10 

1200 (T1) Saigon (V1) 4.56a 9.24A 14.65a 17.85a 21.76b 

 Layur (V2) 5.74abc 9.62Ab 14.46a 16.44a 19.01a 

 Atsabe (V3) 7.00bcd 13.17cd 17.82b 21.70bc 26.79c 

 Sembalun (V4) 7.81de 13.90de 20.52c 23.76cd 32.51d 

1600 (T2) Saigon (V1) 5.30ab 11.10ab 17.75b 20.75b 27.82c 

 Layur (V2) 7.15cd 11.64bc 14.39a 18.39a 20.80ab 

 Atsabe (V3) 8.51de 15.37ef 20.36c 25.12d 31.21d 

 Sembalun (V4) 9.53e 16.74f 23.00d 27.99e 41.80e 

 LSD 1.73 2.02 2.47 2.18 2.37 

 CV (%) 17.1 11.00 9.48 6.95 5.83 

Information: Numbers accompanied by the same letter on the same row and column are not significantly different at the 5% LSD 

test, WAP = Weeks After Planting, CV = Coefficient of Variation. mASL = meters above sea level 
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Table 2: Average of Leaves Area Index at various ages of local garlic plants towards the place heights/altitude 

  Leaf Area Index (cm2 tan1) at the age of Weeks After Planting (WAP) 

  ------------------------------------------------------------------------------------------------------- 

Altitude (mASL) Genotype 2 4 6 8 10 

1200 (T1) Saigon (V1) 0.57de 0.56f 0.93b 0.93b 0.82C 

 Layur (V2) 0.23b 0.29b 0.37a 0.37a 0.29A 

 Atsabe (V3) 0.28bc 0.35c 0.94b 0.94b 0.85B 

 Sembalun (V4) 0.61e 0.62g 1.02b 1.02b 0.99D 

1600 (T2) Saigon (V1) 0.32c 0.35c 0.66bc 0.94b 0.83C 

 Layur (V2) 0.06a 0.25a 0.27a 0.36a 0.52B 

 Atsabe (V3) 0.33c 0.36d 0.76cd 0.96b 0.86C 

 Sembalun (V4) 0.52d 0.55e 0.88e 1.15c 1.05D 

 LSD 5% 0.069 0.026 0.108 0.115 0.093 

 CV (%) 12.95 0.42 12.04 9.46 8.24 

Information: Numbers accompanied by the same letter on the same row and column are not significantly different at the 5% LSD 

test, WAP = Weeks After Planting, CV = Coefficient of Variation., mASL = meters above sea level 

 

In plants aged 4 weeks after planting/meters above 

sea level, the sembalun genotype at an altitude of 1600 

m above sea level showed the highest leaf area index 

(0.74 cm2.tan1) compared to genotypes at other heights 

but not significantly different from the treatment of the 

Sembalun genotype (0.78 cm2.tan1) at an altitude of 

1200 m above sea level. In plants aged 6 weeks after 

planting/mst, Sembalun genotype at an altitude of 1600 

m above sea level shows the highest leaf area index 

(0.88 cm2.tan1) compared to other treatments. In plants 

aged 8 weeks after planting/mst, Sembalun treatment at 

an ltitude of 1600 m above sea level shows the highest 

leaf area index (1.15 cm2.tan1) significantly different 

from other genotypes.  

In plants aged 10 weeks after planting/meters above 

sea level, Sembalun treatment at an altitude of 1600 m 

above sea level shows the highest leaf area index (1.05 

cm2.tan1) but not significantly different from the 

Sembalun genotype (0.99 cm2.tan1) at an altitude of 

1200 m above sea level and the Atsabe genotype (0.85 

cm2.tan1) at an altitude of 1200 m above sea level. 

Number of Leaves 

Based on the results of variance analysis, it was 

shown that the treatment was significantly different 

towards the number of leaves on the plant aged 2, 4, 

6, 8 and 10 weeks after planting/meters above sea 

level. The number of leaves increased starting from 2 

weeks after planting to 10 weeks after planting. The 

response of the number of leaves began in plants aged 

2 weeks after planting where the sembalun genotype 

at an altitude of 1600 m above sea level showed a 

higher number of leaves (0.52 cm2 tan1) and 

significantly different from the Atsabe genotype (0.33 

cm2 tan1) at an altitude of 1600 m above sea level. 

In plants aged 4 weeks after planting/meters above 

sea level, the Sembalun genotype at an altitude of 

1600 m above sea level shows the highest number of 

leaves (0.55 cm2 tan1) but not significantly different 

from the genotype of Atsabe (0.36 cm2 tan1) and 

saigon (0.35 cm2 tan1) at an altitude of 1600 m above 

sea level and the genotype of sembalun (0.62 cm2 

tan1) and Saigon (0.56 cm2 tan1) at an altitude of 

1200 m above sea level. In plants aged 6 weeks after 

planting/meters above sea level, the Sembalun 

genotype at an altitude of 1200 m above sea level 

shows the highest number of leaves (1.02 cm2 tan1) but 

not significantly different from the genotype of Atsabe 

(0.94 cm2 tan1) and Saigon (0.93 cm2tan1) at an altitude 

of 1600 m above sea level and genotype of Sembalun 

(0.88 cm2.tan1) and not significantly different from 

Atsabe (0.94 cm2.tan1) and Saigon (0.93 cm2tan1) at an 

altitude of 1200 m above sea level. 

In plants aged 8 weeks after planting/mst, the 

Sembalun genotype shows the highest number of 

leaves (1.02 cm2 tan1 and 1.15 cm2 tan1) compared to 

other genotypes at an altitude of 1200 and 1600 m 

above sea level. In plants aged 10 weeks after 

planting/mst, the Sembalun genotype at an altitude of 

1200 m above sea level shows the highest number of 

leaves (1.05 cm2 tan1) and but not significantly 

different from the Atsabe genotype (0.86 cm2 tan1) at 

an altitude of 1600 m above sea level. As for the effect 

of treatment towards the number of leaves of garlic 

plants on the age of 2, 4, 6, 8 and 10 weeks after 

planting/meters above sea level can be seen in Table 3. 

Plant yield Components from Four Local Garlic 

Genotypes at an Altitude of 1600 and 1200 m 

Above Sea Level 

The results of the variance analysis showed that the 
altitude and genotype had a significant influence on the 

local garlic plant yield component among 
Sembalun, Saigon, Atsabe and Layur including tuber 
diameter, number of cloves, tuber wet weight, tuber 
dry weight and tuber dry weight per hectare (t ha1). 
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Table 3: Average number of leaves at various ages of plants 

  Number of Leaves (strands) at the age of weeks after planting (WAP) 

  ----------------------------------------------------------------------------------------------- 

Altitude (mASL) Genotype 2  4  6  8  10  

1200 (T1) Saigon (V1) 2.03ab 2.33a 3.20ab 4.00bc 4.83c 

 Layur (V2) 2.20bc 2.75b 2.85a 3.25a 3.28a 

 Atsabe (V3) 2.70c 3.23c 4.05c 5.43d 6.63e 

 Sembalun (V4) 2.55bc 3.35c 4.40cd 5.43d 7.50f 

1600 (T2) Saigon (V1) 1.53a 2.60ab 3.35b 4.20c 5.63d 

 Layur (V2) 2.20bc 2.70ab 3.03ab 3.55ab 3.98b 

 Atsabe (V3) 2.40bc 3.43c 4.23cd 5.60d 6.58e 

 Sembalun (V4) 2.35bc 3.53c 4.60d 6.33e 7.25f 

LSD 0.62 0.41 0.45 0.62 0.47 

CV (%) 19.00 9.39 8.31 9.01 5.70 

Information: Numbers accompanied by the same letter on the same row and column are not significantly different at the 5% LSD 

test; WAP = Weeks after planting, mASL: Meters above sea level 

 

Tuber Diameter 

The average of plant yield component of local 

garlic at harvest due to altitude and type of genotype. 

The results of the variance analysis showed that the 

highest average tuber diameter in the Saigon genotype 

(4.34 mm) at an altitude of 1200 m above sea level 

and significantly different from the genotype at other 

heights while the smallest average tuber diameter was 

found in the Layur genotype (1.91 mm) at an altitude 

of 1200 m above sea level. 

Number of Cloves Per Tuber 

The genotypes at various heights have significantly 

different towards the number of cloves per tuber. The 

results of the variance analysis showed that the 

highest average number of cloves per tuber in the 

Saigon genotype (8.2) at an altitude of 1200 m above 

sea level and was significantly different from other 

genotypes while the least average number of cloves per 

tuber in the Layur genotype (4.2) at an altitude of 1200 

m above sea level. 

The Weight of Tubers Per Plot 

Based on the results of variance analysis showed 

genotypes at various heights were significantly 

different towards tuber weight per plant. The highest 

average tuber weight per plant is in the Saigon 

genotype (4.982 kg) at an altitude of 1200 mASL and 

significantly different from other genotypes. While 

the smallest average tuber weight per plant was found 

in the Layur genotype (1.526 kg) at an altitude of 

1200 m above sea level. 

Tuber Dry Weight Ton Per Hectare 

Based on the results of the variance analysis, 

showed the highest average weight of dry tubers 

ton/ha (t ha1) was found in the Atsabe genotype 

(3.932) at an altitude of 1600 mASL but not 

significantly different from the Saigon genotype 

(3.735) at an altitude of 1600 mASL and the genotype 

Saigon (3.628) and Atsabe (3.355) at an altitude of 

1200 m above sea level. 

The Content of Allicin Compounds 

Based on the qualitative analysis result of the content 

of bioactive compounds contained from the 4 local garlic 

genotypes at an altitude of 1200 m above sea level 

showed that the Atsabe genotype had a highest Allicin 

content but was significantly different from the genotype 

of Saigon and Layur while the lowest quality of allicin is 

found in the Sembalun genotype. 

The results of the variance analysis showed that the 

highest percentage of allicine levels was found in the 

Atsabe (19.18%) at an altitude of 1200 m above sea level 

but not significantly different from the Saigon (15.75%) 

at an altitude of 1600 m above sea level, while the 

smallest percentage of allicine was found in the 

Sembalun genotype (4.87%) at an altitude of 1200 m 

above sea level. And also that the qualitative analysis 

result of allicine with LC-MS/MS for the percentage of 4 

local Garlic varietas at altitude 1200 m above sea level 

was the highest in the Atsabe which had the highest level 

of allicine compounds and not different from the Saigon 

genotype but significantly different from other varieties. 

Whereas for the genotype in Cangar, the highest 

percentage of allicine compounds from the 4 local Garlic 

genotypes found in the Saigon genotype was not 

different from the Layur but was significantly different 

from the Sembalun varieties. (Khar et al., 2011) also 

observed the presence of variations in sulfoxide content 

among 93 garlic ecotypes and stated that breeding status, 

morphological features (tuber color) and place of origin 

had a significantly lower influence on chemical 

composition than the genetic background of the cultivar 

concerned. According to (Beato et al., 2011), the 

selection of cultivars can be a useful way to increase the 
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total phenolic and ferulic acid content, regardless of 

growth conditions. (Chen et al., 2013). Allicine is 

unstable (Amagase, 2006), so prone to further reactions, 

depending on processing conditions or other external 

factors such as storage, temperature, etc. 

Discussion 

Apparently, based on the Table presented above, 

starting from age of plant roots appears, the number of 

roots, root length, plant height, number of leaves, 

leaves area index, stem diameter, tuber diameter per 

plant, number of cloves per tuber, tuber wet weight, 

tuber dry weight, both types of land are both increasing 

but there are big differences. At an altitude of 1600 m 

above sea level, observations of all the variables that 

have been produced are much higher than those on the 

ground at an altitude of 1200 m above sea level, where 

this occurs because of the variety of soil characteristics. 

Differences in soil quality as plant media influence 

plant growth and development. Plant growth and 

development are life processes and propagation where 

it depends on the results of assimilation, hormones and 

growth of substances and environments that support 

and produce growth patterns (Gardner et al., 1991). 

The pattern of plant growth from four types of garlic 

at different heights showed that the Sembalun genotype 

with the response of the number of leaves, leaf length, 

leaf width, leaves area index, plant height and garlic 

biomass is the highest compared to other genotypes 

planted in two different places. Growth in the number of 

leaves on local garlic plants planted at an altitude of 

1200 m above sea level is less than the garlic plants 

planted at an altitude of 1600 m above sea level and 

show stunted growth. This is related to the 

characteristics of the soil in Pujon which has a high 

acidity level, namely; pH 5.3 (H2O), 4.6 (KCl) with C-

organic 1.12%, N total 0.13%, C/N 9, P. Bray 36.57 mg 

kg1, CEC 26.97 me/100g, Wet saturation 51%, 

containing 41% sand, 33% dust, 26% clay with loam 

texture (Analysis of the Laboratory of Soil Chemistry 

at Universitas Brawijaya, 2018). The low pH content 

causes a high level of soil acidity which will cause low 

soil fertility and become an obstacle in its utilization 

(McCormack, 2012). High soil acidity also results in 

delays in the availability of nutrients both macro and 

micro nutrients and poor drainage as well as hydrolysis of 

organic acids (Goronski et al., 2010). Limin et al. (2000) 

added that the high Cation Exchange Capacity (CEC) and 

low wet saturation will also be obstacles so that the plants 

are unable to grow and develop better. This can be seen 

from plants that grow languish and the number of leaves is 

relatively small. Conversely, the pattern of growth in the 

number of leaves at an altitude of 1600 m above sea level 

tends to be more than the height of 1200 m above sea 

level. At that height, it has a fairly good aeration, drainage 

and organic matter content. Soil characteristics in Cangar 

have a pH content of 5.7 (H2O), 4.9 (KCl) with C-organic 

4.00%, N total 0.47%, C/N 8, P. Bray 21.45 mg kg1, CEC 

33.90 me/100g, Wet saturation 50%, containing 41% 

sand, 46% dust, 13% clay with loam texture (sandy loam). 

This type of soil is predominantly sandy so it has 

porous soil with sufficient C-organic (4.00%), C/N 8 

and CEC 33.90 me/100g make the land able to 

withstand the availability of water in the soil and 

provide a better growing environment to support the 

growth and development of local garlic plants. Soils 

with high organic matter content will be preferred 

because they have higher moisturey and nutrient-

retaining capacity and are less susceptible to cracking 

and compaction. (Bodnar et al., 1998). The use of 

organic fertilizers helps in structuring loam soils to 

open and enter water penetration to root and drainage, 

both of which are needed for satisfying plant growth 

(Eimhoit et al., 2005). Although garlic is a plant that is 

bred asexually and reproduces only in a vegetative 

manner, a large number of different ecotypes diversity 

have evolved over time in various areas of cultivation 

(Bradley et al. 1996; Avato et al., 1998; Baghalian et al., 

2005). Different ecotypes show large morphological 

diversity in tuber and leaf size, color and shape, 

presence of scales and height, as well as flower color, 

fertility and development of tubers (topset) during 

inflorescence (Pooler and Simon, 1993). Thus, 

evaluation on the genetic resources of garlic through 

morphological properties and molecular markers will 

enable us to better understand variations between 

accessions and choose accessions that are in 

accordance with the desired character for breeding 

programs. The difference in soil quality as a growing 

medium will affect plant growth and development. 

Table 2, showing the results of plant growth from the 

4 types of garlic at different heights shows the result that 

the Sembalun genotype with the highest garlic leaf area 

index response compared to other genotypes treatment at 

the two different places. Leaf area index in local garlic 

plants which planted at an altitude of 1200 meters above 

sea level is less than the garlic plants that planted at an 

altitude of 1600 meters above sea level and shows 

stunted growth. This is related to the characteristics of 

the soil in Pujon which has a high acidity and clay 

texture, A low pH content causes a high level of soil 

acidity which will cause soil fertility to be low and 

become an obstacle in plant utilization (McCormack, 

2012; Goronski et al., 2010). On the other hand, the 

growth pattern of number and leaf area index at an altitude 

of 1600 meters above sea level tends to be more than the 

height of 1200 meters above sea level. Because at this 

height has good aeration, drainage and organic material 
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contents. Soil characteristics in Cangar have the content of 

pH 5.7 (H2O), 4.9 (KCl) with C-organic 4.00%, N total 

0.47%, C/N 8, P.Bray 21.45 mg kg1, KTK 33.90 

me/100g, Wet saturation 50%, containing 41% sand,  46% 

dust, 13% clay with loam texture (sandy loam). The 

difference in soil quality as a growth medium will affect 

plant growth and development. Plant growth and 

development is a process of life and propagation in which 

it depends on the results of assimilation, hormones, and 

the growth of substances and the environment that support 

and produce growth patterns (Gardner et al., 1991). 

The growth and development of the plant is a 

process in life and propagation which depends on the 

results of assimilation, hormones and substances of 

environmental growth that support and produce a 

pattern of growth (Gardner et al., 1991; Saleem et al., 

2019; Mok, 2019; Gamez et al., 2019; Suresh et al., 

2019). The availability of nitrogen is very important 

for plant growth because these compounds are the 

main proetin constituents and the main and 

irreplaceable amino acid molecules. This compound is 

also an integral part of the chlorophyll molecule, 

which is responsible for photosynthesis. Adequate 

nitrogen supply will be associated with strong 

vegetative growth and more efficient use of inputs 

available which leads to higher productivity.The 

findings of this study are close to the results found by 

Naruka and Dhaka (2001), Yadav (2003), Banafar and 

Gupta (2005), Sharma and Aggarwal (2008) and 

Naruka et al. (2005). The diversity of the 

morphological properties of plant germplasm resources 

plays a significant role for breeding programs. Variations 

found in qualitative properties are very useful in 

identifying germplasm and in developing new varieties 

and quantitative properties direct the results of 

production (Panthee et al., 2006). 

Table 4, the yield components of 4 varieties, namely 

among others seen from the variable of tuber diameter, 

number of cloves, wet and dry weight of 10 days after 

harvest, Saigon and Atsabe varieties at an altitude of 

1200 mpl showed the best results compared to the 

treatment of other varieties and Sembalun varieties at an 

altitude of 1600 meters above sea level has a good tuber 

diameter and number of cloves but there is a decrease in 

dry weight. This depends on the qualitative and 

quantitative nature of garlic accessions showing wide 

variations, especially in a number of quantitative 

properties involved in plant growth and tuber 

development. In addition, a number of properties which 

connected to the number of cloves, tuber diameter, tuber 

weight and yield. Because tubers are the most frequently 

consumed garlic organs. The tuber yield is the most 

important properties for garlic and has been widely 

evaluated by a number of researchers in previous studies 

(Baghalian et al., 2006; Jabbes et al., 2012), found that 

the yields were strongly influenced by the following 

characteristics: number of cloves, weight of cloves, tuber 

diameter and yield of dry weights. According to 

Baghalian et al. (2005) found a significant positive 

correlation between the average weight of the number of 

cloves, weight of cloves and tubers, negative correlation 

between the average weight of the clove and the number 

of cloves. Raju et al. (2013) get similar results based on 

the garlic genotype. Along with the opinions of     

Mishra et al. (2013) found that garlic genotypes also had 

significant differences in morphological character.  

Table 5, shows that allisin compounds from the 4 

local garlic genotypes, the highest found in the Atsabe 

varieties and not different from the Saigon genotypes but 

were significantly different from the Sembalun 

genotypes. Khar et al. (2011) also observes variations in 

sulfoxide content among 93 garlic ecotypes and stated 

that breeding status, morphological features (tuber color) 

and place of origin had a significantly lower effect on 

chemical composition than the genetic background of the 

relevant cultivar. According to Beato et al. (2011), 

selection of cultivars can be a useful way to increase the 

total phenolic and ferulic acid content, regardless of 

growing conditions. Chen et al. (2013). Allisin is 

unstable (Amagase, 2006), so that easy to experience 

further reactions, depending on processing conditions or 

other external factors such as genotype and environment 

(altitude, temperature, soil type, aeration and drainage), 

storage, temperature, etc. 

The qualitative and quantitative nature of garlic 

accession shows wide variation, especially in a 

number of quantitative properties involved in plant 

growth and development of tubers. In addition, a 

number of properties which connected to the bolt, bolt 

length, basal bolt diameter, tuber diameter, tuber 

weight, spathe length and spathe width, because the 

tuber is the most commonly consumed garlic 

organ.Tuber yield is the most important properties for 

garlic and has been evaluated by a number of 

researchers in previous studies (Baghalian et al., 

2006; Jabbes et al., 2012) found that the yield was 

strongly influenced by the following properties: Clove 

weight, tuber weight and diameter, number of leaves per 

plant and stem length. According to (Baghalian et al., 

2005) found a significant positive correlation between 

the average weights of cloves and tubers, the negative 

correlation between the average weights of cloves and 

number of cloves. Raju et al. (2013) get similar 

results based on the garlic genotype. Along with the 

opinions of Mishra et al. (2013) who found that the 

garlic genotype also had a significant difference in 

terms of its morphological character. 
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Table 4: Average yields component of 4 local garlic genotypes at harvest at an altitude of 1200 m above sea level and 1600 meters 

above sea level 

Altitude (mASL) Genotype Tuber diameter (mm) No of cloves/tuber Wet weight (kg) Dry weight (t ha1) 

1200 (T1) Saigon (V1) 4.34d 8.2G 4982c 3.628d 

 Layur (V2) 1.91a 4.2A 1526a 1.373a 

 Atsabe (V3) 3.17bc 6.9D 4383bc 3.355d 

 Sembalun (V4) 3.11bc 7.8F 4133b 2.239c 

1600 (T2) Saigon (V1) 2.87b 5.3B 4903c 3.735d 

 Layur (V2) 1.95a 5.8C 1626a 1.477ab 

 Atsabe (V3) 3.14bc 7.3E 3922b 3.932d 

 Sembalun (V4) 3.48c 5.8C 4072b 2.208bc 

LSD 5% 4.49 0.37 746.77 759.2 

CV (%) 10.27 3.95 13.85 18.98 

Information: Numbers accompanied by the same letter on the same row and column are not significantly different at the 5% LSD 

test; mm: Millimeter, CV = coefficient of variation, mASL= meters above sea level 
 
Table 5: Average analysis results of the compounds content of Allicin Level with LC-MS/MS from 4 local Garlic genotypes at 

altitude of 1200 and 1600 m above sea level 

Altitude (mASL) Genotype Allicin level (%) 

1200 (T1) Saigon (V1) 15.59f 

 Layur (V2) 11.35d 

 Atsabe (V3) 19.18h 

 Sembalun (V4) 4.87  

1600 (T2) Saigon (V1) 15.75g 

 Layur (V2) 10.74c 

 Atsabe (V3) 15.16e 

 Sembalun (V4) 7.57b 

LSD  0.042 

CV (%)  4.76 

 Information: Numbers accompanied by the same letter on the same row and column are not significantly different at the 5% LSD 

test, CV = coefficient of variation, mASL = meters above sea level 

 

Conclusion 

Both of these heights have diverse soil characteristics 

and different fertility levels but both tend could be used 

as a growing medium of garlic plants. At an altitude of 

1600 m above sea level and 1200 m above sea level both 

have a texture of sandy loam soil (sandy loam) but at an 

altitude of 1600 m above sea level has organic material 

that is high enough to provide the high plant growth 

patterns, number of leaves, tuber wet weight, tuber dry 

weight and bioactive compounds that are better than the 

altitude of 1200 m above sea level. 

From the research results showed that the best growth 

pattern occurs at an altitude of 1600 m above sea level 

with 10 WAP (Weeks After Planting). Besides that, the 

highest weight is found in the Atsabe (3.932 kg ha1) at 

an altitude of 1600 m above sea level as well the Saigon 

(3.628 kg ha1) and Atsabe (3.355 kg ha1) genotype at 

an altitude of 1200 m above sea level, also the highest 

percentage of allicine was found in the Saigon (19.18%) 

and the lowest was found in Sembalun (4.87%) at an 

altitude of 1200 m above sea level. For the growth of 

local garlic plants from the 4 varieties, it is 

recommended to use Saigon and Atsabe varieties at 

altitudes of 1600 mASL and 1200 m above sea level. 

Acknowledgement 

To laboratory staff Mr. Kaliwan, Mr. Kamari who 
helped my research and Mr. Ferry and Mr. Ameruhlo 
(ATP cangar garden head) who have provided land for 
research. Thank you to my family, who faithfully 
supported with the prayer for the success of my study.  

Author’s Contributions 

All authors contributed in collecting and analyzing 
data. All authors participated in writing every part of this 
study. All authors read and approved the final version. 

Ethics 

This manuscript has not been published or presented 
elsewhere in part or in entirely and is not under 
consideration by another journal. All the authors have 
approved the manuscript and agree with submission to 
the esteemed journal. There are no conflicts of interest to 
be declared. 

References 

Amagase, H., 2006 Clarifying the real bioactive 

constituents of garlic. J. Nut., 136: 716-725. 



Julio D.J. Gomes et al. / OnLine Journal of Biological Sciences 2019, 19 (4): 203.212 

DOI: 10.3844/ojbsci.2019.203.212 

 

211 

Avato, P., V. Miccolis and F. Tursi, 1998. Agronomic 

evaluation and essential oil content of garlic 

(Allium sativum L.) ecotypes grown in southern 

Italy. Adv. Hortic. Sci., 4: 201-204. 

Baghalian, K., M.R. Naghavi, S.A. Ziai and H.N. 

Badi, 2006. Postplanting evaluation of 

morphological characters and allicin content in 

Iranian garlic (Allium sativum L.) ecotypes. Sci. 

Hortic., 107: 405-410. 

 DOI: 10.1016/j.scienta.2005.11.008. 

Baghalian, K., S.A. Ziai, M.R. Naghavi, H.N. Badi 

and A. Khalichi, 2005. Evaluation of allicin 

content and botanical traits in Iranian garlic 

(Allium sativum L.) ecotypes. Sci. Hortic., 103: 

155-166. DOI: 10.1016/j.scienta.2004.07.001. 

Banafar, R.N.S. and N.K. Gupta, 2005. Effect of 

fertilizer mixture with and without sulphur on 

quality of onion. National Seminar on Agro-

technology, Quality, Processing and Export of 

Spices, J.N.K.V.V. Jabalpur. 

Beato, V.M., F. Orgaz, F. Mansilla and A. Montaño, 

2011. Changes in phenolic compounds in garlic 

(Allium sativum L.) owing to the cultivar and 

location of growth. Plant Foods Hum. Nutr., 66: 

218-223. DOI: 10.1007/s11130-011-0236-2. 

Bodnar, J., B. Schumacher and J. Uyenaka, 1998. 

Garlic production. Agricultural and Rural 

Division, Davis, California, USA.  

Bradley, K., Rieger and G.G. Collins, 1996. 

Classification of Australian garlic cultivars by 

DNA fingerprinting. Anim. Prod. Sci., 36: 613-618. 

DOI:10.1071/ea9960613 

Buurma, J., 1991. Statistical information on garlic. 

Research Report., ATA 395 Project. 

Chen, S., X. Shen, S. Cheng, P. Li and J. Du, et al., 

2013. Evaluation of garlic cultivars for 

polyphenolic content and antioxidant properties. 

PLoS ONE, 8: e79730-e79730. 

 DOI: 10.1371/journal.pone.0079730 

Copeland, L.O., and M.B. McDonald, 2001. Seed Vigor 

and Vigor Testing. In: Principles of Seed Science 

and Technology, Copeland, L.O., and M.B. 

McDonald (Eds.), Springer, Boston, MA., 

 ISBN-10: 0792373227, pp: 165-191. 

Diriba-Shiferaw, G., R. Nigussie-Dechassa, W. 

Kebede, T. Getachew and J.J. Sharma, 2013. 

Growth and nutrients content and uptake of garlic 

(Allium sativum L.) as influenced by different 

types of fertilizers and soils. Sci. Technol. Arts 

Res. J., 2: 35-50. DOI: 10.4314/star.v2i3.98727 

Doi, T., M. Wang and D.J. McClements, 2019. Emulsion-

based control of flavor release profiles: Impact of oil 

droplet characteristics on garlic aroma release during 

simulated cooking. Food Res. Int., 116: 1-11. 

 DOI: 10.1016/j.foodres.2018.12.056 

Eimhoit, S., P. Schjonning and L.J. Munkholm, 2005. 

Soil aggregation-a matter of proper management. 

Danish Research Centre for Organic.  

Gamez, R., M. Cardinale, M. Montes, S. Ramirez and 

S. Schnell et al., 2019. Screening, plant growth 

promotion and root colonization pattern of two 

rhizobacteria (Pseudomonas fluorescens Ps006 

and Bacillus amyloliquefaciens Bs006) on banana 

cv. Williams (Musa acuminata Colla). Microb. 

Res., 220: 12-20. 

 DOI: 10.1016/j.micres.2018.11.006 

Gardner, F.P., R.B. Pearce and R.L. Mitchell, 1991. 

Physiology of Crop Plants. Lowa State University 

Press, ISBN-10: 081381376X, pp: 327. 

Getachew, T. and Z. Asfaw, 2000. Research 

achievements in garlic and shallot. Research 

Report. No. 36. Ethiopian Agricultural Research 

Organization, Addis Ababa. Ethiopia. 68. 

Goldy, R., 2000. Producing garlic in Michigan. 

Southwest Michigan Research and Extension 

Center. Extension Bulletin e-2722, Michigan 

State University. 

Goronski, J., U. Beer, M. Johnson and C. Jocelyn, 2010. 

Improving and preparing soil for growing garlic in 

Gloucester and surrounding areas. The Gloucester 

Project Inc. www.theglocesterproject.org.au 

Hilman, Y., R. Rosliani and E.R. Palupi, 2014. Pengaruh 

ketinggian tempat terhadap pembungaan, produksi, 

dan mutu benih botani bawang merah. J Hort., 24: 

154-161. 

Jabbes, N., I. Arnault, J. Auger, B. Al Mohandes Dridi 

and C. Hannachi, 2012. Agro-morphological 

markers and organo-sulphur compounds to assess 

diversity in Tunisian garlic landraces. Sci. Hortic., 

148: 47-54. DOI: 10.1016/j.scienta.2012.08.013. 

Khar, A., K. Banerjee, M.R. Jadhav and K.E. 

Lawande, 2011. Evaluation of garlic ecotypes for 

allicin and other allyl thiosulphinates. Food 

Chem., 128: 988-996. 

 DOI: 10.1016/j.foodchem.2011.04.004 

Kim, J.H., H.J. Jang and C.H. Lee, 2019. Effect of aged 

garlic powder on physicochemical characteristics, 

texture profiles and oxidative stability of ready-to-

eat pork patties. Asian-Aus. J. Anim. Sci., 32: 1027. 

DOI: 10.5713/ajas.18.0689 

Lanzotti, V., F. Scala and G. Bonanomi, 2014. 

Compounds from Allium species with cytotoxic and 

antimicrobial activity. Phytochem. Rev., 13: 769-791. 

DOI: 10.1007/s11101-014-9366-0 

Limin, S., Layuniati and Y. Jamal, 2000. Utilization on 

inland peat for food crop comodity development 

requires high input and is detrimental to peat swamp 

forest ecosystem. Proceedings of the International 

Symposium on Tropical Peat Land, Nov. 22-23, 

Bogor Indonesia.  

http://www.theglocesterproject.org.au/


Julio D.J. Gomes et al. / OnLine Journal of Biological Sciences 2019, 19 (4): 203.212 

DOI: 10.3844/ojbsci.2019.203.212 

 

212 

MACB, 2008. Garlic. National Bureau of Agricultural 

Commodity and Food Standards, Ministry of 

Agriculture and Cooperatives of Bangkok, 

Chatuchak, Bangkok, ICS 67.080.20,  

McCormack, J., 2012. Garlic and perennial onion 

growing guide. Southern Exposure Seed Exchange. 

Metasebia, M. and H. Shimelis, 1998. Proceeding of the 

15th Annual Research and Extension Review 

Meeting, Alemaya Research Centre. Alemaya Univ. 

Agr., pp: 216-235. 

Mishra, R.K., K. Prasad, S. Pandey and R.P. Gupta, 

2013. Evaluation of garlic accessions for growth, 

yield, quality and resistanceto stemphylium blight 

disease in northern India. Int. J. Plant Res., 26: 

291-296. DOI: 10.5958/j.2229-4473.26.2.087 

Mok, M.C., 2019. Cytokinins and Plant 

Development. Cytokinins: Chemistry, Activity and 

Function, Mok, D.W.S. (Ed.), CRC Press, 

 ISBN-10: 1351088181, pp: 155-166. 

Naruka, I.S. and R.S. Dhaka, 2001. Effect of row 

spacing and nitrogen fertilization on growth, yield 

and composition of bulb in garlic (Allium sativum 

L.) cultivars. J. Spices Aro. Crops, 10: 111-117. 

Naruka, I.S., P.P. Singh, S.S. Rathore and M. Singh, 2005. 

Response of garlic (Allium sativum L.) Cultivars to 

Nitrogen Fertilization and Crop Geometry on 

Composition of Bulb. In: National Seminar on Agro-

technology, Quality, Processing and Export of Spices, 

J.N.K.V.V. Jabalpur, pp: 52-52. 

Nonnecke, I., 1989. Vegetable Production. 1st Edn., 

New York, pp: 657.  

Nonnecke, I., 1989. Vegetable Production. 1st Edn., 
Springer Science and Business Media, New York, 

ISBN-10: 0442267215, pp: 657.  

Panthee, D.R., R.B. Kc, H.N. Regmi, P.P. Subedi and 

S. Bhattarai et al., 2006. Diversity analysis of 

garlic (Allium sativum L.) germplasms available 

in Nepal based on morphological characters. 

Genet. Resour. Crop Evol., 53: 205-212. 

DOI:10.1007/s10722-004-6690. 

Pooler, M.R. and P.W. Simon, 1993. Characterization 

and classification of isozyme and morphological 

variation in a diverse collection of garlic clones. 

Euphytica, 68: 121-130. 
 DOI: 10.1007/BF00024161 

Rai, I.N., 1992. Tanggap Pertumbuhan dan Hasil Tiga 

Varietas Bawang Putih (Allium sativum L.) 

Dataran Rendah terhadap Kadar Air Tanah pada 

Tanah Latosol. Thesis. Program Pascasarjana 

IPB, Bogor. 

Raju, P., P.K. Jain, G. Avneesh and D.S. Sasode, 2013. 

Morphological variability and character association in 

diverse collection of garlic germplasm. Afr. J. Agric. 

Res., 8: 2861-2869. DOI: 10.5897/AJAR12.551 

Randle, W.M. and J.E. Lancaster, 2002. Sulphur 

Compounds in Alliums in Relation to Flavour 

Quality. In: Allium Crop Science: Recent Advances, 

Rabinowitch, H.D. and L. Currah (Eds.), CABI, 

ISBN-10: 0851995101, pp: 329-356. 

Saleem, M., J. Hu and A. Jousset, 2019. More than the sum 

of its parts: Microbiome biodiversity as a driver of 

plant growth and soil health. Ann. Rev. Ecol. Evolut. 

Syst. DOI: 10.1146/annurev-ecolsys-110617-062605 

Sharma, J.P. and B. Aggarwal, 2008. Sulphur-a boon in 

agriculture. Intensive Agric., 2: 30-32. 

Suresh, A., S. Soundararajan, S. Elavarasi, F.L. Oscar and 

N. Thajuddin, 2019. Evaluation and characterization 

of the plant growth promoting potentials of two 

heterocystous cyanobacteria for improving food 

grains growth. Bioca. Agric. Biotec., 17: 647-652. 

DOI: 10.1016/j.bcab.2019.01.002 

Tomšik, A., L. Šarić, S. Bertoni, M. Protti and B. 

Albertini et al, 2019. Encapsulations of wild garlic 

(Allium ursinum L.) extract using spray congealing 

technology. Food Res. Int., 119: 941-950. 

Wang, M., T. Doi and D.J. McClements, 2019. 

Encapsulation and controlled release of hydrophobic 

flavors using biopolymer-based microgel delivery 

systems: Sustained release of garlic flavor during 

simulated cooking. Food Res. Int., 119: 6-14. 
 DOI: 10.1016/j.foodres.2019.01.042 

Widodo, W., N. Kondo., K. Kobayashi and A. Ogoshi, 

2008. Vegetative compatibility groups within 

Fusarium oxysporum f. sp. cepae in Hokkaido Japan. 

Microbiol. Indones., 21: 39-43. DOI: 10.5454/mi.2.1.8 

Woldewahid, G., B. Gebremedhin, K. Berhe and D. 

Hoekstra, 2010. Improving livelihood of small-scale 

farmers through market led irrigated crops: case study 

from Tigray, Northern Ethiopia. Proceedings of the 

Conference on International Research on Food 

Security, Sept. 14-16, ETH Zurich, pp: 1-4. 

Yadav, P.K., 2003. Effect of nitrogen and potassium on 

growth and yield of garlic (Allium sativum L.) in 

western Rajasthan. Har. J. Hortic. Sci., 32: 290-291. 

Yang, P., H. Song, L. Wang and H. Jing, 2019. 

Characterization of key aroma-active compounds in 

black garlic by sensory-directed flavor analysis. J. 

Agric. Food Chem., 67: 7926-7934. 

 DOI: 10.1021/acs.jafc.9b03269 


