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Abstract
Background and Objective: Variations in chlorophyll content, stomatal density and cuticle thickness in plants are determined by plant
genetic  factors  and  plant  growth  environment.  The  objective  of  the  study  is  to  evaluate  the  physiological  characteristics  of
shallots in the lowlands and highlands. Materials and Methods: This study used a survey method in shallot cultivation sites in the
highlands (>700 m asl) and lowlands (<700 m asl), on May-August, 2021, by taking samples of shallot varieties. Analysis of chlorophyll
content, stomatal density and cuticle thickness was carried out at the laboratory. Result: The result showed that the highest chlorophyll
a and total chlorophyll were found in shallot of Lokananta variety from Saran Padang 1 (highland). The highest stomatal density was found
in the shallots of the Sanren F1 variety (Panei Simalungun). The thickest cuticle was found in the Lokananta variety in Dolok Sanggul 2
(highland). Conclusion: There are variations in chlorophyll, stomatal density and cuticle thickness in the highlands and lowlands. The
stomatal density of shallot varieties at each location varied between 57.48-118.83 units stomata. mmG2. The variation of cuticle thickness
ranged from 5071.66-32428.07 µm.
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INTRODUCTION

Shallots (Allium ascalonicum) is a leading spice and
horticultural commodity that acts as a food flavouring
ingredient, a mixture of food industry ingredients ornamental
plants and functional foods because of their bioactive
substances that can cure various diseases. Shallots contain
carbohydrates, amino acids, minerals, enzymes, vitamins A, B
and C,  sulfur  compounds  and  several  bioactive  compounds
in shallots including quercetin, saponins, essential oils, allicin
and  allicin1-4.  The  efficacy  of   quercetin   in   shallots   is   for
the prevention  and  treatment  of  coronary  heart  disease,
cancer, obesity, diabetes, hypertension, digestive disorders,
osteoporosis asthma, neurodegenerative disorders,
hypercholesterolemia, allergies, arthritis, cataracts and
leukaemia5-12. 

In general, bulbs of shallot are consumed, while the leaves
are not commonly consumed. In contrast to green onions,
which are consumed by the leaves and become an important
export commodity for several countries, such as the
Netherlands and Egypt. It has been used for vegetables and
spices around the world for centuries13. Green shallot in
Indonesia is sold at high prices for limited consumption of
Chinese cuisine and local dishes14.

The main part of the leaf that plays a role in the process of
photosynthesis is chlorophyll. Chlorophyll is a pigment that
plays a role in the photosynthesis process of plants by
absorbing and converting light energy into chemical energy.
The three main functions of chlorophyll in the process of
photosynthesis are to utilize solar energy, triggers  CO2 fixation
to produce carbohydrates and provide energy for the
ecosystem as a whole. Carbohydrates produced in
photosynthesis is converted into protein, fat, nucleic acids and
other organic molecules. Chlorophyll absorbs light in the form
of electromagnetic radiation in the visible spectrum. Sunlight
contains all colours of the visible spectrum from red to violet
but not all long waves are well absorbed by chlorophyll.
Chlorophyll can accommodate light absorbed by other
pigments through photosynthesis, so chlorophyll is referred to
as photosynthetic reaction centre pigment. Higher plants have
two types of chlorophyll namely chlorophyll a (C55H72O5N4Mg)
which is dark green and chlorophyll b (C55H70O6N4Mg) which
is coloured light green. Chlorophyll a and chlorophyll b most
strongly absorbs light in the red part (600- 700 nm) and
absorbs the least light green (500-600 nm)15. 

 Until now, research on shallots that have been reported
mainly on shallots as medicinal plants and spices16-17, the
effect  of fertilization and the use of plant growth regulator on

shallots18-20 but studies that examine the physiological
characteristics of shallot varieties planted in the highlands and
lowlands have not been widely reported.

 Based on this background, this study aimed to evaluate
the physiological characteristics of shallots in the lowlands
and highlands.

MATERIALS AND METHODS

Time and location: This study used a survey method in shallot
cultivation sites in the highlands (>700 m asl) and lowlands
(<700 m asl), on May-August, 2021. Based on the survey
results,  obtained  14  shallot  planting  locations  consisting  of
3 locations in the lowlands (Patumbak, Batang Kuis and Pantai
Cermin) and 11 locations of shallot cultivation in the highlands
(Saran Padang 1, Saran Padang 2, Saran Padang 3, Saran
Padang 4, Saran Padang 5, Berastagi, Dolok Sanggul 1, Dolok
Sanggul 2, Dolok Sanggul 3, Panei Simalungun, Barus Jahe).

Analysis of chlorophyll content, stomatal density and
cuticle thickness was carried out at the Plant Physiology
Laboratory, Faculty of Mathematics and Natural Sciences,
Universitas Sumatera Utara, Medan.

Materials: The research materials used were shallot plants of
various varieties in the highlands and lowlands, clear nail
polish, acetone, glass preparations, deck glass, paper bags,
name tags  and filter paper. The equipment used consisted of
a cuvette, spectrophotometer, microscope, microtome,
sample vial, mortar and pestle.

Research design: The research was conducted in two stages,
namely the first stage of descriptive exploratory research,
while the second stage of analytical research. The first phase
of the research used a survey method by collecting field data
in the form of highland and lowland shallot plants. The second
stage of the research was the analysis of the physiological
characteristics of shallots from TSS in the highlands and
lowlands. The samples obtained were grouped by location,
then analyzed for chlorophyll content, stomatal density and
cuticle thickness.

Procedures: The shallot plant samples obtained were then
taken to the laboratory for analysis. The determination of
chlorophyll content refers to the method described by
Kobayashi et al.21. The method of determining the chlorophyll
content was carried out by weighing 0.1 g of leaf fresh shallot
samples from each location, then extraction with 10 mL 80%
acetone  solution. Next, each extract was filtered through filter
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paper and its absorbance was measured using a UV Vis
spectrophotometer at wavelengths of 645 and 663 nm.
Determination of chlorophyll content was carried out with the
equation:

(12.7 A663)-(2.69 A645)Chlorophyll a =  
10

 

(922.9 A645)-(4.68 A663)Chlorophyll b  = 
10

 

(98.02 A663)+(20.2 A645)Total chlorophyll =  
10

 

The unit of chlorophyll is expressed in mg gG1 of leaf fresh
weight.

Leaf stomatal density in shallots was determined by the
method of printing stomata using transparent nail polish on
the surface of the lower leaves of the shallots, then dried and
carefully removed. The impressed stoma was observed under
a microscope to obtain a clear visuality with a magnification of
40×10). Determination of stomata density is calculated by the
equation:

Number of stomataStomatal density = 
Wide field of view

Stomatal density is expressed based on the total number
of stomata observed per area (unit.mmG2)22. Variables
observed at the incision The transverse leaf is the thickness of
the lower cuticle layer (abaxial) of the shallot leaf. The cuticle
thickness unit used is µm.

Data analysis: Data were analyzed by analysis of variance and
continued with DMRT 5% if there was a treatment that had a
significant effect.

RESULTS AND DISCUSSION

Content of chlorophyll: Based on Table 1, it can be seen that
there are variations in chlorophyll content in the highlands
and lowlands. The highest chlorophyll a was found in shallots
of Lokananta variety from Saran Padang 1 (highland), while
the lowest chlorophyll a was found in shallots from Dolok
Sanggul 3 (highland). The highest chlorophyll b was found in
shallots of Sanren F1 variety from Panei Simalungun
(highland), while the lowest chlorophyll b was found in plants
shallots of the Sumenep variety from Saran Padang 5
(highland). The highest total chlorophyll was found in the
Lokananta variety from Saran Padang 1 (highland), while the
lowest total chlorophyll was found in the Lokananta variety
from Dolok Sanggul 3 (highland).

Chlorophyll is a component of major chloroplasts and
chlorophyll content is relatively positively correlated with the
rate of photosynthesis. Chlorophyll is synthesized in the leaves
and plays a role in catching the sun's rays different for each
species. Chlorophyll synthesis is influenced by various factors
such as light, sugar or carbohydrates, water, temperature,
genetic  factors,  nutrients  such  as  N,  O,  Mg,  Fe,  Mn,  Cu,  Zn
and S23. 

Stomatal density: Stomata density is an important character
that  affects  gas  exchange.  Stomata  density  of  shallot
varieties at each location varied between (57.48-118.83 units
stomata. mmG2)   (Fig.  1).  The  highest  stomatal  density  was

Table 1: Chlorophyll content of shallot varieties in highlands and lowlands
Location Altitude (m asl) Variety Chlorophyll a (mg gG1) Chlorophyll b (mg gG1) Chlorophyll total  (mg gG1)
Berastagi 1400 Lokananta 15.32c 3.76fg  19.08cd

Pantai Cermin 17 Maserati 15.84c 10.47c 26.31bc

Batang Kuis 5.5 Lokananta 13.89c 8.80d 22.70bc

Dolok Sanggul 1 1414 Lokananta 9.57d 3.95fg 13.53def

Dolok Sanggul 2 1412 Lokananta 5.00d 2.68gh 7.68f

Dolok Sanggul 3 1414 Lokananta 4.79d 4.57ef 9.36ef

Barus Jahe 1347 Lokananta 21.54b 7.52d 29.06b

Panei Simalungun 968 Sanren F-1 28.40ab 13.95a 42.35a

Patumbak 75 Maserati 15.85c 5.89e 21.75bcd

Saran Padang 1 1114 Lokananta 30.21a 12.61b 42.82a

Saran Padang 2 1114 Solok 17.12c 2.33h 19.45cd

Saran Padang 3 1114 Maja 21.60b 2.13h 23.74bc

Saran Padang 4 1114 Bima Brebes 15.15c 2.31h 17.46cde

Saran Padang 5 1114 Sumenep 16.74c 1.54h 18.28cde

Numbers followed by a different superscripted letter on the same observation time and column showed significant differences based on Duncan's multiple range test
at " = 5%
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Fig. 1: Stomatal density of shallot in highlands and lowlands
Same letters above the bar chart indicate not significantly different according to Duncan's multiple range test at level = 5%

Fig. 2(a-b): Stomatal density in shallot, (a) the highest of stomatal density from Panei Simalungun, (b) the lowest of stomatal
density from Batang Kuis
A microscopic observation of  stomatal density with a magnification of 40×10

found in the shallots of the Sanren F1 variety (Panei
Simalungun) and the Lokananta variety (Saran Padang 4)
which had a higher stomata density compared to other
locations, while the Lokananta shallots in the Batang Kuis
location had the lowest stomata density. The performance of
stomatal density can be seen in Fig. 2(a-b).

The  difference  in  stomatal  density  of  each  variety  is
highly  dependent  on  genetic  factors.  Variations  in  stomata
density  in  varieties  affect  the  ability  of  gas  transportation.
The  value  of  stomatal  density  is  influenced  by  the  larger
the  size  of  the  stomata,  the  smaller  the  stomata.  The  size
of the  stomata,  the  greater  the   density  value.  Leaves
exposed to sunlight the sun at high light intensity has higher
stomatal density compared to shaded leaves. Density low
stomata  when  compared  to  a  high  number  of  epidermal
cells, will result in a low stomatal index. On the other hand,

high  stomatal  density  when  compared  to  the  number  of
epidermal   cells   low   will   produce   high  stomata  index24,25.

Cuticle thickness:  Based on Table 2, it can be seen that there
are variations in the thickness of the cuticle on the underside
of leeks in the lowlands and highlands. The variation of cuticle
thickness ranged from 5071.66-32428.07 µm. The thickest
cuticle  was  found  in  the  Lokananta variety in Dolok Sanggul
2 (highland) but the thinnest cuticle was also found in the
Lokananta variety in Berastagi (highland). The performance of
cuticle thickness can be seen in Fig. 3(a-b).

The difference in cuticle thickness on shallots at different
locations indicates the presence of adaptation to the growing
environment of the plant. Previous research has reported that
the cuticle has a function as a protective tissue of leaf cells
against the penetration of sunlight and the entry of CO2 into 
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Fig. 3(a-b): Cuticle thickness in shallot, (a) the highest of cuticle thickness from Dolok Sanggul 2, (b) the lowest of cuticle thickness
from Berastagi
A microscopic observation of cuticle thickness with a magnification of 40×10

Table 2: Cuticle thickness of shallot varieties in highlands and lowlands
Location Altitude (m asl) Variety Cuticle thickness (µm)
BBerastagi 1400 Lokananta 11.36i

PantaiCermin 17 Maserati 28.96b

BatangKuis 5.5 Lokananta 20.73g

DolokSanggul 1 1414 Lokananta 41.34e

DolokSanggul 2 1412 Lokananta 109.27a

DolokSanggul 3 1414 Lokananta 35.39gh

BarusJahe 1256 Lokananta 31.10gh

PaneiSimalungun 968 Sanren F-1 17.40hi

Patumbak 75 Maserati 21.84hi

Saran Padang 1 1114 Lokananta 29.58ef

Saran Padang 2 1114 Solok 17.33e

Saran Padang 3 1114 Maja 17.61c

Saran Padang 4 1114 BimaBrebes 35.55e

Saran Padang 5 1114 Sumenep 20.72d

Numbers followed by a different superscripted letter on the same observation time and column showed significant differences based on Duncan's multiple range test
at " = 5%

the leaf cells. Structural mechanism environmental changes
related to anatomical characters include the presence of wax,
cuticle thickness, density and size of stomata, cell nucleus and
trichomes. The cuticle has a protective function plants from
pests and diseases, reduce the rate of water transpiration and
reflect sunlight. Very slippery cuticles can reduce attachment
and spore development on the leaf surface so that the plant
is protected from disease26.

Based on the research results, it can be seen that the
observed physiological characters (chlorophyll content,
stomatal density and cuticle thickness) are influenced by
genetic and environmental factors. This is in line with
Casson’s27   and   Tanaka   et   al.28   research.   The   results  of
this   study  are  expected  to  help  researchers  and  farmers
in    determining    the    varieties    to    be    cultivated   in   the

highlands  and  lowlands.  The  selection  of  the  right  variety
for  specific locations will increase the productivity of shallots.

CONCLUSION

There are variations in chlorophyll, stomatal density and
cuticle  thickness  at  each  observation  location  in  the
highlands and lowlands. The stomatal density of shallot
varieties at each location varied between (57.48-118.83 units
stomata. mmG2). The  variation  of  cuticle  thickness  ranged
from  5071.66-32428.07 µm.

SIGNIFICANT STATEMENT

This research has discovered findings that there are
variations  of  total  chlorophyll  (7.68-42.82  mg  gG1),  stomatal
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density (57.48-118.83 units stomata. mmG2) and cuticle
thickness  (5071.66-32428.07 µm) in shallot varieties cultivated
in  the  highlands  and lowlands. These variations are
influenced  by genetic and environmental factors. The
research will assist researchers to determine the variety to be
cultivated  in  the  highlands  or lowlands. Based on research,
it can be determined that the highest total chlorophyll was
found in the Lokananta variety from Saran Padang 1
(highlands). The highest stomatal density was found in the
Sanren F1 variety from Panei Simalungun (highlands) and the
Lokananta variety from Saran Padang 4 (highlands). The
thickest cuticle was found in the Lokananta variety in Dolok
Sanggul 2 (highlands). 
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