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INTRODUCTION

The basil plant (O. americanum) is a 
fragrant beverage plant and an essential tropi-
cal herbaceous plant with a short (annual) life 
span. The distribution of the basil plant covers 
the region of Asia, Africa, as well as Central 
and South America. Basil is also cultivated 
commercially in the continents of Southern 
Europe, Egypt, and California. In Indonesia, 
basil plants are commonly found and cultivat-
ed by the people of Java, Bali, and Sulawesi 
(Maghfoer et al., 2019). 

Basil plants have benefits as antiox-

idants because they contain phenolic com-
pounds, phenolic acids, and flavonoids. The 
essential oils found in this plant are generally 
in the form of camphor, citral, eugenol, linal-
yl acetate, and methyl chavicol (Çakmaçi & 
Milton 2019). 

Plants have a certain response to envi-
ronmental factors that affect their survival. 
Soil is one example of an environmental fac-
tor that has an important role in the survival 
of plants which can act as a planting medi-
um that provides various kinds of nutrients, 
minerals, and water that are useful for plant 
survival. Each type of soil has a certain pH 
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Abstract. Basil plant (Ocimum americanum) is a fragrant annual 
plant widely cultivated by the people in Indonesia because it is use-
ful and commercial. Previous research on salinity and drought stress 
affect basil growth and development, cell turgor pressure, and the 
anatomical structure of the plant. However, research on the effect of 
alkalinity and drought stress in basil plants has not been carried out. 
Therefore, this study was conducted to determine the effect of vari-
ations in alkaline and drought stress on the growth and superoxide 
dismutase (SOD) content of basil plants. Alkalinity stress was carried 
out by variations of dolomite (D) doses, namely D1, D2, D3, and D4 
(0 grams/pot, 100 grams/pot, 150 grams/pot, and 200 grams/pot) and 
variations of drought stress, namely A1, A2, A3, and A4 (25%, 50%, 
75%, and 100% of field capacity). Parameters measured were plant 
height, leaf length and width, number of leaves, fresh and dry weight, 
SOD content, and environmental parameters. The growth of the basil 
plant (O. americanum) decreased after being given drought stress at 
the field capacity level 25%, while the SOD content produced was 
influenced by the treatment that given and increased by 1.02% at the 
highest level of alkalinity and drought stress.

Keywords: dolomite, drought, stress, Ocimum americanum, superox-
ide dismutase

1,2Faculty of Biology, Universitas Gad-
jah Mada, Bulaksumur, Caturtunggal, 
Yogyakarta, Indonesia 55281

e-mail: 
1anindita@mail.ugm.ac.id
*2dwiumi@ugm.ac.id

Received: January 21, 2022
Revise from: January 22, 2022
Accepted: April 17, 2022

Copyright © 2022 Jurnal Biodjati
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0/)



Riayadi & Siswanti 120

Jurnal Biodjati 7(1):119–131, May 2022

http://journal.uinsgd.ac.id/index.php/biodjati

level depending on the state of the surround-
ing environment. Soil pH affects the supply 
and absorption of nutrients by plant roots. Nu-
trients are absorbed by plants through the root 
surface in the form of water and ion exchange 
(Handayanto et al., 2017). 

Soils with a pH below 5.5 are more 
likely to have free Al which is toxic because 
it can inhibit the availability of phosphate. 
Meanwhile, soil with a pH above 7.5 (alkaline 
soil) can increase the CEC (Cation Exchange 
Capacity) of the soil, decrease the positive 
charge on the soil colloid, and the phosphate 
fixation process will be reduced (Utomo et al., 
2016). The Cation Exchange Capacity (CEC) 
is the ability of the soil to absorb cations such 
as nutrients Ca, Mg, K, and other elements 
where isomorphic substitution occurs in the 
mineral structure by replacing one ion with 
another ion having the same size and type but 
different the number of charges (Munawar 
2018). 

Water availability is a factor that can 
affect the growth and development of basil 
plants. Reduced water availability causes abi-
otic stress so that it can affect the balance of 
productivity, especially in the production of 
secondary metabolites, as well as the phys-
iological and anatomical structures of basil 
plants (Khakdan et al., 2017). 

The mechanism of a plant’s adaptation 
to different environmental conditions caused 
constant modification of the physiological 
and morphological conditions of the plant. As 
an example, the content of SOD in the Rhizo-
phora sp. roots is high because of heavy metal 
exposure as a Cu stress response (Siswanti et 
al., 2016).  To determine the effect of alka-
line stress with different doses of dolomite 
and drought, it is necessary to research these 
two environmental factors treatment on ba-
sil plants so that results can be obtained re-
garding the growth and SOD content of basil 

plants under those stress. Research on alka-
line stress and drought in basil plants has not 
been widely carried out. Research on environ-
mental stresses in basil plants is mostly found 
regarding salinity and drought stresses that 
affect the growth and development of basil 
plants. Plants that experience drought and al-
kaline stress result in decreased plant growth 
and productivity. This is in line with the 
knowledge and research results obtained that 
drought stress has a significant effect on plant 
growth while the SOD content of the resulting 
plants has increased by 1.02% along with the 
increased alkaline stress given.

MATERIALS AND METHODS

Basil seeds (Benih Inti) used obtained 
from PT. The Dinasty Inti Agrosarana. The 
seeds were cultivated in small polybags con-
taining nursery media. Each polybag contains 
1-2 basil seeds. The seeds were then main-
tained for ± 25 days before being transferred 
to the treatment medium. Plant cultivation 
was maintained in the same field conditions 
in Klaten, Central Java, Indonesia while plant 
growth and SOD content measurement was 
carried out in the laboratory of Plant Physiol-
ogy, Faculty of Biology, Universitas Gadjah 
Mada and the Laboratory of the Biotechnol-
ogy Postgraduate Studies, Universitas Gad-
jah Mada, Yogyakarta in July-October 2021. 
The alkaline treatment was done by giving 
the dolomite lime with doses of 0 grams/pot, 
100 grams/pot 150 grams/pot, and 200 grams/
pot on the treatment media. Drought stress 
treatment was carried out by giving watering 
variations with levels of 25%, 50%, 75%, and 
100% of field capacity on the treatment me-
dia 3 times a week for ±28 days. The research 
design used was a Factorial Completely Ran-
domized Design (CRD) with five replications 
on each treatment. Measurement of plant 
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growth parameters was carried out at the end 
of the treatment (after 28 days of treatment), 
including plant height, length and width of 
leaves, number of leaves, and also fresh and 
dry weight of treated plants. Measurement of 
the SOD content using the Pyrogallol Auto-
oxidation method by Marklund & Marklund 
(1974). The content of SOD can be expressed 
in units/grams of protein, namely the content 
of one enzyme unit defined as the number of 
enzymes needed to produce 50% reaction in-
hibition. Quantitative data were analyzed by 
analysis of variance (ANOVA) at the 95% lev-
el to determine the effect of the treatment and 
continued with the Duncan Multiple Range 
Test (DMRT) at the 95% level if there was a 
significant difference. The data analysis was 
carried out using SPSS 25 software.

RESULTS AND DISCUSSION

The soil temperature in the cultivated 
medium with the addition 0-200 gram/pot 
dose of dolomite was 29°C, which is different 
from the soil without the addition of dolomite 
of 28°C. However, both are still within the 
optimum temperature range required for ba-
sil plants to grow properly which is 25-30°C 
(Barickman et al. 2021). Likewise, for the 
parameters of soil moisture and pH between 
the treatments, there were differences in those 
parameters in the range of 47-100% humidity 
values and pH of 6.9-7. The basil plant was 
able to grow and develop because the range 
where basil plants can grow optimally, name-
ly minimum soil moisture of 39.35% and pH 
tolerance of 4.3-8.2 (Maghfoer et al. 2019). 
The measured light intensity parameter was 
36,850 lux, in this case, it is also included in 
the light intensity that is good for the growth 
of basil plants in full sun conditions (Table 1).

Results on Basil plant height after  the 
combination of alkaline stress treatment with 

the addition of different field capacity (FC) 
level water volumes are shown in Table 2. Ac-
cording to research by Manurung et al. (2019) 
water has an important role in cell enlarge-
ment and elongation, regulation of cell turgor 
pressure, and active meristem tissue constit-
uent in carrying out physiological processes 
in plants. Environmental conditions that are 
stressed by drought make plants respond by 
reducing growth and productivity. In addition, 
there was a reduction in nitrogen assimilation 
and cell water content due to decreased water 
absorption (Sarker & Oba, 2018). 

The highest drought stress (25% field 
capacity) significantly affected plant height 
because the stress treatment was able to inhibit 
plant growth and development, and disturbed 
metabolic processes, resulting in poorer cell 
division and elongation compared to plants 
with adequate water treatment (Barickman et 
al. 2021). In this case, the water requirements 
needed by plants are sufficiently met so that 
they are able to support cell division and elon-
gation as produce better plant growth. 

The addition of dolomite according to 
the research of Putra et al. (2018) is one of the 
efforts that can be done in overcoming prob-
lems in peatlands to reduce its acidity. In this 
study, it was found that the addition of a high 
dose of dolomite was able to increase soil pH 
because dolomite lime contains Ca and Mg 
so that it can be hydrolyzed which results in 
broken Fe bonds and produces hydroxyl ions 
(OH-) which can increase soil pH and the Ca 
element has a role in cleavage cells and apical 
bud formation. Moreover, the addition of do-
lomite lime at a dose of 2-4 tons/ha according 
to Widodo (2000) in Putra et al. (2018) was 
able to increase soil pH by 1-2. Therefore, in 
this research, the addition of dolomite dosage 
variations of 100, 150, and 200 grams/pot at 
75 to 100% water field capacity did not give 
the effect of alkaline stress on the growth of 
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the basil plant even though the soil pH in-
creased. This might be because the basil plant 
itself was able to survive and tolerant in the 
pH range of 4.3-8.2 and grows optimally at a 
soil pH of 5.5-6.5 (Anonymous 2012; Magh-
foer et al. 2019). 

The results in table 2 show that treat-
ment of D4A4 (Dolomite 200 gr + 100% FC)  
was not significantly different from the treat-
ment results of of D4A3 (Dolomite 200 gr + 
75% FC), D3A3 (Dolomite 150 gr + 75% FC), 
D3A4 (Dolomite 150 gr + 100% FC), D2A3 
(Dolomite 100 gr + 75% FC), and D2A4 (Do-
lomite 100 gr + 100% FC) on the height of the 
basil plant produced. This is because the addi-
tion of various doses of dolomite at the field 
capacity level of 75 and 100% did not have a 
significant effect on changes in pH, as  shown 
in Table 1. The pH value of the soil after be-

ing given dolomite doses of 100, 150 and 200 
grams/pot resulted in a similar pH value of 7 
so that the resulting plant height was not sig-
nificantly different in this treatment. This is 
possible because the level of dolomite given is 
not high enough. However, the administration 
of dolomite can still cause an increase in CEC 
(cation exchange capacity) in the soil due to 
changes in pH that occur as a result of the 
high exchanged base content (lime material) 
(Syachroni 2019). 

Cation exchange capacity is the ability 
of the soil to absorb cations such as nutrients 
Ca, Mg, K and other elements. The increase in 
Ca and Mg elements in the soil can increase 
the formation of chlorophyll so that the growth 
process of basil plants can increase along with 
the increase in photosynthetic products (Mun-
awar 2018 ; Putra et al. 2018).

Table 2. The effect of variations in dolomite doses at different levels of 
field capacity on the average plant height of basil (O. america-
num)

Treatment Plant Height (cm)

D1A1 (Dolomite 0 gr + 25% FC) 7.8 ± 1.71a

D1A2 (Dolomite 0 gr + 50% FC) 10.5±2.82abcd

D1A3 (Dolomite 0 gr + 75% FC) 12.1 ± 3.26abcde

D1A4 (Dolomite 0 gr + 100% FC) 12.0 ± 8.28abcde

D2A1 (Dolomite 100 gr + 25% FC) 8.2 ± 1.48ab

D2A2 (Dolomite 100 gr + 50% FC) 10.6 ± 0.82abcde

Table 1. The environmental parameter during basil (O. americanum) harvest

Treatment
Environmental Parameters

Soil 
temperature Soil pH Soil 

moisture
Light 

intensity
A-D1

A-D2

A-D3

A-D4

28°C

29°C

29°C

29°C

6.9

7

7

7

100%

68%

57%

47%

36.850

36.850

36.850

36.850
Note: A-D1 : Variation in the level of field capacity + 0 gram/pot dose of 
dolomite, A-D2 : Variations in the level of field capacity + 100 grams/pot 
dose of dolomite, A-D3 : Variations in the level of field capacity + 150 
grams/pot dose of dolomite A-D4 : Variation in the level of field capacity + 
200 gram/pot dose of dolomite. *Measured at 10.30-13.00 WIB
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The results obtained from the treatment 
of varying doses of dolomite at different lev-
els of field capacity on leaf length of the basil 
plant (O. americanum) based on Table 3 were 
significantly different based on the DMRT 
test with a 95% confidence level. Table 3. 
shows that the highest drought stress treat-
ment (25% FC) produced the smallest average 
leaf length. Leaves are plant parts that have 
roles and responsibilities in efficient use of 
water. According to Forouzandeh et al. (2012) 
drought stress can reduce leaf area on basil 
plants. This is in line with the results obtained 
where all treatments with the highest level of 
drought stress (25% FC) produced the small-
est average leaf length. 

Dolomite treatment with field capacities 
of 75 and 100% produced good leaf length. 
Because in the treatment with these levels of 
field capacity, the volume of water provided is 
sufficient to meet and support the basil plant 
in carrying out leaf growth. In the process of 
leaf growth, there is a process of increasing 
the volume of expansive growth and increas-
ing structural growth. The irreversible in-
crease in leaf cell size requires large amounts 
of water to enter the vacuole. In addition, a 
substantial supply of carbon is needed as a 

building material for the structure of cellulose 
and hemicellulose as well as a source of fuel 
for various mechanisms that occur in cells 
(Pantin et al. 2012). In this case, leaf growth 
which is expansive increases in volume and 
requires cell turgor pressure controlled by 
enzymes followed by volumetric water flow 
required for leaf growth and the transpiration 
process (Pantin et al. 2012). Meanwhile, in 
this case pH affects leaf growth related to the 
absorption of Ca and Mg elements that sup-
port the process of chlorophyll formation and 
as a controlling factor for cation concentra-
tions in leaves (Cornelissen et al. 2011). 

The average leaf width of the basil plant 
(O. americanum) after being treated was not 
significantly different between treatments 
in the DMRT test with a level of 95% con-
fidence (Table 3). This is because the possi-
bility of treatment with various doses of dolo-
mite at a given level of field capacity does not 
significantly affect the leaf width produced. 
The treatment of various doses of dolomite 
at a certain level of field capacity did not af-
fect the leaf width of the basil plant because 
the leaf formation process involved two main 
phases, namely the activity of proliferation 
and expansion of leaf cells. Leaf size which 

Treatment Plant Height (cm)

D2A3 (Dolomite 100 gr + 75% FC) 14.4 ± 2.01cde

D2A4 (Dolomite 100 gr + 100% FC) 15.1 ± 4.20cde

D3A1 (Dolomite 150 gr + 25% FC) 10.2 ± 1.75abc

D3A2 (Dolomite 150 gr + 50% FC) 10.2 ± 1.03abc

D3A3 (Dolomite 150 gr + 75% FC) 13.5 ± 7.79bcde

D3A4 (Dolomite 150 gr + 100% FC) 16.1 ± 0.96e

D4A1 (Dolomite 200 gr + 25% FC) 8.2 ± 1.60ab

D4A2 (Dolomite 200 gr + 50% FC) 10.8 ± 2.58abcde

D4A3 (Dolomite 200 gr + 75% FC) 14.7 ± 3.07cde

D4A4 (Dolomite 200 gr + 100% FC) 15.9 ± 4.68de

Values followed by the same letter in the same column indicate that there 
is no significant difference in the DMRT test with a 95% confidence level.
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in this case includes the resulting leaf width is 
influenced by ARGOS regulation which then 
regulates the action of DNA-binding proteins. 
In addition, there are growth-regulating fac-
tors (GFR) and TCP transcription factors as 
important regulators in leaf growth (Kalve et 
al. 2014). 

Therefore, in this case, the leaf width 
produced after being treated with various dos-

es of dolomite and a certain level of field ca-
pacity did not differ significantly. It was due to 
the smaller size of the basil leaf compared to 
the leaves of corn plants those with fan cells 
inside to stretch. However, in the process of 
leaf formation field capacity still affected the 
expansion and development of the leaf (Ang-
graini et al. 2015).

Table 3. The effect of variations of dolomite doses at different levels of field capacity on 
the average leaf width and leaf length of basil (O. americanum) 

Values followed by the same letter in the same column indicate that there is no 
significant difference in the DMRT test with a 95% confidence level.

Treatment Leaf Width (cm) Leaf Width (cm)
D1A1 (Dolomite 0 gr + 25% FC) 2.74 ± 0.27ab 1.48 ± 0.14ab

D1A2 (Dolomite 0 gr + 50% FC) 3.09 ± 0.86abcd 1.66 ± 0.51ab

D1A3 (Dolomite 0 gr + 75% FC) 3.49 ± 0.81abcd 1.81 ± 0.47ab

D1A4 (Dolomite 0 gr + 100% FC) 3.23 ± 1.99abcd 1.72 ± 1.08ab

D2A1 (Dolomite 100 gr + 25% FC) 2.53 ± 0.61a 1.44 ± 0.36a

D2A2 (Dolomite 100 gr + 50% FC) 3.14 ± 0.16abcd 1.62 ± 0.10ab

D2A3 (Dolomite 100 gr + 75% FC) 4.01 ±0.33bcd 2.07 ± 0.23ab

D2A4 (Dolomite 100 gr + 100% FC) 4.26 ± 0.88cd 2.17 ± 0.44ab

D3A1 (Dolomite 150 gr + 25% FC) 3.03 ± 0.72abcd 1.62 ± 0.37ab

D3A2 (Dolomite 150 gr + 50% FC) 3.22 ± 0.23abcd 1.78 ± 0.12ab

D3A3 (Dolomite 150 gr + 75% FC) 3.53 ± 2.06abcd 1.81 ± 1.06ab

D3A4 (Dolomite 150 gr + 100% FC) 4.39 ± 0.37d 2.22 ± 0.25b

D4A1 (Dolomite 200 gr + 25% FC) 2.71 ± 0.45ab 1.61 ± 0.08ab

D4A2 (Dolomite 200 gr + 50% FC) 2.88 ± 1.15abc 1.55 ± 0.69ab

D4A3 (Dolomite 200 gr + 75% FC) 4.02 ± 0.38bcd 2.12 ± 0.31ab

D4A4 (Dolomite 200 gr + 100% FC) 4.26 ± 0.61cd 2.14 ± 0.29ab

According to the research of Sirousmehr 
et al. (2014), the highest number of leaves of 
basil plants was found in the 100% FC treat-
ment (without stress) while the lowest num-
ber of leaves was shown in plants with the 
highest stress level (60% FC). In line with the 
research results of Sirousmehr et al. (2014) 
that obtained the results of the least number 
of leaves in the stress treatment of 25% FC. 
Reducing the number of leaves is one of the 
plant's efforts to reduce transpiration during 

drought stress.  
The number of leaves produced by the 

basil plant is closely related to the field ca-
pacity levels of 75 and 100% (Table 4). This 
shows that water availability plays an import-
ant role in the sustainability of the plant tran-
spiration process. The transpiration rate will 
increase with increasing watering volume. 
The increased transpiration rate will cause an 
increase in the rate of photosynthesis of plants 
because the opening and closing of stomata 
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controlled by turgor pressure from guard cells 
and CO2 diffusion runs better than in plants 
exposed to drought stress. If the stomata are 
closed, then CO2 fixation will decrease and 
the gas exchange process will be inhibited. As 

a result, plants cannot carry out the photosyn-
thesis process optimally to produce products 
as a source of plant energy in giving rise to 
new leaf shoots (Anggraini et al. 2015).

Table 4. The effect of variations of dolomite dosage at different levels 
of field capacity on the average number of leaves of basil (O. 
americanum)

Tables 5 Show the results of the treat-
ment on the average fresh and dry weight of 
basil plants. The drought conditions or lack 
of water in large quantities have a significant 
effect on the fresh and dry weight of the basil 
plants produced as in the study of Manurung 
et al. (2019), that in the treatment of the low-
est field capacity it was able to reduce cell tur-
gor pressure and consequently inhibited cell 
growth. Water deficit is also able to reduce 
plant biomass (fresh and dry weight), growth, 
and development of Ficus deltoidea signifi-
cantly. In this study, the dose of dolomite giv-
en did not provide enough alkaline stress to 
the affect biomass of basil plant produced as 

the basil plant was still able to grow and toler-
ate the pH occurred. At the field capacity level 
(100% FC), the available water is sufficient 
for plants to carry out photosynthesis which 
will then produce photosyntate to be used by 
plants as an energy source in elongating and 
dividing cells. Fresh weight is the result of the 
plant growth process, where the growth de-
pends on cell division and enlargement and is 
closely related to the water content in the soil. 
In addition, at the 100% field capacity level, 
the frequency and volume of water were able 
to facilitate the transport of nutrients and bio-
chemical processes as well as increasing cell 
turgidity that occurred in plants and indicat-

Values followed by the same letter in the same column indicate that there 
is no significant difference in the DMRT test with a 95% confidence 
level.

Treatment Number of Leaves 
(Strands)

D1A1 (Dolomite 0 gr + 25% FC) 7 ± 0.83ab

D1A2 (Dolomite 0 gr + 50% FC) 17 ± 9.20abcde

D1A3 (Dolomite 0 gr + 75% FC) 27 ± 15.29def

D1A4 (Dolomite 0 gr + 100% FC) 23 ± 17.54bcdef

D2A1 (Dolomite 100 gr + 25% FC) 5 ± 2.30a

D2A2 (Dolomite 100 gr + 50% FC) 16 ± 9.41abcd

D2A3 (Dolomite 100 gr + 75% FC) 27 ± 13.88def

D2A4 (Dolomite 100 gr + 100% FC) 33 ± 13.55ef

D3A1 (Dolomite 150 gr + 25% FC) 7 ± 2.40ab

D3A2 (Dolomite 150 gr + 50% FC) 15 ±8.04abcd

D3A3 (Dolomite 150 gr + 75% FC) 28 ± 17.68def

D3A4 (Dolomite 150 gr + 100% FC) 30 ± 4.20def

D4A1 (Dolomite 200 gr + 25% FC) 9 ± 4.21abc

D4A2 (Dolomite 200 gr + 50% FC) 19 ± 9.40abcde

D4A3 (Dolomite 200 gr + 75% FC) 25 ± 14.08cdef

D4A4 (Dolomite 200 gr + 100% FC) 36 ± 12.65f
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ed by the high fresh weight produced by the 
plant (Marsha et al. 2014).

The dry weight produced in this study 
was influenced by the level of field capacity 
in the given treatment, but not in the treat-
ment without dolomite. Dry weight is the re-
sult of metabolic processes that occur in the 
plant body, which include the absorption of 
water and nutrients as well as the results of 
the photosynthesis process. The dry weight 
is the total biomass which indicates the pro-

ductivity of a plant (Solichatun et al. 2005). 
In the treatment without dolomite,  no Ca and 
Mg elements  were added, therefore the dry 
weight produced in the control treatment was 
different from the treatment with the addition 
of dolomite. High amounts of Ca and Mg in 
soil media were able to stimulate cell turgor 
pressure, which in this case was able to in-
crease plant productivity as indicated by the 
dry weight produced by basil plants.

Table 5. Effect of variations of dolomite dosage at different levels of field capacity 
on the average fresh and dry weight of basil (O. americanum)

Based on the results obtained in this 
study, treatment with doses of dolomite at a 
high level of field capacity (200 grams/pot of 
dolomite at 75% FC) showed an increase in 
SOD content due to basil plants experienc-
ing alkaline stress with chemical reactions 
between dolomite (CaCO3) with water (H2O) 
(Table 6). The reactions that occur are as fol-
lows (Handayanto et al. 2017):

CaCO3 + H2O Ca2+ + HCO3
- + OH-.  

The reaction produces bicarbonate ions 
(HCO3

-) which are base (alkaline). Giving do-
lomite to treatment media on the other hand is 
also able to increase soil pH because OH- will 
neutralize the H+ contained in the soil solution 
so that the planting medium becomes alka-
line. Dolomite contains elements of Ca or Mg 

Values followed by the same letter in the same column indicate that there is no 
significant difference in the DMRT test with a 95% confidence level.

Treatment Fresh Weight (g) Dry Weight (g)
D1A1 (Dolomite 0 gr + 25% FC) 0.26±0.06a 0.01±0.01a

D1A2 (Dolomite 0 gr + 50% FC) 0.93±0.43ab 0.08±0.09abc

D1A3 (Dolomite 0 gr + 75% FC) 0.87±1.01ab 0.13±0.12bcd

D1A4 (Dolomite 0 gr + 100% FC) 1.37±1.68abc 0.09±0.10abc

D2A1 (Dolomite 100 gr + 25% FC) 0.37±0.12a 0.02±0.00a

D2A2 (Dolomite 100 gr + 50% FC) 0.76±0.49a 0.06±0.04ab

D2A3 (Dolomite 100 gr + 75% FC) 1.15±0.75ab 0.11±0.10abc

D2A4 (Dolomite 100 gr + 100% FC) 1.90± 1.39bc 0.17±0.10cd

D3A1 (Dolomite 150 gr + 25% FC) 0.40±0.22a 0.04±0.02ab

D3A2 (Dolomite 150 gr + 50% FC) 0.75±0.31a 0.06±0.03abc

D3A3 (Dolomite 150 gr + 75% FC) 1.17±0.88ab 0.13±0.08bcd

D3A4 (Dolomite 150 gr + 100% FC) 1.89±0.37bc 0.22±0.07d

D4A1 (Dolomite 200 gr + 25% FC) 0.36±0.27a 0.04±0.03ab

D4A2 (Dolomite 200 gr + 50% FC) 0.79±0.51a 0.07±0.04abc

D4A3 (Dolomite 200 gr + 75% FC) 0.92±0.33ab 0.10±0.03abc

D4A4 (Dolomite 200 gr + 100% FC) 2.26±0.52c 0.21±0.07d
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which will then combine with acid and neu-
tralize it in the soil (Lestari et al. 2009; Pu-
tra et al. 2018). SOD (Superoxide dismutase) 
is a functional antioxidant enzyme produced 
by plants as a physiological defense strategy 
against ROS and free radicals as a result of 
biotic and abiotic stresses (Stephenie et al. 
2020). 

In this study, the measurement of SOD 
content was indicated due to stress because of 
dolomite treatment and drought. Reactive ox-
ygen species (ROS) are required by cells to 
regulate cell proliferation, cell differentiation, 
and also as physiological response signaling 
molecules (Shen et al. 2018; Mesa-Herrera et 
al.  2019). The accumulation of excess ROS 
in plants can cause damage to proteins, cell 
membranes, RNA, and DNA which if not re-
paired will cause cell death. Therefore,  con-
trol of ROS is needed so as not to damage 
plant cells (Zhang et al. 2017). 

In this study, alkaline stress was more 
influential on the SOD activity produced by 
basil plants (O. americanum) than the giv-
en drought stress. SOD is one of the special 
mechanisms developed by plants to detoxi-
fy superoxide radicals and can be used as an 
index in detecting varieties with stress resis-
tance, where plant genotypes that are more 
resistant producehigh SOD values in leaves 
according to research by Khayatnezhad & 
Gholamin (2021). In the research of Aziz et 
al. (2021) corn plants that were stressed due 
to stress showed a significantly increased 
SOD activity, in which case SOD played an 
important role in forming H2O2 in free radical 
dismutation.  

The SOD content data produced in this 
study did not show significantly different re-
sults in various treatments and controls pos-
sibly due to differences in soil pH that oc-
curred. The difference of pH not too much is 
probably caused by the administration of do-

lomite doses with a maximum of 200 grams/
pot that does not increase the pH significantly 
because according to Widodo (2000) in Pu-
tra et al. (2018) soil pH will increase by 1-2 
levels if given additional the dose of dolomite 
is 2-4 tons/ha so that the activity of the SOD 
enzyme as a defense mechanism against oxi-
dative stress by superoxide free radicals is not 
significantly different.

Especially at the field capacity level of 
75 and 100% where the volume of water giv-
en is more so that the possibility of dissolved 
lime content increases. The Ca2+  produced 
from the reaction between dolomite and water 
is able to replace the acidity in the soil (an in-
crease in pH) but the Ca cations produced are 
still in a form that can be absorbed by plants. 
The correlation between SOD content with 
each parameter that was observed was in the 
general, if the plant experiences severe stress, 
the resulting SOD content tends to be high, 
along with a decrease in growth, the number 
of leaves, and plant wet and dry weight (neg-
ative or inversely correlated). However, in 
this study, the resulting SOD content tended 
to increase in the treatment with the highest 
alkaline stress level (200 grams/pot at 75% 
field capacity level) compared to the dolomite 
dose treatment at other field capacity levels, 
as well as growth, the number of leaves and 
the plant weights produced (positively cor-
related or directly proportional). This may be 
due to the tolerance level of the basil plant to 
changes in pH values that occur (the change 
in pH value is not too significant), therefore, 
even though the basil plant is experiencing 
alkaline stress as a result of the addition of 
dolomite at a certain dose (indicated by the 
resulting increase in SOD content) basil was 
still able to perform growth and development 
well (indicated by plant height, number of 
leaves and plant weight which was higher at 
this stress level). This can also because there 



Riayadi & Siswanti 128

Jurnal Biodjati 7(1):119–131, May 2022

http://journal.uinsgd.ac.id/index.php/biodjati

CONCLUSION

The growth of the basil plant (O. amer-
icanum) decreased after being given drought 
stress at a field capacity level of 25%, while 
the SOD content of basil was influenced by 
the treatment given and increased by 1.02% 
at the highest level of alkalinity and drought 
stress
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organ, concentration, and time of exposure to 
stress (Szollosi, 2014). 



Jurnal Biodjati 7(1):119–131, May 2022 129

Jurnal Biodjati 7(1):119–131, May 2022

http://journal.uinsgd.ac.id/index.php/biodjati

thor's personal expense and is not from a re-
search grant

REFERENCES

Anggraini, N., Faridah, E. & Indrioko, S. 
(2015). Pengaruh Cekaman Kekeringan 
Terhadap Perilaku Fisiologis dan Per-
tumbuhan Bibit Black Locust (Robinia 
pseudoacacia). Jurnal Ilmu Kehutanan, 
9(1), 40-56. 

Aziz, H., Murtaza, G., Saleem, M.H., Ali, S., 
Rizwan, M., Riaz, U., Niaz, A., Abual-
reesh, M. H. & Alatawi, A. (2021). 
Alleviation of Chlorpyrifos Toxici-
ty in Maize (Zea mays L.) by Reduc-
ing Its Uptake and Oxidative Stress in 
Response to Soil-Applied Compost 
and Biochar Amendments. Plants, 
10(2170), 1-15

Barickman, T.C., Adhikari, B., Sehgal, A., 
Walne, C.H., Reddy, K. R. & Gao, W. 
(2021). Drought and Elevated Carbon 
Dioxide Impact the Morphophysiolog-
ical Profile of Basil (Ocimum basilicum 
L.). Crops, 1, 118-128. 

Çakmaçi, R., & Milton, A. H. (2019). Effect 
of Inoculation with Plant-Growth Pro-
moting Rhizobacteria on Development 
Root Systems of Lemon Basil (Ocimum 
x citriodorum Vis.). Proceedings of the 
2st International Conference on Food, 
Agriculture and Animal Sciences, (ICO-
FAAS 2019), 329-336. 

Cornelissen, J.H.C., Sibma, F., Van Logtesti-
jin, R.S.P., Broekman, R.A. & Thomp-
son, K. (2011). Leaf pH as a Plant Trait: 
Species-driven Rather than Soil-driven 
Variation. Functional Ecology, 25, 449–
455. 

Forouzandeh, M., Fanoudi, M., Arazm-
jou, E.& Tabiei, H. (2012). Effect of 
Drought Stress and Types of Fertilizers 
on the Quantity and Quality of Medici-

nal Plant Basil (Ocimum basilicum L.). 
Indian Journal of Innovations and De-
velopments, 1(10), 734-737. 

Handayanto, E., Muddarisna, N. & Fiqri, A. 
(2017). Pengelolaan Kesuburan Tanah. 
UB Press: Malang. 

Kalve, S., Vos, D. D. & Beemster, G.T.S. 
(2014). Leaf development : a cellular 
perspective. Frontiers in Plant Science, 
5(362), 1-25. 

Khakdan, F., Natsiri, J., Ranjbar, M. & Al-
izadeh, H. (2017). Water Deficit Stress 
Fluctuates Expression Profiles of 4Cl, 
C3H, COMT,CVOMT and EOMT 
Genes Involved in the Biosynthetic 
Pathway of Volatile Phenylpropanoids 
Alongside Accumulation of Methyl-
Chavicol and Methyleugenol in Differ-
ent Iranian Cultivars of Basil. Journal 
of Plant Physiology, 218, 74–83. 

Khayatnezhad, M. & Gholamin, R. (2021). 
The Effect of Drought Stress on the Su-
peroxide Dismutase and Chlorophyll 
Content in Durum Wheat Genotypes. 
Advancements in Life Sciences, 8(2), 
119-123. 

Lestari, Y., Noor, M. & Pangaribuan, E. B. 
(2009). Pemberian Dolomite dan Unsur 
Cu, Zn Pada Cabai Merah (Capsicum 
annum L.) Di Lahan Gambut. Prosid-
ing Balai Penelitian Pertaniaan, Lahan 
Rawa Banjarbaru, 303-317.  

Maghfoer, M. D., Yurlisa, K., Aini, N. & Ya-
mika, W. S. D. (2019). Sayuran Lokal 
Indonesia (Provinsi Jawa Timur). UB 
Press: Malang

Manurung, H., Kustiawan, W., Kusuma, I. W. 
& Marjenah. (2019). Pengaruh Ceka-
man Kekeringan terhadap Pertumbuhan 
dan Kadar Flavonoid Total Tumbuhan 
Tabat Barito (Ficus deltoidea Jack). J 
Hort. Indonesia, 10(1), 55-62. 

Marklund, S. & Marklund, G. (1974). Involve-



Riayadi & Siswanti 130

Jurnal Biodjati 7(1):119–131, May 2022

http://journal.uinsgd.ac.id/index.php/biodjati

ment of the Superoxide Anion Radical 
in the Autoxidation of Pyrogallol and a 
Convenient Assay for Superoxide Dis-
mutase. Europe  Journal of  Biochemis-
try, 47, 469-474.

Marsha, N.D., Aini, N. & Sumarni, T. (2014). 
Pengaruh Frekuensi dan Volume Pem-
berian Air Pada Pertumbuhan Tanaman 
Crotalaria mucronata Desv. Jurnal 
Produksi Tanaman, 2(8), 673-678. 

Mesa-Herrera, F., Quinto-Alemany, D. & 
Diaz, M. (2019). A Sensitive, Accurate, 
and Versatile Method for the Quantifi-
cation of Superoxide Dismutase Activi-
ties in Biological Preparations. Reactive 
Oxygen Species, 7(19), 10-20. 

Munawar, A. (2018). Kesuburan Tanah dan 
Nutrisi Tanaman. PT Penerbit IPB 
Press. Bogor. pp : 15.

Nelissen, H., Gonzalez, N. & Inze, D. (2016). 
Leaf Growth in Dicots and Monocots: 
so Different Yet So Alike. Current Opin-
ion in Plant Biology, 33, 72–76. 

Pantin, F., Simonneau, T. & Muller, B. (2012). 
Coming of Leaf Age: Control of Growth 
by Hydraulics and Metabolics During 
Leaf Ontogeny. New Phytologist, 196, 
349–366. 

Putra, I., Jasmi & Setiawan, O. (2018). Pen-
garuh Pemberian Dolomite dan Pemu-
pukan NPK Terhadap Pertumbuhan dan 
Hasil Okra (Abelmoschus esculentus 
L.). Jurnal Agrotek Lestari, 5(2), 47-60. 

Sarker, U. & Oba, S. (2018). Catalase, Super-
oxide Dismutase and Ascorbate-gluta-
thione Cycle Enzymes Confer Drought 
Tolerance of Amaranthus tricolor. Sci-
entific Reports, 8(16496), 1-12. 

Shen, Y., Li, J., Gu, R., Yue, L., Wang, H., 
Zhan, X. & Xing, B. (2018). Carotenoid 
and Superoxide Dismutase Are the Most 
Efective Antioxidants Participating in 
ROS Scavenging in Phenanthrene Ac-

cumulated Wheat Leaf. Chemosphere, 
197, 513-525. 

Sirousmehr, A., Arbabi, J. & Asgharipour, 
M. R. (2014). Effect of Drought Stress 
Levels and Organic Manures on Yield, 
Essential Oil Content and Some Mor-
phological Characteristics of Sweet 
Basil (Ocimum basilicum). Advances in 
Environmental Biology, 8(4), 880-885. 

Siswanti, D.U., Anggoro, M.D., Rachmawa-
ti, D., Maryani & Fatonah, V. (2016). 
Physiological Response of Mangrove 
Ecosystem to the conservation of Teluk 
Adang Sanctuary in East Kalimantan, 
Indonesia. AIP Conference Proceed-
ings, 1744(020015), 1-5.

Solichatun, Anggarwulan, E. & Mudyantini, 
W. (2005). Pengaruh Ketersediaan Air 
terhadap Pertumbuhan dan Kandungan 
Bahan Aktif Saponin Tanaman Ginseng 
Jawa (Talinum paniculatum Gaertn.). 
Biofarmasi, 3(2), 47-51.

Stephenie, S., Chang, Y.P., Gnanasekaran, 
A., Esa, N. M. & Gnanaraj, C. (2020). 
An Insight on Superoxide Dismutase 
(SOD) from Plants for Mammalian 
Health Enhancement. Jurnal of Func-
tional Foods, 68(103917), 1-10. 

Syachroni, S. H. (2019). Kajian Beberapa Si-
fat Kimia Tanah Pada Tanah Sawah di 
Berbagai Lokasi di Kota Palembang. 
SYLVA, VIII(2), 60-65. 

Szollosi, R. (2014). Superoxide Dismutase 
(SOD) and Abiotic Stress Tolerance in 
Plants: An Overview. Oxidative Dam-
age to Plants. 3(4), 89-129.

Utomo, M., Sudarsono, Rusman, B., Sabrina, 
T., Lumbanraja, J. & Wawan. (2016). 
Ilmu Tanah Dasar-dasar dan Pengelo-
laan. Kencana: Jakarta. 

Widodo. (2000). Pupuk yang Akrab Lingkun-
gan.  Majalah Komoditas Edisi Khusus 
Tahun II, 3-26 Januari 2000.



Jurnal Biodjati 7(1):119–131, May 2022 131

Jurnal Biodjati 7(1):119–131, May 2022

http://journal.uinsgd.ac.id/index.php/biodjati

 Zhang, H., Liu, X.L., Zhang, R.X., Yuan, 
H.Y., Wang, M.M., Yang, H.Y., Ma, 
H.Y., Liu, D., Jiang, C.J. & Liang, Z.W. 
(2017). Root Damage under Alkaline 

Stress Is Associated with Reactive Ox-
ygen Species Accumulation in Rice 
(Oryza sativa L.). Frontiers in Plant 
Science, 8(1580), 1-12.


