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ABSTRACT

Zodia are included in medicinal plants because it contains secondary metabolites such as flavonoids, tannins,
alkaloids, steroids/triterpenoids that have many benefit and also as mosquito repellents. The growth and content of
secondary metabolites in plants can be affected by environmental factors such as water availability. Research on the
cultivation of this crop is still limited. Environmental modification in cultivation is needed to increase its secondary
metabolites, and the study of the potential of this plant as medicine are necessary. This study aimed to determine
the effect of water availability on the growth and secondary metabolites of zodia. The research was carried out in
July-November 2021 in Greenhouse, Faculty of Agriculture, Universitas Sebelas Maret, Surakarta. The method used
was a completely randomized design, one treatment factor with 4 levels namely, 100, 80, 60 and 40% of field
capacity. Each treatment was repeated 6 times so that there were 24 experimental polybags. The data analysis used
is Analysis of Variance, and the Duncan’s Multiple Range Test at the 5% level. The results showed that the availability
of water at alevel of 60% field capacity gave the best average growth parameters (plant height and number of leaves)
among other treatments. The flavonoid content in each treatment showed the same average. The results of the
GCMS (Gas Cromatography and Mass Spectroscopy) test of zodia leaves showed that there were dominant bioactive
compounds, namely ethylbenzene, octadecamethyl cyclononasiloxane, pentadecanoid acid and heptadecanoid acid.
It is suspected that the content of these compounds has the potential as antifungal, antibacterial, antioxidant and
anticancer.
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INTRODUCTION studies on the potential of this plant as a medicine are

Zodia (Evodia suaveolens) is a plant that classified needed. The cultivation of plants is influenced by various
as an orange tribe (Rutacea), this plant is native to factors, especially environmental factors both biotic and

Indonesia precisely in Papua Region. Zodia is included abiotic. One of the !mportant .ab'Ot'C factors is water.
in ornamental plants and medicinal plants that have SPlants need mineral nutrients to grow and complete

many benefits and also known as mosquito repellent. _theirlife cyclez water is necessary for nutrient a}bso_rption
Rahayu et al. (2008) stated that not only as an in plants .(B(?”IFL.II’k et al., 2019). Water avaylablllty is one
ornamental plant, the zodia is also in demand by people of the main limiting fact_ors for crop production. Too much
living in mosquito-prone areas, because this plant is water W.'” cause aeration stress and a small amount .Of
known to be effective in repeling Aedes aegypti water will cause drought stress, therefore the availability

mosquitoes. Zodia leaves can be distilled to produce of water mu_st_be suffici(_anF accordin_g fo plant needs.
essential oils (Kardinan 2007). In addition, zodia has the Qenerally, E'Ot'c ar(1jd a_blotlc fstress mdplants tengsl_to
potential for other medications such as the effectiveness ~ Nc'€ase the production of secondary metabolite

of the zodia against headache healers, rubbing drugs, compounds. Secondary metab_olite cor_npounds are
cancer cell killers, as well as antifungals and produced through pathways outside the biosynthesis of

antibacterials. Ngibad (2019), revelead that chemicals carbohydrates and proteins. Tatang (2019) stated that

contained in zodia leaves after phytochemical screening there are three main pathways for the form{mon pf
are  flavonoid  compounds, tannins, steroid  secondary metabolites, namely the malonic acid

alkaloids/triterpenoids, and saponins, when studied Pathways of the compounds produced including fatty

further, will be very useful to find out which compounds ~ 2¢ids such as myristic, oleic, lauric, stearic, palmitic,

are included in drugs. The cultivation of this plant is still I'?IOIenr']C’I. i Imolglc,l I.gl.;écerédes, d r[])olyacetlylene,
not carried out yet, environmental modifications in its ~ Pnospnolipids, and glycolipids. Second, the mevalonate

cultivation to increase secondary metabolites and 2cid pathway is terpenoid, essential oil, menthol,
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squalent, streoid, monoterpenoid, saponin, and the third
factor the shikimic acid pathway includes tannins,
phenol, benzoic acid, lignin, coumarin, benzoic amino
acids, cinnamic acid and quinones.

The limited availability of nutrients causes the use of
carbon in cellular metabolism not to be used for cell
growth, but rather to produce secondary metabolites
(Nofiani 2008). The content of secondary metabolites in

plants can increase because of water stress, In addition
to reducing growth and productivity plant responses to
water stress can increase levels of the amino acid
proline and secondary metabolites (Trisilawati and
Pitono 2012). The purpose of this study was to
determine the growth and content of secondary
metabolites of zodia at various levels of water availability
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Figure 1. Average temperature during study

MATERIAL AND METHOD
Place and Time Of Research

The research was conducted from September to
November 2021 at Greenhouse, Faculty of Agriculture,
Sebelas Maret University (UNS), Surakarta. This
location is located at coordinates 7°33'41.7" LS and
110°51'32.6" E and is at an altitude of 96 meters above
sea level. Based on temperature observations in the
environment during the study, the average minimum and
maximum temperatures in each month were found to
range from 25-39°C (Celcius).
Materials and Tools

This research was carried out starting from the
preparation of tools and materials, planting, treatment by
watering the zodia according to the field capacity for
once every 5 days, treatments and observations carried
out once a week, maintenance to harvest and post-

Table 1. Chemical analysis of soil and cow manure

harvest. The research materials used in this study are
three-month old zodia plant, soil, cow manure, and
water. The necessary tools are polybags, bucket, hose,
label paper, stationery, analytical scales, stationery,
writing books, envelopes, clear insulation, plastic,
camera, and oven. The planting medium used was a
mixture of inceptisol soil and cow manure in a ratio of
2:1.

Based on the laboratory analysis, the soil pH was
6.57 (neutral), total N 0.16% and available P was 6.48
ppm (low), while the available K was 0.54 cmol.kg™
(moderate). Based on the description of the content
listed on the cow manure packaging, it is known that
the pH is 7.12 (neutral), total N 1.58%, available P was
1.48 ppm, available K was 1.33 cmol.kg™, and material
organic was 38,66%.

Growing media  Organic matter (%) pH N (%) P (ppm) K (cmol.kg™)
Soil 12.20 6.57 0.16 6.48 0.54
Cow Manure 38.66 7.12 1.58 1.48 1.33

Research Methods

This study used a Complete Randomized Design,
with 1 treatment factor, namely water availability
treatment consisting of 4 levels, namely, 100% (CO),
80% (C1), 60% (C2), and 40% (C3) of field capacity
(FC). The observation parameters in this study were the
growth and yield components of zodia plants, namely
plant height, number of leaves, root length, fresh and dry
weight of plants, antioxidant content, flavonoids, and
GC-MS (Gas Cromatography and Mass Spectroscopy)
analysis.
Antioxidant Activity

DPPH (1,1-diphenyl-2-picrylhydrazyl) method is a
simple, rapid, sensitive, and reproducible method for
testing antioxidant activity, DPPH is a free radical
compound that is often used to assess the antioxidant
activity of several compounds or extracts, so the method

is suitable for assessing the antioxidant activity of
ethanol extracts. (Puspita, 2020). Fresh zodia leaves
were extracted and then dissolved using methanol. The
extract was then added to DPPH solution and incubated
at 37°C. Then the sample was inserted into the cuvette
until it was full to measure the absorbance. The data
obtained is then calculated to determine the percentage
of antioxidant activity with the equation (Eg. 1) (Kamoda
et al., 2021):
A0

% antioxidant  activity = - X 100%
(Ea. 1)

Where AO is the absorbance at DPPH without
sample, A1 = Absorbance on DPPH after adding
sample.

Flavonoid Content
Quantitative analysis of flavonoids can be done using
79
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a UV-Vis spectrophotometer by entering the absorbance
value of the sample into the equation of the quersetin
standard curve at 350-450 nm wave length. The sample
tested was zodia leaf simplisia weighing 1 gram.
Gas Cromatography and Mass Spectroscopy (GC-
MS) Analysis

The mechanism of GCMS is to separate mixed
compounds into single compounds based on chemical
properties and the analysis time required. The test was
carried out on a sample of 1 g of dry simplisia from zodia
leaves that had been extracted with methanol. Gas
chromatography is used to detect volatile compounds
under high vacuum and low pressure when heated.
Meanwhile, mass spectrometry plays a role in
determining molecular weights, molecular formulas, and
producing charged molecules.
Data analysis

The observational data was analyzed using Analysis
of Variance (ANOVA). If it has a real difference, it will be
further tested using DMRT (Duncan's Multiple Range
Test) level of 5%.

RESULT AND DISCUSSION
Parameters of Growth

Water availability affects plant height and the number
of leaves (Table 2). Availability of water levels of 60%
FC and 40% FC gave a fairly high average plant height.

The number of leaves at 100% FC water availability (107
leaves) was significantly different from the 60% FC
treatment (124 leaves), and at 40% field capacity
produces the longest roots (11.5 cm). Water availability
treatment with a level of 60% field capacity gives the
highest average plant height (18 cm). Manan et al.
(2015) stated that the availability of water is related to
the process of nutrient absorption by plants in metabolic
processes. Plants respond to water availability by
increasing vegetative growth such as plant height,
number of branches, number of leaves, and stem
diameter. Table 2 also shows that the 100% FC level
treatment is significantly different from 60% FC and
produces the lowest crop height compared to other
treatments. because the 100% field capacity makes the
soil excess water so that it becomes saturated. The
availability of water, both deficient and excess will be
able to interfere with plant growth (Suwati 2019). The
results of research by Marsha et al. (2014) showed that
the average plant height due to the time of water
administration every day with a water volume of 100%
FC was lower (14.83 cm) than 80% FC (16.05 cm)
caused by water saturation conditions. All soil pores are
filled with water which causes the washing of nutrients
so that they cannot be absorbed optimally by plants’
roots.

Table 2. Effect of water availability on parameter of growth of zodia

Water Availability Plant Height (cm)

Number of leaves Root Length (cm)

Co 12.58 +3.63 a
C1 14.75+2.86 a
C2 18.00+4.90 b
C3 16.83+4.11b

107 £ 16.00 a 10.25+230a
113 +23.12a 11.00 £ 0.66 a
143 £26.94 b 10.75+1.44 a
124 +20.91b 11.50+1.55a

Note: Numbers followed by the same letter in the same column show that there is no significant difference in DMRT at the 5% level. CO
(availability of water 100% field capacity); C1 (availability of water 80% field capacity); C2 (availability of water 60% field capacity); C3

(availability of water 40% field capacity).

Based on the final observations (Table 2) it showed
that the 60% FC (C2) treatment produced the highest
average number of leaves (143 leaves). This is
presumably because the availability of water with a level
of 60% FC is optimal so that the plants grow well. Plants
need mineral nutrients to grow and complete their life
cycle, water is necessary for nutrient absorption
because it can help plants distribute nutrients as food
through the roots (Belliturk et al., 2019). Paramatha's
research (2019) on Paspalum conjugatum grass
showed that the application of water content of 75% FC
gave the highest yield on almost all variables compared
to other water content treatments.

The availability of water for plants must be sufficient,
neither excess nor deficiency. Root length describes the
plant's ability to obtain a supply of water including
nutrients in the deeper soil layers. The increase in root
length and volume is an important morphological
response in the adaptation process of plants to water
shortages (Abidin 2021). This is in accordance with
Sawitri's research (2018) that rice plants in conditions
lack of water for rice roots try to spread widely in dry and
dense soil by increasing the number and length of roots
to be able to absorb water and nutrients more efficiently.

80

Parameters of Yield

Plants with water availability at 60% field capacity
(Table 3) produced the highest dry and fresh weights
than the other treatments. Meanwhile. the highest
chlorophyll content was found at the 40% field capacity
(FC) level. Table 2 also shows that the treatment level of
100% field capacity water availability produces dry
weight. fresh weight and low chlorophyll content.
because the plants experience excess water.

Based on Table 3. it can be seen that availability of water
has no significant effect on plant fresh weight. The highest
fresh weight was found at 60% FC (C2). which was 11.5g. The
difference in fresh weight of treatment 100% FC (C0) and 60%
FC (C2) was 4.66 g. The availability of water for plants is
particularly important because water can dissolve nutrients in
the soil that are absorbed by the roots so that they are
channeled to the leaves where the photosynthesis process
takes place. This is in line with (Eka 2016) which states that
water absorption through roots affects plant fresh weight so
root also plays an important role for plants. The more leaves,
the fresh weight and dry weight of the plant will also increase.
This is in accordance with the statement of Luthfiana (2019)
which states that the fresh weight of plants is in line with the
number of leaves per plant. because plants can optimally
absorb sunlight along with Mg and water nutrients through the
roots needed in the photosynthesis process.

Effect Of Water Availability On The Growth And Secondary Metabolites Of Zodia (Evodia suaveolens)
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Table 3. Effect of water availability on yield variables of zodia

Water Availability Fresh Weight (g) Dry Weight (g) Chlorophyll (mg.L™")
Co 6.84+3.49 a 147 +£0.75a 0.38+0.24 a
C1 7.59+3.39a 1.56+0.73 a 0.46+0.31a
C2 11.50+552a 245+ 114 a 0.54+0.30a
C3 8.40+3.87 a 2.07+£0.93a 0.74+£1.02 a

Note: Numbers followed by the same letter in the same column show that there is no significant difference in DMRT at the 5% level. CO
(availability of water 100% field capacity); C1 (availability of water 80% field capacity); C2 (availability of water 60% field capacity); C3

(availability of water 40% field capacity)

Based on the results of the analysis of variance
(Table 3) it is known that the water availability treatment
has no significant effect on the dry weight of the zodia.
This is presumably because zodia plants are able to
adapt to various conditions of water availability so that
water can be absorbed and used efficiently by plants.
Giving water to plants should be in accordance with the
actual water needs of plants, because the lack or excess
of giving water has an adverse effect on plants. The
opinion of Aritonang and Surtinah (2018) explains that
water and the availability of sufficient nutrients in plants
will make cell organelles that play a role in producing
food for plants to be maximally formed and can function
optimally. Treatment of water availability with a level of
60% FC resulted in the highest average dry weight of
2.45 grams. The number of leaves affects the dry weight
of the plant because the leaves are the storage site for
the results of photosynthesis of the plant. Yuniarti et al.
(2017) stated that plant biomass includes the results of
photosynthesis, absorption of nutrients and water.

DMRT results (Table 3) also showed that the
treatment of water availability was not significantly
different to the total chlorophyll of the zodia, this was
because the zodia plants were able to absorb the
elements of N, Mg, and Fe well so there was no
significant difference. Posumah (2017) stated that there
are several factors that affect the formation of
chlorophyll, one of which is nutrients, including N, Mg
and Fe. Table 3 shows that the chlorophyll content in the
water availability treatment at 40% field capacity was
higher than the chlorophyll content in other treatments.
Generally, giving less water will reduce chlorophyll levels
because the growth on the leaves will also decrease but
there are some plants when in stressed the chlorophyll

content will increase. Plants that are tolerant to little
water supply or are stressed will adapt and synthesize
chlorophyll. This is in accordance with research by Ashri
(2006) which shows that drought stress treatment
causes an increase in chlorophyll levels in soybean
leaves, the highest yield is found in soybean leaves
which are more stressed. Bahar et al. (2017) research
also showed that there was an increase in pH, K, total
acidity, tartaric acid, anthocyanin and TPl quantities
depending on periods and stress levels.

Chemical Content Analysis

Based on Table 4 shows that the 100% field capacity
(C0O) treatment had higher antioxidants than other
treatments. The results of the flavonoid test (Table 4)
show that all treatments have the same average
flavonoid content of 0.15% except in the treatment of
40% FC water availability which is 0.13%.

The antioxidant test in this study used 0.03 mm DPPH
with methanol as a solvent. Based on Table 4 shows that
the treatment 100% FC (CO0) antioxidant content was
higher than other level of treatment. This is presumably
because plants treated with 100% FC can adapt to a lot
of water conditions. Sairam et al (2008) stated that plants
that can adapt to the availability of excess water have the
characteristics of the ability to cope with stress by
forming aerenchyma, increasing soluble sugars,
increasing glycolytic activity and fermentation enzymes
as well as antioxidant resistance mechanisms to
overcome conditions after hypoxia and anoxia. Sayuti
and Yenrina (2015) stated that antioxidants are sensitive
to external environmental conditions such as
temperature, pH, oxygen, and salt and are easily
damaged by high temperatures.

Table 4. Effect of water availability on the content of antioxidants and flavonoids zodia.

Water Availability Antioxcidant (%) Flavonoid (%)
co 6.87 0.15
C1 3.91 0.15
C2 5.91 0.15
C3 5.45 0.13

Note: CO (availability of water 100% field capacity); C1 (availability of water 80% field capacity); C2 (availability of water 60% field

capacity); C3 (availability of water 40% field capacity)

Generally, stressed plants will produce higher
secondary metabolites as a form of defense from an
unfavorable environment, but in this study the treatment
of 40% FC water availability with less water volume
resulted in slightly lower flavonoid content than other
level of treatments, because not all plants under water
stress are able to produce high secondary metabolites.

The results of Naiola's (1996) study on bitter plants with
water availability of 40% field capacity showed the lowest
andrographolide content compared to other treatments
at 100%, 80%, and 60% field capacity. This shows that
excessive water stress reduces the quality of the active
components of the plant. The synthesis of flavonoids
starts from the product of glycolysis, namely
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phosphoenol pyruvate then the product will enter the
shikimate pathway to produce phenylalanine as the
starting material for the phenylpropanoid pathway. This
pathway produces 4-coumaroyl-CoA which combines
with malonyl-CoA and then via chalcone as the first
common intermediate to produce flavonoid structures
(Nabavi et al. 2020).

Based on the GC-MS test that has been carried out
on samples. there are five main compounds or dominant

compounds (Table 5) namely ethylbenzene.
octadecamethyl cyclononasiloxane. hexadecamethyl
cyclooctasiloxane, pentadecanoic acid, and

heptadecanoid acid. The following are the dominant
compounds at each treatment level.

Table 5. Dominant compounds result of GC-MS analysis

; Area % ]
No Chemical Compunds co C1 co c3 Chemical Structure
C(\C"h
1 Ethyl benzene 10.87 13.12 14.55 11.47
2 Pentadenoic acid 755 1530 - 896 YT
a]
\/\/\/\/\/\/\/\)J\
3.  Heptadecanoid acid - - 10.12 - o
\Si \Si Si \Si
T/ “\0/ \0/ \a/ \?
4, Octadecamethyl 1664 937 2615 2093 /o vo o e
cyclononasiloxane
\!.’O
s s
q 0-g7
—$io Sély_
7T Ouad
5, Hexadecamethyl 955  13.50 - 9.97 ‘}S"o-sl,'i\ I~

Cyclooctasiloxane

Note: CO (availability of water 100% field capacity); C1 (availability of water 80% field capacity); C2 (availability of water 60% field capacity); C3

(availability of water 40% field capacity)

The compounds octadecamethyl cyclononacyloxane
(C1oHs400Sis) and hexadecamethyl cyclooctasiloxane
(CisHasSis) are derivatives of siloxane compounds.
Siloxane compounds and their derivatives are generally
found in plants. especially the leaves and have various
activities (Varothai et al. 2013). Bratty et al. (2020) in his
research found that the extract of the siwak tree fruit
tested by GCMS detected bioactive compounds. some
of which were hexadecamethyl-cyclooctasiloxane and
octadecamethyl-Cyclononasiloxane which had shown
antibacterial and antifungal properties. Other dominant
compounds are pentadenoic acid or pentadecanoic acid
and heptadecanoic acid. Pentadecanoic acid is a fatty
acid commonly found in nuts. The content of
pentadecanoic acid is also found in plants that function
as antifungals and antibacterials. the results of
Nurmilantina's research (2017) show that in the analysis
of the chemical composition of the leaves of sage
(Stenochlaena palustris Bedd.) which is a plant
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originating from India. several compounds are obtained.
some of which are terpenoids. In addition,
pentadecanoic acid compounds (C15H3002),
hexadecanoic acid (CisHs202), heptadecane cyclo
heptatriene, and octadecanoic acids were also found.
These compounds are also known as fatty acids which
function as a source of calories, antibacterial, antifungal,
and anticancer agents (Sjafaraenan and Johannes
2016). Heptadecanoic acid or margaric acid in Changzhi
Xu's (2019) study showed that this fatty acid could
significantly inhibit the growth of lung cancer cells.
Zodia leaf simplicia was extracted using ethanol
solvent. The extract then continued with GC-MS
analysis. Based on Figures 2 it can be seen that zodia
leaves contain bioactive compounds, CO (100 % FC)
treatment there are 16 compounds, C1 (80% FC) 17
compounds, C2 (60% FC) 12 compounds and C3 (40%)
15 compounds ranging from high to low percent area.
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Figure 2. Chromatogram of GCMS analysis of zodia leaves at different levels of treatment (Peak 1: Ethyl benzene; 2: pentadecanoic acid; 3:
hepatdecanoic acid; 4: octadecamethyl cyclononasiloxane; 5: hexadecamethyl cyclooctasiloxane)

CONCLUSION

Availability of water affects plant height as well as
number of zodia leaves. Availability of water with a level
of 60% field capacity is the best treatment for plant
height and number of leaves. availability of water does
not affect the content of secondary metabolites
(flavonoids) zodia

REFERENCES

Abidin AZ. Didik I. (2021). Hubungan nisbah perakaran
dengan ketahanan kekeringan dan hasil enam
kultivar padi (Oryza Sativa L.). Jurnal Vegetalika
Vol. 10 (1):18-30.

Advinda L. (2018). Dasar-dasar fisiologi tumbuhan.
Yogyakarta (ID): Deepublish.

Al Bratty M. Hyame AN. Makeen H. Alhazmi. Abdalla S.
Khalid A. (2020). Phytochemical. cytotoxic. and
antimicrobial evaluation of the fruits of miswak
plant. Salvadora persica L. Journal of Chemistry.
https://doi.org/10.1155/2020/4521951.

Aritonang S. Surtinah S. (2018). Stimulasi hasil melon
(Cucumis melo L) dengan  menggunakan bioto
grow gold (BGG). Jurnal limiah Pertanian. 15(1).
35-41.

Bahar E, Alain C, llknur K. (2017). Vine and berry
responses to severe water stress in different stages
in cv. Syrah (Vitis vinifera L.). The Special Issue of
2nd International Balkan Agriculture Congress.
Journal of Tekirdag Agricultural Faculty.

Bellitirk K, Kuzucu M, Celik A, Baran M. F. (2019). Antep
Fistiginda (Pistacia vera L.) kuru kosullarda
gubrelemenin verim ve kaliteye etkileri. Tekirdag
Ziraat Fakiiltesi Dergisi. Vol 16(2): 251-259

Changzhi Xu. Pengfei Wu. Jigjia G. Lanlan G. Tengdfei
Ma. Bingbing Ma. Shuai Yang. Guojian Shao. Yang
Yu. Xunduan H. Xingyuan Y. Buchang Z. (2019)

Heptadecanoic acid inhibits cell proliferation in PC-
9 non-small-cell lung cancer cells with acquired
gefitinib resistance. Oncology reports. 41 : 3499-
3507.

Devi JAIL. Muthu AK. (2014). Gas chromatography- mass
spectrometry analysis of bioactive constituents in
the ethanolic extract of Saccharum spontaneum
Linn. Int. J. Pharm. Pharmaceut. Sci. 6: 755-759.

Eka W. Evy L. (2016). Keragaan pertumbuhan dan
biomassa varietas Kedelai (Glycine max (L)) di
lahan sawah dengan aplikasi pupuk organik cair.
Jurnal llmu Pertanian Indonesia (JIPI). Vol. 21 (2):
90-97.

Hamim. (2018). Fisiologi tumbuhan:1 air. energi dan
metabolism karbon. Bogor (ID): IPB Press.

Jenira H. Sumarjan. Armiani S. (2016). Pengaruh
kombinasi pupuk organic dan anorganik terhadap
produksi kacang tanah (Arachis hypogea L.)
varietas lokal bima dalam upaya pembuatan
brosur bagi masyarakat. Jurnal lImiah Biologi Vol.
5(1):1-12.

Kamado A. Maria N. Indrawan K. Eka A. Hadilah R.
Elpira A. Aktivitas antioksidan alga coklat
Saragassum sp. Dengan metode 1.1- Difenil-2-
Pikrihidrasil (DPPH). 2021. PAMERI. Vol 3 (1).

Kardinan. A. (2007). Tanaman pengusir dan pembasmi
nyamuk. Edisi ketiga. Jakarta (ID): Agro Media
Pustaka.

Liu. Wang X. Wang D. Zou Z. Liang. (2010). Effect of
defisit water on growth and accumulation of active
constituents in Salvia miltiorrhiza Bung. Industrial
Crops and Products. 33: 84-88.

Luthfiana HA. Gembong H. Historiawati. (2019). Hasil
tanaman kubis (Brassica oleracea var. botrytis L.)
pada jarak tanam dan mulsa organik. VIGOR:

83

Effect Of Water Availability On The Growth And Secondary Metabolites Of Zodia (Evodia suaveolens)



Agrosains: Jurnal Penelitian Agronomi 25(2): 78-84, 2023; pISSN: 1411-5786; elSSN: 2655-7339

Jurnal llmu Pertanian Tropika dan Subtropika. Vol

4 (1): 18 — 23.
Manurung H. Wawan K. Irawan WK. Marjenah. (2017).
Pengaruh  cekaman  kekeringan  terhadap

pertumbuhan dan kadar flavonoid total tumbuhan
tabat barito (Ficus deltoidea Jack). J. Hort.
Indonesia 10(1): 55-62.

Mulyani O. Hidayat E. Salim A. Yuniarti. Machfud.
Sandrawati. Marisa PD. (2017). Studi perubahan
unsur kalium akibat pemupukan dan pengaruhnya
terhadap hasil tanaman. Jurnal llmiah Lingkungan
Tanah Pertanian. Vol 15 (1).

Nabavi SM. Samec D. Tomczyk M. Milella L. Russo D.
Habtemariam S. Suntar I. Rastrelli L. Daglia M.
Xiao J. Giampieri F. Battino M. Sobarzo-Sanchez
E. Nabavi SF. Yousefi B. Jeandet P. Xu S. Shirooie
S. (2020). Flavonoid Biosynthetic Pathways in
Plants:  Versatile Targets for  Metabolic
Engineering. Biotech Adv. 38: 1-12.
https://doi.org/10.1016/j.biotechadv.2018.11.005.

Ngibad K. Lestari PL. (2019). Uji fitokimia dan aktivitas
antioksidan ekstrak methanol daun zodia (Evodia
suaveolens). As-Syifaa Jurnal Farmasi Desember.
11 (2):161-168.

Nofiani R. (2008). Artikel ulas balik: Urgensi dan
mekanisme biosintesis metabolit sekunder mikroba
laut. Jurnal Natur Indonesia. Vol 10 (2):120-125.

Nurmilatina. (2017). Analisis komposisi kimia daun
kelakai (Stenochlaena palustris Bedd.) dengan
berbagai pelarut menggunakan GCMS. Jurnal
Riset Industri Hasil Hutan Vol.9 (1): 9 — 16.

Ojekale AB. Oladipupo A. Lawal. Adeola A. Segun.
Folorunso O. Samuel. Azeez |. Ismaila. Andy R.
Opoku. (2013). Volatile constituents. antioxidant
and insecticidal activities of essential oil from the
leaves of Thaumatococcus Danielli (Benn.) Benth.
from Nigeria. losr Journal Of Pharmacy. Vol 3 Issue
3: 01-05.

Pangestu FA. Syawal Y. Gustiar F. (2020). Pengaruh
pemberian pupuk kandang papi dan pupuk NPK
terhadap pertumbuhan tanaman lidah buaya (Aloe

Vera L.). Doctoral Dissertation: Sriwijaya
University.

Perangin Y. Yayuk P. Yenni A. Murni SR. Nurhayati.
(2019). Pemanfaatan kandungan metabolit

sekunder yang dihasilkan tanaman pada cekaman
biotik. Jurnal Agriland. 7(1): 39-47.

Posumah D. (2017). Uji kandungan Kklorofil daun
tanaman cabai merah (Capsicum annum L.)
melalui pemanfaatan beberapa pupuk organik cair.
Mipa Unsrat Online. Vol 6(2): 101-104.

Prayudyaningsih R. Tikupadang H. (2018). Percepatan
pertumbuhan tanaman bitti (Vitex Cofasuss Reinw)
dengan aplikasi fungsi mikorisa arbuskula (FMI).
Balai Penelitian Kehutanan Makassar.

Purnomo H. (2011). Kimia komputasi: molecular docking
plants penambatan molekul plants (Protein-Ligand-
Ant-System). Yogyakarta (ID): Pustaka Pelajar.

Puslittanak. (2000). Atlas Sumberdaya tanah eksplorasi
Indonesia skala 1: 1.000.000. Puslittanak: Badan

84

Litbang Pertanian Bogor.

Rahayu. Resti. Mairawita. Satni E. (2008). Sosialisasi
dan aplikasi penggunaan beberapa tanaman
pengusir nyamuk masyarakat kota Padang Di
Daerah yang rentan terkena penyakit demam
berdarah (DBD). Fakultas MIPA. Universitas
Andalas.

Roman GC. Jackson RE. Gadhia R. Roméan AN. Reis J.
(2019). Mediterranean diet: The role of long-chain
w-3 fatty acids in fish; polyphenols in fruits.
vegetables. cereals. coffee. tea. cacao and wine;
probiotics and vitamins in prevention of stroke. age-
related cognitive decline. and Alzheimer disease.
Rev Neurol (Paris). 175(10):724-741.

Sairam RK. Kumutha. Ezhilmathi PS. Deshmukh.
Srivastava. (2008). Phisiology and biochemistry of
waterlogging tolerance in plants. Biol. Plant (52):
4010 412.

Sanora DG. Elly YM. Muhammad OMH. Erlix RP. (2019).
Aktivitas senyawa 3.5.7-Ocatarien-2-OL Dimethyl
dari ekstrak zodia sebagai kandidat obat antikanker
paru-paru secara in silico. Prosiding SN-Biosper.

Santhiawan P. Putu S. (2019). Adaptasi padi sawah
(Oryza sativa) terhadap peningkatan kelebihan air
sebagai dampak pemanasan global. Jurnal agro
bali. Vol 2 (2): 130-144.

Sawitri S. Rabbana S. Ervina A. (2018). Seleksi
beberapa genotipe padi sawah lokal (Oryza sativa)
terhadap cekaman kekeringan menggunakan

polyethylene glycol peg pada fase
perkecambahan. Jurnal Agroteknologi. Vol 9 (1):
23 - 30.

Sayuti K. Yenrina R. (2015). Antioksidan alami dan
sintetik. Padang (ID): Andalas University Press.

Sjafaraenan. Johannes E. (2016). Aktivitas uji antimitotik
senyawa asam Heksadekanoat Isolat dari Hydroid
Aglaophenia cupressina Lamoureoux pada
cleavage Bulu Babi (Tripneustes gratilia Linn).
Jurnal Biologi Makassar. Vol 1:24-30.

Suwati. Budy W. Andi R. (2019). Efisiensi penggunaan
air untuk tanaman bayam di Kabupaten Lombok
Barat. Jurnal agrotek. Vol 6 (1).

Tatang SJ. (2019). Fitokimia: tinjauan metabolit
sekunder dan skrinning fitokimia. Yogyakarta (ID):
Universitas Islam Indonesia.

Tjitrosoepomo. Gembong. (2010). Taksonomi
tumbuhan. Yogyakarta (ID): UGM Press.

Trisilawati. Pitono. (2012). Mengenai pengaruh cekaman
defisit air terhadap pembentukan bahan aktif pada
purwoceng. Bogor (ID): Balai Penelitian Tanaman
Rempah dan Obat.

Varothai. Supenya. Sunatra N. Kanokvalai K. (2013).
“Moisturizers for Patients with Atopic Dermatitis.”
Asian Pacific Journal of Allergy and Immunology.
31(2): 91-98.

Yuniarti A. Tuti N. Eso S. Nurul S. (2017). Pengaruh
pupuk silika organik terhadap silika tanah dan
tanaman. pertumbuhan dan hasil hanjeli (Coix
lacryma-jobi L.). Jurnal Agrosains dan Teknologi.
Vol. 2 (2).

Effect Of Water Availability On The Growth And Secondary Metabolites Of Zodia (Evodia suaveolens)



	ABSTRACT

