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Abstract: Rice bug, Leptocorisa oratorius (F.), is the main pest of rice
plants which can reduce rice productivity significantly. Natural insecticide
from plant extract compounds, such as Red Betel (Piper crocatum Ruiz
and Pav.), is an alternative to reduce the attack of these pests and
environmental friendly. This research aimed to study the effect of abiotic
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leaves that have potential compounds as an insecticide. The research
design used a split-split plot design with three factors, namely drought
stress 100, 50 and 25% Field Capacity (FC) light treatment (without shade,
shade net 65% and shade net 75%) and fertilizer application (guano and
NPK). Data analysis used ANOVA and Duncan Multiple Range Test
(DMRT) for growth data, also GC-MS test for profile metabolites analysis.
The research showed that the combination of 100% FC, guano and without
shade (W1F1L1) treatment produced the best plant growth. The
combination of 50% FC, NPK and without shade (W2F2L1) had the
highest potential to increase the type of insecticide compounds, while the
treatment of 100% FC, NPK and shade net 75% (W1F2L3) produced the
highest insecticide total compounds. There were 32 types of compounds
potentially acted as an insecticide in the red betel leaf chloroform extracts.
The compound groups covered terpene, monoterpene, sesquiterpene,
diterpene and others. The combination of abiotic stress in the form of
drought stress, light treatment and fertilizer application affected the growth
of P. crocatum in terms of plant morphology and biomass. It also could
increased the type and content of bioactive compounds in leaves of P.
crocatum. The W2F2L1 was the best treatment to increase the type of
insecticide compounds and the growths of red betel.
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Introduction

Rice bug, Leptocorisa oratorius (F.), is the main
insect that attacks rice plants. It has high mobility and
can be found on many paddy fields, especially in the
rainy season. Weed is an alternative host for rice bugs
that usually appear at the end of planting or generative
phase (Litsinger, 2009). Rice bug attacks rice plants
from flowering until the grain filling stadia. The
attack on flowering stadium causes the empty grains,
whereas the attacks on grain filling stadia or
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afterwards results in incompletes grain filling and
grain discoloration. In Asia, yield loss due to rice bug
ranged from 10-40% or even almost 100%, while in
Indonesia the vyield loss ranged from 50-100%
(Litsinger et al., 2015).

The high level of damage due to rice bug attack is a
major concern. Controlling rice bugs using pesticides is
still considered expensive for farmers and ineffective. In
addition, the use of pesticides is feared to disrupt the
beneficial insect population around the rice planting area
and leave chemical residues in rice. Therefore, some
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alternatives of insecticides which are more effective and
environmentally friendly are demanded, one of which is
by exploration and optimization of bioactive materials
from plants as natural insecticides.

Nugroho et al. (2020) evaluated red betel (Piper
crocatum Ruiz and Pav.) has the highest potential for
anti-pest control compared to the other four types of
Piper. The secondary metabolite compounds were able
to control the presence of rice bugs. However, the
insecticide compounds from the fraction was not adequate
in amount and type of compounds, so efforts are needed to
increase the number and levels of secondary metabolites
in red betel leaves: It has been reported by (Parfati and
Windono, 2016), also (Nugroho et al., 2020) that in
the red betel extract contained secondary metabolites
in the form of flavonoid compounds: Quersetin and
auron group compounds; essential oil  with
components of monoterpenes, sesquiterpenes, alkaloid
compounds, tannins-polyphenols, steroids-terpenoids
and saponins, which have potential as bioinsecticides.

Secondary metabolites are formed from several
processes and can be increased through biotic and abiotic
stress treatments. Secondary metabolites could be produced
by plants as a response of defense and adaptation to
environmental stress (Akula and Ravishankar, 2011;
Seigler, 1998). According to (Mazid et al., 2011), drought is
a serious threat to agriculture and natural physical-
biochemical properties of plant metabolism. In general,
plants show the ability to adopt their metabolism to changes
in the environment. Plants synthesize a variety of secondary
products with economic value in a normal environment.
Research (Muttaleb et al., 2018), the treatment without
shade (high light intensity) can increase the accumulation of
total phenolic content, total flavonoids and antioxidant
activity in Piper betel. In the study of (Sumarwoto et al.,
2008) about the red betel planting media derived from a
mixture of various types of organic matter had a
significant influence on growth (plant height, number of
leaves, number of books and length of the first segment).

Increased secondary metabolites to abiotic stress are
also shown in various research results, including increases
in monoterpenes and essential oils in Salvia officinalis
causes drought (Nowak et al., 2010; Bettaieb et al., 2009).
Temperature was increased quercetin and kaempferol in
Medicago sativa L. (Mglmann et al., 2015), also lights
could increased Gingerol and zingiberene in Zingiber
officinale (Anasori and Asghari, 2009). Salim et al. (2019)
also reported that soil nutrient increased secondary
metabolites in Lansium domesticum Corr var Duku. A
variety of abiotic stresses, such as drought, light and
fertilizer application with specific concentrations is
assumed could affect the formation of secondary
metabolites. Therefore, in this study, a combination of
abiotic stress treatments was carried out to increase
secondary metabolites in red betel leaves which are

expected to become natural insecticidal compounds,
especially for rice bug repellent.

Materials and Methods

This research used a split-split plot design with three
abiotic stress factors, namely drought stress, light
treatment and fertilizer application. Each treatment
combination consists of five replications.

Plant Growth and Abiotic Stress Treatments

Drought stress treatment based on field capacity can
be determined by the level of water content of each
through the method of (Laise et al., 2017) in the planting
media of three kg for each polybag. Drought stress
treatment in the form of water level, i.e., 100% (control),
50% (moderate) and 25% (severe) Field Capacity (FC)
were given twice for week. The fertilizer application is
carried out by adding 25 tons.ha™* of organic guano
fertilizer (Yudistira et al., 2018) and 100 kg.ha™* of NPK
Mutiara 16:16:16 Inorganic fertilizer (Muttaleb et al.,
2018) on the plant treatments. Application of fertilizer
was added to plants once for a month. The plants are
grown in three different light treatment (without shade,
shade net covered 65% and shade net covered 75%).
Controls were also planted with treatment without shade,
100% FC and without fertilizer added. Samples are
grown for four months. Plant growth and environmental
parameters were observed for every week. The observed
growth included the number of leaves and plant height was
observed every week for 15 weeks. Plant biomass and
shoot-root ratio were observed after plant harvest. The
measured environmental parameters consist of light
intensity, pH and soil moisture observed once a month.
Planting media and guano fertilizer also were analyzed by
chemical and physical characteristics. Chemical content
analysis, including pH, organic C content (%), available N,
available P, available K, total extraction of macro and micro
nutrient elements and Cation Exchange Capacity (CEC) in
the soil. Soil analysis including physical characteristics was
conducted at Laboratorium Pengujian, BPPT Yogyakarta.

Secondary Metabolites Profile Analysis

Preparation of red betel leaves extract using the
method of (Yeo et al., 2014) which was modified. P.
crocatum leaves are cleaned of dirt, dried in an oven at
40°C and mashed into powder. Five grams of the powder
was put into an Erlenmeyer flask, soaked using 150 mL
of chloroform and covered with aluminum foil for 24 h
while occasionally shaken. After 24 h the pulp is
separated from the filtrate by Whatman No. 1 filter
paper. The chloroform filtrate was placed on a porcelain
cup and concentrated with a fan. Next, the red betel leaf
chloroform extract of each treatment was analyzed for
the secondary metabolite profile using GC-MS.
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Statistical Analysis

The measurement data of growth and environmental
parameters were analyzed using descriptive methods and
Analysis Of Variance (ANOVA) with the F test at 5%
significance level. Each treatment combination consists
of five replications. If the F test has a significant effect,
an intermediate test with the Duncan Multiple Range
Test (DMRT) is performed at a 5% significance level.
Secondary metabolite profile of P. crocatum leaves
extract were analyzed using GC-MS. Chromatogram
data analyses used WILEY229.LIB, NIST12.LIB and
NIST62.LIB databases.

Results
Plant Growths and Biomass of P. crocatum

Various types of abiotic stress with specific
concentrations affect the formation of secondary
metabolites and also has effect to plant growth. In this
study, the highest number of leaves was produced by
W1F1L1 treatment (100% FC, guano and without shade),
while the fewest leaves were found in W3F1L3 treatment
(25% FC, guano and shade net 75%). The addition of guano
fertilizer resulted in an average number of leaves more than
the NPK treatment for several treatment combinations,
except for 25% FC Table 1.

Stem height in all plants with various combinations
of abiotic stress treatments increases with increasing
planting time each week. Table 1 shows that the
WI1F1L2 treatment (100% FC, guano and shade net
65%) produced the highest stem at the end of the
observation (15 weeks after planting), while the lowest
stem height was found in the W3F1L3 treatment (25%
FC, guano and shade net 75%). Based on Table 1, the
highest R/S ratio was produced by W1F1L3 treatment
(100% FC, guano and shade net 75%), while the lowest
R/S ratio was produced by WS3F1L3 treatment
combination (25% FC, guano and shade net 75%).

The fertilizer is containing all the micro elements
needed by plants. Based on the analysis, Guano fertilizer
used in this study contained 0.19% P,Os in the available
form was dissolved in water. Guano fertilizer contains less
nitrogen than NPK fertilizer, but guano fertilizer has other
nutrients. Other macronutrients were contained in guano
fertilizer, namely Mg and Ca. While the micronutrients
owned, among others were Na, Fe and Cu Table 2.

From the observations for four months, the range of
maximum and minimum light intensities in the treatment
group without shade was the highest compared to the
other light treatment groups during May to July 2019.
However, the range of the highest light intensity was in
the group control treatment during August. Meanwhile,
the lowest light intensity was in the 75% shade net
treatment group Fig. 1. The availability of water can also

affect the moisture and pH of the growing media. It
was shown in the light and drought stress treatment
group. The mean pH of the media in the light
treatment group for four months of planting was not
different among treatments. Meanwhile, the relative
humidity of the media in control plants had the
highest value compared to other treatments Fig. 2. The
relative humidity of the growing media decreases with
the reduction in water received by plants with a
treatment of 25% FC. This is consistent with an
increase in the acidity of the media in plants with a
treatment of 25% FC which results in growing media
becoming more alkaline Fig. 3.

Secondary Metabolites Profile of P. crocatum

The research results show that the combination
treatment of abiotic stress in the form of drought, light
and fertilizer application increased the variation of
compounds produced in the leaves of the red betel plant.
The control treatment produced 54 types of compounds.
The treatment group without shade produced the highest
total type of compound compared to those of the other
light treatment groups. W2F2L1 treatment (50% FC,
NPK fertilizer, without shade) produced the most total
types of compounds (67 types) after being analyzed
using GC-MS. Meanwhile, the W2F2L3 treatment (50%
FC, NPK fertilizer, shade net 75%) produced the fewest
total compounds, namely 30 types of compounds Table 3.
The highest levels of compounds produced in the extract
of chloroform red betel leaf treated with various
combined abiotic stress treatments, including 2-Carene,
2-Acetyl-(monoterpene), 2-Hydroxy-Beta-lonone
(propane), Phytol (diterpene), 3-Hydroxy-7,8-Dihydro-
.Beta.-lonol (phenol) and Delta 3-Carene (monoterpene)
are shown in Table 3. Chloroform is the best solvent to
showing secondary metabolites of red betel leaves
extract, especially for insecticide compounds. It based on
previous research from (Nugroho et al., 2020).

From Table 4, 32 types of bioactive compounds are
found with different classes. The control treatment
produced 11 types of compounds that have the potential
as insecticides with a total compound content, which is
3.52%. From the overall results of the analysis, the
treatment of W2F1L1, W2F2L1, W2F1L2, W3F2L2 and
W1F2L3 produced higher levels and amount of potential
insecticide compounds compared to controls. W2F2L1
treatment or T4 (50% FC, NPK fertilizer, without shade)
produced the most potential compound as an insecticide
(15 types). Meanwhile, W1F2L3 treatment or T14
(100% FC, NPK fertilizer, shade net 75%) produced
the highest total levels of insecticide compounds
compared to those of other treatments, which was
26.61%, dominated by 3-carene delta compounds
(monoterpene), presented in Fig. 4.
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Fig. 4: Total contents and total numbers of insecticide compounds in red betel leaves extract for all combination stress treatments. K:
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T9: W2F1L2, T10: W2F2L2, T11: W3F1L2, T12: W3F2L2, T13: W1F1L3, T14: W1F2L3, T15: W2F1L3, T16: W2F2L3,

T17: W3F1L3, T18: W3F2L3

Table 1: Growth of Piper crocatum with combination of drought stress, light treatments and fertilizer application

Treatments Leaves number Plant height Soot/root ratio
Control 19.85¢e+0.26 102.8%%+1.94 2.345+0.35
WI1F1L1 20.4%+0.7 124.6%+1,55 2.55°+0.25
W1F2L1 18.252¢d+1 86 81.4¢+4.47 3.63°+2.39
W2F1L1 18.4%%+0.77 108.8%%+2.61 2.36°+0.29
W2F2L1 19.4%+0.33 105.4%%+1 .17 4.03°¢0.43
W3F1L1 15.80c%+0.84 83.2+2.74 1.7124£0.35
W3F2L1 14.4%¢9+1 05 87.6%°+1.39 3.34°+0.64
W1F1L2 18.4%+0.45 135°+2.66 4.14°+0.2
W1F2L2 17.4bde+0.42 107¢%+1.62 4.22°+0.78
W2F1L2 18.4%%+0.50 100.2%9+1.28 1.69%+0.27
W2F2L2 14.23b¢d+] 23 77.43¢+3 52 3.80°+0.68
W3F1L2 14.620¢9+0,39 73%+2.01 1.66%+0.32
W3F2L2 17.2bcd+1 24 86.4%°+3.01 3.08%°+0.3
W1F1L3 15%cde+(, 95 78342 33 6.289+0.92
W1F2L3 15,28bcde+( 29 85.6%°+1.34 4.43°+0.64
W2F1L3 133¢+2.21 54.4%+2 56 2.51°+1.47
W2F2L3 12.4%+0.72 64%+2.49 3.81°+0.48
W3F1L3 9.6%+1.21 43.82+4.08 1.522+0.56
W3F2L3 13.83¢d+1 51 60.8%+1.97 3.48+0.76

Note: The numbers followed by the same letters for each column are not significantly different based on the Duncan Multiple Range
Test (DMRT) at the 5% significance level. W1: Water in 100% FC, W2: Water in 50% FC, W3: Water in 25% FC, F1: Organic
fertilizer guano, F2: Inorganic fertilizer NPK, L1: Without shade, L2: Shade net 65%, L3: Shade net 75%

Table 2: Nutrient analysis of soil and fertilizers were used in planting media

Chemical caracteristics Unit Sawitsari soil Guano fertilizer NPK fertilizer
Sand % 78.0000 -0.00 -0.0
Dust % 15.0000 -0.00 -0.0
Clay % 7.0000 -0.00 -0.0
CEC cmol(+)kg 3.5500 -0.00 -0.0
pH - 7.0300 -0.00 -0.0
C-organic % 1.2800 13.23 -0.0
N total % 0.0300 0.21 16.0
P20s % 0.0111 0.19 16.0
K20 total % 0.0068 0.10 16.0
MgO % -0.0000 0.12 15
CaO % -0.0000 7.19 5.0
Na % -0.0000 0.17 -0.0
Fe total ppm 120.0000 3389.00 -0.0
Cu total ppm 2.0000 2.00 -0.0
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Table 3: The compounds of the chloroform extract of red betel leaves with the highest preference compound content for each
combination of abiotic stress treatment

Treatments Total compounds Major compounds Groups % Total area
Control 54 2-Carene, 2-Acetyl- Monoterpene 19.10
W1F1L1 64 2-Carene, 2-Acetyl- Monoterpene 19.29
W1F2L1 49 2-Carene, 2-Acetyl- Monoterpene 43.45
W2F1L1 53 2-Carene, 2-Acetyl- Monoterpene 37.41
W2F2L1 67 2-Carene, 2-Acetyl- Monoterpene 27.94
W3F1L1 61 2-Hydroxy-Beta-lonone Propane 19.04
W3F2L1 61 Phytol Diterpene 19.44
W1F1L2 52 2-Hydroxy-Beta-lonone Propane 40.45
W1F2L2 50 2-Hydroxy-Beta-lonone Propane 19.09
W2F1L2 58 2-Carene, 2-Acetyl- Monoterpene 27.66
W2F2L2 45 3-Hydroxy-7,8-Dihydro-.Beta.-lonol Phenol 36.51
W3F1L2 54 2-Carene, 2-Acetyl- Monoterpene 36.89
W3F2L2 46 2-Carene, 2-Acetyl- Monoterpene 33.38
W1F1L3 44 3-Hydroxy-7,8-Dihydro-.Beta.-lonol Phenol 33.96
W1F2L3 54 Delta 3-Carene Monoterpene 21.70
W2F1L3 39 2-Carene, 2-Acetyl- Monoterpene 2161
W2F2L3 30 2-Carene, 2-Acetyl- Monoterpene 51.47
W3F1L3 47 2-Hydroxy-Beta-lonone Propane 23.88
W3F2L3 62 2-Hydroxy-Beta-lonone Propane 32.16

Note: W1: Water in 100% FC, W2: Water in 50% FC, W3: Water in 25% FC, F1: Organic fertilizer guano, F2: Inorganic fertilizer
NPK, L1: Without shade, L2: Shade net 65%, L3: Shade net 75%

Table 4: Bioactive compounds on red betel leaves chloroform extracts with insecticide potency

Groups Bioactive compounds Formula Molecular weight (g/mol)
Terpene Terpinolene CioHa6 136.230
Monoterpene Limonene CioH1s 136.230
Trans geraniol C1oH180 154.250
Alpha terpineol C10H180 154.250
Borneol C10H180 154.250
Rhodinol Ci10H200 156.260
Citronella C1oH180 154.250
Linalool C1oH180 154.250
Nerol C1oH180 154.250
Sesquiterpene Zingiberene CisH24 204.350
Beta farnesene CisH2a 204.350
Beta pinene CioH1s 136.230
Alpha curcumene CisHa22 202.330
Beta caryophyllene CisH24 204.350
Farnesol CisH260 222.370
Nerolidol CisH260 222.370
Gamma cadinene CisH2a 204.350
Alpha pinene CioH1s 136.230
C-nitro compound Dinobuton C14H18N207 326.300
Phenylpropene Methyl eugenol C11H1402 178.230
Myristicin C11H1203 192.210
Esther 11-Tetradecen-1-ol, acetate, (Z)- C16H3002 254.410
Benzyl benzoate C14H1202 212.240
1,2-Benzenedicarboxylic acid, dibutyl ester C16H2204 278.340
Ether Phenoxyethene CsH1002 138.166
Ketone Cis-Jasmone CuH160 164.240
Carbofuran 3-Hydroxycarbofuran C12H15NO4 237.250
Fatty acid Oleic acid Ci18H3402 282.500
Decanoic acid C10H2002 172.260
Disaccharide Beta lactose C12H22011 342.300
Organic nitro compound 2-Nitropropanol CsH7NOs 105.090
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Discussion

Growth and development of plant are influenced by
internal factors, in the form of genetic factors and plant
hormone, as well as external factors, such as micro-
climatic conditions and growing media that can be
adjusted to their needs. Light intensity is an
environmental factor that is very important for plant
growth and influences other environmental factors. Light
plays an important role in the formation of vegetative
organs, one of which is the development of leaves. From
the results of this study, it can be seen that the higher
intensity of irradiation results in a greater number of
leaves than those of shaded plants. This is similar to the
study of (Zervoudakis et al., 2012) who reported that the
highest number of leaves of Sage (Salvia officinalis L.)
plants was produced by treatment with full light
conditions and the number of leaves was reduced in the
shade conditions of 50 and 75%.

According to (Goldsworthy and Fisher, 1992) leaves
in shaded conditions will run into faster aging. Leaves is
not contributing to produce more net photosynthate, so
the rate of vegetative growth is inhibited and the number
of leaves in the plant is reduced. This statement is in
accordance with the growth of plants in the field. The
leaves in shaded plants, especially in the shade net 75%,
have a lot of senescence and abscission, so the number of
leaves increases. Plants in low light intensity will reduce
respiration rate, increase leaf area to expand light absorption
and increase photosynthesis rate in each leaf area.

Besides light, water is an important factor which be a
limiting factor for plant growth. From the results of the
study, the 25% FC treatment produced the fewest
number of leaves compared to other treatments. The
number of leaves decreases with increasing stress Table 1.
According to (Zokaee-Khosroshahi et al., 2014), drought
caused a significant decrease in the number and area of
leaves. Decrease in leaf growth is determined by the
level and duration of stress in response to minimizing
water loss through transpiration.

Red betel has stems that increase in length through the
addition of nodes and internodes. According to (Taiz and
Zeiger, 2002), plants growing in tightly shaded areas or
in low light intensity will grow longer than plants with
sufficient light. The levels of auxin in the stems increase
during dark conditions and can subsequently cause
etiolation in plants. In contrast to (Taiz and Zeiger, 2002;
Mapes and Xu, 2014), in this study 75% shade treatment
produced the lowest plant height compared to the
condition without shade (also control). It can be caused
by several factors, for instance stems at high light
treatment can continue to grow due to increased
gibberellins activity. According to (Sun, 2010),
increased cell elongation and cell division occur during
stem growth. GA induces transcription genes involved in

this process. For example, the expression of several
genes encoding Xyloglucan Endo-Transglycosylases
(XETs1) and expansion regulated by GA in elongation
of rice fields and Arabidopsis.

In this study, plants with high light intensity
conditions (treatment without shade) produced better
morphological growth compared to treatments with
lower light intensity. The number of leaves, stem height
and plant biomass in the treatment without shade was
higher than the treatment with shade Table 1. The
highest light intensity ranged from 37,436 to 40,883 lux
in the treatment without shade and control, while the
lowest light intensity ranged from 4187 lux Fig. 1.
Although according to (Manoi, 2007), red betel plants is
like shade plants, have cool air with 60-75% sunlight and
can flourish and thrive in mountainous areas. This shows
that the red betel plant has a broad tolerance for light
intensity. In this study, light intensity >40,000 lux is not
considered to be a limiting factor and can’t destroy plant
growth drastically. High light intensity causes change of
temperature and air humidity in the air and planting media.
But, it can be tolerated, so the plants still grow well.

The light intensity can affect to the temperature and
humidity of the air, it which further affects to the
availability of water. Plant response to drought
morphologically can be in the form of inhibition of stem
growth (Wu and Cosgrove, 2000). In this study, the
higher of drought stress made the stem is lower Table 1.
It is shown in the treatment group 25% field capacity.
When water deficits occur in the rooting area, an
imbalance occurs between plant requirements and water
availability. It causes plant metabolism to be inhibited,
one of which has an impact on reducing the rate of
photosynthesis.  When  photosynthesis  decreases,
photosynthate as an energy source for the process of cell
division and enlargement is also reduced. Inhibited cell
division activity, causing there are not increasing in mass
or cell content and cell expansion, so that cells remain
smaller (Chaves et al., 2003; Mapegau, 2006). It happened
on the stem in the treatment of water stress 25% that
growing shortest based on plant height parameter.

In addition to light and water, the growing media also
indirectly plays a role in plant growth. The structure and
composition media can be manipulated based on the
needs of plant. Based on the results of soil analysis, it is
known that the soil media is neutral with a degree of
acidity of 7.03. The soil texture is dominated by sand
with a Cation Exchange Capacity (CEC) of 3.55 cmol
(+) kg™ Table 2. CEC is a chemical property that is
closely related to soil fertility. In this study two kinds of
compound fertilizers are used, namely organic guano
fertilizer and NPK inorganic fertilizer. Based on the
results analysis, one of the micro nutrients found in
guano fertilizer is Fe which plays a role in the formation
of leaf chlorophyll and high stem growth. Therefore,
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treatment with guano fertilizer results in better stem
height and number of leaves compared to NPK fertilizer
application. Suwarno and Idris (2007) explained that the
application of guano fertilizer can improve soil fertility,
increase soil pH, soil CEC, also available N, P, K levels.
In this study, the application of organic guano fertilizer
has a better influence on the chemical properties of the
soil because it can increase pH, although the increase is
relatively small. Guano fertilizer contains of N, P, K
which very good for supporting growth, stimulating roots,
strengthening seedlings. In addition to the elements N, P
and K, there are macro elements Mg and Ca in both types
of fertilizers that are useful for plant growth. The
availability of macro and micro nutrients in guano fertilizer
could increase soil fertility which increase plant growth.

Environmental stress, especially drought stress
caused a decrease in root and shoot growth. Plant
biomass is directly affected by water availability.
Decreased assimilate production in drought conditions
causes a decrease in root and shoot biomass. Under
drought conditions, plants generally allocate a large
proportion of assimilates to root growth rather than
shoot. Changes in total biomass determine the ratio of
shoot to roots as an indicator of the mechanism of
tolerance of plants to stress. Decrease in root and shoot
growth causes changes in Root-Shoot ratios (R/S ratio)
which show how plants respond to the limitations of the
surrounding water (Benjamin and Nielsen, 2004). From
Table 1, it is known that shade net 75% produced the
highest R/S ratio compared to shade net 65%, without shade
and control. The treatment of giving water 100% FC shows
the highest R/S ratio compared to other water stresses. The
result of a high R/S ratio indicates that the weight of the
canopy (leaves and stems) is heavier than the roots.

According to (Wu and Cosgrove, 2000), limited
water availability generally decreases R/S ratio, because
canopy growth is more susceptible to being inhibited by
a decrease in water potential. Furthermore (Kondo et al.,
2003) stated that the mechanism of plant tolerance to
drought is not only through root lengthening, but also by
increasing plant root biomass. Changes in the allocation
of assimilates are more directed towards root growth
than canopy, the aim is to increase access to water
absorption. This is consistent with the research
conducted, that the ratio of the plant root canopy
decreases with increasing environmental stress.

It is known that light is a physical factor that can
affect the production of metabolites in plants. High light
intensity can stimulate the formation of secondary
metabolites, such as gingerol and zingiberene in the Z.
officinale callus culture (Anasori and Asghari, 2009). In
this study, zingiberene (sesquiterpenes) found in red
betel leaves extract was potential as an insecticide Table 5.
Control and without shade treatments produce
Zingiberene for all combinations of abiotic stresses.

While in the treatment of shade net group of 65 and 75%
in combination with others abiotic stress treatments did
not produce Zingiberene. This was triggered by the
higher light intensity at the planting location of without
shade net compared to those of the treatment with the
addition of shade net Fig. 1.

The correlation between light and fertilizer application
in increasing bioactive compounds in Piper betle plants was
also reported by (Muttaleb et al., 2018). The chlorophyll
content increased in the treatment under 30 and 50% shade
with 100 kg/ha N, while full sunlight with 0 kg/ha N is not
suitable for betel plants, because high light intensity causes
scorch on the leaves and inhibits growth, accumulation
secondary metabolites and activation of antioxidants.
Likewise in this study, even without shade the plants can
grow well because of the provision of fertilizers and it can
increase secondary metabolite products.

The application of abiotic stress has been shown to
increase the concentration of secondary metabolites in
plants. Abiotic stress, especially drought, decreases
growth and gives rise to some morphological, anatomic
and biochemical changes in plants, including
modification of gene expression which ultimately affects
a very large yield decrease. Plants increase drought
tolerance by reducing osmotic potential due to
accumulation of solutes. This condition allows cell
enlargement, plant growth, keeping the stomata open and
assimilation of CO; under water pressure. Many solutes
can be used in osmotic adjustment, including inorganic
ions such as Na*, K* and CI- (Wyn-Jones and Gorhan,
1983), saccharides and amino acids, i.e., proline
(Navari-l1zzo et al., 1990). As a result, the yield of plant
biomass is low despite increasing secondary metabolite
levels. However, this research shows that 50% water
capacity in the field, NPK fertilizer and without shade can
increase the types and levels of bioactive compounds which
are potentially insecticides with better morphology and
growth compared to those of other treatments.

The mechanism of the compounds in responding to
insect attacks are varied, depending on the type of
compound and insect that disturbs plants. Some
bioactive compounds produced from red betel leaves
extracts such as limonene, myrcene, terpinolene, alpha
pinene and beta pinene are neurotoxic to insects (Rattan,
2010; Coats et al., 1991; Dev, 1989). The mechanism of
action of eugenol, borneol, citronella and geraniol works
in neuromodulatory disorders, octopamine antagonists and
membrane disruptors (Dayan et al., 2009; Pino et al., 2013;
Isman and Machial, 2006). According to (Felipe et al.,
2008; Rattan, 2010), linalool and delta 3-carene play a
role in the inhibition of Acetylecholinestrase (AChE).
Meanwhile, reported by (Freeman and Beattie, 2008;
Khaleel et al., 2018) that alpha terpineol and geraniol can
interfere with olfactory responses in insects that cause
insects to avoid or even die.



Intani Quarta Lailaty et al. / OnLine Journal of Biological Sciences 2021, 21 (1): 1.11

DOI: 10.3844/0jbsci.2021.1.11

Secondary metabolites are produced for the defense
of living things against stress or attacks from the
surrounding environment. Secondary metabolites are not
only produced by plants, but can also be produced by
animals, especially insects. According to (Beran et al.,
2019), there are identical chemical structures of simple
monoterpene and  sesquiterpene  groups, iridoid
monoterpenes, cyanogenic glycosides, benzoic acid
derivatives, benzoquinone and naphtoquinone that are
sometimes found in plants and insects. Potential compounds
as an insecticide from red betel leaf extract from this
research, i.e., beta caryophyllene, myrcene, beta farnesene
and geraniol. They are also found as secondary metabolites
in other species of insects and plants (Beran et al., 2019).

In some cases, identical compounds may be produced
by plants to interfere with their function in insects.
Elsewhere, compounds in plants and insects may have a
parallel function, either as a defense or an attractant and
the existence of these compounds is a coincidence. The
origin of the biosynthesis of these metabolites that occur
simultaneously may be very different in insects
compared to plants. Plants and insects may have
different biosynthetic pathways, but produce the same
metabolites, or a sequence of similar intermediates,
but different enzymes. Plants produce terpenoids
through the MVA and MEP pathways, while the
production of terpenoids in insects only through the
MAYV pathway (Beran et al., 2019).

From this study, it found 32 types of compounds as
potential insecticides in red betel leaves extract from
different groups, including terpene, monoterpene,
sesquiterpene, diterpene and alkaloids. The existence of
similarities of compounds produced by plants and
insects, may further be explained through knowledge of
the ecological role and biosynthetic pathways of
secondary metabolites. This has become interesting for
the development of agriculture and plantations,
especially in eradicating pests. Further studies are
needed to determine bioactive compounds in plants and
insects that have the potential to increase the ability of
repellence and also the resistance of compounds from
plants against insect pests.

Conclusion

Based on the research, it can be concluded that the
abiotic stresses combination (waters, lights and
fertilizers) could affect the growth of P. crocatum,
especially the morphology and biomass. The
combination treatments of 100% of FC, guano fertilizer
and without shade (W1F1L1) produced the best plant
growth. While the combination of 25% FC, guano and
shade net 75% (W3F1L3) provided the lowest growth
yield compared to those of other treatments. The
combination of abiotic stresses also increased the types

and content of bioactive compounds of P. crocatum
leaves compared to those of control. The 50% of FC,
NPK fertilizer and without shade (W2F2L1) had the
highest potential to increase the types of natural
insecticide compounds, while treatment of 100% FC,
NPK fertilizer and shade net 75% (WZ1F2L3) resulted in
the highest total content of insecticide compounds.
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