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ABSTRACT

Weed interference results in increased synthesis of reactive oxygen species (ROS). High
accumulation of ROS causes oxidative stress and stimulates the activation of the antioxidant
defense system in plants. Weed interference causes biotic stress in the form of allelochemicals
and abiotic stress in the form of competition for plants which resultsin the inhibition of growth
and development in plants. Ageratum conyzoides is an annual weed in plantations and can
cause biotic and abiotic stress on surrounding plants. This study aims to determine the effect of
A. conyzoidesinterference on antioxidant content in the form of total phenol and total prolinein
patchouli leaves [ Pogostemon cablin (Blanco) Benth cv. Sdikalang] aswell asthe percentage
of essential oil yield from P. cablin. The study was conducted with a Complete Randomized
Design (CRD) with a single factor of A. conyzoides interference levels in as many as four
treatments (O, 2, 4, 6 individuals of A. conyzoides per treatment). The results concluded that
higher levels of A. conyzoidesinterference led to an increasein total phenol and total prolinein
P. cablin leaves, but decreased the percentage yield of P. cablin essential oil.

Keywords: Interference, antioxidant, ROS.
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INTRODUCTION

P. cablin can control 90% of theworld market
with total exports of patchouli oil around
35%-40% (Badan Pusat Statistik, 2013).
Direktorat Jenderal Perkebunan (2017)
reported that patchouli plants productionin
Indonesia is currently declining due to
reduced planting land, poor soil conditions,
and also the presence of other external
disturbances such as weed interference.
Weed interference in the environment
greatly affectsthe productivity of cultivated
plants. Accordingto Patel et al. (2017), weed
interference leads to a decrease in crop
production by up to 31%. One of the weeds
that are often found in patchouli plantations
is A. conyzoides which is classified as an
annual weed (Rosmanah et al., 2017).

The decrease in crop production isdueto a
decrease in the speed of physiological
processesdueto weed interference. According
toYang et al. (2021) plantsthat get stressed
can decrease the speed of physiological
processes such as plant respiration,
photosynthesi s, water and nutrient absorption,
and another physiological metabolism.
Increased stresson cultivated plantswill cause
the synthesis of reactive oxygen species
(ROS) incultivated plantswill alsoincrease.
The accumulation of ROS dueto high stress
causes damage to cell components, macro-
mol ecul es, plasmamembranes, nucleic acids,
and proteins in cultivated plants, thereby
reducing their productivity (Kasmiyati et al.,
2014). Theincrease in ROS was responded
to by cultivated plants by synthesizing
secondary metabolites for defense against
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stress(Ejaz et al., 2011). According to Zhang
et al. (2015), the synthesis of secondary
metabolitesisdueto theenzyme phenylalanine
ammonia-lyase (PAL) which synthesizes
primary metabolitesinto secondary metabalites.

Allelochemicals are secondary metabolite
that playsaroleininteractionsbetween plants
and as an intermediary in the mechanism of
allelopathy and isuseful for plant adaptation
to environmental changes. According to
Schandry et al. (2020), allelochemicals are
released into the environment through root
exudate, evaporation, washing, and also the
decay of dead plant parts. The most widely
produced allelochemicals produced by
plants are phenolic compounds synthesized
through the shikimic acid pathway
(Rodriguez et al., 2014). Phenols produced
by A. conyzoides are allelochemicals and
have a negative impact on cultivated plants
becausethey increasetheactivity of peroxidase
and superoxide dismutase enzymes which
causes the rate of transpiration and
photosynthesis rate to decrease (Kilkoda et
al., 2015). Allelochemical s from weeds can
increase the phenolic content in plants that
function as antioxidants. According to
Naikoo et al. (2019), phenolic compounds
are secondary metabolitesthat will increase
if plants get stressed.

According to Moelyaandani et al. (2020),
the presence of weeds a so calisescompetition
for water absorption for plants. Impaired
water absorption causes drought stress in
cultivated plants and is responded to by the
production of proline. Nasrin et al. (2020)
stated that with the increasing intensity of
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drought stress, the proline content inrice plants
increases. The stress of weeds a so affectsthe
condition of the patchouli oil content produced
by P. cablin. Patchouli oil isaform of secondary
metabolite derived from the terpenoid group
and synthesi zed through the meval onic acid
metabolic pathway (Beek et al., 2018).
According to Garcia-Caparros et al. (2019),
thehigh and low levels of plant essential oils
depend on the intensity of stress, the length
of the stress, and the selection of superior
plant seeds.

According to the results of research by
Damdas et a. (2022) weed interference in
the form of Chenopodium album and
Sorghum halepense against LupinusalbusL.
causesadecreasein fresh weight, dry weight,
seed yield, and productivity. The results of
research by Kilkodaet al. (2015) the presence
of the weed Ageratum conyzoides caused a
decrease in growth in three varieties of
Glycinemax L. Merr. Accordingto theresults
of research by Mahanta et al. (2007), the
presence of several weed species around
patchouli plants can reduce the quality of
essential oils.

Based on literature search, it shows that
weed interference can affect the growth of
cultivated plants, but more information is
still needed about theimpact of A. conyzoides
interferencewhichispatchouli plantation weed
on P. cablin growth and productivity. Based
on thisbackground, it isnecessary to conduct
research on the physiologica response of P.
cablinduetotheinterference of A. conyzoides
to the content of antioxidants, osmoregul ators,
and essential oil yield from P. cablin.

RESEARCH METHOD
Time and Place

Thisresearch was conducted from July 2021
to May 2022. Planting is carried out in
Perum Jatisari BSB, Mijen District,
Semarang City. Analysisof the proline, total
phenol, and patchouli oil yield was carried
out at the Plant Structure and Function
Biology Laboratory, Department of Biology,
FSM, Diponegoro University.

Toolsand M aterials

The main tools needed are a spectro-
photometer UV-VIS (Shimadzu UV Mini-
1240), analytical balance (OhausAR2140),
vortex (Thermo Scientific 88882010), water
bath (Polyscience WBE10), Whatman Filter
Paper No. 42, and steam distillation circuit.
Thematerialsused in thisresearch are shoot
cuttings of two-month-old Pogostemon
cablin cv. Sidikalang, seeds of Ageratum
conyzoides, planting medium with compostion
soil:manure: husks (2:1:1).

Experimental Design

The experimental design used a Complete
Randomized Design (CRD) with a single
factor of A. conyzoides interference levels
withfour treatments (0, 2, 4, 6 individual A.
conyzoides per treatment). Each level of
treatment was carried out five repetitions.

Planting and Treatment

The research was conducted in a place
shaded by rain. A. conyzoides seeds are
selected from broodstock on plantationsthat
has already undergone seed ripening
characterized by seedsof black color. Seeds
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are seeded in prepared fields and selected
uniform seedlings are for treatment.
Selection of A. conyzoides seedlings based
on the number of leaves as well as the
uniform length of the stem. P. cablin seedlings
are cuttings of shoots from 1-year-old
broodstock with eight leaves and a stem
length of 30 cm.

Planting is carried out in polybags of 30 x
30 cm with a planting media weight of 3.5
kg. Planting treatment begins when the age
of P. cablin isaready two months. Planting
is adjusted to the level of A. conyzoides
interference in each polybag by providing a
planting distance of 10 cm between A.
conyzoides and P. cablin in the middle of
the polybag. Watering iscarried out asmuch
as1literinthemorning per polybag. Weeding
is carried out when non-target weeds are
growing on thetreatment polybags. P. cablin
harvesting is carried out at 60 day after
planting (DAP) which is characterized by
the yellowing of the underside of P. cablin
leaves. Leaf samples were used for phenol
content analysis, and proline was taken at
60 DAP at harvest time. Manguntungi et al.
(2017) stated that leaves numbers 4 to 6
undergo physiological maturation and also
contain maximum secondary metabolites.

Total Phenol

Measurement of total phenols based on the
method of Singleton et al., (1999). A tota of
0.5 g of leaveswere mashed and homogenized
with 5 ml of methanol and then filtered using
filter paper. A total of 0.5 ml of solution was
taken then added with 2.5 ml of 10% Folin
Ciocalteu reagent and 10% Na,CO, was
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added and homogenized using a vortex for
15 second. The solution was incubated at
40°C for an hour, then the absorbance was
read with aspectrophotometer at awavelength
of 760 nm. Thetotal concentration of phenol
is based on a standard curve.

Total Proline

Measurement of proline content based on
the method of Bates et al. (1973). A total of
0.5 gr of leaves were ground and extracted
in 10 ml of 3% sulphosalic acid (w/v) then
filtered with filter paper. A total of 2 ml of
filtrate was reacted with 2 ml of ninhydrin
acid solution and 2 ml of glacia acetic acid
in atest tube for one hour a 100°C and the
reaction processended with anicebath. The
solution is further extracted with 4 ml of
toluene and shaken vigorously with astirrer
test tubefor 15 to 20 seconds. The absorbance
is read with a spectrophotometer at a
wavelength of 520 nm. The concentration
of prolineisdetermined by astandard curve
of pure proline.

Patchouli Qil Yield

Measurement of the yield of P. cablin
patchouli oil based on the method of Abdjul
et al., (2013) with modifications. Using one
whole plant treatment with fresh conditions
harvested inthe morning. Thenit isput into
a steam distillation device and heated at a
temperature of 100°C for 5 hours until a
distillate is obtained. Distillates containing
oil and water are put into a split funnel to
separate the oil and water, and then MgSO,
isadded to drain the oil from thewater. The
percentage yield of essential oils is
calculated using the following formula:
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Volume of oil produced (ml)

Yield (%) =
leld (%) Ingredients before processing (G)

Data Analysis

The quantitative data obtained from this
research were analyzed using variance
analysis (ANOVA) to determine the effect
of treatment on treatment aswell asregression
analysis. Using Duncan’s Multiple Range
Test (DMRT) to determine the significant
difference between treatmentsat aconfidence
level of 95%.

RESULT AND DISCUSSION

The results of the analysis of variance
(ANOVA) showed that the interference of
A. conyzoides weeds affected the total
phenol and total prolinein P. cablin leaves.
The results of observations and regression
analysis of the total content of phenol and
prolinecan beseeninTable 1, Figure 1, and
Figure 2.

Based ontheresultsin Table 1, it showsthat
the highest total phenol in P. cablin leaves
in the interference treatment of six A.
conyzoides individuals (4.000 mg/g) and the
lowest total phenol in the treatment without
A. conyzoides individuals (1.614 mg/qg).
Figure 1 shows the regression between A.
conyzoides and P. cablin interference is
positivewith R?=0.834, themoreindividuas
A. conyzoides causes the higher of total
phenol content in P. cablin leaves.

The results of research by Singh (2004) on
chickpeas, mustard, and rice plant planted
on soil containing A. conyzoides and
residues from A. conyzoides plants can
increase total phenol in plants. Darmanti
(2015) the greater the amount of interference
weed with soybean plants, the total phenol
content in the leaves of soybean plants
increases.

Table 1 Antioxidant Content In The Form of Total Phenol and
Proline P. cablin (60 DAP)

Individual Count of Total Phenol Total Proline
A. conyzoides (mg/g) (ng/ml)
0 1.614 + 0.385% 0.086 + 0.0772
2 2.288 + 0.015° 0.150 + 0.049%
4 2.321+0.012° 0.201 + 0.011®
6 4,000 + 0.486° 0.264 + 0.091P

Numbers followed by different letters on the same parameter showed a marked difference with
Duncan’s Double Test at a rate of 95%. The data shown is an average + standard deviation.

(S )]

Total Phenols
(mg/g)

o

0 2

4 6 8

Number of 4. conyzoides weeds (Individuals)

Figure 1 Regression analysis of total phenol P. cablin dueto A.
conyzoides weed interference
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Naikoo et al. (2019) state that phenolic
compounds are secondary metabolites that
will increaseif plants get stressed. Phenolic
compounds according to Rodriguez et al.
(2014) are one of the largest groups of
compounds that have a role as natural
antioxidants in plants and are synthesized
through the shikimic acid pathway. The
shikimic acid pathway in plants occurs in
chloroplasts and produces L-phenylalanine
(L-Phe) which is used for the biosynthesis
of various secondary metabolites (Santos-
Sanchez et al., 2019).

Phenolics as natural antioxidants in plants
have a very important role when plants
experience depression. In these conditions,
phenol plays a role in neutralizing the
occurrence of oxidation reactions caused by
excessive ROS due to the high intensity of
stress experienced by plants (Parwata,
2015). According to Sharma et al. (2012),
the way phenolic compounds neutralize
ROS in plants is by donating electrons or
hydrogen atoms to bind ROS. Phenolic
compounds in plants accumulate in the
central vacuoles of the cover cells of the
stoma and epidermal cellsaswell asin the
subepidermal tissues located in the leaves
(Pratyusha, 2022).

=1
lad

o

= =

Total Proline
(ng/ml)

<

0 2

Figure 2 shows the regression between A.
conyzoides and P. cablin interference is
positivewith R?=0.998, themoreindividuas
A. conyzoides causes the higher of total
proline content in P. cablin leaves. The
results of research by Kumar et al. (2018)
alleochemicals derived from leaching of A.
conyzoides cause increased proline content
in Pisum sativum. The results of the
observation of total prolinein thisresearch
can be seenin Table 1.

Proline is one of the amino acids produced
by plants and accumulates in chloroplasts
in both choked and non-choked conditions
(Kishor et al., 2015). Proline synthesis in
plants through two pathways, namely the
glutamic acid pathway as the main pathway
and also through the ornithine pathway
(Liang, 2013). According to Hayat et al.
(2012) prolinein plantsin addition to being
agood osmoregul ator also playsthree main
roles during plant contamination, namely
metal thickening, as an antioxidant, and
signal molecules.

According to Dar et al. (2015) proline acts
as an antioxidant, namely by accumulating
proline in large quantities which serves to
stabilize ROS when plants are exposed to
depression. Thisisto Rana (2017) opinion

y =0,0292x + 0.0874
R*=0.,9983

4 6 8

Number of 4. conyzoides Weeds (Individuals)

Figure 2 Regression analysisand total regression of P. cablin
proline due to A. conyzoides weed interference
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that there is a positive correlation between
the accumulation of proline in plants and
plant stress or stressin plants. A. conyzoides
interference causes high total phenol and
proline in P. cablin leaves which indicates
that P. cablin isin a choked state so that it
can cause inhibition of P. cablin growth.

Accordingto Czarnockaet al. (2018), phenal
and proline are non-enzymatic antioxidants
that function to prevent, reduce, or eiminate
damage dueto high concentrations of ROS in
varioustissues and plant cells due to stress.
Superoxide (O,-), hydroxyl radical (OH),
hydrogen peroxide (H,0,), and singlet
oxygen (*O,) isROS commonly found when
plantsareinachoked condition (Mittler, 2017).

Theresults of research by Afifi et al. (2012)
showed that rye grass interference caused a
high accumulation of H,O, in corn seeds
compared to corn seeds that did not
experienceryegrassinterference. Theresults
of research by Kilkoda et al. (2015)
interference of A. conyzoides and Borerria
alata caused a decrease in growth in three
soybean varieties. According to Mukti et al.
(2020) and Yamawo (2015) weed interference
causes competition for resources, namely
nutrients, light, water, and growing space as
well asinterferencefromweed dldochemicas

so asto increase antioxidants and inhibit the
growth of other plants. Thisisin accordance
with the results of research by Fernandez et
al. (2016) Quercus pubescensthat experience
competitionand areexposedto dle ochemicas
derived from pineleaf juicewill experience
an increase in phenol and terpene content
and growth inhibition including height and
biomass of Q. pubescens.

The allelochemical A. conyzoides causes
oxidative stress which can increase the
amount of ROS production and increasethe
concentration of phenol and proline as
antioxidants. According to Negi et al.
(2020), thealelochemical A. conyzoidescan
increase ROS production in the form of
superoxide compounds in some rice
varieties. High accumulation of ROSin the
form of superoxide can increasethe activity
of the PAL enzyme (Darmanti et al., 2021).
The PAL enzyme serves to deflect primary
metabolic pathwaysto secondary metabolic
pathways (Zhang et al., 2015).

Based on the ANOVA results in Table 2
showed that A. conyzoidesweed interference
affected the percentage of P. cablin patchouli
oil yield. Thehighest percentage of patchouli
oil yield P. cablin in the interference
treatment without A. conyzoides individuas

Table 2 Percentage of Patchouli Qil Yield P. cablin (60 DAP)

Individual Count Of

Patchouli Qil Yield

A. conyzoides (%)
0 1.614 + 0.111¢
2 1.430 + 0.061°¢
4 1.247 + 0.026°
6 0.879 + 0.0862

Numbersfollowed by different | etters on the same parameter showed amarked difference
with Duncan’s Double Test at a rate of 95%. The data shown is an average + standard

deviation.
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Figure 3 Regression analysis of patchouli cultivar Sidikalang yield due to
A. conyzoides weed interference

(1.614%) and the lowest percentage of
patchouli oil yield in the treatment of six A.
conyzoides individuals (0.879%). Figure 3
showsthe regression between A. conyzoides
and P. cablin interference in negative with
R?=10.965, themoreindividuasA. conyzoides
causes the smaller percentage of P. cablin
patchouli oil yield. Thisis by the results of
research by Mahanta et al. (2007), namely
thetighter sometypes of weedsin patchouli
plantationswill reducetheyield of essential
oil and also the quality of P. cablin essential
oil. In P. cablin patchouli oil, many
sexquiterpenesarefoundwhich arederivatives
of theterpene group with themain compound
constituting patchouli oil being patchouli
alcohol (Beutel et al., 2020).

According to Aisyah et al. (2010) the
composition of essentia oils in P. cablin
leaves is patchouli alcohol (32.60%), o-
guaiene (23.07%), a-guaiene (32.60%),
seychellene (6.95%), a-patchoulene (5.47%).
Souhoka et al. (2020) identified the
composition of essentia oils in P. cablin
leaves, namely patchouli alcohol (22.7%),
d-guaiene (18.61%), a-guaiene (18.90%),
seychellene (5.70%), a-patchoulene (2.88%).

According to Lee et al. (2020) patchouli
alcohol is a sesquiterpene the main component
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of patchouli essential oil and is an antioxidant.
The a-guaiene compound is one of the
constituent compounds of patchouli oil
whose percentage is almost the same as
patchouli alcohol. The compound a-guaiene
is an antioxidant for plants affected by the
stress and is derived from the biosynthesis
of the mevalonate acid pathway (Kurosaki
et al., 2016; Widyasanti et al., 2021). This
isin line with Swamy et al. (2015) that the
phytochemical content of P. cablinincluding
patchouli alcohol, patchoulene, guaiene,
seychellene, eugenol, and pogostol is an
antioxidant in P. cablin.

According to Beek et al. (2018) patchouli ail
is the main compound of patchouli oil from
theresultsof secondary metabolitesand comes
from the terpenoid group and is synthesized
through the mevalonate acid metabolism
pathway. The synthesis of patchouli oil is
strongly influenced by the stress experienced
by plants (Setiawan et al, 2021).

Patchouli oil isasecondary metabolitederived
from the defl ection of the primary metabolite
by the enzyme phenylalanine ammonia-
lyase (PAL) caused by an increase in ROS
along with anincreasein stressthat spursa
plant to produce more secondary metabolites
(Zhang et al, 2015).
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According to Agami (2016), a drastic
decreasein fresh weight in plants can cause
the accumulation of patchouli oil to aso be
low. This is to the results of research by
Abdoune et al. (2013) thereis acorrelation
between the decrease in the weight of some
types of essentia oil-producing plants and
the decrease in the content of essentia oils.

Theresults of research by Abdi et al. (2019)
on Odmumbasi licumand Ocimumamericanum
which experienced a decrease in vegetative
growth due to the decreased chlorophyll
content caused the content of essential oils
to aso decrease. The results of research by
Gorgini et al. (2021) on Lavandula
angustifolia cv. Hidecot and Lavandula
angustifolia cv. M uneasted which experienced
a decrease in plant biomass also saw a
decrease in the percentage of essential oils
followed by an increase in the content of
phenol and proline in L. angustifolia cv.
Hidecot and L. angustifolia cv. Muneasted.

According to Rao et al. (2007), weed
interference can decrease the essential oil
contentin citronellacv. Java-ll and essential
oilson alemon. According to Moelyaandani
et al. (2020), weed interference can disrupt
water supply levels. Disruption of water
supply levels caused P. cablin to experience
drought stress characterized by high proline
content. According to Khalid (2006), thelow
level of water availability causesdisruption
of the water absorption process by plants,
causing smaller and fewer leaves and can
reducethe capacity of essential oilsin plants.

According to Nasruddin et al. (2019), the
decrease in essential oil content can be

caused by disturbancesin the photosynthesis
processdueto lower CO, assimilationlevels
and affectsterpene production. Photosynthesis
is disturbed due to weed allelopathy which
inhibitsthe absorption of nutrients, especialy
N elements (Puspitasari et al., 2013).

Therelease of allelochemical sfrom thebody
of A. conyzoides can be done using root
exudate, evaporation, washing, and also the
decay of dead parts of the body of plants
(Schandry et al., 2020). A ccording to Kumar
et al. (2018) A. conyzoides releases various
types of alelochemicals harmful to other
plants such asflavonoids, kel oidids, saponins,
tannins, anthraguinones, gallic acid, ferulic
acid, quamaric acid, hydroxy-benzoic acid,
anisic acid, and syringic acid. Research
conducted by Isda (2016) allelochemical
compounds in the form of flavonoidsin A.
conyzoides can interfere with the growth of
other plants by damaging spindle threads
during metaphase and aso interferewith the
activity of cytokinin hormones that play a
rolein cell division.

The allelochemical of A. conyzoides causes
inhibition of P. cablin growth due to the
degree of A. conyzoides interference, the
length of interference, and also the
characteristics of A. conyzoides itself. This
isto the results of research by Budi (2012)
which statesthat the size of theinterference
or stresswill depend on the type of weed, the
intensity of the weed, and the length of
competition time between weeds and other
plants.
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CONCLUSIONS

Theinterference of severd A. conyzoideshas
an impact on the total phenol and total
proline content in P. cablin leaves as well
as the percentage of P. cablin patchouli il
yield. The increasing individuals of A.
conyzoides per treatment causes an increase
in the total content of phenol and proline,
this is because penol and proline are
antioxidants in P. cablin that function to
survive the stress of A. conyzoides. The
increasing individuals of A. conyzoides per
treatment causes adecreasein the percentage
of P. cablin essential oil, thisis because the
increasein antioxidantswhichisasecondary
metabolism causes adecreasein the growth
of P. cablin so that the content of essential
oils also decrease.
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