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Abstract:
Background: The disease caused by Phytophthora capsici is a major constraint in black pepper cultivation, with
infections beginning as early as the seedling stage. Enhancing seedling resistance is crucial to mitigating losses,
especially for replanting on infected land.

Objective:  This  study  aimed  to  evaluate  the  effectiveness  of  Arbuscular  Mycorrhizal  Fungi  (AMF)  and
monopotassium  phosphate  (KP)  fertilizer  in  suppressing  foot  rot  disease  in  black  pepper  seedlings.

Methods: A split-plot randomized complete block design (RCBD) was employed. The main plot comprised two levels
of AMF application (with and without), while the subplot consisted of five KP fertilizer doses (0, 1.5 g, 2.5 g, 3.5 g, and
5.0 g per seedling or polybag). Each treatment was replicated three times, with 10 seedlings per replicate. Observed
variables included disease severity, disease incidence, disease infection rate, AUDPC, incubation period, and shoot
length increment to evaluate seedling resistance to P. capsici.

Results: The AMF application enhanced black pepper seedling resistance to P. capsici, reducing disease severity and
incidence, latent period, and AUDPC value, while promoting shoot growth. The application of KP fertilizer, up to a
dose of 5.0 g per polybag on non-mycorrhizal seedlings, effectively induced resistance, as reflected by lower AUDPC
values, slower disease progression, and delayed symptom onset.

Conclusion: The combined use of AMF and KP fertilizer during the seedling stage offers a promising strategy to
strengthen black pepper resistance against  the disease,  while  also potentially  reducing dependence on chemical
inputs.
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1. INTRODUCTION
Black  pepper  (Piper  nigrum  L.)  is  a  plantation  crop

commodity used as a spice and in the food, beverage, and
pharmaceutical  industries,  with  increased  demand  not
only  from  the  domestic  market  but  also  for  export.  In
Indonesia,  most  black  pepper  cultivation  is  managed  by
smallholder farmers. According to data from Badan Pusat
Statistik  (BPS),  there  has  been  a  decline  in  production

from 2021 to  2023.  Indonesia's  black pepper  production
reached 77.40 thousand tons in 2021, decreased to 75.20
thousand tons in 2022, and fell to 70.20 thousand tons in
2023  [1].  This  decline  has  also  affected  pepper  exports,
both black and white pepper, which continued to decrease
from 2019 to 2023.

A decline in black pepper production has also occurred
in  West  Kalimantan.  In  2023,  production  reached  4,631
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tons, a decrease compared to 6,328 tons in 2022 [2]. This
decline significantly affects community welfare,  as black
pepper  remains  one  of  the  main  income-generating
commodities for local populations. Extensive black pepper
cultivation is found in Sambas, Bengkayang, Sanggau, and
Sintang, particularly in areas near the Malaysian border.
The  cultivation  is  generally  still  traditional,  with  limited
input for plant nutrition or disease control. The cultivation
practices  used  also  contribute  to  the  incidence  of  P.
capsici infection, both in the field and during the seedling
stage.

Black  pepper  production  fluctuates  due  to  multiple
factors,  such  as  agroclimatic  conditions,  the  variety  of
black  pepper  cultivated,  soil  type,  cultivation  practices,
and land conditions. One of the major limiting factors in
production and quality decline is the high incidence of P.
capsici  (known  as  P.  tropicalis)  infection  [3],  which
remains  inadequately  controlled.

Poor  growth  performance  of  black  pepper  plants  is
often associated with increased incidence of basal stem rot
disease. In the ultisol and inceptisol soils of Kerala, South
India, black pepper production is influenced by acidic soil
conditions,  organic  carbon  content,  low  nitrogen  (N)
availability, moderate potassium (K) availability, and high
phosphorus (P) availability, which vary seasonally [4].

The disease caused by P. capsici is a major concern, as
it can infect all parts of the black pepper plant, including
roots,  stems,  and  leaves,  at  all  growth  stages.  The  most
severe  infections  occur  when  the  pathogen  attacks  the
roots and stem base, leading to sudden death, wilting, and
rapid  plant  mortality.  Pathogens  can  also  infect  leaves,
causing black spots and causing leaves to fall off [5].

P.  capsici  is  a  major  constraint  in  pepper  production
worldwide  because  of  its  resistance  to  effective  control
measures. In Indonesia, it can reduce yields by 30–40% in
affected  plantations,  with  some cases  causing  total  crop
loss [6].  In west coast India,  the average plant mortality
rate reached 9.64%, resulting in losses of USD 902.04/ha,
equivalent to 56% of annual net returns [7]. Meanwhile, in
Vietnam, the disease reduces 2% of the total planted area
every year [8].

Several  integrated  control  strategies  have  been
implemented,  such  as  enhancing  plant  vigor  through
recommended cultivation practices, suppressing P. capsici
populations  by  applying  biological  agents,  including
Trichoderma  spp  [9],  endophytic  yeasts  [6],  and
antagonistic bacteria [10]. Additionally, a mixture of areca
nut extract, gambier, betel leaf, and slaked lime at 0.01%
concentration  has  been  shown  to  inhibit  disease
development  with  efficacy  comparable  to  0.2% propineb
[11].

Control of black pepper basal stem rot disease can also
involve the use of mycorrhizal fungi, which are expected to
enhance plant growth performance. In the rhizosphere of
black  pepper  seedlings,  several  genera  of  mycorrhizal
fungi have been identified, including Glomus, Gigaspora,
Acaulospora,  and  Entropospora;  while  in  mature  plants,
Glomus, Gigaspora, Scutellospora, and Entropospora have

been  reported  [12].  Mycorrhizal  plants  are  able  to
regulate phosphorus uptake, resulting in relatively stable
absorption  even  under  increased  phosphorus  fertilizer
application.  However,  excessive  phosphorus  application
may  actually  reduce  its  uptake  in  calcareous  soils  [13].
Phosphorus  plays  a  role  in  the  development  of  plant
defenses against pathogens, although its effectiveness is
closely  linked  to  nitrogen  availability.  Potassium
application, on the other hand, has been shown to enhance
plant resistance to fungal pathogens [14].

The application of arbuscular mycorrhizal fungi (AMF)
and  KP  fertilizer  containing  P2O5  and  K2O  can  stimulate
the  development  of  plant  defenses  against  fungal
pathogens. Applying these two treatments at the seedling
stage  of  black  pepper  is  expected  to  produce  seedlings
with greater resistance to P. capsici infection after being
transplanted to the field. This study aims to evaluate the
resistance of black pepper seedlings to P. capsici infection.

The application of arbuscular mycorrhizal fungi (AMF)
and  KP  fertilizer  containing  P2O5  and  K2O  can  stimulate
the  development  of  plant  defenses  against  fungal
pathogens. Applying these two treatments at the seedling
stage  of  black  pepper  is  expected  to  produce  seedlings
with greater resistance to P. capsici infection after being
transplanted  to  the  field.  We  hypothesized  that  KP
fertilizer  would  further  enhance  the  resistance  of  AMF-
inoculated black pepper seedlings to P. capsici. This study
aims  to  evaluate  the  interactive  effects  of  AMF  and  KP
fertilizer on disease resistance.

2. MATERIALS AND METHODS

2.1. Experimental Design and Data Analysis
The  experiment  was  conducted  at  the  UPSBP

experimental field in West Kalimantan Province and at the
Plant  Pathology  Laboratory,  Faculty  of  Agriculture,
Tanjungpura University. The design used was a split-plot
RCBD.  The  main  plot  factor  was  the  application  of
mycorrhizal  fungi,  both  without  and  with  mycorrhizal
fungi.  The subplot factor was the dosage of  KP fertilizer
(without  KP  fertilizer;  1.5  g  per  polybag;  2.5  g  per
polybag;  3.5  g  per  polybag;  5.0  g  per  polybag).  All
treatments were replicated 3 times, with 10 sample plants
for  each  replicate.  Data  were  analyzed  using  analysis  of
variance (ANOVA) for the main factor (AMF), the subplot
factor  (KP  fertilizer  dosage),  and  their  interaction.
Treatment means were compared using Tukey’s test at α
=  0.05.  Data  not  meeting  ANOVA  assumptions  were
transformed  to  achieve  homogeneity  of  variances.

2.2. Preparation of P. capsici Inoculum Source
The  P.  capsici  inoculum  used  was  soil  from  black

pepper  nurseries  that  had  been  repeatedly  planted  and
showed  basal  stem  rot  symptoms.  The  presence  of  the
pathogen  was  confirmed  using  a  baiting  technique  with
black pepper leaves and tendrils, followed by microscopic
observation  to  obtain  sporangia  or  oospores  of  the
pathogen (Fig. 1). This soil had been used in pathogenicity
tests in another study [15].
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Fig. (1). P. capsici: the causal agent of basal stem rot disease in black pepper var. Bengkayang.

2.3. Preparation of Black Pepper Seedlings
Black pepper seedlings used were 2 months old, grown

in a  nursery  under  a  shade house.  The growing medium
consisted  of  a  mixture  of  soil,  burnt  rice  husk,  and  cow
manure  in  a  2:1:1  (v/v/v)  ratio.  Black  pepper  cuttings  of
the  Bengkayang  variety  were  prepared  using  one-node
segments.  The  planting  medium  was  divided  into  two
groups:  one  added  with  AMF  and  one  without  AMF
inoculum.  The  AMF  inoculum  was  soil  containing  31.5
spores of mixed Glomus sp. and Acaulospora sp. per 10 g.
The spores were previously multiplied by planting them on
maize cobs.

Black pepper seedlings were planted in 330 mL plastic
cups. For treatments involving AMF, 20 g of inoculum was
placed  at  the  bottom  of  the  planting  hole  (Fig.  2).  The
seedlings  were  kept  in  a  shade  house  covered  with  a
paranet, and humidity inside the structure was maintained
by  misting  water  with  a  sprayer.  Seedlings  remained  in
the  shade  house  for  two  months  until  root  formation.
Every two weeks, root colonization by AMF was checked
using the root staining method on three randomly selected
black  pepper  seedlings  [16].  Once  100%  of  the  AMF-
treated seedlings showed colonization, all seedlings were
transferred  to  polybags  filled  with  soil  that  had  been
contaminated  with  P.  capsici.

Fig. (2). Mixed mycorrhizal fungi spores in soil used as an inoculum source.
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2.4. KP Fertilization
KP  fertilization  was  carried  out  according  to  the

treatment,  3  days  after  transplanting  to  polybags.  The
fertilizer used contains P (P2O5 52%) and K (K2O 34%).
Fertilizer  was  applied  to  both  mycorrhizal  and  non-
mycorrhizal  black  pepper  seedlings.  The  fertilizer  was
spread  around  the  base  of  the  stem  when  the  soil  was
moist.

2.5. Observation Variables

Observation variables included primary variables, such
as disease severity, disease incidence at 1, 2, 3, 4, 5, 6, 7,
and  8  WAP  (weeks  after  planting),  incubation  period,
disease  infection  rate,  and  area  under  the  disease
progress  curve  (AUDPC).  Disease  severity  (DS)  was
calculated  using  the  following  formula:

Where DS = disease severity (%), ∑(n × v) = number
of  seedlings  showing  symptoms  at  a  certain  score,  N  =
total  number  of  seedlings  used,  and  V  =  highest  score
used. Disease severity was determined using a 4-category
scoring key: 0 = healthy plant, 1 = many yellowing leaves,
2  =  many  yellowing  and  wilting  leaves,  3  =  blackened
stem  base,  total  wilting,  and  plant  death  [6].  Disease
incidence  was  calculated  using  the  following  formula:

Where,  DI  =  disease  incidence  (%),  n  =  number  of
plants  showing  symptoms,  and  N  =  number  of  plants
observed.  The  incubation  period  was  determined  from
transplanting to the polybag until the appearance of initial
symptoms.  Observations  of  disease  severity,  disease
incidence, and incubation period were conducted weekly
from the onset of symptoms. AUDPC was calculated using
the following formula [17]:

Where,  yi  =  assessment  of  disease  (ordinal  score)  at
the  ith  observation,  t  =  time  (in  weeks)  at  the  ith
observation,  and  n  =  total  number  of  observations.  The
infection rate was measured based on the increase in the
number of infected plants each week.

Supporting  variables  observed  included  shoot  length
increment,  plant  dry  weight,  potassium  content  in  the
shoot tissue, and salicylic acid content at the Research and
Biochemistry  Laboratory,  Faculty  of  Mathematics  and

Natural  Sciences,  Universitas  Tanjungpura.
Measurements  of  salicylic  acid  content  were carried out
using  a  spectrophotometric  method  [18].  Potassium
content  was  measured  using  the  Morgan-Wolf  method
[19].

3. RESULTS

Black  pepper  seedlings  treated  with  AMF  inoculum
and KP fertilizer showed resistance to P. capsici infection.
This  was  evident  from  the  lower  disease  severity  and
incidence  compared  to  the  control,  i.e.,  seedlings  not
treated  with  AMF and  the  fertilizer.  Seedling  resistance
was  also  observed  in  the  relatively  longer  latent  period,
lower infection rate, and smaller AUDPC values. However,
resistance  of  black  pepper  seedlings  to  basal  stem  rot
disease did not significantly affect growth. This indicates
that resistance induction has occurred, especially due to
AMF  and  the  provision  of  P  and  K  elements  through
fertilizer. The growth influenced by the application of AMF
and  KP  fertilizer  was  limited  to  shoot  length  increment,
with no effect on shoot dry weight or fresh weight of black
pepper seedlings.

The  P.  capsici  attack  on  black  pepper  seedlings,
initially  with  incidence  and  then  increasing  disease
severity, continued especially in the control treatment. In
contrast, in seedlings treated with AMF, and particularly
those  given  high  doses  of  KP  fertilizer,  the  disease
incidence was relatively low (Fig. 3). Disease progression
appeared  relatively  slow,  indicating  that  the  pathogen
attack was suppressed. The black pepper seedlings were
relatively resistant to P. capsici infection.

The resistance of black pepper seedlings treated with
AMF  and  KP  fertilizer  to  P.  capsici  infection  showed
differences among treatment combinations, as determined
by Tukey’s test.

As  mentioned  in  Table  1,  disease  severity  decreased
when black pepper seedlings were inoculated with AMF,
while  KP  fertilizer  alone  did  not  significantly  suppress
severity. This contrasts with disease incidence, which was
reduced  by  KP  fertilizer,  especially  in  AMF-inoculated
seedlings.  Increasing the fertilizer  dose did not  enhance
resistance,  regardless  of  whether  seedlings  were
inoculated  with  AMF.  Seedling  resistance  was  based  on
disease severity, disease incidence, latent period, AUDPC
values,  and  low  infection  rate.  The  application  of  KP
fertilizer  only  increased  seedling  resistance  in  non-
mycorrhizal plants at the highest dose (5 g per polybag).
This  was  demonstrated  by  the  lack  of  significant
differences  compared to  seedlings  inoculated with  AMF.
Seedling growth of black pepper did not show differences
among  the  treatments  as  a  combination  of  AMF
inoculation  and  KP  fertilizer.  Differences  were  only
observed in non-mycorrhizal seedlings that were given KP
fertilizer at a lower dose of 5 g per polybag Table 2.
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Fig. (3). Disease progression of P. capsici infection on black pepper seedlings treated with AMF (m) and KP fertilizer (p). (A) Disease
Severity (%); and (B) Disease Incidence (%). m = AMF application (0 = no, 1 = given); p = dosage of KP fertilizer application in each
polybag (0 = no fertlizer, 1 = 1.5 g, 2 = 2.5 g, 3 = 3.5 g, 4 = 5 g).



6   The Open Agriculture Journal, 2025, Vol. 19 Rianto et al.

Table 1. Mean Disease Severity, Disease Incidence, Latent Period, and AUDPC Caused by P. capsici Infection on
Black Pepper Seedlings Treated with AMF and KP Fertilizer.

Combination of Treatments Disease Severity (%) Disease Incidence (%) Latent Period (days) AUDPC Value

m0p0 83.33a 83.33a 38.37d 198.3a
m0p1 53.33ab 53.33ab 47.27cd 151.67ab
m0p2 50.00ab 50.00ab 48.53bc 128.33ab
m0p3 50.00ab 50.00abc 47.53cd 128.33ab
m0p4 23.33bc 40.00abc 50.70abc 54.83bc
m1p0 12.33bc 31.67abc 55.87abc 16.33c
m1p1 4.67c 13.31cd 57.70ab 8.17c
m1p2 8.00 c 23.33bc 58.17ab 7.00c
m1p3 5.33 c 16.67bcd 57.40ab 18.17c
m1p4 2.33 c 0.00 d 59.50 a 0.00c
Note: Numbers followed by the same letter do not differ based on the Tukey test, ά = 0.05. The analysis was carried out after the data were transformed with
X-0.5; m = AMF application (0 = no, 1 = given); p = dosage of KP fertilizer application in each polybag (0 = no fertilizer,1 = 1.5 g, 2 = 2.5 g, 3 = 3.5 g, 4 = 5
g).

Table 2. Average Increase in Shoot Length, Shoot Fresh Weight, Shoot Dry Weight, and Potassium Content in
Black Pepper Seedlings Treated with AMF and KP Fertilizer.

Combination of Treatments Increase of Shoot Length
(cm)

Dry Weight of Shoot
(g) Infection Rate (plants/week) K Content of Shoot (%)

m0p0 6.01b 3.32 3.87 a 1.20
m0p1 0.03 a 4.79 1.62 ab 1.83
m0p2 0.37 a 6.32 1.49 abc 1.69
m0p3 1.87 a 2.90 1.77 ab 2.21
m0p4 3.97 a 3.93 1.09bc 2.10
m1p0 3.55 a 5.32 0.99bc 2.93
m1p1 4.87 a 7.26 0.31bc 2.22
m1p2 5.17 a 3.71 0.56bc 2.69
m1p3 3.93 a 8.41 0.4bc 2.51
m1p4 4.83 a 7.14 0.00c 2.65
Note: Numbers followed by the same letter do not differ based on the Tukey test, ά = 0.05. The analysis was carried out after the data were transformed with
X-0.5; m = AMF application (0 = no, 1 = given); p = dosage of KP fertilizer application in each polybag (0 = no fertilizer,1 = 1.5 g, 2 = 2.5 g, 3 = 3.5 g, 4 = 5
g).

The inhibition of disease development due to AMF and
KP fertilizer application did not result in increased growth
of  black  pepper  seedlings.  In  mycorrhizal  seedlings
treated with KP fertilizer,  resistance was observed,  with
fewer  plants  showing  infection  symptoms  compared  to
non-mycorrhizal ones. Applying KP fertilizer at a dose of
up  to  5  g  per  polybag  significantly  reduced  the  rate  of
infected  plants.  In  contrast,  in  mycorrhizal  plants,

increasing  the  dose  of  KP  fertilizer  did  not  reduce  the
infection  rate  of  P.  capsici  in  Bengkayang  black  pepper
seedlings.

In  black  pepper  seedlings  showing  healthy  or  mildly
diseased symptoms, the detected salicylic acid levels were
lower  than  in  those  exhibiting  more  severe  symptoms.
Mycorrhizal  fungi  may  aid  in  the  production  of  salicylic
acid Table 3.

Table 3. Salicylic Acid Content (mg/L) in Shoots of Black Pepper Seedlings.

Combination of Treatments Salicylic Acid Content Explanation

m0p0 Not detected Healthy, no symptoms
m1p0 1.16 ± 0.21 Healthy, no symptoms
m1p1 1.44 ± 0.23 Mildly infected; some leaves were yellowing
m1p1 2.00 ± 0.53 Moderately infected; some leaves were yellowing and wilting
m1p3 2.43 ± 0.20 Moderately infected; some leaves were yellowing and wilting
m1p3 2.50 ± 0.26 Severely infected; yellowing leaves and blackening branches
Note: m = AMF application (0 = no, 1 = given); p = dosage of KP fertilizer application in each polybag (0 = no fertilizer, 1 = 1.5 g, 2 = 2.5 g, 3= 3.5 g, 4 = 5
g).
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4. DISCUSSION
The suppression of P. capsici infection in black pepper

seedlings may also be related to the potassium content in
the  plant  tissue.  Mycorrhizal  plants  showed  higher  K
content  compared  to  non-mycorrhizal  plants.  Potassium
analysis  was  carried  out  on  plants  that  did  not  show
infection symptoms. The K content in diseased plants was
only  1.05%.  Mycorrhizal  fungi  can  enhance  potassium
uptake even when it is sufficiently available in the soil but
not readily absorbed by plants [20].

Some  black  pepper  seedlings  grown  in  P.  capsici-
contaminated  soil  showed  greater  resistance.  This  was
closely  related  to  the  K  content  and  the  application  of
mycorrhizal fungi (AMF). Vanilla plants treated with KCl
fertilizer  and  AMF  showed  better  growth  and  root
development in terms of weight and length [21]. P. capsici
infects through the roots,  causing damage and even rot.
Plants with well-developed roots tend to be more resistant
to  pathogen infection.  In  this  study,  disease  progression
was slower, with fewer infected black pepper seedlings as
indicated by a lower infection rate.

Mycorrhizal black pepper seedlings can absorb water
and  nutrients  more  efficiently  through  arbuscular
mycorrhizal  fungal  hyphae,  which  expand  the  plant’s
absorption  area  and  are  known  as  the  mycorrhizal
pathway [22]. AMF facilitate the uptake and transport of
potassium  to  the  host  plant,  as  indicated  by  the  high
accumulation  of  potassium  in  AMF  structures  and  plant
tissues  [20].  The  application  of  AMF  together  with  KP
fertilizer can increase the availability of phosphorus and
potassium nutrients for black pepper seedlings, while also
enhancing the plants’ resistance to P. capsici infection.

Potassium (K) influences physiological and biochemical
processes,  such  as  enzyme  activation,  solute  transport,
and balance control, all of which are associated with plant
resistance to fungal and bacterial infections. However, the
level  of  resistance  varies  depending  on  the  type  of
pathogen and its interaction with the host plant. It is also
possible that the observed resistance involves the role of
chloride (Cl), which binds with K in the fertilizer used [23].
The plant’s ability to absorb K depends on its availability
in the soil and soil conditions. Under limited K availability,
absorption can be enhanced through mycorrhizal fungi.

The  use  of  mycorrhizal  fungi  significantly  enhanced
the  resistance  of  black  pepper  seedlings  to  P.  capsici
infection.  Several  indicators  of  pathogen attack,  such as
disease  severity,  disease  incidence,  infection  rate,  and
AUDPC  values,  were  lower  in  mycorrhizal-treated
seedlings. The resistance observed in mycorrhizal plants is
not  only  associated  with  improved  nutrient  balance  and
rapid replacement of  damaged tissues,  but also with the
expression  of  genes  responsible  for  the  synthesis  of
defense-related  proteins,  competition  with  other  soil
microbes,  including  Phytophthora  spp.,  and  increased
levels  of  the  phytohormone  salicylic  acid,  which  plays  a
key  role  in  induced  resistance  [24,  25],  as  well  as  the
production of phytoalexins [26].

Salicylic acid accumulation in plant tissues can serve
as an indicator of a plant’s defensive capacity. Mycorrhizal
fungi can act as a trigger for plants to synthesize salicylic
acid, which has the ability to activate various antioxidant
enzymes,  act  as  an  elicitor  for  PR-protein  genes  with
antimicrobial  properties,  induce  programmed  cell  death
[27],  regulate  the  formation  of  reactive  oxygen  species
(ROS),  and  contribute  to  the  establishment  of  induced
resistance or systemic acquired resistance (SAR) [28]. The
accumulation of salicylic acid in plant tissues aligns with
the  findings  of  a  previous  study  [29],  which  reported
higher  levels  of  salicylic  acid  in  infected  plant  tissues.

CONCLUSION
Based on the research results, it can be concluded that

applying AMF and KP fertilizers to black pepper seedlings
can  increase  resistance  to  P.  capsici  attacks.  This
resistance  is  based  on  lower  disease  severity,  disease
incidence, infection rate, and AUDPC values, as well as a
longer  latency  period.  Increasing  the  K  content  of  KP
fertilizer  resulted  in  increased  resistance,  but  in
mycorrhizal seedlings, the K application did not increase
plant resistance to P. capsici infection.

The induced resistance response in plants due to the
application  of  AMF  and  KP  fertilizer,  while  effective
against the pathogen, did not result in increased growth of
black pepper seedlings, shoot dry weight, or shoot length.
This suggests a potential trade-off in resource allocation
between defense and growth in the seedlings.

STUDY LIMITATIONS
It  is  recommended that seedlings showing resistance

be planted in land infected with Phytophthora to evaluate
whether the developed resistance remains effective under
field conditions.

AUTHORS’ CONTRIBUTIONS
The  authors  confirm  contribution  to  the  paper  as

follows:  N.I.L.  and  F.R.:  Conceptualization;  N.I.L.:
Methodology; F.R.: Formal analysis; N.I.L.: investigation;
F.R.: Writing the original draft preparation; F.R. and E.S.:
Writing, reviewing, and editing; All authors have read and
agreed to the published version of the manuscript.

LIST OF ABBREVIATIONS

AMF = Arbuscular Mycorrhizal Fungi
RCBD = Randomized Complete Block Design
UPSBP = Unit Pengawasan dan Sertifikasi Benih

Perkebunan
AUDPC = Area Under Disease Progress Curve
DI = Disease Incidence
DS = Disease Severity

ETHICS  APPROVAL  AND  CONSENT  TO
PARTICIPATE

Not applicable.



8   The Open Agriculture Journal, 2025, Vol. 19 Rianto et al.

HUMAN AND ANIMAL RIGHTS
Not applicable.

CONSENT FOR PUBLICATION
Not applicable.

AVAILABILITY OF DATA AND MATERIALS
The  data  and  supportive  information  are  available

within  the  article.

FUNDING
None.

CONFLICT OF INTEREST
The authors declare no conflict of interest, financial or

otherwise.

ACKNOWLEDGEMENTS
The authors would like to express their gratitude to the

UPSBP  West  Kalimantan  for  the  research  facilities  used
during the fieldwork. They would also like to extend their
gratitude  to  the  Faculty  of  Agriculture's  Plant  Disease
Laboratory  for  facilitating  the  microscopic  observations.

REFERENCES
Produksi perkebunan rakyat menurut jenis tanaman (Ribu Ton),[1]
2023. Jakarta: Badan Pusat Statistik. Indonesia: BPS 2024.
Smallholder  plantation  production,  2023.Pontianak:  Central[2]
Statistics Agency (BPS) of West Kalimantan. 2024.
A  J,  Reddy  B,  Eapen  SJ,  Javed  M,  M  A,  A  K.  Pathogenomics[3]
insights into Phytophthora capsici and Phytophthora tropicalis -
Sibling  species  causing  black  pepper  foot  rot:  Genomic
architecture,  metabolic  pathways,  and  effector  diversity.  Gene
2025; 947: 149328.
http://dx.doi.org/10.1016/j.gene.2025.149328 PMID: 39952485
Varghese R, Ray JG. Sustainability of black pepper production: A[4]
critical  analysis  of  physicochemical  soil  parameters  concerning
variables in pepper fields of south India. Ecol Front 2024; 44(4):
788-801.
http://dx.doi.org/10.1016/j.ecofro.2024.01.005
Suriany E. Response of pepper seeds affected by root rot disease[5]
(Phytophthora  capsici)  towards  application  of  secondary
metabolites of Trichoderma sp. Haya Saudi J Life Sci 2021; 6(6):
113-29.
http://dx.doi.org/10.36348/sjls.2021.v06i06.001
Safitri D, Wiyono S, Purbajanti ED. Potential of endophytic yeasts[6]
as biocontrol of Phytophthora capsici, causative agent of foot rot
disease on black pepper. Biodiversitas 2023; 24(11): 5847-53.
http://dx.doi.org/10.13057/biodiv/d241102
Bhat S, Arunachalam V, Paramesha V, Gaonkar N. Quantifying the[7]
economic  impact  and  management  strategies  for  foot  rot
(Phytophthora capsici L.) disease on black pepper cultivation in
West Coast India: Farm-level insights. Plant Sci Today 2025; 12(1)
http://dx.doi.org/10.14719/pst.6764
Nguyen  VL.  Spread  of  Phytophthora  capsici  in  Black  Pepper[8]
(Piper nigrum) in Vietnam. Engineering 2015; 7(8): 506-13.
http://dx.doi.org/10.4236/eng.2015.78047
Wahyuno  D.  Pengendalian  terpadu  busuk  pangkal  batang  lada.[9]
Perspektif 2009; 8(1): 17-29.
Bhai RS, Eapen SJ, Kumar A, et al. Mitigating Phytophthora foot[10]
rot  and  slow  decline  diseases  of  black  pepper  through  the
deployment of bacterial antagonists. J Spices Aromat Crops 2017;
26(2): 69-82.
http://dx.doi.org/10.25081/josac.2017.v26.i2.874

Kusvianti  D,  Widodo W,  Prijono D.  Controlling pepper  stem rot[11]
disease  with  extracts  of  areca  nut,  gambier,  betel,  and  lime.
Indonesian J Phytopath 2014; 10(4): 103-11.
http://dx.doi.org/10.14692/jfi.10.4.103
Hajoeningtijas  OD,  Mardatin  NF,  Suyadi  A,  Ma’ruf  F.[12]
Characterization  of  indigenous  arbuscular  mycorrhizal  fungi  in
seedlings and production of pepper (Piper nigrum L.). Cultivation
J Tropical Mycorrhiza 2024; 3(2): 57-78.
http://dx.doi.org/10.58222/jtm.v3i2.70
Kiuk Y, Bako PO, Ishaq LF. Application of indigenous arbuscular[13]
mycorrhizal fungi and inorganic phosphorus fertilizer to increase
phosphorus  uptake  and  corn  yield  on  calcareous  land  on  timor
island. Agriculture 2022; 33(1): 25-34.
http://dx.doi.org/10.24198/agrikultura.v33i1.35881
Veresoglou  SD,  Barto  EK,  Menexes  G,  Rillig  MC.  Fertilization[14]
affects severity of disease caused by fungal plant pathogens. Plant
Pathol 2013; 62(5): 961-9.
http://dx.doi.org/10.1111/ppa.12014
Lestari NI, Rianto F, Syahputra E. Identification of Phytophthora[15]
capsici  attacks,  the  cause  of  basal  stem  rot  disease  in  pepper
seedlings. J Agricult Agros 2023; 25(3): 3047-52.
Prayudyaningsih  R,  Nursyamsi  C,  Prasetyawati  A.  Status  of[16]
arbuscular mycorrhizal fungi (AMF) in land affected by landslides:
Spore density, diversity and colonization on pioneer plant roots in
Tuheteru.  Proc  Natl  Semin  Mycorrhizae:  Mycorrhizae  for
Sustainable  Agricultural  and  Forestry  Development.  UHO
EduPress  2018.
Simko I, Piepho HP. The area under the disease progress stairs:[17]
Calculation,  advantage,  and  application.  Phytopathology  2012;
102(4): 381-9.
http://dx.doi.org/10.1094/PHYTO-07-11-0216 PMID: 22122266
Warrier  R,  Paul  M,  Vineetha  M.  Estimation  of  salicylic  acid  in[18]
Eucalyptus leaves using spectrophotometric methods. Genet Plant
Physiol 2013; 3: 90-7.
Sangkala  S,  Sunardi  S,  Susilawati  S.  Analysis  of  N,  P,  and  K[19]
nutrient uptake in chili (Capsicum sp.) tissues under varying soil
acidity levels. AGROTROPIKA JOURNAL 2024; 23(1): 48-54.
http://dx.doi.org/10.23960/ja.v23i1.7931
Garcia K, Zimmermann SD. The role of mycorrhizal associations[20]
in plant potassium nutrition. Front Plant Sci 2014; 5: 337.
http://dx.doi.org/10.3389/fpls.2014.00337 PMID: 25101097
Tirta  G.  The  effect  of  potassium  and  mycorrhiza  on  growth  of[21]
vanilla  (Vanilla  planifolia  Andrew).  Biodiversitas  2006;  7(2):
171-4.
http://dx.doi.org/10.13057/biodiv/d070217
Etesami  H,  Jeong  BR,  Glick  BR.  Contribution  of  arbuscular[22]
mycorrhizal fungi, phosphate–solubilizing bacteria, and silicon to
P uptake by plant. Front Plant Sci 2021; 12: 699618.
http://dx.doi.org/10.3389/fpls.2021.699618 PMID: 34276750
Ortel  CC,  Roberts  TL,  Rupe  JC.  A  review  of  the  interaction[23]
between potassium nutrition and plant disease control. Agrosyst
Geosci Environ 2024; 7(2): 20489.
http://dx.doi.org/10.1002/agg2.20489
Jung SC, Martinez-Medina A, Lopez-Raez JA. Mycorrhiza-induced[24]
resistance  and  priming  of  plant  defenses.  J  Chem  Ecol  2012;
38(6): 651-64.
http://dx.doi.org/10.1007/s10886-012-0134-6
Delaeter M, Magnin-Robert M, Randoux B, Lounès-Hadj Sahraoui[25]
A.  Arbuscular  mycorrhizal  fungi  as  biostimulant  and  biocontrol
agents: A review. Microorganisms 2024; 12(7): 1281.
http://dx.doi.org/10.3390/microorganisms12071281  PMID:
39065050
Nurhayati  .  Pengaruh  waktu  pemberian  mikoriza  vesicular[26]
arbuskular pertumbuhan tomat. J Agrivigor 2010; 9(3): 280-4.
Song  W,  Shao  H,  Zheng  A,  Zhao  L,  Xu  Y.  Advances  in  roles  of[27]
salicylic  acid  in  plant  tolerance  responses  to  biotic  and  abiotic
stresses. Plants 2023; 12: 3475.
http://dx.doi.org/10.3390/plants12193475
Li T, Huang Y, Xu ZS, Wang F, Xiong AS. Salicylic acid-induced[28]
differential resistance to the Tomato yellow leaf curl virus among

http://dx.doi.org/10.1016/j.gene.2025.149328
http://www.ncbi.nlm.nih.gov/pubmed/39952485
http://dx.doi.org/10.1016/j.ecofro.2024.01.005
http://dx.doi.org/10.36348/sjls.2021.v06i06.001
http://dx.doi.org/10.13057/biodiv/d241102
http://dx.doi.org/10.14719/pst.6764
http://dx.doi.org/10.4236/eng.2015.78047
http://dx.doi.org/10.25081/josac.2017.v26.i2.874
http://dx.doi.org/10.14692/jfi.10.4.103
http://dx.doi.org/10.58222/jtm.v3i2.70
http://dx.doi.org/10.24198/agrikultura.v33i1.35881
http://dx.doi.org/10.1111/ppa.12014
http://dx.doi.org/10.1094/PHYTO-07-11-0216
http://www.ncbi.nlm.nih.gov/pubmed/22122266
http://dx.doi.org/10.23960/ja.v23i1.7931
http://dx.doi.org/10.3389/fpls.2014.00337
http://www.ncbi.nlm.nih.gov/pubmed/25101097
http://dx.doi.org/10.13057/biodiv/d070217
http://dx.doi.org/10.3389/fpls.2021.699618
http://www.ncbi.nlm.nih.gov/pubmed/34276750
http://dx.doi.org/10.1002/agg2.20489
http://dx.doi.org/10.1007/s10886-012-0134-6
http://dx.doi.org/10.3390/microorganisms12071281
http://www.ncbi.nlm.nih.gov/pubmed/39065050
http://dx.doi.org/10.3390/plants12193475


Resistance of Black Pepper Seedlings to Phytophthora capsici-Induced 9

resistant and susceptible tomato cultivars. BMC Plant Biol 2019;
19(1): 173.
http://dx.doi.org/10.1186/s12870-019-1784-0 PMID: 31046667
Mishra  S,  Roychowdhury  R,  Ray  S,  et  al.  Salicylic  acid  (SA)-[29]

mediated  plant  immunity  against  biotic  stresses:  An  insight  on
molecular  components  and  signaling  mechanism.  Plant  Stress
2024; 11: 100427.
http://dx.doi.org/10.1016/j.stress.2024.100427

DISCLAIMER: The above article has been published, as is, ahead-of-print, to provide early visibility but is not the final version.
Major publication processes like copyediting, proofing, typesetting and further review are still to be done and may lead to changes in
the final published version, if it is eventually published. All legal disclaimers that apply to the final published article also apply to this
ahead-of-print version.

http://dx.doi.org/10.1186/s12870-019-1784-0
http://www.ncbi.nlm.nih.gov/pubmed/31046667
http://dx.doi.org/10.1016/j.stress.2024.100427

	[1. INTRODUCTION]
	1. INTRODUCTION
	2. MATERIALS AND METHODS
	2.1. Experimental Design and Data Analysis
	2.2. Preparation of P. capsici Inoculum Source
	2.3. Preparation of Black Pepper Seedlings
	2.4. KP Fertilization
	2.5. Observation Variables

	3. RESULTS
	4. DISCUSSION
	CONCLUSION
	STUDY LIMITATIONS
	AUTHORS’ CONTRIBUTIONS
	LIST OF ABBREVIATIONS
	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	HUMAN AND ANIMAL RIGHTS
	CONSENT FOR PUBLICATION
	AVAILABILITY OF DATA AND MATERIALS
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES


