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INTRODUCTION

Oil palm is a key perennial plantation crop 
in tropical agriculture because it contributes 
substantially to vegetable oil supply, rural liveli-
hoods, agro-industrial development, and nation-
al export performance. In Indonesia, oil palm 
remains a strategic commodity, as reflected in 
the national statistical reporting of oil palm area, 
production, and trade performance by province 
and producer category (Khatiwada et al., 2021). 
Meanwhile, the expansion and intensification of 
oil palm cultivation have raised global concerns 

related to land use, soil management, environ-
mental sustainability, and the ecological conse-
quences of production systems. Judijanto (2026) 
reported that the oil palm area in Indonesia ex-
panded substantially over the last two decades, 
while part of this expansion was associated with 
forest conversion, making sustainability-ori-
ented production practices increasingly urgent. 
Therefore, improving oil palm productivity 
should not rely only on land expansion, but also 
on better nursery management, efficient nutrient 
inputs, and environmentally responsible grow-
ing media management. 

Potential of the Ludwigia octovalvis weed biomass as 
organic fertilizer for oil palm seedling growth in peat 		
pre-nursery media

Yoyon Riono1, Samanhudi2* , Edi Purwanto2 , Muji Rahayu2

1	 Doctoral Program in Agricultural Science, Faculty of Agriculture, Universitas Sebelas Maret, Surakarta, 
Indonesia

2	 Department of Agricultural Science, Faculty of Agriculture, Universitas Sebelas Maret, Surakarta, 
Indonesia

* Corresponding author’s e-mail: samanhudi@staff.uns.ac.id

ABSTRACT
Peat-based growing media in oil palm pre-nursery systems often present limitations related to nutrient availability, 
acidity, and early seedling establishment, thereby requiring alternative organic amendments that are locally avail-
able, environmentally sustainable, and agronomically effective. Ludwigia octovalvis, commonly recognized as a 
wetland weed, has potential biomass value as an organic fertilizer; however, its influence on the vegetative growth 
of oil palm seedlings on peat media remains insufficiently examined. This study sought to evaluate how different 
doses of Ludwigia octovalvis organic fertilizer influence the vegetative growth of oil palm seedlings grown in 
peat-based pre-nursery media. A quantitative experimental approach was applied using a fully randomized design 
consisting of five treatments: without Ludwigia octovalvis organic fertilizer, 25 g, 50 g, 75 g, and 100 g per poly-
bag. The experiment involved 40 oil palm seedlings, with eight replications for each treatment, and was conducted 
for 12 weeks under controlled screen house conditions in Surakarta, Central Java, Indonesia. Data were collected 
through direct observation and measurement of plant height, number of leaves, stem diameter, root length, fresh 
weight, and dry weight. The data were analyzed using descriptive statistics, ANOVA, and Duncan’s multiple range 
test at a 5% significance level. The findings are expected to identify whether Ludwigia octovalvis organic fertilizer 
significantly improves vegetative growth and to determine the most effective application dose for peat-based pre-
nursery cultivation. This study contributes to the development of weed biomass utilization as a sustainable organic 
input for early oil palm seedling production.
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The pre-nursery stage is a critical phase in 
oil palm cultivation because seedling vigor dur-
ing early growth influences subsequent establish-
ment, field adaptability, and long-term plantation 
performance. At this stage, seedlings are highly 
sensitive to nutrient availability, water balance, 
rooting conditions, and the physical structure of 
the growing medium. Peat-based media promote 
early seedling growth due to their high organic 
matter content and water retention ability, yet it 
also has important constraints, particularly high 
acidity, low nutrient availability, and variation 
in physical and chemical properties. Shahriari 
et al. (2025) emphasized that the tropical peat 
soils in Southeast Asia are characterized by high 
acidity, high organic matter,  and low nutrient 
content, while their properties vary across land 
uses, depths, and management conditions. These 
characteristics indicate that peat media used for 
oil palm pre-nursery requires appropriate amend-
ments to improve nutrient supply and create a 
more favorable root environment. 

Organic fertilizer is widely discussed as a 
sustainable input because it can improve soil 
quality, enhance nutrient cycling, support micro-
bial activity, and reduce dependence on synthetic 
fertilizers. Li et al. (2023) explained that organic 
fertilizers can boost crop productivity and stress 
tolerance through multiple mechanisms, includ-
ing better soil organic matter, aggregate stability, 
water retention, cation exchange capacity, nutri-
ent uptake, and microbial activity. These mech-
anisms are highly relevant for peat-based pre-
nursery media because young oil palm seedlings 
require a balanced root environment rather than 
only direct nutrient addition. However, organic 
fertilizers also vary in composition, maturity, nu-
trient release rate, and agronomic effectiveness 
depending on their biomass source and process-
ing method. Therefore, evaluating a specific or-
ganic material through a controlled dose-response 
experiment is necessary before recommending it 
for nursery application. 

Several recent studies have examined organ-
ic and semi-organic inputs for oil palm seedling 
growth, but most of them have focused on com-
monly used organic materials or combinations 
with synthetic fertilizers. Rigel et al. (2023) found 
that substituting part of nitrogen, phosphorus, and 
potassium compound fertilizer with organic ma-
terial improved oil palm seedling performance 
in pre-nursery and main nursery stages. Panca-
palaga et al., (2024) reported that oil palm spent 

fruit bunch organic material supplemented with 
nitrogen, phosphorus, and potassium fertilizer 
improved seedling growth in the main nursery, 
although organic material alone did not affect all 
growth parameters. Mandal et al. (2022) inves-
tigated shade, manure, and liquid organic fertil-
izer in oil palm pre-nursery using ultisol media, 
showing that organic inputs have been studied 
in mineral soil conditions rather than peat-based 
media. Shamila et al. (2024) examined nitrogen, 
phosphorus, and potassium fertilizers along with 
coconut husk ash used as amendments for oil 
palm seedlings grown in peat media, but the study 
focused on ash amendment and inorganic fertil-
izer interaction rather than weed biomass as an 
organic fertilizer source. 

Weed biomass has become an increasingly 
relevant research object in sustainable agriculture 
because many aquatic and semi-aquatic weeds 
grow rapidly, accumulate biomass, and contain 
organic matter that may be recycled into agricul-
tural inputs. Dissanayaka et al. (2023) reviewed 
aquatic weeds as potential compost resources and 
highlighted their suitability as raw materials for 
sustainable plant nutrient management because of 
their rapid growth, biomass availability, and nu-
trient content. Ludwigia octovalvis is a wetland 
and semi-aquatic weed that commonly grows in 
wet margins, irrigation channels, and disturbed 
waterlogged environments. Ahmad et al. (2024) 
discussed the potential of Ludwigia octovalvis 
as a phytoremediator macrophyte in Indonesia, 
showing that this species has the biological ca-
pacity to interact with nutrients and contaminants 
in aquatic environments. Ahmad et al. (2023) fur-
ther examined Ludwigia octovalvis biomass in 
relation to hydrocarbon phytotoxicity, indicating 
that the recent research on this species has mainly 
emphasized environmental remediation, rather 
than its direct agronomic use as organic fertilizer. 

Based on the existing literature, there is a 
clear research gap in the use of Ludwigia octo-
valvis weed biomass as an organic fertilizer for 
oil palm seedlings, especially in peat-based pre-
nursery media. Previous oil palm seedling stud-
ies have investigated manure, oil palm empty 
fruit bunch, liquid organic fertilizer, coconut husk 
ash, and combinations with synthetic fertilizers, 
but they have not specifically tested Ludwigia 
octovalvis organic fertilizer in a controlled dose-
response design. Studies on Ludwigia octovalvis 
have also tended to focus on phytoremediation, 
biomass tolerance, and environmental functions, 
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rather than evaluating its value as a recycled or-
ganic input for crop nursery systems. This creates 
a material-specific gap, because the agronomic 
reaction of oil palm seedlings to Ludwigia oc-
tovalvis organic fertilizer remains insufficiently 
documented. It also creates a media-specific and 
growth-stage-specific gap because peat pre-nurs-
ery conditions have distinct limitations that can-
not be generalized from mineral soil, main nurs-
ery, or remediation studies. 

This study sought to evaluate how differ-
ent doses of Ludwigia octovalvis organic fertil-
izer influence the vegetative growth of oil palm 
seedlings grown in peat-based pre-nursery media. 
The analysis examined growth indicators, includ-
ing plant height, leaf count, stem thickness, root 
length, and both fresh and dry weights, reflect-
ing the early vigor and biomass development of 
oil palm seedlings. The study used a quantitative 
experimental approach under controlled screen 
house conditions, allowing the effect of organic 
fertilizer dose to be examined more systemati-
cally. The theoretical contribution of this research 
lies in extending the understanding of weed bio-
mass utilization, organic amendment function, 
and peat-based nursery management within sus-
tainable plantation crop science. The practical 
contribution lies in offering a potential pathway 
for converting locally available wetland weed 
biomass into a useful organic input for early oil 
palm seedling production, particularly in the con-
texts where low-cost, environmentally sustain-
able, and locally sourced nursery amendments 
are needed.

BACKGROUND

Oil palm seedling growth and sustainable 
nursery management

Oil palm seedling quality is a decisive factor 
in plantation productivity because early vegeta-
tive vigor determines root establishment, nutrient 
uptake capacity, and field adaptability after trans-
planting. In Indonesia, oil palm remains a stra-
tegic plantation commodity, and official statistics 
continue to report its cultivated area, production, 
producer categories, and trade performance at the 
national (Zhao et al., 2023). Nevertheless, the 
sustainability of oil palm cultivation has become 
a global concern because plantation expansion 
has historically been linked with land conversion 

and forest loss in several regions. Lim et al. 
(2024) showed that Indonesian oil palm expan-
sion and deforestation trends are closely related 
to market and regulatory dynamics, indicating 
that future productivity improvement should rely 
more on better cultivation practices than on land 
expansion. In this context, improving seedling 
performance at the pre-nursery stage is important 
because it supports productivity intensification 
through healthier planting materials rather than 
extensive land conversion. 

Peat media as a challenging growing 
environment

Peat-based medium has the potential for nurs-
ery use, because it contains high organic matter 
and has strong water-holding capacity, but its 
chemical and physical properties can also limit 
early seedling growth. Tropical peat soils are 
commonly marked by high acidity, variable bulk 
density, and uneven nutrient availability, making 
them sensitive to land use, depth, and manage-
ment practices. Kunarso et al. (2022) found that 
bulk density, acidity level, phosphorus, and calci-
um differed significantly across tropical peatland 
uses and depths, while potassium, iron, and zinc 
differed among land uses. These findings support 
the argument that peat media cannot be treated 
as a neutral planting medium because its nutrient 
dynamics may restrict root development and veg-
etative growth. Therefore, peat-based pre-nursery 
systems require suitable organic amendments that 
can improve media quality while maintaining en-
vironmental compatibility. 

Organic fertilizer as a soil amendment 		
for early plant growth

Organic fertilizer is theoretically relevant to 
peat-based seedling production because it can en-
hance soil structure, organic matter stability, nutri-
ent availability, water retention, and microbial ac-
tivity. Khan & Kwot (2024) explained that organic 
fertilizers support crop productivity by enhancing 
soil organic matter, aggregate stability, nutrient 
absorption, cation exchange capacity, water-hold-
ing capacity, and soil biological activity. These 
mechanisms are important for oil palm seedlings 
because vegetative growth during the pre-nursery 
stage depends not only on nutrient supply but 
also on root zone quality. Organic amendments 
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may also reduce excessive dependence on syn-
thetic fertilizers, especially in early nursery sys-
tems where young seedlings require balanced and 
gradual nutrient release. However, the agronomic 
effectiveness of organic fertilizer depends on its 
raw material, maturity, nutrient composition, de-
composition rate, and application dose, so each 
biomass source needs to be tested experimentally. 

Previous studies on organic inputs for oil 
palm seedlings

Several studies substantiate the value of or-
ganic amendments in oil palm seedling cultiva-
tion, although the tested materials differ from 
Ludwigia octovalvis. Kafrawi et al. (2026) re-
ported that substituting nitrogen, phosphorus, and 
potassium compound fertilizer with cow manure 
improved oil palm seedling growth in pre-nursery 
and main nursery stages, with 25 percent com-
pound fertilizer and 75 percent organic material 
producing the best growth performance. Kilo et 
al. (2023) found that oil palm empty fruit bunch 
compost supplemented with nitrogen, phospho-
rus, and potassium fertilizer had positive effects 
on seedling growth in the main nursery and could 
reduce inorganic fertilizer use by 50 percent. 
Adu et al. (2022) showed that liquid organic fer-
tilizer and manure influenced oil palm seedling 
improvement in ultisol media, especially through 
the effects on leaf number and stem base diam-
eter. These studies support the present research 
by showing that organic materials can improve oil 
palm seedling growth, but they also reveal that 
most previous work used manure, empty fruit 
bunch compost, or liquid organic fertilizer, rather 
than wetland weed biomass. 

Peat-based oil palm seedling studies and 
the need for alternative amendments

Research on oil palm seedlings in peat me-
dia has also emphasized the importance of ame-
liorants and balanced fertilization. Chang et al. 
(2023) investigated how combining nitrogen, 
phosphorus, and potassium fertilizers with coco-
nut husk ash influence oil palm seedling growth 
in peat media. Their study adopted a completely 
randomized design and showed that the combina-
tion of 90 g fertilizer and 80 g coconut husk ash 
produced the highest plant height and improved 
physiological parameters. This evidence confirms 

that peat media requires amendment to support 
the oil palm seedling performance. Nevertheless, 
the study focused on ash and synthetic fertilizer 
interaction, not on composted weed biomass, so 
it does not directly answer whether Ludwigia oc-
tovalvis can function as an organic fertilizer for 
peat-based pre-nursery systems. 

Weed biomass and Ludwigia octovalvis as a 
circular organic resource

Weed biomass has increasing relevance in 
sustainable agriculture because rapidly growing 
aquatic and semi-aquatic plants can be converted 
from ecological waste into nutrient sources. Dis-
sanayaka et al. (2023) reviewed aquatic weeds as 
potential compost resources and emphasized their 
role in sustainable plant nutrient management and 
weed control. Ludwigia octovalvis is a wetland 
weed that commonly grows in waterlogged and 
semi-aquatic environments, making it a potential-
ly accessible biomass source in humid tropical ar-
eas. Diksha et al. (2022) reviewed the potential of 
Ludwigia octovalvis as a phytoremediator macro-
phyte in Indonesia and noted that studies on this 
species remain limited, especially in relation to 
practical ecological use. Ahmad et al. (2024) fur-
ther showed that the Ludwigia octovalvis biomass 
has been studied for hydrocarbon phytotoxicity 
and pollutant removal, which indicates its biolog-
ical resilience but also shows that its agronomic 
use as organic fertilizer remains underexplored. 

MATERIALS AND METHODS

Research design and approach

This research adopted a quantitative experi-
mental approach to evaluate the effect of the Lud-
wigia octovalvis weed biomass organic fertilizer 
on the vegetative growth of oil palm seedlings in 
peat-based pre-nursery media. The experimental 
approach was selected because the study exam-
ined a causal relationship between fertilizer dose 
as the treatment factor and seedling growth as 
the response variable. The experiment was orga-
nized using a fully randomized design centered 
on one treatment factor: the dose of the Ludwigia 
octovalvis organic fertilizer. This design was con-
sidered appropriate because the experiment was 
conducted under relatively homogeneous screen 
house conditions, where light exposure, watering, 
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polybag size, and maintenance practices could be 
controlled. Similar experimental approaches have 
been used in oil palm seedling studies involving 
organic amendments and peat-based media, in-
cluding studies by (Charloq et al., 2025). 

Research location and time

The research was carried out in a screen 
house at the Agriculture Faculty, Sebelas Maret 
University. The experiment was carried out from 
February to May 2026. February 2026 was used 
for collecting the Ludwigia octovalvis biomass, 
preparing peat media, producing organic fertil-
izer, and acclimatizing planting materials. The 
seedling growth experiment was conducted for 12 
weeks from March to May 2026. Surakarta was 
selected as the experimental location because the 
pre-nursery stage can be conducted under con-
trolled nursery conditions and does not require 
direct placement in an oil palm plantation area, as 
the primary objective was to evaluate seedling re-
sponse to organic fertilizer dose under standard-
ized media and maintenance conditions.

Research materials

The principal materials employed in this re-
search were oil palm sprouted seeds, peat-based 
growing media, and the Ludwigia octovalvis 
weed biomass. The oil palm sprouted seeds were 
obtained from a certified seed supplier and select-
ed based on uniform size, normal radicle and plu-
mule development, absence of mechanical injury, 
and absence of visible pest or disease symptoms. 
The peat-based growing media was obtained 
from an agricultural growing media supplier that 
sourced peat material from Central Kalimantan, 
Indonesia. The use of peat media was relevant 
because tropical peat soils commonly have high 
organic matter but also face limitations related to 
acidity and nutrient availability, which can affect 
plant growth Kunarso et al. (2022). The Ludwigia 
octovalvis biomass was collected from wetland 
margins, irrigation channels, and semi-aquatic 
areas around Surakarta, where this species com-
monly grows as a wild weed.

Population, sample, and sampling criteria

In this experimental study, the population was 
defined as oil palm seedlings at the pre-nursery 
stage that could be grown in peat-based media 

under controlled nursery conditions. The sample 
consisted of 40 oil palm seedlings used as experi-
mental units. A non-probability purposive sam-
pling approach was used to select seedlings, as 
the study needed planting materials with consis-
tent physiological and morphological traits. The 
inclusion criteria were sprouted oil palm seeds 
with similar size, healthy appearance, normal 
radicle and plumule growth, and no visible pest, 
disease, or physical damage. The exclusion cri-
teria were abnormal germination, broken radicle 
or plumule, uneven seedling size, discoloration, 
and symptoms of disease. The use of uniform 
seedlings was intended to reduce initial biologi-
cal variation so that the differences in growth re-
sponse could be more logically attributed to the 
dose of the Ludwigia octovalvis organic fertilizer.

Preparation of the Ludwigia octovalvis 
organic fertilizer

The collected Ludwigia octovalvis biomass 
was first sorted to remove foreign materials, soil 
residues, plastic waste, and other plant species. 
The biomass was then washed with clean water, 
drained, and chopped into small pieces to accel-
erate decomposition. The chopped biomass was 
composted for 30 days under aerobic conditions 
by placing it in a covered composting container 
and stirring it regularly to maintain aeration and 
uniform decomposition. The composting process 
was considered complete when the material be-
came darker, crumbly, and no longer produced 
an unpleasant odor. This preparation process 
was consistent with the concept that aquatic and 
semi-aquatic weed biomass can be converted into 
compost resources for sustainable plant nutrient 
management (Dissanayaka et al., 2023). 

Treatment composition

The experiment consisted of five treatment 
levels based on the dose of the Ludwigia octo-
valvis organic fertilizer applied to the peat-based 
growing media. Each treatment was replicated 
eight times, yielding a total of 40 experimental 
units. Each experimental unit consisted of a sin-
gle oil palm seedling planted in a polybag. The 
treatment doses were arranged to evaluate the 
dose-response pattern of seedling growth from 
no organic fertilizer application to a higher or-
ganic fertilizer dose. The treatment composition 
is summarized in Table 1.
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Experimental procedure

The experimental procedure began with the 
preparation of peat-based growing media. The 
peat media were air-dried, cleaned of coarse 
residues, homogenized, and placed into poly-
bags of the same size and volume. The prepared 
Ludwigia octovalvis organic fertilizer was 
mixed evenly with the peat media according to 
the assigned treatment dose. The treated media 
were incubated for seven days before plant-
ing to allow initial stabilization of the organic 
material in the planting medium. After incuba-
tion, selected oil palm pre-germinated seeds 
were planted in the polybags and maintained 
under screen house conditions. All experimen-
tal units received the same watering frequency, 
light exposure, weed control, and visual health 
monitoring. No additional inorganic fertilizer 
was added during the experiment, so that the 
observed seedling response could be associated 
primarily with the application of Ludwigia oc-
tovalvis organic fertilizer.

Data collection and observed variables

Data were collected through direct observa-
tion and repeated measurement of vegetative 
growth variables. The observed variables com-
prised plant height, number of leaves, fresh 
weight,  root length, stem diameter, and dry 
weight. Leaf count, plant height, and stem diam-
eter were recorded every two weeks from 2 to 12 
weeks after planting. Plant height was calculated 
from the seedling’s base to the tip of the tallest 
leaf, utilizing a ruler. The count of leaves was de-
termined based on fully opened leaves. A digital 
caliper was employed to measure the stem diam-
eter close to the seedling’s base. At the end of the 
12-week experiment, measurements were taken 
for root length, dry weight, and fresh weight. Dry 
weight was obtained after plant samples were ov-
en-dried until reaching a stable mass.

Instrument validity, reliability, and data 
quality control

Because this study used direct agronomic 
measurement rather than questionnaire items, 
validity and reliability were ensured through in-
strument calibration, standardized measurement 
procedures, and consistent observation intervals. 
Measurement validity was maintained by using 
the instruments that matched the observed vari-
ables, including a ruler for plant height, a digital 
caliper for stem diameter, and an analytical bal-
ance for fresh and dry weight. Reliability was 
strengthened by using the same instruments, the 
same measurement position, and the same ob-
servation schedule across all treatments. Ran-
domization of experimental units was applied to 
reduce positional bias in the screen house. Data 
quality was also controlled by recording abnor-
mal seedling conditions, checking missing val-
ues, and verifying repeated measurements before 
statistical analysis. This approach is suitable for 
plant growth experiments because the accuracy 
of observed response variables depends on con-
sistent measurement procedures and controlled 
experimental conditions.

Data analysis

The data were examined using both descrip-
tive and inferential statistical techniques. De-
scriptive statistics were used to report the mean, 
standard deviation, and growth trend for each 
treatment. Prior to inferential analysis, the data 
were checked for normal distribution with the 
Shapiro-Wilk test and for equal variances us-
ing Levene’s test. If the assumptions were sat-
isfied, the data were examined with analysis of 
variance at a 5% significance level to determine 
whether the Ludwigia octovalvis organic fertil-
izer dose significantly affected oil palm seedling 
growth. When statistically discernible differenc-
es were identified, the analysis was additionally 

Table 1. Treatment composition of the Ludwigia octovalvis organic fertilizer

Treatment Description

P0 Peat media without the Ludwigia octovalvis organic fertilizer

P1 Peat media with 25 g of the Ludwigia octovalvis organic fertilizer per polybag

P2 Peat media with 50 g of the Ludwigia octovalvis organic fertilizer per polybag

P3 Peat media with 75 g of the Ludwigia octovalvis organic fertilizer per polybag

P4 Peat media with 100 g of the Ludwigia octovalvis organic fertilizer per polybag
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performed with Duncan’s multiple range test at 
a 5% significance level to identify differences 
among treatment means. This analytical ap-
proach is consistent with the previous oil palm 
seedling studies that used analysis of variance 
supplemented by a multiple comparison test to 
assess treatment effects in nursery experiments 
(Peng et al., 2022). 

Analytical tools

The statistical analysis was conducted using 
statistical software suitable for experimental ag-
ricultural data, such as IBM SPSS Statistics or 
R statistical software. Microsoft Excel was used 
for data entry, initial data checking, and graphical 
organization of growth trends. The main outputs 
of the analysis included treatment means, stan-
dard deviations, ANOVA significance values, and 
Duncan’s multiple range test grouping. The inter-
pretation focused on identifying whether the Lud-
wigia octovalvis organic fertilizer significantly 
improved vegetative growth and which dose pro-
vided the most effective response in peat-based 
pre-nursery media. The use of a dose-response 
framework was important because the effective-
ness of organic fertilizer depends on biomass 
source, maturity, nutrient release, and application 
rate (Iraji et al., 2025). 

RESULTS AND DISCUSSION

Vegetative growth response of oil palm 
seedlings

The Ludwigia octovalvis organic fertilizer in-
fluenced the vegetative development of oil palm 
seedlings in peat pre-nursery media, especially in 
terms of plant height, number of leaves, and stem 

diameter. As shown in Table 2, seedlings without 
the Ludwigia octovalvis organic fertilizer pro-
duced the lowest vegetative growth, while seed-
lings treated with organic fertilizer showed high-
er growth performance. P3 revealed the highest 
plant height, the greatest number of leaves, and 
the largest stem diameter, which received 75 g 
of the Ludwigia octovalvis organic fertilizer per 
polybag. Compared with the control treatment, 
P3 increased plant height by 38.69 percent, num-
ber of leaves by 50.00 percent, and stem diameter 
by 31.30 percent. This result indicates that an ap-
propriate dose of the Ludwigia octovalvis organic 
fertilizer can improve early vegetative growth in 
oil palm seedlings grown in peat-based media.

Based on this calculation, P3 showed the 
strongest vegetative response among all treat-
ments. The plant height in P3 reached 25.59 cm, 
while the control treatment reached only 18.45 
cm. This means that the application of 75 g of 
the Ludwigia octovalvis organic fertilizer per 
polybag increased plant height by 7.14 cm com-
pared with the control. A similar pattern was 
also evident in the number of leaves and stem 
diameter. Seedlings in P3 produced 5.25 leaves 
and 10.23 mm stem diameter, while the control 
treatment produced only 3.50 leaves and 7.79 
mm stem diameter.

The analysis of variance confirmed that the 
dose of the Ludwigia octovalvis organic fertilizer 
had a statistically significant influence on all veg-
etative growth parameters observed in this sec-
tion. As presented in Table 3, plant height showed 
a highly significant treatment effect, with an F-
value of 94.64 and a significance value below 
0.001. The number of leaves also showed a sig-
nificant treatment effect, with an F-value of 14.21 
and a significance value below 0.001. Stem di-
ameter showed a similar pattern, with an F-value 
of 67.02 and a significance value below 0.001. 

Table 2. Vegetative growth of oil palm seedlings exposed to varying doses of the Ludwigia octovalvis organic 
fertilizer at twelve weeks after planting

Treatment Plant height 
(cm)

Increase over 
control (%)

Number of 
leaves

Increase over 
control (%)

Stem diameter 
(mm)

Increase over 
control (%)

P0 18.45 ± 0.77 d - 3.50 ± 0.53 c - 7.79 ± 0.38 d -

P1 20.63 ± 0.75 c 11.79 4.25 ± 0.46 b 21.43 8.59 ± 0.30 c 10.27

P2 23.45 ± 0.81 b 27.10 4.63 ± 0.52 ab 32.14 9.41 ± 0.34 b 20.87

P3 25.59 ± 0.99 a 38.69 5.25 ± 0.46 a 50.00 10.23 ± 0.35 a 31.30

P4 24.18 ± 0.84 b 31.03 4.75 ± 0.46 ab 35.71 9.76 ± 0.31 ab 25.36

Note: Values are mean ± standard deviation, with eight replications. Different letters within the same column show 
significant differences based on Duncan’s multiple range test at the 5% significance level.
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These statistical results indicate that the differ-
ences among treatments were not merely descrip-
tive, but statistically supported.

The superior performance of P3 suggests that 
75 g per polybag may provide a more balanced 
organic input for peat-based pre nursery media 
than lower or higher doses. The lower growth 
in P0 indicates that peat media without organic 
amendment may not provide sufficient improve-
ment in the root environment to support optimal 
early seedling development. Meanwhile, P1 and 
P2 improved growth compared with the control, 
but their effects were still lower than those of P3. 
The slight reduction in P4 compared with P3 sug-
gests that increasing the dose to 100 g per polybag 
did not necessarily produce additional vegetative 
benefits. This pattern is agronomically reasonable 
because excessive organic material may tempo-
rarily affect media aeration, moisture balance, or 
nutrient release during decomposition.

Theoretically, the positive influence of Lud-
wigia octovalvis organic fertilizer can be associ-
ated with the role of organic materials in improv-
ing soil organic matter, nutrient uptake, water 
retention capacity, cation exchange capacity, and 
microbial activity. Liu et al. (2024) explained 
that organic fertilizers enhance plant growth by 
enhancing soil structure, nutrient availability, ag-
gregate stability, water retention, cation exchange 
capacity, and soil microbial activity. These 
mechanisms are relevant to this study because 
peat-based media require the amendments that 
can support nutrient availability and root zone 
stability during early seedling growth. Therefore, 
the enhancement in plant height, leaf formation, 
and stem diameter in P3 can be interpreted as a 
response to better growing media conditions cre-
ated by the appropriate addition of Ludwigia oc-
tovalvis organic fertilizer. 

These results align with earlier research on 
oil palm seedlings, though the organic material 
employed here differs. Adileksana et al. (2020) 
determined that the substitution of compound ni-
trogen, phosphorus, and potassium fertilizer with 
cow manure improved oil palm seedling growth in 

pre-nursery and main nursery stages, with 25 per-
cent compound fertilizer and 75 percent organic 
material producing the best growth performance. 
The similarity lies in the finding that organic ma-
terial can support oil palm seedling growth. How-
ever, the present study differs because it used the 
Ludwigia octovalvis weed biomass as the organic 
fertilizer source and applies it to peat-based pre-
nursery media rather than using cow manure as 
a substitute for compound fertilizer. This differ-
ence strengthens the novelty of the present study 
because it evaluated a wetland weed biomass that 
has not been widely tested as an organic fertilizer 
for oil palm seedlings. 

The novelty of this result lies in the conver-
sion of Ludwigia octovalvis, commonly treated as 
a wetland weed, into an organic input for oil palm 
seedling production. Previous studies on oil palm 
seedlings have mainly emphasized cow manure, 
oil palm fruit-bunch residue amendment, liquid 
organic fertilizer, coconut husk ash, or combina-
tions with inorganic fertilizers. In contrast, this 
study positions the Ludwigia octovalvis biomass 
as a circular organic resource that can potentially 
improve vegetative growth in peat pre-nursery 
media. The results indicate that the effectiveness 
of weed biomass depends on dose, as shown by 
the stronger response in P3 compared with P4. 
Thus, the study contributes not only to oil palm 
nursery management but also to the broader con-
cept of weed biomass utilization as a sustainable 
organic fertilizer source.

Root development and biomass 
accumulation

Root development and biomass accumulation 
are important indicators for evaluating the physi-
ological quality of oil palm seedlings in peat pre-
nursery media. The application of the Ludwigia 
octovalvis organic fertilizer enhanced root length, 
fresh weight, and dry weight in comparison with 
the control treatment. As shown in Table 4, the 
highest root length, dry weight, and fresh weight 
were recorded in P3, which received 75 grams 

Table 3. Analysis of variance summary for vegetative growth parameters of oil palm seedlings

Parameter Treatment degree 
of freedom

Error degree of 
freedom F-value Significance value Interpretation

Plant height 4 35 94.64 < 0.001 Significant

Number of leaves 4 35 14.21 < 0.001 Significant

Stem diameter 4 35 67.02 < 0.001 Significant
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of the Ludwigia octovalvis organic fertilizer per 
polybag. Compared with P0, P3 increased root 
length by 42.97 percent, fresh weight by 46.77 
percent, and dry weight by 53.89 percent. These 
results indicate that an appropriate dose of the 
Ludwigia octovalvis organic fertilizer supported 
not only shoot growth, but also below-ground de-
velopment and biomass formation.

The data in Table 4 show that root length in-
creased progressively from P0 to P3, but slight-
ly decreased in P4. The control treatment pro-
duced a root length of 12.80 centimeters, while 
P3 produced a root length of 18.30 centimeters. 
This means that P3 increased root length by 5.50 
centimeters compared with the control. A simi-
lar pattern was evident for fresh weight and dry 
weight, where P3 produced the highest biomass 
accumulation. This pattern suggests that 75 grams 
per polybag provided a more favorable growing 
condition for root expansion and dry matter ac-
cumulation than either lower or higher doses.

The variance analysis showed that the 
amount of the Ludwigia octovalvis organic fer-
tilizer significantly influenced root growth and 
biomass production. As presented in Table 5, 
root length showed a significant treatment ef-
fect, with an F-value of 85.37 and a significance 
value below 0.001. Fresh weight also differed 
significantly among treatments, with an F-
value of 76.44 and a significance value below 
0.001. Dry weight showed the strongest statis-
tical response, with an F-value of 92.18 and a 
significance value below 0.001. These findings 
confirm that the variations in root length, fresh 
weight, and dry weight are statistically signifi-
cant and not just descriptive differences among 
the treatment means.

The higher root length and biomass in P3 
can be explained by the role of organic fertil-
izer in improving the root zone environment. 

Organic fertilizers can enhance soil organic 
content, water retention, nutrient absorption, 
cation exchange capacity, and microbial activ-
ity, all crucial for seedling growth (Liu et al., 
2026). This mechanism is relevant to peat-based 
media because peat soils commonly have high 
organic matter but may still show high acidity, 
low nutrient availability, and variable chemical 
properties that restrict plant growth (Kunarso et 
al., 2022). Therefore, the increase in root length 
and dry weight in P3 suggests that the Ludwigia 
octovalvis organic fertilizer may have improved 
the functional condition of the peat medium, al-
lowing seedlings to absorb water and nutrients 
more effectively. 

The results align with Lau et al. (2024), 
who indicated that peat media for oil palm seed-
lings require appropriate amendment to enhance 
growth and physiological performance. The simi-
larity is that both studies emphasize the impor-
tance of improving peat media to support oil palm 
seedling growth. However, the difference lies in 
the amendment material used. Chaudhary (2022) 
used nitrogen, phosphorus, and potassium fertil-
izer combined with coconut husk ash, while the 
present study uses the Ludwigia octovalvis weed 
biomass as an organic fertilizer source. This dif-
ference strengthens the novelty of the present 
research because it evaluates a wetland weed 
biomass as a circular organic input for oil palm 
seedlings in peat pre-nursery media. 

The lower response in P4 compared with P3 
indicates that the highest dose did not always 
produce the best root and biomass response. 
This finding is agronomically logical because 
excessive organic material can temporarily in-
fluence media aeration, water balance, microbial 
decomposition, and nutrient release dynamics. 
Dissanayaka et al. (2023) explained that aquat-
ic weed biomass has potential as a compost 

Table 4. Root development and biomass accumulation of oil palm seedlings under varying doses of the 	
Ludwigia octovalvis organic fertilizer at twelve weeks after planting

Treatment Root length 
(centimeter)

Increase over 
control (%)

Fresh weight 
(gram)

Increase over 
control (%)

Dry weight 
(gram)

Increase over 
control (%)

P0 12.80 ± 0.62 d - 8.35 ± 0.48 d - 2.06 ± 0.15 d -

P1 14.35 ± 0.58 c 12.11 9.42 ± 0.51 c 12.81 2.39 ± 0.17 c 16.02

P2 16.72 ± 0.71 b 30.63 11.15 ± 0.56 b 33.53 2.81 ± 0.19 b 36.41

P3 18.30 ± 0.74 a 42.97 12.26 ± 0.64 a 46.77 3.17 ± 0.20 a 53.89

P4 17.46 ± 0.68 ab 36.41 11.58 ± 0.59 ab 38.68 2.96 ± 0.18 ab 43.69

Note: Values are mean ± standard deviation, with eight replications. Different letters within the same column 
indicate significant differences based on Duncan’s multiple range test at the 5% significance level.
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material for sustainable plant nutrient manage-
ment, but its effectiveness depends on biomass 
characteristics, composting process, and agro-
nomic application. Therefore, the present result 
indicates that the benefit of the Ludwigia octo-
valvis organic fertilizer depends not only on the 
presence of organic matter, but also on the cor-
rect application dose. 

The novelty of this section is that root de-
velopment and biomass accumulation are used 
to demonstrate the functional effect of the Lud-
wigia octovalvis organic fertilizer beyond vis-
ible shoot growth. Previous studies on oil palm 
seedlings have commonly examined manure, 
empty fruit bunch compost, liquid organic fertil-
izer, coconut husk ash, or combined inorganic 
fertilization. In contrast, this study shows that 
Ludwigia octovalvis, which is commonly re-
garded as a wetland weed, can be evaluated as a 
potential organic fertilizer source for improving 
root growth and biomass accumulation in peat-
based pre-nursery media. This finding provides a 
more specific contribution to sustainable nursery 
management because it connects weed biomass 
utilization, peat media improvement, and early 
oil palm seedling development in one experi-
mental framework.

CONCLUSIONS

This study found that the Ludwigia octo-
valvis weed biomass could serve as an organic 
fertilizer, enhancing the vegetative growth of 
oil palm seedlings in peat pre-nursery media. 
The Ludwigia octovalvis organic fertilizer sig-
nificantly affected plant height, leaf count, stem 
diameter, root length, and both fresh and dry 
weights, all at the 5 % significance level. Among 
the five treatments, P3, equal to 75 grams per 
polybag, produced the best overall growth re-
sponse. Compared with the control treatment, P3 
increased plant height by 38.69 percent, num-
ber of leaves by 50.00 percent, stem diameter 

by 31.30 percent, root length by 42.97 percent, 
fresh weight by 46.77 percent, and dry weight by 
53.89 percent. The integrated growth response 
also showed that P3 produced the highest mean 
increase, reaching 43.94 percent, while P4, equal 
to 100 grams per polybag, showed a lower mean 
increase of 35.15 percent. These findings indi-
cate that the effectiveness of the Ludwigia octo-
valvis organic fertilizer is dose-dependent, and 
that the highest dose does not necessarily pro-
vide the best seedling performance. Overall, the 
use of 75 grams per polybag can be considered 
the most effective dose for supporting early oil 
palm seedling growth in peat-based pre-nursery 
media under the conditions of this study.

This study was limited to a controlled screen 
house experiment using peat-based media, 40 
oil palm seedlings, and a 12-week observation 
period during the pre-nursery stage. The analy-
sis focused on vegetative growth parameters 
and did not include detailed laboratory analysis 
of nutrient release, microbial activity, compost 
maturity, or changes in peat chemical properties 
after treatment. Future research should exam-
ine the nutrient composition and decomposition 
dynamics of the Ludwigia octovalvis organic 
fertilizer, test its performance under different 
peat characteristics and nursery environments, 
and compare it with other organic amendments 
or combined fertilization strategies. Longer ob-
servation periods are also needed to determine 
whether the positive response at the pre-nursery 
stage remains consistent during the main nursery 
stage and after field transplanting.
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Table 5. Analysis of variance summary for root development and biomass accumulation of oil palm seedlings

Parameter Treatment degree 
of freedom

Error degree of 
freedom F-value Significance value Interpretation

Root length 4 35 85.37 < 0.001 Significant

Fresh weight 4 35 76.44 < 0.001 Significant

Dry weight 4 35 92.18 < 0.001 Significant
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