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Abstract. This study investigates the diversity of weeds in rice plants across Minahasa,South Minahasa, North Minahasa, and
Tomohon regency, focusing on the environmental factors influencing the distribution and density of weeds. The research
highlights that the diversity of weeds is significantly influenced by environmental factors such as rainfall, soil type, and water
management practices applied by farmers. Species such as Marsilea crenata and Panicum disticum dominate areas with poor
drainage, while Ludwigia hexandra and Fimbristylis litoralis thrive in fields with better drainage. Observations of weed density
at 21 and 42 days after planting revealed that the competition between paddy and weeds changes as the paddy plants mature,
with the initial dominance of weeds decreasing as the paddy plants grow stronger. The findings provide valuable insights into
weed dynamics and the significant role environmental conditions play in determining their distribution. These results offer
guidance for developing more effective and environmentally sustainable weed management strategies. Recommendations
include selective herbicide use, mechanical soil cultivation, crop rotation, and improved water management. The study also
suggests that further research is needed to assess the impact of climate change on weed diversity and the long-term
effectiveness of weed management practices.
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L. INTRODUCTION this sector is important, major challenges in rice cultivation
remain, including the problem of weeds.

Weeds or nuisance plants are one of the main limiting
factors in agricultural production, including in rice
cultivation. The presence of weeds on agricultural land not
only reduces crop yields but also affects the quality of the
grain produced [5][6]. Weeds compete with rice plants in
obtaining nutrients from soil, water, and light, which
ultimately inhibits the growth of rice plants [7]. Some
types of weeds can grow very quickly and absorb most of
the nutrients that rice plants are supposed to use. In this
context, the problem of weeds in rice fields is becoming
increasingly significant due to its potential impact on food
security and the local economy. Crop yield decline due to
weeds is already a common problem faced by farmers, and
if not addressed immediately, can reduce farmers' income
and affect overall food security [5][6].

Rice plants farms in Minahasa Regency, South
Minahasa, North Minahasa, and Tomohon City face major
challenges due to the presence of weeds, which directly
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Rice farming is one of the sectors that is very important
for the Indonesian economy. Rice is a staple food that
meets almost the food needs of the Indonesian people,
making it an irreplaceable commodity in national food
security [1]. As the fourth most populous country in the
world, the need for rice continues to increase in line with
rapid population growth [1][2]. The increasing rice
production is a big challenge that must be faced [2][3].
Rice plants also have a strategic role in the regional
economy, especially in rice-producing areas such as
Minahasa Regency, South Minahasa, North Minahasa, and
Tomohon City in North Sulawesi Province [4]. In addition
to providing domestic food needs, the rice farming sector
also supports local farmers' economic activities and
welfare [2][3]. Minahasa Regency, for example, is known
as one of the rice production centers in North Sulawesi
with a significant contribution to the region's Gross
Regional Domestic Product (GDP) [4]. However, although
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contribute to the decline in rice yields. Weeds such as
Echinochloa crus-galli and Cyperus rotundus have been
found to have high resistance to waterlogged conditions
and even to drought [8]. This allows the weed to thrive in
rice fields that often face water instability, either due to
high rainfall or poorly managed irrigation systems. In the
long term, this can disrupt the balance of the rice field
ecosystem, which not only reduces rice productivity, but
also damages soil structure and irrigation systems, leading
to degradation of land quality [3]. As a result, farmers must
face challenges in increasing rice production, while the
cost of controlling weeds is increasing [9].

The main problem faced in this study is how to
understand the diversity and composition of weeds in rice
plants rice farmland, as well as how environmental factors
such as temperature, rainfall, and land management affect
the existence and dominance of these weeds. In this regard,
it is important to identify the dominant weeds that can
compete with rice plants in obtaining vital resources
[10][11]. In addition, this research also focuses on
understanding the factors that affect weed diversity so that
farmers can design more effective and sustainable control
strategies. Another challenge is weed resistance to
herbicides which often leads to an increase in weed
populations that are more difficult to control [12][13].
Therefore, solutions to this problem must include a more
holistic and sustainable approach, which not only focuses
on chemically controlling weeds, but also considers
broader ecological aspects [14][15].

Some of the solutions that have been proposed in the
literature to address weed problems in rice farming include
the use of integrated weed management techniques
involving an ecology-based approach. For example, crop
rotation systems and the use of more competitive rice
varieties can reduce the presence of weeds by increasing
the competitiveness of the rice plants themselves [16]. In
addition, a weed diversity-based approach can also help
maintain a healthier balance of soil ecosystems, by
introducing certain weeds that support soil fertility and
reduce the predominance of harmful weeds [17]. For
example, some types of weeds are known to improve soil
structure by improving aeration and retaining soil
moisture, which can ultimately increase rice productivity
in the long run. Therefore, research on the diversity and
composition of weeds in rice farmland must pay attention
to environmental factors and land management systems
applied by farmers.

In Indonesia, most of the existing research on weeds in
rice farms focuses on their negative impact on rice yields
[18][19], but little has been done in the diversity of weed
species in major rice-producing areas, such as Minahasa
Regency. Previous research has generally focused on
specific weed species, or the impact of herbicide use on
crop yields, but not many have examined how overall
environmental factors play a role in shaping the
composition of weeds in the region [19]. This gap is
important to fill, given the different ecological conditions
in each agricultural area, which affect the way weeds
develop and compete with rice crops. Several previous
studies conducted in other regions of Indonesia have
shown that weeds can thrive with climate change and

inconsistent land management [19][20][21]. Therefore, a
deeper understanding of the relationship between these
factors is essential to develop more effective and
environmentally friendly weed management solutions.

The main objective of this study is to identify the
diversity and composition of weeds in rice plants in
Minahasa Regency, South Minahasa, North Minahasa, and
Tomohon City, as well as to understand the influence of
environmental factors on the existence and dominance of
these weeds. This study aims to provide a deeper insight
into the dominant weed species in the region and how
factors such as rainfall, temperature, and soil type affect
the presence of weeds. The hypothesis of this study is that
environmental factors, along with land management
systems implemented by farmers, have a significant impact
on weed diversity and composition. This research is
expected to make an important contribution in designing
more efficient and sustainable weed management
strategies, as well as providing a scientific basis for the
development of weed control policies on rice farmland in
North Sulawesi.

In this context, this study offers novelty with its focus on
the analysis of weed diversity in areas that have not been
extensively researched in depth. The results of this study
are expected to provide a clearer picture of the challenges
faced by farmers in weed management, as well as provide
useful information for the development of more
sustainable agricultural practices in the future. By
understanding the composition and diversity of weeds,
farmers can design more efficient and environmentally
friendly control strategies, which in turn can increase rice
productivity and support national food security.

II. METHODS

This research was carried out on rice farm located in
Minahasa Regency, South Minahasa, North Minahasa, and
Tomohon City, North Sulawesi Province, Indonesia. The
selection of this location is based on the region's great
potential in rice production, which plays an important role
in regional and national food security. However, the
challenge faced is the presence of weeds that can
significantly reduce crop yields. Rice farm areas in the
region also face a fairly high diversity of weeds, which is
the focus of this study. Therefore, several rice field
farming areas will be used as research samples to provide
a more representative picture of the diversity and
composition of weeds in this area.

The research method used in this study is descriptive
research with a quantitative approach. The main purpose
of this study is to analyze the diversity and composition of
weeds in rice farms in Minahasa Regency and its
surroundings. The vegetation analysis approach is used to
identify existing weed species as well as to measure the
diversity and dominance of weeds in rice plants farmland.
Vegetation analysis is a technique commonly used in
ecology to understand the distribution patterns and
structure of plant communities in an area, which is very
useful for studying the diversity of weeds on agricultural
land.
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This research will be carried out for three months,
starting from January to March 2025. This period was
chosen because it includes the main growing season of
rice, which allows researchers to monitor the variation in
weed types that emerge during the growth stages of rice
crops. The main planting season is a very crucial time in
the rice farming cycle, as in this phase, weeds usually
appear in significant numbers, competing with rice for
limited resources such as water, light, and soil nutrients.

The data collection method used in this study consists of
three main stages: field observation, weed sample
collection, and vegetation parameter measurement. In the
first stage, field observations were carried out to identify
locations that have a high prevalence of weeds in paddy
fields. Each location selected is based on certain criteria
such as land area, weed attack intensity, as well as relevant
environmental factors such as soil type and water
management system implemented by farmers. Researchers
will select locations that represent different rice farming
conditions to get a comprehensive picture of weed
diversity.

Weed sampling is carried out using the plot sampling
method, which is one of the techniques often used in
vegetation analysis. In each predetermined location, a plot
will be made with a size of 1 meter squared. This plot will
be randomly selected (random sampling) at several points
in the agricultural area. In each selected plot, all existing
weeds will be identified and their type recorded. Weed
sampling is carried out with the aim of obtaining accurate
data on the dominant and subdominant weed species in the
rice farmland.

All weeds found in the plot will be recorded, and species
identification is carried out based on botanical literature as
well as relevant weed identification guidelines. The
identification process is carried out by paying attention to
the morphological characteristics of the plant, such as the
shape of the leaves, stems, and flowers. If needed, plant
samples will be taken to the laboratory for further analysis
to ensure more precise identification. Careful
identification is essential to obtain accurate data on
existing weed species, which in turn will provide important
information regarding the diversity and composition of
weeds at each study site.

After data on weed species were collected, vegetation
analysis was carried out to measure the diversity and
composition of weeds in rice plants rice farm. Some of the
parameters analyzed include the Shannon-Wiener
diversity index (H'), the dominance index, and the weed
composition analysis. The Shannon-Wiener diversity
index (H') is used to measure the extent to which weed
species are evenly distributed in agricultural ecosystems.
A high H' value indicates that weed species are more
evenly distributed within the ecosystem, while a low H'
value indicates dominance by a few specific weed species.
The formula used to calculate the Shannon-Wiener index
is as follows:

s
H' = _Zpi “In(p)
i=1

where is H' the Shannon-Wiener diversity index, Sp; is
the number of weed species present and is the proportion

of the number of weed individuals of the ith species to the
total weed individuals.

In addition, the dominance index is used to measure the
extent to which one weed species dominates compared to
other species within an agricultural ecosystem. This index
is calculated by the formula:

where N, is the number of weed individuals of the
dominant species, and N;is the total number of weed
individuals in the plot. The dominance index provides
important information about the weed species that have the
greatest impact on the paddy farming ecosystem.

The composition of weeds is analyzed based on the
relative proportion of the number of individuals of each
weed species found in the plot. This information helps to
know the most commonly found weed species
(dominance) as well as the rarer weeds (subdominant).
This data is also used to design more effective weed
management strategies.

Environmental factors that affect the distribution of
weeds will also be measured in this study. Some of the
factors that will be analyzed include rainfall, soil type, soil
pH, and irrigation and water management conditions.
Rainfall data will be obtained from the nearest
meteorological station, which is then used to analyze the
effect of rainfall on weed development. Soil type and soil
pH will also be analyzed through soil sampling at each
research site to help understand the relationship between
soil conditions and weed growth.

Irrigation conditions and water management also play an
important role in the development of weeds. Therefore, the
researcher will observe and record the irrigation methods
used by farmers, whether the rice fields are waterlogged or
have good drainage. This will provide an overview of how
water management affects the growth of weeds in rice
farm.

Based on the results of the analysis of weed diversity and
composition, recommendations for more efficient weed
management will be given. The researcher will identify the
dominant weeds that need to be controlled and provide
advice on appropriate control methods, be it mechanical,
chemical, or biological control.

III. RESULTS AND DISCUSSION

Results
Diversity of Weed Species in Rice Plants Farmland

Rice farming in Minahasa, Minsel, Minut, and Tomohon
Regencies plays an important role in the food security of
North Sulawesi Province. However, one of the main
problems faced is the presence of weeds that can reduce
crop yields. Weeds compete with rice plants for resources
such as water, light, and soil nutrients. Therefore, it is
important to map the diversity of existing weed species to
design more efficient and sustainable management
strategies.

In this study, observations were made on the diversity of
weed species found in four predetermined rice plants rice
farming locations. Each location was chosen to represent
the varied farming conditions. Observations were made at
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several points in time, namely at the beginning of the
planting season, 21 Days After Planting, and 42. Site 1
(Minahasa) was found to have 16 species of weeds, with
the dominance by Marsilea crenata found with the highest
density in the entire area. This weed has a total density of

538 individuals, making it one of the most competitive
species in the fight for resources with rice crops. In
addition to M. crenata, Panicum disticum and Echinochloa
crusgalli also show a fairly high density and are weeds that
need to be considered in management.

TABLE 1.
DENSITY AND ABSOLUTE FREQUENCY OF EARLY WEEDS AT LOCATION 1

Number Species K1 K2 K3 K4 K5 Total KM FM Frequency  Average Density Standard Error

1 M. crenata 48 39 21 28 30 166 5 33.2 4.68

2 L. octovalvis 2 3 8 4 3 20 5 4.0 1.05

3 P. distichum 35 21 20 21 28 125 5 25.0 2.88

4 E. crusgalli 2 2 3 2 3 12 5 24 0.24

5 E. colona 7 10 5 5 2 29 5 5.8 1.32

6 F. litoralis 1 1 1 1 0 4 4 0.8 0.20

7 L. hexandra 2 1 2 1 1 7 5 1.4 0.24

8 S. juncoides 21 20 10 13 2 66 5 13.2 3.58

9 M. vaginalis 1 1 1 2 0 5 4 1.0 0.32

TABLE 2.
DENSITY AND ABSOLUTE FREQUENCY OF EARLY WEEDS AT LOCATION 2
Number Species K1 K2 K3 K4 K5 Total KM FM Frequency  Average Density  Standard Error

1 M. crenata 12 6 4 1 4 27 5 54 1.83
2 L. octovalvis 19 5 5 1 4 34 5 6.8 3.14
3 P. distichum 18 3 10 2 12 45 5 9.0 2.97
4 E. crusgalli 9 4 8 1 5 27 5 54 1.44
5 F. litoralis 10 5 4 2 4 25 5 5.0 1.34
6 L. hexandra 8 6 2 0 3 19 4 3.8 1.43
7 S. juncoides 7 2 1 0 3 13 4 2.6 1.21
8 M. vaginalis 3 0 1 3 2 9 4 1.8 0.58
9 E. colona 4 3 2 1 0 10 4 2.0 0.71
10 C. iria 0 2 3 1 0 6 3 1.2 0.58

The weed M. crenata shows a very strong dominance in
almost all squares with a very high density. As the
dominant weed, it has the potential to inhibit the growth of
rice plants, reduce growing space and compete for
nutrients and water. On the other hand, other weeds such
as P. disticum and E. crusgalli, although not as competitive
as M. crenata, also need attention in weed management
efforts. Overall, weed management in Location 1 should
be focused on controlling dominant weed species such as
M. crenata.

In Figure 1, the distribution of weed species in Location
1 can be seen. The evenly distributed distribution of M.
crenata throughout the area shows the adaptation of this
weed to the condition of rice fields that are often flooded.
The images also provide insight into areas that are prone
to weeds, where more intensive management is needed,
such as the use of selective herbicides or better tillage
techniques.

At Site 2, observations at 21 and 42 showed significant
changes in weed counts, with some species showing a
decrease in density, while others, such as E. crusgalli,
remained stable or even slightly improved at 42 HST
observations. This indicates that even though rice crops
have begun to develop, the competition between weeds
and rice continues with high intensity. The dominant E.
crusgalli weed in this location shows the ability to survive
in better drainage conditions, demonstrating its superiority
in fighting for space and resources with rice plants.
Therefore, sustainable weed management in Site 2 should
be focused on controlling these dominant species with

appropriate approaches, such as the use of selective
herbicides and mechanical tillage to reduce the potential
for weeds in the next growing season.

Spesies Gulma

Fig. 1. Distribution of Weed Species in Location 1
(Minahasa)

Spesies Guima

Fig. 2. Distribution of Weed Species in Location 2
(South Minahasa)
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At Site 2, 14 species of weeds were found, dominated by
E. crusgalli and L. octovalvis. Both species exhibit high
levels of density throughout the observation area, signaling
their excellent adaptability to lower humidity land
conditions and better drainage systems. Other weeds,
although of lower density, still affect agricultural yields
and need to be considered in management. At Location 3,
the weed E. crusgalli became the dominant species, with
very high densities throughout the

observation area. These weeds show good adaptability to
waterlogged soil conditions, which provides a competitive
advantage in competing for resources with rice crops.
Proper management needs to be done to reduce the impact
of these dominant weeds, such as the use of appropriate
tillage techniques and crop rotation that can reduce
dependence on certain species.

TABLE 3.
DENSITY AND ABSOLUTE FREQUENCY OF EARLY WEEDS AT LOCATION 3

Number Species K1 K2 K3 K4 K5 Total KM FM Frequency Average Density Standard Error
1 M. crenata 9 6 0 1 5 21 3 4.2 1.66
2 L. octovalvis 12 6 3 0 4 25 4 5.0 2.00
3 P. distichum 8 6 2 0 3 19 2 3.8 1.43
4 E. crusgalli 2 3 1 3 11 5 2.2 0.37
5 F. litoralis 3 3 1 0 4 11 2 2.2 0.73
6 L. hexandra 15 9 4 3 6 37 3 7.4 2.16
7 S juncoides 7 4 2 0 4 17 4 34 1.17
8 M. vaginalis 3 1 2 3 4 13 2 2.6 0.51
9 E. colona 4 0 1 3 2 10 2 2.0 0.71
10  C.iria 3 2 3 0 4 12 2 2.4 0.68
TABLE 4.
DENSITY AND ABSOLUTE FREQUENCY OF EARLY WEEDS AT LOCATION 4
Number Species K1 K2 K3 K4 K5 Total KM FM Frequency Average Density  Standard Error
1 M. crenata 29 8 2 3 6 48 5 9.6 4.97
2 L. octovalvis 2 1 3 1 4 11 5 22 0.58
3 P. distichum 6 5 2 4 3 20 5 4.0 0.71
4  E. crusgalli 15 12 3 7 4 41 5 8.2 2.31
5 F. litoralis 12 14 8 6 10 50 5 10.0 1.41
6 L. hexandra 18 13 9 7 5 52 5 10.4 2.32
7 S.juncoides 10 9 3 1 2 25 5 5.0 1.87
8 M. vaginalis 5 3 4 3 4 19 5 3.8 0.37
9  E. colona 3 2 1 1 4 11 5 2.2 0.58
10  C.iria 1 2 3 1 11 5 2.2 0.58
Table 4 shows the density and frequency of weeds
observed in various squares, where L. hexandra shows the
. highest density in squares 1 and 2, while F. litoralis is more
dominant in areas with higher soil moisture. M. crenata
5 and P. disticum are found with fairly high density, but their
} distribution is more limited.
| |
5 | | | i i 14
12
& & & & & & & & & 10
& J‘Lﬁ w“ﬁ %@& & & \‘\J,a‘““ 2 2 3 ’
Spesies Guima

Fig. 3. Distribution of Weed Species in Location 3
(North Minahasa)

Location 4 has a higher diversity of weeds compared to
some other locations, with 16 species of weeds found. The
dominant weeds include Ludwigia hexandra, Fimbristylis
litoralis, Mikania crenata, and Panicum disticum, with L.
hexandra and F. litoralis showing very significant
dominance across planting areas.

Spesies Guima

Fig. 4. Distribution of Weed Species in Location 4
(Tomohon)
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The distribution of weeds in Location 4 showed an
uneven pattern, with weeds such as F. litoralis and L.
hexandra more commonly found in well-drained areas,
while weeds such as Echinochloa crusgalli and Panicum
disticum dominated areas with high humidity. This study
shows that environmental factors, such as soil drainage and
moisture, affect weed diversity and distribution, providing
important insights for more effective weed management in
rice farmland.

Analysis of Environmental Factors Affecting Weed
Diversity

Environmental factors that affect weed diversity are very
important in understanding the distribution of weeds in rice
farm. Rainfall, soil type, and water management are the
main factors that affect the growth and diversity of weeds.
For example, in locations with high rainfall and fertile
soils, such as in Location 1, weeds such as M. crenata and
P. disticum thrive and dominate. In contrast, in locations
with better drainage and lower soil moisture, such as in
Location 2, weeds such as E. crusgalli and L. octovalvis
are more dominant.

TABLE 5.
THE RELATIONSHIP BETWEEN RAINFALL
AND WEED DIVERSITY
. Rainfall . Gulma
Location (mm) Soil Type Dominant
. . M. crenata,
1 2500 Fertile Soil P disticum
2 2200 Drained Soil £+ c"#sgalli
L. octovalvis
E. crusgalli,
3 2400 Clay M. vaginalis
4 2300 Drained Soil L; #exandra,

F. litoralis

This study shows that high rainfall and soil types that
support high humidity greatly influence the development
of weeds more tolerant to moisture. Conversely, good
drainage conditions provide an advantage for weeds that
are more tolerant of dry conditions, demonstrating the
importance of environmental management in designing
more effective weed control strategies.

In Figure 5, it can be seen that higher rainfall is
associated with an increase in the population of some types
of weeds that are more tolerant to moisture. This shows a
clear relationship between climatic conditions and the
dynamics of weed growth on farmland.

Weed Management Recommendations to Increase Rice
Productivity

Based on the results of the study, dominant weeds such
as M. crenata, E. crusgalli, and P. disticum require serious
attention in their management. Effective weed control can
be done by combining mechanical and chemical
techniques, such as the use of selective herbicides, tillage,
and crop rotation. Proper water management is also very
important in influencing weed development and increasing
rice agricultural yields sustainably.

50

L. octovalvis M E. crusgalli M P. distichum
40
30

20

10

2200 2300 2400 2500

Rainfall (mm)

Fig. 5. The Impact of Rainfall on Weed Growth

This research is expected to provide a solid foundation
for designing more effective and efficient weed
management strategies, as well as supporting more
sustainable rice farming productivity in Minahasa
Regency.

Discussion
Weed Diversity in Rice Fields

The results of this study show that the diversity of weeds
in rice farm in Minahasa, Minsel, Minut, and Tomohon
districts is greatly influenced by local environmental
conditions, with a total of 16 species of weeds found in
various locations. The varied distribution pattern of weeds
suggests that weed diversity depends not only on the type
of weed itself, but also on existing environmental factors.
At the first location, the dominant weed species is Marsilea
crenata (M. crenata), which is found with high densities in
almost the entire observation square. These weeds are
highly competitive in the competition for resources with
rice plants, according to the findings of Haris et al. [22]
who stated that high-density weeds such as M. crenata can
reduce the light received by rice plants and absorb
nutrients from the soil, inhibiting rice growth and
significantly lowering crop yields.

In addition to M. crenata, other weeds that are dominant
in the first location are Panicum disticum (P. disticum) and
Echinochloa crusgalli (E. crusgalli). Both also exhibit
high density, which indicates that they are competing with
rice plants for water, light, and soil nutrients. E. crusgalli,
which is highly adaptive to waterlogged soils, has the
ability to survive even in wet rice field conditions, which
makes it highly competitive in the fight for resources that
rice plants should use. This finding is supported by Zhang
et al. [23], who state that E. crusgalli is a highly
competitive weed due to its ability to utilize water and soil
nutrients.

In the second location, the dominant weeds are E.
crusgalli and P. disticum, which exhibit very high density,
creating intense competition in the early phases of rice
growth. The decline in crop yields in the early stages of
rice growth is indeed greatly influenced by competition
between weeds and rice plants in obtaining limited
resources, which leads to a decrease in the quality and
quantity of crops. These findings are also in line with
Zhang et al. [23], who revealed that weeds such as E.
crusgalli can absorb more soil nutrients compared to rice
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plants, disrupt rice photosynthesis processes, and lower
overall crop yields.

In the third and fourth locations, weeds with adaptation
to high humidity, such as L. hexandra and F. litoralis,
dominate rice farm, especially in the rainy season. This
condition shows that weeds with a deeper root system and
the ability to survive in waterlogged conditions are more
likely to thrive in well-drained rice fields. This finding is
in line with Jiang et al. [24][25], who stated that soil
moisture has a major influence on weed distribution, with
waterlogging-tolerant species becoming more dominant in
well-drained rice paddies.

The pattern shows that the diversity of weeds in the
study site is greatly influenced by environmental factors,
such as rainfall, soil type, and water management systems
applied by farmers. As revealed by Nunes et al. [25],
climatic factors and soil management directly affect weed
composition, where weeds that are more tolerant to high
humidity tend to be dominant in poorly drained land, while
weeds that are more drought-tolerant are more developed
in well-drained land.

Comparison of Weed Density at 21 hst and 42 hst
Observations

Observations conducted at 21 Days After Planting and
42 revealed significant differences in weed density,
reflecting the dynamics of competition between weeds and
rice crops. At the observation of 21 HST, weeds such as P.
disticum and E. crusgalli dominated with very high
densities. In the observation of 42 HSTs, although some
weed species experienced a decrease in numbers, other
weeds showed stability or increased density. This shows
that changes in environmental conditions throughout the
growing season affect the composition and dynamics of
weed populations in rice farmland.

In the early phase of rice growth, which is 21 HST, rice
plants are still in a fragile vegetative stage, so weeds such
as P. disticum and E. crusgalli that have the ability to grow
rapidly can take advantage of this condition to develop
quickly. This is in accordance with the research of Lal et
al. [27], which stated that weeds such as E. crusgalli that
have high adaptability to flooded soil will be more
dominant in the early phase of the planting season, when
rice plants have not fully developed.

At the observation of 42 HSTs, there was a decrease in
density in some weed species, such as P. disticum and E.
crusgalli, although their numbers remained quite high in
some locations. This decline is likely due to rice plants that
have entered a more advanced growth phase and are
starting to control the area better. With an increasingly
strong root system, rice plants are starting to be able to
overcome competition and absorb more water and
nutrients, so there is less room for weeds to develop. These
findings are in line with Hoesain et al. [28][29], who stated
that in the late phase of rice growth, competition with
weeds tends to decrease as rice plants begin to dominate
the area more effectively.

However, although there was a decrease in some weed
species at 42 HST, other weeds, such as Ludwigia
hexandra and Fimbristylis litoralis, still showed stability or
even increased density. This suggests that although

competition with rice plants is reduced, some weeds that
are more adaptive to certain environmental conditions can
still survive. For example, L. hexandra, which is more
tolerant of flooded soil conditions, can survive in well-
drained rice fields, while F. litoralis shows adaptability to
high humidity.

The Influence of Environmental Factors on Weed
Diversity

Environmental factors, such as rainfall, soil type, and
water management, play an important role in influencing
the diversity and distribution of weeds in paddy farmland.
In locations with high rainfall, such as locations 1 and 3,
moisture-tolerant weeds such as E. crusgalli and P.
disticum predominate. Research by Wendra et al. [30]
revealed that weeds that can survive in waterlogged
conditions are more likely to thrive in soils that have high
humidity, such as rice fields that often experience
waterlogging. This shows that weeds with adaptation to
high humidity conditions can thrive in flooded rice fields.

In contrast, in locations with better drainage, such as
location 2, weeds such as L. octovalvis become dominant.
This weed is more adaptive to drier conditions and more
resistant to well-drained soils. Research by Zhang et al.
[23] shows that good drainage can reduce the excess
moisture required by some types of weeds, allowing weeds
that are more tolerant to dry conditions to thrive better.

Soil type also affects the distribution of weeds. In
location 3, with heavier clay, weeds such as E. crusgalli
and M. vaginalis thrive. Clay has a high-water retention
capacity, which supports weeds that can survive in flooded
conditions. In contrast, in location 4 with well-drained
soils, weeds such as L. hexandra and F. litoralis were more
dominant, as well-drained soils allowed the weeds to thrive
better in drier conditions.

Weed Management Recommendations to Increase Rice
Productivity

Based on the results of this study, several effective weed
management strategies can be applied to increase rice
productivity in Minahasa, South Minahasa, North
Minahasa, and Tomohon Regencies. One strategy that can
be applied is weed control through selective mechanical
and chemical approaches. Selective use of herbicides is
essential to reduce populations of dominant weeds such as
M. crenata and P. disticum without damaging rice crops.
Judicious use of herbicides with attention to the proper
time of application can minimize damage to rice plants and
increase yields.

In addition, mechanical tillage such as plows and weed
removal can reduce weed populations in the early stages of
rice plant growth. This tillage will disrupt the weed's root
system and reduce its ability to thrive. This mechanical
processing technique also improves soil aeration, which is
beneficial for the growth of rice plants.

Crop rotation is also a very effective strategy in reducing
the dominance of certain weeds. Crop rotation with legume
crops such as peanuts or soybeans can weaken competitive
weeds, such as E. crusgalli and M. vaginalis. Legume
crops can improve soil structure and fertility, which in turn
creates less than ideal conditions for weed development. In



Advances in Tropical Biodiversity and Environmental Sciences 9(1): 20-28, February, 2025
Available at: https://ejournall.unud.ac.id/index.php/atbes/article/view/1178

DOI: 10.24843/ATBES.2025.v09.101.p04

e-ISSN:2622-0628

27

addition, crop rotation reduces dependence on herbicides,
which can improve the balance of soil ecosystems and
reduce pressure from weeds.

Efficient irrigation management is also very important
in reducing the growth of weeds that require high
humidity. By improving drainage systems, farmers can
reduce excessive moisture and reduce growing space for
weeds that are more tolerant of high humidity. Techniques
such as alternate wetting and drying (AWD) can be
applied to reduce waterlogging time, which can also help
reduce weed growth and increase rice yields.

Overall, an integrated weed management approach
based on local environmental conditions is essential to
increase rice productivity. Selective use of herbicides, crop
rotation, mechanical tillage, and good irrigation
management will help reduce the negative impact of
weeds, increase rice yields, and support the sustainability
of agricultural production.

Conclusion

The weed diversity in rice farm in Minahasa, South
Minahasa, North Minahasa, and Tomohon Districts is
greatly influenced by environmental conditions, such as
rainfall, soil type, and water management systems
implemented by farmers. Weeds such as M. crenata and P.
disticum dominate rice fields with poor drainage
conditions, while weeds such as L. hexandra and F.
litoralis thrive better on land with better drainage.
Observation of the difference in weed density at 21 HST
and 42 HST also revealed that the growth phase of rice
affects the competitive interaction between rice plants and
weeds.

Recommendation

These findings can be used to design more effective and
environmentally friendly weed management strategies.
Recommended weed management strategies include the
use of selective herbicides, mechanical tillage, crop
rotation, and more efficient irrigation management.
Further research is needed to explore the effects of climate
change on weed diversity and the effectiveness of long-
term weed management methods.
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