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Abstract: Stenochlaena palustris, commonly known as pakisan weed, poses significant challenges in oil palm 

plantations due to its highly invasive nature, which can lead to reduced agricultural productivity. Management of 

this weed is critical, as effective control measures can inhibit its dominance and promote the proliferation of al-

ternative weed species, thereby enhancing biodiversity within the ecosystem. This study aimed to 1) assess the 

effectiveness of the herbicide ammonium glufosinate, in combination with an adjuvant, for controlling S. palus-

tris in oil palm plantations, and 2) investigate the subsequent alterations in the weed community structure follow-

ing herbicide application. We employed a randomised group design (RAK), incorporating the herbicide with 

added adjuvants. Results showed a clear change from S. palustris to Asystasia sp. as the dominant species. 

Treatments K and H had the most Asystasia sp., while treatment L had the least. Furthermore, we clearly com-

pared treatments L, K, and S to the control treatment, emphasizing the emergence of diverse species within the 

treatment plots. However, low levels of diversity and evenness suggest a stressed weed community, indicating 

that the herbicide application can disrupt existing ecological balances. This study emphasizes the importance of 

assessing herbicide impacts not only on targeted weed species but also on broader community dynamics, reveal-

ing a significant research gap in understanding the long-term ecological consequences of herbicide use in oil 

palm plantations. 
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1. INTRODUCTION 

Weed invasion in oil palm planta-

tions is a significant challenge that can hin-

der oil palm plants' growth and productivity 

[1]. Identified weeds like Stenochlaena pal-

ustris, Imperata cylindrica [2] FEE, C. and 

Asystasia sp.as [3] significant weeds for oil 

palm. Weeds compete with oil palms for 

important resources such as water, nutrients, 

spaces, and sunlight [4].  

This competition can lead to reduced 

growth and productivity of oil palms, which 

in turn affects the overall yield of palm oil 

[5]. The application of herbicides is a com-

mon method to maximize crop yield and 

prevent weed dominance by suppressing the 

growth of weed populations  [6]. Unwanted 

(weeds) compete for the same resources, 

such as space, water [7], light [8], and nutri-

ents [9].  

One of the weeds that is difficult to 

control is Stenochlaena palustris, which is 

classified as thick and rigid (coriaceous) 

with a waxy leaf surface that can reduce the 

ability of herbicides to enter the plant [10]. 

The efficacy of a herbicide is assessed by its 
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optimal or anticipated inhibitory impact on 

the development of target weeds. Effective-

ness is one of the important factors to de-

termine the right herbicide for weed man-

agement. Key factors in assessing the effica-

cy of weed management include the weed 

mortality rate and growth inhibition, exem-

plified by biomass reduction and regrowth 

potential [11]. It is essential to identify the 

weed species, which can help to select an 

effective herbicide for weed control.  

Ammonium glufosinate is a post-

emergence herbicide that can control broad-

spectrum weeds, including difficult-to-

control weeds such as S. palustris. The utili-

zation of surfactants is a factor that influ-

ences the efficacy of herbicides. Studies in-

dicate that surfactants enhance the infiltra-

tion of herbicides into foliar tissue, hence 

augmenting the absorption and efficacy of 

herbicides in weed management [12]. Am-

monium glufosinate undergoes limited trans-

location after uptake, primarily remaining in 

the treated leaves. This study to determine 

the effectiveness of ammonium glufosinate 

with additional adjuvants in controlling S. 

palustris weeds in oil palm plantations, and 

to understand the changes in weed commu-

nity structure following herbicide applica-

tion.  

2. MATERIALS AND METHODS 

Description of research location 

This experiment was conducted in the oil 

palm plantation of PT Sampoerna Agro, Og-

an Komering Ilir (OKI) District 

(3º36′18.3″S- 3º36′25.7″S- 105º01′27.1″E- 

105º01′59.1″E) South Sumatra. OKI Regen-

cy is an area that has a Wet Tropical climate 

(Type B) with a dry season ranging from 

May to October, while the rainy season 

ranges from November to April. Daily air 

temperatures range from a low of 21°C at 

night to a high of 36°C during the day. Daily 

air humidity ranges from 69% to 98%. Lo-

cated between 9 - 16 meters above sea level, 

it has a flat - undulating landform, with a 

land slope of 0 - 8%.  Seasonal deviations 

usually occur once every five years, in the 

form of a dry season that is longer than the 

rainy season, with an average rainfall of less 

than 1,900 mm per year with an average 

rainy day of 60 days per year [12]. The soil 

at the research site is typic kandiudults, soil 

pH is < 4.5 - 5.5, and soil organic carbon 

content is < 1 - > 5 %. The research location 

was sought in an area dominated by S. pal-

ustris weed with more than 90% cover.  

Research design 

The research was conducted for four 

months, from June to September 2023. The 

design used was group randomised design 

(RAK). Weed control with ammonium 

glufosinate herbicide at a dose of 500grams 

of active ingredient per hectare. Treatment 

with the addition of different adjuvants con-

sisting of four active ingredients namely 

Polyether Modified Trisiloxane, Polyoxy-

alkylene alkyl ethers, Alkylphenol Ethox-

ylates Succinicester Sulfonic Acid Sodium, 

Alcohol Polyglycol Ether and herbicide con-

trol without adjuvant. Each adjuvant was 

dosed at a concentration of 0.2%. Treat-

ments were applied with a back sprayer with 

a volume of 200 litres/ha and using a deflec-

tor nozzle equipped with a 1.5 bar pressure 

regulator. 

Measurement and sampling 

Weed observations were made by recording 

the number of weed species and individuals 

and documenting the weeds recorded for 

identification purposes.  

Vegetation analysis 

Vegetation analysis was carried out by ob-

serving weeds using a 0.5 x 0.5 m quadrat 

[14] weeds were counted based on the num-
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ber of species present in the quadrat plot. 

Furthermore, data analysis was carried out 

to determine the dominance (SDR) of weeds 

and Phytosociological Parameters [15]. 

Vegetation analysis values were obtained 

from observation data of initial vegetation 

analysis and 60 days after application 

(DAA). Plant species were identified at spe-

cies level where possible and some species, 

including S. palustris, were identified at ge-

nus level [16].  

The variables estimated are density (De), 

frequency (F), dominance (Do), important 

value index (IVI), similarity index (SI) 

[14][17], and summed dominance ratio 

(SDR) with the following formula: 

Density (De) 

𝐷𝑒 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙 𝑠𝑝𝑒𝑐𝑖𝑒𝑠

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑙𝑜𝑡𝑠
 

𝑟𝐷𝑒 =
𝐷𝑒 𝑜𝑓 𝑎 𝑠𝑝𝑒𝑐𝑖𝑒𝑠

𝐷𝑒 𝑎𝑙𝑙 𝑠𝑝𝑒𝑐𝑖𝑒𝑠
100% 

Frequency (Fe) 

𝐹𝑒 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑙𝑜𝑡𝑠 𝑜𝑓 𝑎 𝑡𝑦𝑝𝑒 𝑠𝑝𝑒𝑐𝑖𝑒𝑠

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑙𝑜𝑡𝑠
 

𝑟𝐹𝑒 =
𝐹𝑒 𝑜𝑓 𝑎 𝑠𝑝𝑒𝑐𝑖𝑒𝑠

𝐹𝑒 𝑎𝑙𝑙 𝑠𝑝𝑒𝑐𝑖𝑒𝑠
𝑥 100% 

Important value index of a species (IVI) 

IVI= rDe+rFe+rDo 

Summed Dominance Ratio (SDR) 

SDR= IVI /3 

Similarity index (SI) 

Similarity index (SI) is widely used in weed 

science as it allows comparisons between 

species composition in different plots, 

treatments, or areas [14].  

𝑆𝐼 = (
2𝑎

𝑏 + 𝑐
) 𝑥100% 

Where: a = the same number of species in 

two areas; b and c = the total number of spe-

cies in two compared areas. The value of b 

is represented by area or plot 1, and c is rep-

resented by area or plot 2. 

Species Diversity Index  

Assessment of weed diversity, species rich-

ness (S), Shannon's Exponential index [17], 

and Pielou's evenness index were calculated 

for each plot. Species richness (S) is the to-

tal number of weed species. The Exponen-

tial Shannon Index (H') was estimated as 

follows: 

𝐻′ = exp [− ∑ 𝑝𝑖 𝐿𝑛(𝑝𝑖)]
𝑖=1

 

 Where H' is the exponential Shannon Index, 

pi is the relative abundance of species i in 

the community, and Ln is the natural loga-

rithm. 

The Pielou Evenness Index (E) (Pielou EC) 

is calculated as follows [18] (Pielou EC): 

𝐸 = [
𝐻′

𝑙𝑛𝑆
] 

Where E is Pielou's Evenness Index, H' is 

the Shannon-Wiener diversity index (which 

measures species diversity) and lnS is the 

maximum possible value of H' (if every spe-

cies is equally present). 

Weed dominance index 

Weed dominance index values were ob-

tained from initial weed vegetation analysis 

data and 60 days after application. Weed 

dominance index values were analyzed us-

ing Simpson's Index [19]: 

𝐷 =
∑ 𝑛 (𝑛 − 1)

𝑁 (𝑁 − 1)
 

Where D is Simpson's Diversity Index, n is 

the number of organisms belonging to spe-

cies i, and N is the total number of organ-

isms. 

Analisis data 

ANOVA analysis of variance and post hoc 

test for Randomized Complete Block Design 

(RCBD) was conducted to find significant 

differences among each herbicide and con-

trol for both experiments. Differences 

among treatment means were grouped based 
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on Duncan's test with a probability level of 

0.05. Analyses were conducted using R Stu-

dio (statistical analysis system) software, 

version 2022.07.1 Build 554. 

3. RESULTS AND DISCUSSION 

Initial vegetation analysis and weed spe-

cies population shifts 

The experimental plots were inhabited by 

two weed species, namely S. palustris weed 

and Asystasia sp., indicating a low weed 

mixture in this study. The dominance ratio 

(SDR) value of Asystasia sp. was highest 

and recorded as the most dominant species 

in all treatments after application. In the 

control, S. palustris weed was dominant and 

did not change its pre-treatment condition. 

Figure 1. Effect of herbicide application on weed composition and 

dominance 

 
Based on the percentage of and S. palustris 

and Asystasia sp. treatment K with a per-

centage of S. palustris 14.77%, Asystasia sp 

85.23% and treatment S with a percentage of 

S. palustris 18.42%, Asystasia sp 81.58% is 

the best treatment because it has a combina-

tion of a low percentage of S. palustris and 

high Asystasia sp. 

Prior to treatment application in the experi-

mental area, the dominant weed species was 

S. palustris. At 16 MST, changes in weed 

composition occurred. This is due to the 

contact and systemic characteristics of the 

ammonium glufosinate herbicide. Weed sec-

tions that are immediately impacted will ex-

hibit indications of chlorosis, subsequently 

leading to death. The abundance of weed 

seeds in the soil is also one of the important 

factors and determinants of a weed species' 

existence, survival, and dominance in an 

ecosystem. The abundance of weed seeds is 

influenced by various factors such as land 

management [20] [21] and herbicide applica-

tion in crop cultivation practices [22] [23] 

[24] [25]. The abundance of weed seeds will 

continue to grow over time and the seeds 

can germinate if environmental factors such 

as water and oxygen are sufficiently availa-

ble. All treatments showed the same pattern 

of dominance shift from S. palustris to Asys-

tasia sp 

All herbicide treatments can suppress S. 

palustris weed growth with low abundance 

values of 8–33% (table 1). While the abun-

dance of Asystasia sp. weed was highest in 

treatment K by 92% and H by 79%, the low-

est abundance was in treatment L by 33% in 

addition to the control. Thus, changes in 

community composition occur due to 

changes in species density in each popula-

tion. Species whose populations develop fol-

lowing a progressive pattern, Asystasia sp., 

are species that seem to be suitable for the 

environmental conditions of the research site 

and are able to adapt to less favourable envi-

ronmental conditions.  Invasiveness has 

been considered the prominent trait of Asys-

tasia, whereas it is only a negative aspect of 

this plant due to its high adaptability and 

resilience to almost any environmental con-

ditions (Tanjung, L et al., 2023)  
Table 1 Relative abundance of dominant weeds in the experimental 

area 

Treatment S. palustris Asystasia sp. 

Control 1.00 ± 0.00 a 0.00 ± 0.00 b 

H 0.21 ± 0.01 b 0.79 ± 0.01 a 

L 0.33 ± 0.33 ab 0.33 ± 0.33 ab 

K 0.08 ± 0.08 b 0.92 ± 0.08 a 

W 0.24 ± 0.17 b 0.42 ± 0.24 ab 

S 0.33 ± 0.33 ab 0.67 ± 0.33 ab 

Similarity index (SI) 

The similarity index between the different 

herbicide treatment plots (Table 2), which 

indicates the similarity of species in the 

weed community. Sorenson similarity index 

values of 0.00% to 100.00% indicated that 
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there was similar variability among weed 

species across all herbicide treatments. 

Table 2 Similarity index of weed species according to Sorenson 

among different herbicide treatments 

Treatments Control H L K W S 

Control - 66.7% 0.0% 0.0% 66.7% 0.0% 

H 66.7% - 66.7% 66.7% 50.0% 66.7% 

L 0.0% 66.7% - 100.0% 66.7% 100.0% 

K 0.0% 66.7% 100.0% - 66.7% 100.0% 

W 66.7% 50.0% 66.7% 66.7% - 66.7% 

S 0.0% 66.7% 100.0% 100.0% 66.7% - 

The similarity index between the control, L, 

K, and S treatments recorded the lowest val-

ue of 0%, indicating that the weed species 

invasion of the plots changed. The 66.67% 

similarity between the control treatment and 

H and W showed close weed species simi-

larity.  

The similarity index is commonly used in 

weed science to facilitate comparisons of 

species composition across different treat-

ment plots [12]. The similarity index is a 

numerical scale that ranges from 0 to 100%. 

A higher number on the scale indicates a 

better degree of uniformity in species distri-

bution within a given area or plot. When all 

species are present in equal abundance with-

in a sample plot, the IS value will be 100% 

[26]. However, the calculation of the similar-

ity index (SI) only considers the presence or 

absence of species, ignoring their density 

and dominance. This may result in SI values 

that do not accurately reflect compositional 

similarity among the areas studied [12] Kuva 

MA. 

Diversity Index 

The value of the species diversity index is a 

measure that shows the variety of plant spe-

cies in a community. The results of vegeta-

tion analysis show that the diversity index 

value (H') of weeds is low <1 (table 3). 

From the value of the Shannon-Wiener di-

versity index (H), the Pielou evenness index 

(J) can be calculated. 

Table 3. Effect of herbicides on weed diversity and evenness indi-

ces 

Treatments Weed Diversity Weed Density 

Index (H') Index (J) 

Control 0.5196 0.750 

H 0.5074 0.732 

L 0.1391 0.201 

K 0.2954 0.426 

W 0.6269 0.904 

S 0.2036 0.294 

According to the table's results, there was 

significant variation in the weed diversity 

index (H') and weed density index (J) among 

the various treatments. In the control treat-

ment, the diversity index (H' = 0.5196) and 

weed density (J = 0.750) indicated that the 

weed community was at a moderate level, 

without any herbicide intervention. The di-

versity index (H' = 0.5074) and density (J = 

0.732) went down a little in treatment H. 

This means that this treatment didn't have a 

big effect on the structure of the weed com-

munity; species diversity stayed pretty much 

the same. 

Treatment L, on the other hand, greatly re-

duced the number and variety of weeds (H' 

= 0.1391) and their density (J = 0.201), 

showing that it was very good at controlling 

weed species. This created a simpler com-

munity dominated by species that were 

stronger against the treatment. Similar re-

sults were seen with the S treatment, which 

saw big drops in diversity (H' = 0.2036) and 

density (J = 0.294), showing that it worked 

to make the weed community simpler. 

Interestingly, treatment W showed the high-

est diversity index (H' = 0.6269) and higher 

weed density (J = 0.904) than the other 

treatments, indicating that this treatment 

may have created more favourable condi-

tions for the growth of diverse weed species. 

Treatment K showed a moderate decrease in 

diversity (H' = 0.2954) and density (J = 

0.426), indicating the dominance of species 

more tolerant to the treatment. 

Overall, these data show that the different 

treatments produced varying effects on weed 

community structure. Treatments L and S 
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proved to be the most effective in suppress-

ing weed diversity and density, whereas 

treatment W appeared to increase weed 

community diversity, indicating a potential 

change in species composition due to the 

herbicide intervention used.  

However, it is important to note that despite 

the differences in diversity levels, all treat-

ments showed relatively low diversity val-

ues. This may indicate that other factors, 

such as environmental conditions or other 

farming practices, also play a role in deter-

mining weed diversity. As shown in this 

study, the type and frequency of herbicide 

use can greatly affect weed diversity. Effec-

tive herbicides can reduce the number of 

weed species, while less effective applica-

tions can allow more species to persist. 

Weed dominance index 

An ecosystem uses the dominance index (D) 

to measure species diversity and the balance 

of the number of individuals in each species. 

Table 4. Effect of herbicides on weed dominance index 

Treatments Weed Dominance Index (D) 

Control 0.663 

H 0.674 

L 0.939 

K 0.841 

W 0.565 

S 0.902 

Based on the displayed data, the weed dom-

inance index (D) showed significant varia-

tion among the various treatments. The 

dominance index (D) describes the degree of 

dominance of a particular species in a com-

munity; higher values indicate dominance 

by one or more specific species. In the con-

trol treatment, the dominance index of 0.663 

reflected a relatively balanced weed com-

munity, with moderate dominance by certain 

species but still species diversity within the 

community. 

Treatment H showed a slight increase in 

dominance with an index of 0.674, which 

was close to the control value. This suggests 

that this treatment did not significantly alter 

the dominance structure in the weed com-

munity, thus still maintaining a similar di-

versity to the control. In contrast, treatment 

L showed a significant increase in domi-

nance index (0.939), indicating strong dom-

inance by one or a few species that may be 

more resistant to the treatment. Treatment S 

exhibited a similar condition, displaying a 

high dominance value of 0.902, suggesting a 

decrease in species diversity and an increase 

in dominance among the surviving species. 

Treatment K showed a lower dominance 

value compared to L and S, but remained 

quite high with an index of 0.841. This sug-

gests that a few specific species still domi-

nated the weed community in this treatment, 

despite a slight increase in diversity com-

pared to treatments L and S. In contrast, 

treatment W produced the lowest dominance 

index of 0.565, indicating that this treatment 

promoted a more diverse weed community, 

with a more even distribution of species and 

without strong dominance by any particular 

species. 

Overall, these data indicate that the L and S 

treatments significantly reduced weed com-

munity diversity by increasing the domi-

nance of certain species, while the W treat-

ment tended to promote a more balanced 

and diverse community with lower domi-

nance. 

4. CONCLUSION 

The shift in weed abundance in this study 

occurred due to differences in species re-

sponses to ammonium glufosinate herbicide 

application. Results showed that after treat-

ment, S. palustris species experienced a sig-

nificant decrease in abundance, while Asys-

tasia sp. showed an increase in dominance. 

This suggests that Asystasia sp. effectively 

adjusts to the modified environment result-

ing from herbicide treatment. The effective-

ness of herbicides in controlling weeds was 

evident from the analysis of diversity and 
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dominance indices. Herbicide treatments 

showed a decrease in diversity index (H') 

below 1, with treatments L and S recording 

the lowest values, indicating a reduction in 

the number of weed species. Treatment W, 

on the other hand, showed the highest diver-

sity index, reflecting conditions that are 

more favorable to the growth of diverse 

weed species. As a result, herbicide applica-

tion directly affects weed community struc-

ture and species diversity. For the future, it 

is necessary to implement a more sustaina-

ble weed management strategy using an in-

tegrative approach. This includes rotating 

the use of different herbicides to prevent re-

sistance development, as well as the intro-

duction of mechanical and biological weed 

control techniques. While some treatments 

were successful in suppressing the abun-

dance of certain weeds, analyses revealed 

the need for wise management to maintain 

ecosystem balance and prevent the domi-

nance of undesirable species. Further re-

search in this area is also important to de-

velop more environmentally friendly and 

effective methods. 
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