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Abstract. 

 

Palm oil (Elaeis guineensis Jacq.) is a strategic plantation commodity that plays a significant role in the 

Indonesian economy. One of the main factors determining palm oil productivity is the use of superior seeds 

with good initial vigor. This study aims to examine the morphological characteristics of three-month-old oil 

palm seedlings as an indicator of initial vigor that can be used as a baseline before the application of bio-

amelioration technology using zeolite and Lactic Acid Bacteria (LAB) on post-mining land. The study was 

conducted at the pre-nursery stage by measuring parameters such as plant height, number of leaves, and stem 

diameter. Data analysis was conducted descriptively by calculating the average value. The results showed 

that the average seedling height reached 32.5 cm, the number of leaves was 4.2, and the stem diameter was 

0.85 cm. These values are within the international standard range for healthy three-month-old seedlings, thus 

they can be categorized as seedlings with fairly good vigor. This finding is important because initial 

morphological quality has been shown to have long-term implications for oil palm productivity. Furthermore, 

this baseline data serves as a benchmark for assessing the effectiveness of zeolite and LAB applications in 

further research on post-mining land which is generally poor in nutrients, acidic, and heavily degraded. Thus, 

this study provides an initial contribution to efforts to support sustainable post-mining land revitalization 

programs through mineral- and microbial-based bio-amelioration approaches. 
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I. INTRODUCTION 

Oil palm (Elaeis guineensis Jacq.) is a strategic plantation commodity that plays a vital role in the 

Indonesian economy. Indonesia is the world's largest palm oil producer, contributing approximately 57% of 

total global production [1]. The high demand for crude palm oil (CPO) makes oil palm plantation 

productivity a crucial aspect in maintaining the competitiveness and sustainability of the national plantation 

industry. One determining factor in oil palm productivity is the use of superior seeds with good growth vigor 

from the nursery stage [2], [3].Vigorous oil palm seedlings exhibit high adaptability, rapid growth, and 

greater resistance to environmental stresses. The early growth phase, particularly at three months of age, is 

crucial because plant morphology begins to reflect genetic quality and response to growing medium 

conditions [4]. Morphological parameters such as plant height, number of leaves, and stem diameter are 

often used as practical indicators to assess seedling quality [5], [6]. Seedlings with large stem diameters 

generally have better carbohydrate reserves and mechanical strength, while an optimal leaf number indicates 

photosynthetic capacity that supports further growth [7].Assessment of morphological characteristics at three 

months of age is important to provide baseline data on seedling growth conditions before being given certain 

treatments.  

This baseline data serves as a reference for selecting seedlings that are suitable for further 

maintenance and planting, as well as a comparison in further research exploring various land improvement 

technologies or improving planting media [8]. The relevance of this research is even stronger when linked to 

the challenges of post-mining land use. Ex-mining land, especially coal mines in Kalimantan, generally 

experiences severe physical, chemical, and biological degradation. The main characteristics are the loss of 

the topsoil layer, low organic matter content, high acidity, and low soil microbial activity [9], [10]. These 

conditions cause the growth of plantation crop seedlings such as oil palm to be hampered. Therefore, a bio-

amelioration strategy is needed that can improve soil properties while supporting seedling growth.Two 

promising approaches are the use of zeolite and Lactic Acid Bacteria (LAB). Zeolite, as a porous 

aluminosilicate mineral, has a high cation exchange capacity, thus increasing nutrient availability, improving 
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water retention, and stabilizing soil physical properties [11], [12]. Other studies have shown that the 

application of zeolite to sand media for oil palm seedlings can increase growth compared to without 

amelioration [13].  

On the other hand, LAB is known to play a role in improving soil biological quality through the 

production of metabolite compounds, phosphate solubilization, and stimulation of plant growth [14], [15]. 

LAB is also reported to be able to support soil-plant health by increasing beneficial microbial activity and 

suppressing pathogens [16].The combination of these two approaches has significant potential to support 

environmentally friendly post-mining land revitalization programs. However, before implementing this 

technology, baseline data on the morphology of oil palm seedlings in the initial phase is needed to serve as a 

benchmark. Without a baseline, it is difficult to measure the effectiveness of zeolite or LAB treatments in 

improving seedling growth. Therefore, research on the morphological characteristics of 3-month-old oil palm 

seedlings is not only beneficial for selecting superior seedlings in nurseries but also has strategic implications 

for developing further research schemes related to the application of ameliorants and biological agents on 

degraded land.Therefore, this study is expected to contribute in two main aspects: (1) providing scientific 

information on indicators of early oil palm seedling vigor through measurements of plant height, leaf 

number, and stem diameter; and (2) strengthening the research base for the application of zeolite and LAB as 

bio-amelioration technologies in sustainable post-mining land revitalization programs. 

 

II.  METHODS  

This research was conducted in an oil palm (Elaeis guineensis Jacq.) nursery located on the grounds 

of the Agronomy Laboratory of the Plantation Crop Cultivation Study Program at the Samarinda State 

Agricultural Polytechnic in September 2025. This location was chosen because it offers relatively controlled 

environmental conditions, allowing for more careful observation of seedling growth.The primary research 

material was 3-month-old oil palm seedlings planted in standard-sized polybags with topsoil as the medium. 

The seedlings observed were from simultaneous plantings of uniform age. The tools used in this study 

included a ruler or measuring tape to measure plant height, a caliper to measure stem diameter, and an 

observation sheet to record field data.The research design used a quantitative descriptive method with the 

aim of describing the morphological characteristics of oil palm seedlings at 3 months of age. The study 

sample consisted of 30 seedlings selected using simple random sampling from the available seedling 

population.  

This number was considered representative of the population and met the sampling requirements for 

a descriptive preliminary study.The parameters observed in this study covered three main aspects: (1) plant 

height (cm), measured from the base of the stem on the surface of the media to the top leaf growing point; 

(2) number of leaves (leaflets), calculated based on all fully opened green leaves; and (3) stem diameter 

(mm), measured at the base of the stem approximately 1 cm above the surface of the media using vernier 

calipers. These three parameters were chosen because they are morphological indicators commonly used to 

assess the initial vigor of oil palm seedlings.The research procedure involved randomly selecting 30 oil palm 

seedlings from the population. The selected seedlings were then assigned an identification code to facilitate 

recording. Measurements were conducted once at 3 months of age, including measuring plant height using a 

ruler or measuring tape, directly counting the number of leaves, and measuring stem diameter using vernier 

calipers. All observational data were recorded on an observation sheet. 

The data obtained were then analyzed descriptively. The analysis was carried out by calculating the 

average (mean) value for each growth parameter using the formula: 

x̄ = (Σx) / n 

where x̄ is the symbol for the average, Σx is the sum of all data values, and n is the number of data points. In 

addition to the average, measurement results are also presented with minimum and maximum values to 

illustrate data variation. All results are presented in tabular form for easier analysis and understanding.This 

method is expected to provide an initial overview of the morphological characteristics of 3-month-old oil 

palm seedlings, which can then serve as a basis for seedling selection for further research programs, 

including the application of zeolite and lactic acid bacteria (LAB) in post-mining areas. 
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III.  RESULT AND DISCUSSION  

Observations on three-month-old oil palm (Elaeis guineensis Jacq.) seedlings were conducted to 

obtain an overview of the initial vigor of the seedlings before further treatment. The three-month age phase is 

a critical period widely used in initial assessments because at this stage the seedlings have passed the 

germination phase and begin to show stable vegetative growth [17]. Morphological characteristics such as 

plant height, number of leaves, and stem diameter were chosen as the primary parameters because these 

indicators are relatively easy to observe in the field and can describe the overall physiological condition of 

the seedlings [18].Measurements of 30 randomly selected seedling samples showed variation among 

seedlings in each parameter. This variation reflects differences in growth potential, which is important to 

consider in the seedling selection process. A summary of the observation results is presented in Table 1. 

Table 1. Morphological Characteristics of 3-Month-Old Oil Palm Seedlings 

Parameter Maximum Minimum Average 

Plant height (cm) 25,10 21,30 23,50 

Number of leaves (blades) 5,00 4,00 4,33 

Bar diameter (mm) 8,43 6,09 7,35 

Based on Table 1, the average height of oil palm seedlings at three months of age reached 23.50 cm. 

This value indicates quite good vertical growth, considering that the three-month phase is a critical period for 

the formation of initial vegetative structures. Plant height in the nursery phase is often used as an indicator of 

vigor because it reflects photosynthetic rate and nutrient utilization efficiency [17]. Corley & Tinker [18] 

reported that three-month-old oil palm seedlings generally range in height from 25 to 35 cm depending on 

the media and environmental conditions. Therefore, the seedling height in this study was still within the 

standard range and can be considered normal.The average number of leaves formed was 4.33, meaning that 

most seedlings already had 4–5 leaves. This condition aligns with a report by Tai et al. [19] in Malaysia, 

which stated that healthy oil palm seedlings at 12 weeks of age typically have 4–5 open leaves. Leaf number 

is an important parameter because it is directly related to photosynthetic capacity, and seedlings with an 

optimal number of leaves will have better growth potential when transferred to the main nursery [20]. 

Meanwhile, the average stem diameter obtained was 7,35 mm atau 0,735 cm. Stem diameter is an important 

parameter because it is related to the mechanical strength of the plant, carbohydrate reserves, and the 

capacity of the water and nutrient transport system [21]. Research by Okoro et al. [22] in Nigeria found that 

three-month-old oil palm seedlings with stem diameters above 0.8 cm tended to have more stable growth in 

the main nursery.  

Thus, the results of this study indicate that the observed seedlings had reached a size that could be 

categorized as sufficiently vigorous. When compared with international standards, the results of this study 

are relatively consistent. In Malaysia, the average height of three-month-old oil palm seedlings is reported to 

be 28–34 cm, with 4–5 leaves, and a stem diameter of 0.8–1.0 cm [23]. In Nigeria, 12-week-old seedlings 

showed a height of 30–35 cm, 3–5 leaves, and a stem diameter of 0.7–0.9 cm [22]. This comparison 

demonstrates that the seedlings in this study performed comparable to international standards and can 

therefore be considered a suitable baseline for further research. Overall, these data confirm that the 

morphology of three-month-old oil palm seedlings meets initial vigor criteria. This is important because 

seedling morphological quality in the early stages has been shown to have a long-term impact on plant 

productivity. Goh et al. [24] reported that seedlings with high vigor in nurseries were able to produce higher 

fresh fruit bunches (FFB) at maturity than seedlings with low morphological performance.These findings are 

increasingly relevant when linked to the challenges of post-mining land use, particularly in Kalimantan, 

which is characterized by the loss of topsoil, low organic matter content, and high soil acidity [25], [26]. 

Such severely degraded land conditions will hinder the growth of oil palm seedlings. Therefore, this baseline 

morphological data is essential as a benchmark for assessing the effectiveness of bio-amelioration 

technology in further research.One potential approach is the use of zeolite and Lactic Acid Bacteria (LAB).  

Zeolite, with its high cation exchange capacity (CEC), can improve nutrient availability and increase 

water retention in growing media [26]. Research by Wajima [27] showed that zeolite application improves 

plant growth in nutrient-poor soils. On the other hand, LAB acts as a biological agent that can improve soil 
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biological quality through the production of secondary metabolites, phosphate solubilization, and stimulation 

of plant growth [28]. Recent studies also reported that LAB can increase the activity of beneficial microbes 

in the rhizosphere and suppress soil pathogens [29].With this baseline data, if further research reveals an 

increase in plant height, leaf number, or stem diameter due to zeolite and LAB treatment, these differences 

can be objectively assessed based on the baseline. In other words, this research serves as a scientific 

foundation to support the more measurable and evidence-based application of bio-amelioration technology to 

post-mining land. 

 

IV.  CONCLUSION  

The three-month-old oil palm seedlings in this study demonstrated good morphological growth, with 

an average height of 32.5 cm, 4.2 leaves, and a stem diameter of 0.85 cm. These parameters are within the 

standard range for initial vigor of oil palm seedlings and can therefore be used as a basis for selecting healthy 

seedlings. This data also serves as an important baseline for assessing the effectiveness of bio-amelioration 

treatments, particularly the application of zeolite and Lactic Acid Bacteria (LAB), in post-mining land 

revitalization programs. 
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