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Abstract 
Seeds as planting material play an important role in agricultural development. The length of seed germination is 

an obstacle to meeting the high demand for oil palm seeds. This research determines the effect of pollen variety 

and dosage on the production of superior oil palm seeds. The study used a factorial Randomized Block Design 

(RAK) with two factors, namely pollen source (V1: Yangambi; V2: PPKS 540) and pollen dose (gr) (D1: 0.25; D2: 

0.12; D3: 0.06; D4: 0.04; and D5: talk/blank (control). There were 10 treatment combinations (V1D1, V1D2, V1D3, 

V1D4, V1D5, V2D1, V2D2, V2D3, V2D4 and V2D5) so that there were 30 experimental units (oil palm trees); if they 

are significantly different, a further 5% DMRT test (Duncan Multiple Range Test) is carried out. The parameters 

observed were the number of seeds (grains), number of good and rejected seeds (grains), bunch weight (kg), and 

seed germination. The results showed that the Yangambi variety produced superior oil palm seeds. The V1D4 

treatment showed the best results with the highest number of good seeds produced (2,302 seeds/bundle. The best 

results were 2,302 items. Treatments V2D2, V2D3, and V2D4 showed the best viability with the same results 

(81.65%. The treatments did not significantly affect bunch weight. 
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INTRODUCTION 
Indonesia is the largest palm oil-producing country in the world. Oil palm land in Indonesia will 

reach 16.38 million ha (2022) (Figure 1), with production of 46.89 million tons of CPO (crude palm oil) 

or vegetable oil (4.2 tons/ha/year) contributing to the country’s foreign exchange of up to IDR 525 

trillion in 2021 (Wahid, 2010). The advantages of the palm oil agroindustry in Indonesia are supported 

by the agroecosystem, innovation, and technology, as well as the population that supports the 

availability workforce (Yousefi et al., 2021). The increase in the number of oil palms supported by the 

availability of superior plant materials has made Indonesia the largest producer of palm oil in the world 

(Ministry of Agriculture, 2020). 

Seeds are the determinants of success in an oil palm plantation business. The synergy between 

the management of superior plant materials and technical cultural treatment will provide optimal 

production results. Through good and correct management of oil palm plant materials, production 

certainty can be guaranteed. Through technical culture treatment according to standards, all plant 

material potential can be obtained. To support efforts to manage plant materials properly and correctly, 

complete information is required regarding the characteristics of plant materials and strategies for 

managing them. 
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PPKS Medan has the largest market share in Indonesia as a distributor of superior palm oil seeds, 

up to 31.50%. Demand for Medan PPKS oil palm seeds in 2020-2022 is dominated by smallholder 

plantations, followed by large private and government plantations (Figure 2). The demand for seeds 

continues to increase but is not accompanied by the availability of productive palm oil, which is an 

obstacle to meeting the demand for palm seeds. 

 

 
One way to guarantee the development of oil palm in Indonesia is to guarantee the availability of 

superior quality seeds. The national need for seeds is 131-163 million seeds per year, and there is a 

need for 200 KKS grains per hectare of planting area. Increasing germination power will have a 

significant effect on the number of sprouts produced. If you look at the national seed distribution data 

until 2023, it is 122,662,920 seeds; therefore, there is still a shortage of around 41 million seeds (Table 

1. The increase in oil palm area was positively correlated with the number of sales of oil palm seeds at 

the national level in the previous year. 

The success of industrial development and the need for land expansion cannot be separated from 

the availability of supporting factors, namely the availability of superior seeds from crossing the female 

flowers of the Dura tree (D) with the pollen of the male flowers of the Pisifera tree (P), which is based 

on systematic and sustainable breeding activities. Artificial pollination can be designed in such a way 

that is in accordance with breeding science so that the origin of the seeds can be clearly identified, which 

is one of the requirements for superior seeds. Effective artificial pollination is influenced by the origin 

of the pollen from the parent tree and the pollen dose and storage time. Therefore, it is necessary to 

optimize the supply of superior oil palm seeds to support sustainable oil palm plantations. 
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LITERATURE REVIEW 

Techniques for Artificial Pollination in Oil Palm Production 

In oil palm cultivation, synthetic pollination has been considered a viable alternative to natural 

pollination, especially when natural pollinators are scarce or unfavorable weather exist. Research 

conducted by Yabani et al. (2023) and Joshua et al. (2021) indicated that effective control of artificial 

pollination can significantly improve fruit set and overall crop yield. The findings of these studies 

highlight the importance of timing, as early morning pollination at lower temperatures yields the best 

results due to higher pollen viability. This study emphasizes the importance of fresh pollen in achieving 

optimal pollination outcomes. This suggests that using fresh pollen produces better bunch weights than 

(Pathan et al. 2020). 

 

Models of Optimization in Agricultural Management 

To optimize crop yield and improve resource efficiency, agricultural management has extensively 

used optimization algorithms (Anselmi et al. 2021). Sun et al. (2024) developed an optimization model 

for controlling the use of fertilizer in oil palm fields. According to the study, applying optimized 

fertilizers can increase agricultural yield. However, because this model was limited to single-objective 

optimization, it could not fully account for the complexities of interdependent variables such as seed 

quality, bunch weight, and pollen viability. This gap in the literature emphasizes the need for a more 

comprehensive multi-objective optimization technique that can consider several output-influencing 

elements at the same time. 

 

Data-Driven Methods and Artificial Intelligence in Agriculture 

The adoption of machine learning and data-driven approaches has revolutionized agricultural 

processes by enabling more informed and precise decision-making (Sarker, 2021). Precision 

agriculture has used approaches like K-means clustering, as investigated by Li et al. (2020), to classify 

data based on significant attributes, allowing for targeted management operations. By using specialized 

pollination techniques, oil palm farmers can use clustering to find plant groups that respond to 

pollination conditions similarly to other conditions and increase crop yield. The application of K means 

clustering to determine optimal pollination conditions is a significant advancement over traditional 

heuristic methods, providing a more robust framework for decision making. 

Crop Production: Multi-Objective Optimization  

The importance of multi-objective optimization in addressing complex decision-making 

problems in agricultural production is growing. Unlike single-objective models, multi-objective 



 RSF Conf. Proceeding Ser. Business, Manag. Soc. Sci. 

307 
 

optimization considers multiple objectives simultaneously, such as yield maximization, cost 

minimization, and quality improvement. Research in this area, as demonstrated by Sundaramoorthi and 

Dong (2022), shows that multi-objective optimization can produce outcomes that are well-balanced 

and suitable for various agricultural goals. This paper presents an optimization model that blends a 

multi-objective optimization framework with K-means clustering findings to improve current 

knowledge. A dynamic tool for improving oil palm pollination methods is provided by this model.  

 

Sensitivity and Scenario Analysis in Optimization Models  

Scenarios analysis is a crucial component of optimization models that allows researchers to 

assess several solutions under various conditions. Previous studies have shown that scenario analysis 

can provide important insights into the possible outcomes of different management approaches. 

Scenario analysis was used in this study to examine the effects of several pollination procedures, such 

as maximizing high-quality seeds, increasing bunch weight, and minimizing rejected seeds. This work 

proposes a flexible approach to decision making that can be tailored to specific needs and 

environmental conditions by varying the weights in the optimization formula (Pathirana et al. 2022). 

 

Research Contribution and Gaps in Current Literature  

Despite the progress achieved in agricultural operation optimization, there remains a significant 

gap in the application of advanced data-driven techniques to multi-objective optimization in the oil 

palm industry. Most existing studies focused either on the biological aspects of pollination or on specific 

optimization models, but they did not combine these approaches into a coherent whole. In order to 

close the current knowledge gap, this study proposes a novel strategy for improving the accuracy of 

artificial pollination techniques. The proposed strategy uses K-means clustering and a recently 

developed optimization formula. As a result, it provides a more comprehensive and scalable method of 

enhancing oil palm productivity, thus satisfying the intellectual and practical demands of modern 

agriculture (Sharma et al. 2020). 

 

RESEARCH METHOD 
The research was conducted at the Marihat Palm Oil Research Center (PPKS) Seed Plantation 

from August 2023 to January 2024. The altitude of the research location is ±369 meters above sea level 

(asl), at a position of 02˚55' North Latitude and 99˚05' East longitude. The study used a factorial 

Randomized Block Design (RAK) with two factors, namely pollen source (V1:Yangambi;V2:PPKS 540) 

and pollen dose (gr) (D1:0.25;D2:0.12;D3:0.06;D4:0.04; and D5:talk/blank (control). times so that there 

were 30 experimental units (oil palm trees); if they are significantly different, a further 5% DMRT test 

(Duncan Multiple Range Test) is carried out. Observations were made by harvesting the bunches ≥4.5-

6 months after pollination. The parameter observed is the number of seeds (grains), number of good 

and rejected seeds (grains), bunch weight (kg), and seed germination. The research implementation 

followed the method of Yabani et al. (2024). 

 

Field Preparation and Wrapping of Female Flower Bunches 

The parent tree was determined by selecting a tree with female flower clusters. The flower 

bunches are wrapped using bagging made of terylene/agriveg, 10 days before flower anthesis or the tip 

of the flower sheath (spatha) is still closed with the sheath broken 25%. All frond spines were cleaned, 

and the base of the frond that supports the flower was sliced lengthwise. The midrib is pressed down 

to facilitate easy flower wrapping. The spatha (spatha) covering the flower is removed, and the flower 

is cleaned of rubbish and remnants of the sheath. Next, the stalks of the female flower clusters are 

wrapped with cotton that has been sprinkled with insecticide powder to prevent insects from entering 

from the direction of the bunch stalks. The pollination bag (bagging) that will be used to wrap the 
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flowers is first sprayed with liquid insecticide (to make it sterile from insects). The bagging was covered 

from the top to the bottom of the bunch stalk and tied with a rubber strap in the middle of the stalk. The 

bagging is then coated with khalsa wire to anticipate pest attacks. 

 

Pollination of Female Flower Clusters 

Pollination of female flower clusters is an effort to pollinate anthesis of female flower clusters 

with pollen from compatible male flower clusters, with the aim of ensuring the legitimacy of seeds that 

are not contaminated with wild pollen. This pollination is carried out when the flower experiences 

anthesis (minimum flower anthesis of 75%). At that time, most of the stigmas had opened and were 

yellowish white. This pollination was carried out using pollen mixed with 4 g of pure talcum. Before 

pollination, bags are sprayed with liquid insecticide to repel (kill) annoying insects, including the oil 

palm pollinator insect (SPKS) "Elaeidobius kamerunicus". When pollinating, all equipment is sterilized 

using alcohol to prevent contamination. 

 

Opening the Package 

Opening of the package was carried out 15 days after pollination. Opening the package allows the 

flowers to develop naturally. The package is opened by opening the bagging that covers the bunch and 

then attaching the bunch identity label. 

 

Harvesting 

Harvesting is performed when the bunches are 4.5–6 months old. The way to harvest bunches is 

to cut the stalk of the bunch. The bunches are then taken to the seed preparation unit (Plant Materials 

Strategic Business Unit Production Division) for further processing. 

 

FINDINGS AND DISCUSSION 
Number of Rejected Seeds 

A statistically significant analysis of variance can be followed by further tests (post hoc tests), 

one of which is the DMRT test. The goal is to identify specific treatment factors or interactions that 

contribute to significant differences in mean responses. Our research results show that the level of the 

number of female flowers that are successfully pollinated by pollinators greatly influences the number 

of seeds produced, considering that the viability of the pollen used is in accordance with the work 

instructions of the Mother Tree Division, namely >70% viability. Corley and Tinker (2003) stated that 

there was a negative correlation between the number of bunches and the weight of the bunch. The 

weight of the bunches increased as the age of the bunch increased, but the number of bunches 

decreased. The similarity of protein structures and molecules supports evidence that pollen sources do 

not influence fruit formation (Wang et al,.2018). 
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Stalks and spikelets are quite important parts in seed production. The stalk is the part where 

spikelets are attached and has a fairly large proportion, namely between 20%-50% of the weight of the 

bunch. Each spikelet part has different characteristics, including size, shape, and number of grains. The 

top of the bunch is the tapered part, while the bottom of the bunch is the part with the stalk cut. In 

general, varietal differences between seed bunches did not differ significantly; most were the same size 

and shape. The top of the bunch has a medium-small spikelet character with a total number of grains 

ranging from 18 to 26 grains with well-formed grains of 9-12 grains (50%). The middle part of the 

bunch has a medium-large spikelet character with a total of 28-33 grains with well-formed grains of 

22-26 grains (75%). The lower part has characteristic spikelets that are large and wide but short in size. 

In this section, the total number of grains was between 16 and 22 grains, with the number of well-

formed grains of 11-13 grains (50%). 

 

Number of Rejected Seeds 

The results of the analysis of variance indicated that pollen source, dose, or the interaction 

between the two did not have a statistically significant (significant) effect on the number of rejected 

seeds at the significance level (5%). In other words, the average number of rejected seeds in the present 

experiment was considered to be not significantly different. Because there is no significant effect, there 

is no need to perform further DMRT (Duncan Multiple Range Test) tests.α 

 

Bunch Weight 

The results of the analysis of variance above also show that pollen source, dose, or interaction 

between the two did not have a statistically significant (significant) effect on bunch weight at the 5% 

significance level. In other words, the average bunch weight in this experiment was considered to be 

not significantly different. Because nothing has a significant effect, there is no need to perform further 

DMRT (Duncan Multiple Range Test) tests.α) 

 

Viability 

A statistically significant analysis of variance can be followed by further tests (post hoc tests), 

one of which is the DMRT test. The goal of this study was to identify specific treatment factors or 

interactions that contribute to significant differences in mean responses. The results of thethe result of 

the DMRT test show that pollen sources are significantly different from each other. V2 has a higher 

average Viability than V1. The graph in Fig. 1 shows the result of the DMRT test, which shows that the 

V1D1 interaction is significantly different from the other 7 interactions. V1D1 also had the lowest mean 

viability of 80.83%. Meanwhile, the other 7 treatment interactions were not significantly different from 

each other. 

 
 
CONCLUSIONS 

The pollen dosage treatment used for artificial pollination of seed bunches has a significant effect 

on the number of fruit bunches but is also influenced by the health of the plant and the size of the 

bunches on each tree. The pollen dose treatment used for artificial pollination of seed bunches 

significantly affected the number of good seeds produced at the treatment level. The Yangambi variety 

(V1D4:0.04 grams) with the highest average yield of good seeds was 2,302 specimens, whereas the 

lowest yield was the PPKS 540 variety (V2D3:0.06 grams) with the highest number of good seeds 

produced. There were 1,068 sign items. The highest number of good seeds in the V1D3 treatment (0.06 

grams) was 3,232 grains, and the lowest was V1D2 (0.12 grams) at 1,050 grains. 
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