
Setiowati et al. (2026) 

486 

iSABRAO Journal of Breeding and Genetics 

58 (1) 486-497, 2026 

http://doi.org/10.54910/sabrao2026.58.1.45 

http://sabraojournal.org/ 

pISSN 1029-7073; eISSN 2224-8978 

 

POTASSIUM EFFICIENCY IN OIL PALM SEEDLINGS: DOES IT MATTER? 

 

R.D. SETIOWATI1*, S. WENING1, F. RACHMAN1, E.N. GINTING1, 

I.F. PANGARIBUAN1, S. SUDARSONO2, and M.S. RAHAYU2 

 
1Indonesian Oil Palm Research Institute – PT Riset Perkebunan Nusantara, Indonesia 

2IPB University, Bogor, Indonesia  
*Corresponding author’s email: retno.iopri@gmail.com 

Email addresses of co-authors: sriwening.sw@gmail.com, rachmanfathur.fr@gmail.com, ekonovandy@gmail.com, 

ikhwanfadlip@gmail.com, sudarsono_agh@apps.ipb.ac.id, megayani@apps.ipb.ac.id 

 

 

SUMMARY 

 

Potassium (K) is an important macronutrient and plays a vital role in oil palm (Elaeis guineensis) 

growth and productivity; however, its availability is often lacking due to fixation and leaching in 

tropical soils. Improving potassium use efficiency via genotype selection is a crucial strategy to 

enhance sustainability in oil palm cultivation. The following study sought to determine the potassium 

use efficiency in six Dura × Pisifera oil palm (Elaeis guineensis) progenies under four K fertilizer levels 

(0%, 100%, 75%, and 50% of the recommended dose). The study used a split-plot design to assess 

the vegetative growth, dry biomass, and K uptake. Nutrient use efficiency indices, viz., agronomic 

efficiency (AE), recovery efficiency (RE), and internal efficiency (IE), entailed calculations. The results 

revealed genotypic effects on vegetative traits and potassium use efficiency parameters; however, the 

interaction effects between oil palm progenies and K doses were nonsignificant. Oil palm progenies P2 

and P4 showed leading performance in vegetative growth, biomass production, K uptake, and multiple 

efficiency indices, indicating their potential as nutrient-efficient palms. Moderate K application (75%) 

performance emerged to be at par with full dose in some progenies. Early-stage screening proved 

feasible for identifying K-efficient oil palm genotypes, which offers a practical approach for breeding 

and nutrient management in sustainable oil palm systems. 
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Key findings: The Dura × Pisifera oil palm (E. guineensis) progenies responded distinctively to 

various doses of potassium. The progenies P2 and P4 showed leading performance in vegetative 

growth, biomass production, K uptake, and multiple efficiency indices, indicating their potential as 

nutrient-efficient palms. 

 

 

INTRODUCTION 

 

Oil palm (Elaeis guineensis Jacq.) is a key 

tropical crop with significant socioeconomic 

values, contributing to rural livelihoods, 

national income, and global energy security. 

Its strategic and considerable role in poverty 

reduction, as well as its alignment with several 

United Nations Sustainable Development Goals 

(SDGs), highlights its pivotal role in both local 

and global development strategies (Ningsih 

and Fitrisiah, 2020; Mardiharini et al., 2021; 

Sukiyono et al., 2022; Chiriacò et al., 2022). 

Nevertheless, like other input-intensive 

agricultural systems, oil palm cultivation also 

faces growing scrutiny due to its potential 

environmental effects from inefficient 

management of inputs, particularly fertilizers. 

Thus, sustainable oil palm production largely 

depends on optimizing input use efficiency, 

where fertilizers are the most influential and 

environmentally sensitive components. 

Among the essential macronutrients, 

potassium (K) plays a crucial role in numerous 

physiological functions in plants, including 

enzyme activation, maintaining osmotic 

balance, regulating stomata, and responding to 

diverse environmental stress conditions (Khan 

et al., 2022). In oil palm, K is an essential 

nutrient for vegetative and generative growth; 

however, an abundance of K doses may lead to 

inefficiency (Lamade and Tcherkez, 2023). 

Potassium is also the second most 

concentrated nutrient in mature leaf tissues 

after nitrogen, accounting for approximately 

1% of the leaf’s dry weight (Ochs, 1965). 

Despite its physiological importance, its 

accessibility to crop plants is often scarce in 

tropical soil. This is because 90% of the soil's 

total potassium appears in non-exchangeable 

forms, becoming unavailable for the plant’s 

uptake (Nigon and Bruulsema, 2023).  

Furthermore, potassium fertilizers are 

prone to significant losses, with around 60% 

lost due to leaching and fixation, which not 

only diminishes nutrient use efficiency (NUE) 

but also elevates fertilizer costs and 

environmental risks. A recent study by 

Thompson-Morrison et al. (2024) investigated 

the chemical elements in E. guineensis, 

reporting the widespread K-deficiency 

symptoms in oil palm plantations across the 

Sumatra Region, Western Indonesia. A study 

of potassium in oil palms by Prabowo et al. 

(2023) underscores the urgent exigency for 

efficient management of potassium and its 

improved utilization strategies in oil palm 

systems. 

In oil palms, enhancing potassium use 

efficiency (KUE) is a paramount strategy for 

achieving sustainable intensification through 

existing plantation systems. One promising 

avenue is the identification and selection of 

genotypes having significant nutrient uptake 

and utilization. Early-stage selection of such 

genotypes can reduce long-term fertilizer 

dependency and support more resilient 

cropping systems. The presented study aimed 

to determine the potassium use efficiency of 

six oil palm progenies under varying K fertilizer 

rates at the nursery stage. It integrates both 

vegetative growth parameters and K uptake 

measurements, alongside comprehensive NUE 

indices, including apparent recovery efficiency 

(RE), physiological efficiency (PE), internal 

efficiency (IE), and agronomic efficiency (AE). 

This research seeks to identify oil palm 

progenies with high potassium use efficiency 

potential. These findings will support breeding 

and plantation programs especially focused on 

nutrient-efficient genotypes, offering an early 

screening strategy to enhance sustainable 

fertilizer management in oil palm cultivation. 

 

 

MATERIALS AND METHODS 

 

This study utilized germinated seeds from six 

Dura × Pisifera (D × P) oil palm (E. guineensis) 

progenies, developed by crossing the l 
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Table 1. Fertilizer recommendations for oil palm seedlings. 

Age (MAT) 
Fertilizer (g) 

N P K Mg 

1 1.13 1.13 0.45 0.30 

2 2.63 2.63 1.05 0.70 

3 2.40 2.40 3.40 1.70 

4 2.40 2.40 3.40 1.70 

5 3.60 3.60 5.10 2.55 

6 3.60 3.60 5.10 2.55 

7 4.80 4.80 6.80 3.40 

8 4.80 4.80 6.80 3.40 

9 6.00 6.00 8.50 3.60 

Total 31.35 31.35 40.60 19.90 

Legends: MAT: Month After Transplanting. 

 

 Deli Dura and African Pisifera parental palms. 

Growing the seedlings used a two-stage 

nursery system. The pre-nursery (PN) phase 

established uniform seedlings and further 

prepared them for experimental treatments. 

No specific fertilizer application happened 

during this stage. After three months, the 

seedlings underwent transplanting into the 

main nursery (MN), where implementing 

different experimental variants occurred. 

Application of treatments ensued in the second 

stage because, after three months, the 

nutrient stock in the cotyledons had depleted, 

and the seedlings began to acquire nutrients 

from the rhizosphere. During the treatments, 

sanitation and weeding continued regularly 

while applying pesticides only when needed. 

Maintenance of all plants was according to the 

treatments until seeing and statistically 

detecting the treatments’ effects, but not to 

the point of death. At the end of the 

experiments, harvesting the samples 

commenced before drying them destructively 

for biomass data. 

The said experiment used a split-plot 

design with six replications, utilizing potassium 

(K) fertilizer application levels as the main 

plots and the oil palm progenies as the 

subplots. The K fertilizer application treatments 

comprised four different doses: F0 (0%), F1 

(100%), F2 (75%), and F3 (50%) of the 

recommended K dose (Pangaribuan et al., 

2025) (Table 1). The evaluated six oil palm 

progenies received designations as P1 through 

P6. Each treatment combination has replicates, 

with 30 seedlings per replicate, resulting in a 

robust experimental layout for comparative 

analysis.  

Isolating the effect of potassium 

employed a minus-one nutrient approach. All 

the essential macronutrients bore uniform 

applications across treatments, except for K, 

which varied according to the indicated 

treatments. The different fertilizers used were 

urea (N-source), triple superphosphate–TSP 

(P-source), muriate of potash–KCl (K-source), 

and kieserite (Mg and Ca sources) based on 

recommended doses (Pangaribuan et al., 

2025). Fertilizers entailed manual application 

by broadcasting them evenly around the 

seedling base in polybags, once per month, 

and from four to 12 months after planting. 

During the pre-nursery stage at the age of 0–3 

months, no fertilizer application transpired. At 

the age of three months, transplanting the 

seedlings succeeded in the main nursery, and 

the seedlings took one month to recover from 

transplanting stress. Therefore, recording of 

observations started at the fourth month 

before the treatment. The observations 

continued for the next nine months, in which 

the treatment started on the fifth month and 

went on until the 12th month after being 

transplanted to the main nursery (MAT).  

 

Traits measurement 

 

The data on growth parameters, plant height, 

number of leaves, and stem diameter attained 

monthly recording as indicators of vegetative 
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performance. At the end of the experimental 

period, three seedlings from each treatment 

received random sampling to determine the 

total dry biomass and K content in plant 

tissues. These data served as the basis for 

calculating multiple indices of potassium use 

efficiency (KUE), which are essential for 

determining the genotypic differences in 

nutrient acquisition and utilization. Obtaining a 

comprehensive assessment of nutrient 

efficiency required the computation of four 

primary indices based on the framework as 

described by Dobermann (2007). 

 

Apparent recovery efficiency (RE) 

 

The apparent recovery efficiency (RE) 

represents the fraction of applied potassium 

that was taken up by the plants, indicating the 

plant’s ability to absorb nutrients from fertilizer 

inputs, with the same calculation as: 

 

 
 

Where  = K uptake (mg or g plant⁻¹) in the 

fertilized treatment,  = K uptake (mg or g 

plant⁻¹) in the unfertilized (control) treatment, 

and  = the amount of K fertilizer applied (mg 

or g plant⁻¹). 

 

Physiological efficiency (PE) 

 

The physiological efficiency (PE) measures how 

efficiently the absorbed potassium reached 

conversion into biomass. A higher PE indicates 

the plant used the absorbed nutrient more 

effectively for growth parameters: 

 

 
 

Where  = dry biomass (g plant⁻¹) in the 

fertilized treatment,  = dry biomass (g 

plant⁻¹) in the unfertilized (control) treatment, 

and  = difference in K uptake due to 

fertilizer application. 

 

Internal efficiency (IE) 

 

The internal efficiency (IE) indicates the 

amount of biomass produced per unit of 

potassium found in the plant. This reflects the 

plant’s ability to utilize the internal nutrient 

reserves to support the growth traits: 

 

 
 

Where   = total dry biomass (g plant⁻¹) and 

 = total K content in the plant tissue (g or 

mg plant⁻¹). 

 

Agronomic efficiency (AE) 

 

Agronomic efficiency (AE) measures the 

increase in biomass yield per unit of fertilizer 

applied. It reflects the practical return (in 

terms of growth) on fertilizer investment: 

 

 
 

Where  = dry biomass (g plant⁻¹) in the 

fertilized treatment,  = dry biomass (g 

plant⁻¹) in the unfertilized (control) treatment, 

and  = the amount of K fertilizer applied (g 

plant⁻¹). 

Each index provides distinct and 

complementary information regarding the 

ability of oil palm progenies to acquire, utilize, 

and respond to potassium fertilizer’s different 

doses. Together, these indices offer a robust 

framework for identifying the oil palm 

genotypes with superior KUE, which is critical 

for improving nutrient management efficiency 

and reducing fertilizer dependency in oil palm 

cultivation systems.  

 

Statistical analysis 

 

The conducted analysis used R-Studio version 

4.4.1. All the data assessment underwent 

analysis of variance (ANOVA), followed by the 

Duncan’s multiple range test (DMRT) to assess 

the effect of oil palm genotypes and potassium
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Figure 1. Morphological growth of oil palm seedlings in 10 months. Legend: Shadows indicate the 

standard deviation of the same color line; F0: 0% K, F1: 100% K, F2: 75% K, F3: 50% K.  

 

fertilizer doses on the total potassium uptake 

and seedling dry weight. Employing the 

potassium utilization efficiency index helped 

identify the efficient genotypes, incorporating 

RE, AE, and IE. The RE determination 

proceeded by comparing potassium uptake at 

75% and 50% dose relative to the 100% dose. 

The 0% K dose acted as a diminution factor in 

the formula; therefore, it had no evaluation. 

The AE calculation was the additional 

potassium absorbed per unit of potassium 

applied, while IE was the ratio of dry weight to 

potassium uptake. Normalizing all index values 

used min-max scaling to generate a combined 

efficiency score for each oil palm progeny. 

 

 

RESULTS AND DISCUSSION 

 

Morphological development with K levels 

 

During the 10-month observation period in the 

main nursery, the oil palm (E. guineensis) 

progenies showed a general upward trend in 

vegetative growth, with increases in plant 

height, the number of leaves, and stem 

diameter across all potassium (K) fertilizer 

treatments (Figure 1). However, over time, the 

growth patterns varied, particularly with the 

lowest level of potassium (F3). In this 

treatment, inconsistencies in plant height and 

leaf number for the last three months 

suggested unstable growth in response to 

potassium limitation. Similarly, deviations in 

stem diameter development were evident as 

early as the fifth month. Among the oil palm 

progenies, P1 displayed the most consistent 

vegetative response across different potassium 

levels, while P5 was notably sensitive to K 

reduction, exhibiting the poorest growth 

performance. The shuffling in growth rate 

could have resulted from the change of 

metabolism due to the lack of K, which was 

vital for enzyme activities, homeostasis, and 

ATP production (Zhao et al., 2020). However, 

the K-efficient plant, at a certain level, can 

replace the cation K starvation with osmoticum 

metabolites and other cations to maintain the 

cation-anion balance. 

The results further revealed potassium 

availability plays a primary role in managing 

the vegetative growth and development in oil 

palm seedlings, and the genotypic variations 

considerably influenced the plants’ response to 

K fertilizer application. Overall, the oil palm 

progenies exhibited an upward trend in 

growth; however, the growth pattern with the 

lowest K level (F3) was irregular and reduced, 

particularly beyond the seventh month after 

transplanting. The observations implied 

prolonged K deprivation does not halt growth 

entirely, however, it disrupts its consistency
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Table 2. Analysis of variance for oil palm vegetative response to potassium application at 10 MAT (α 

= 0.5). 

Source of Variation df 
Mean of Squares 

PH NL SD 

Replication 5 42.71* 0.30 4.56 

Fertilizer 3 96.09* 0.36* 5.46 

Error (a) 15 8.48 0.11 1.58 

Progenies 5 225.54* 3.17* 21.97* 

Fertilizer x Progenies 15 13.79 0.09 2.74* 

Error (b) 75 18.19 0.10 1.44 

Legends: d.f.: degree of freedom, PH: plant height; NL: number of leaves; SD: stem diameter; ns: nonsignificant; *: 

significant; **: highly significant. 

 

and efficiency. These growth symptoms were 

consistent with the known physiological role of 

potassium in enzyme activation, carbohydrate 

translocation, and regulation of turgor pressure 

processes that underpin photosynthetic 

efficiency and vegetative expansion (Fontana 

et al., 2020; Xu et al., 2020).  

In this context, in oil palm progeny P1, 

the early decline in stem diameter growth 

emerged at four MAT, ahead of other 

progenies, further suggesting high sensitivity 

to K stress. Reports of similar observations 

have also appeared in basil (Ocimum basilicum 

L.) (Attia et al., 2022). Reversely, Kusumiyati 

et al.’s (2022) findings revealed less K doses 

affect the lowest stem diameter in red chili 

(Capsicum annuum L.). Although Zhang et al. 

(2021) reported in tomato, the trend changed 

with time. In the early stage, the K 

accumulation was more in the roots and 

stems; however, by the time K deficiency 

continued, the K concentration was higher in 

the leaves than in the stems and roots. A 

confirmation also stated that responses to K 

availability were unique for every plant, as 

influenced by some conditions, such as the 

levels and duration of K scarcity and the plant’s 

growth phase. The results enunciated that all 

oil palm progenies have their own specific 

behaviour to the K levels. The oil palm progeny 

P1 maintained relatively stable growth 

dynamics, and its overall performance for 

biomass and efficiency indices was low, 

suggesting growth stability alone was not a 

sufficient indicator of nutrient efficiency. 

The analysis of variance disclosed a 

significant interaction between fertilizer and 

progeny in the stem diameter parameter 

(Table 2). It displayed the treatments 

significantly affected all morphological aspects, 

while the interaction between fertilizer and 

progenies only substantially altered the stem 

diameter growth. Nonetheless, the progeny 

identity had a remarkable effect on the 

measured vegetative parameters at 10 months 

after transplanting. Potassium application 

levels significantly influenced the number of 

leaves and stem diameter, whereas replication 

modified plant height. The mean performance 

of the oil palm progenies revealed progenies P3 

and P6 recorded the highest average plant 

height across treatments, although they were 

not considerably different from P2 and P4. In 

contrast, P5 consistently showed the lowest 

values (Table 3). This trend was also evident in 

leaf number and stem diameter, further 

highlighting the superior performance of 

progeny P3 and the consistently poor response 

of oil palm progeny P5. Interestingly, 

potassium application at 75% of the 

recommended rate frequently yielded growth 

outcomes that were at par and even better 

than the full dose (100% K) (Table 3). This 

indicates certain progenies may possess 

greater efficiency in utilizing potassium under 

limited supply conditions. 
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Table 3. Mean performance of oil palm progenies under potassium doses for various morphological 

traits at 10 MAT (DMRT α = 0.05). 

Progenies 
Fertilizer 

Means 
F0 F1 F2 F3 

Plant height (cm) 

P1 39.14 37.81 42.72 39.37 39.76b 

P2 46.96 42.62 47.21 47.98 46.19a 

P3 47.76 44.11 50.47 47.98 47.58a 

P4 45.43 44.69 45.17 45.30 45.15a 

P5 38.71 40.87 45.05 43.60 42.05b 

P6 45.47 46.72 49.07 46.40 46.92a 

Mean 43.91 42.81 46.62 45.10   

Number of leaves (unit) 

P1 6.78 6.62 6.9o 6.68 6.74 

P2 7.30 6.94 7.13 7.19 7.14 

P3 7.21 6.95 7.20 7.19 7.14 

P4 7.29 6.97 7.06 7.22 7.13 

P5 5.99 6.15 6.33 6.47 6.23 

P6 7.21 6.92 7.12 6.97 7.06 

Mean 6.96 6.76 6.96 6.95   

Stem diameter (mm) 

P1 9.68 9.23 9.76 9.29 9.49b 

P2 11.50 10.46 10.82 11.04 10.96a 

P3 11.49 10.76 11.17 11.74 11.29a 

P4 13.80 10.62 10.70 11.20 11.58a 

P5 8.95 9.18 9.43 10.09 9.41b 

P6 11.12 10.67 11.86 11.24 11.22a 

Mean 11.09 10.15 10.62 10.77   

Numbers followed by the same letter are not significantly different in the DMRT test at the 0.05 level, F0: 0% K, F1: 100% 

K, F2: 75% K, and F3: 50% K.  

 

Biomass response to K levels 

 

The harvesting of oil palm progenies continued 

at 10 months after transplanting (MAT). It was 

evident in all progenies; the dry biomass of F0 

was consistently the lowest. However, in F1, 

F2, and F3, most progenies exhibited slight 

differences, except for P4, which had the 

highest dry biomass in F2. For the R:S ratio of 

biomass, in all progenies, the biomass of 

F0concentrated in the roots (indicated by a 

high R:S ratio). Each progeny displayed a 

different pattern in K content distribution. P1, 

P2, and P3 showed more K deposited in the 

roots in the lower K treatments (F0, F2, and 

F3), whereas in the full-dose K treatment (F1), 

more K was prevalent in the shoot. The other 

three progenies had a different pattern. In P4, 

accumulation of K in the root resulted in F0 

and F2. In P5 accumulation, K in the root 

appeared in F0 and F3; meanwhile, in P6, the 

highest K in the root was in F2 (Figure 2). 

Nevertheless, considerable genotypic 

differences were noticeable. The progenies 

played an important role both in the total 

biomass accumulation and biomass allocation 

patterns, particularly the root-to-shoot (R:S) 

ratio, including in the K translocation and 

accumulation.  

Contrary to expectations, the full dose 

of potassium (F1) did not consistently lead to 

superior growth and biomass accumulation in 

oil palm seedlings. Potassium (K), often 

considered a luxury nutrient, is generally non-

toxic to plants; however, its effects vary 

depending on species and developmental 

stage. Both deficiency and excess of K can 

alter nitrogen (N) and carbon (C) metabolic 

processes, thereby reducing nitrogen 

metabolism (Xu et al., 2020). Moreover, 

inappropriate K supply may induce secondary 

nutrient imbalances, such as magnesium (Mg) 
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Figure 2. The impact of potassium on the distribution of oil palm seedling productivity. a) total dry 

biomass; b) distribution of dry biomass presented in R:S biomass ratio; c) total K content; d) 

distribution of K presented in R:S K ratio. Legend: Tdm: Total dry biomass, R:S Biomass: ratio 

biomass in root respective to shoot, K content: total K in the plant, R:S K: ratio of K content in root 

respective to shoot, F0: 0% K, F1: 100% K, F2: 75% K, and F3: 50% K.  

 

 

 
 

Figure 3. Performance of the oil palm seedlings at 10 MATs under various K doses. 

Legends: F0: 0% K, F1: 100% K, F2: 75% K, and F3: 50% K.  

 

deficiency (Xie et al., 2021). Therefore, a 

proper K dose is crucial for maintaining optimal 

plant growth. In this experiment, the 75% 

potassium dose (F2) produced comparable and 

even better results in several progenies, 

supporting the hypothesis that certain 

genotypes may possess enhanced potassium 

uptake and utilization efficiency under 

moderate nutrient supply. Visual comparison 

and the biomass data further confirmed the 

relationship between K dose and vegetative 

growth was not linear (Figure 3). These results 

align with the concept of luxury consumption, 

where increased nutrient supply does not 
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necessarily translate into proportional biomass 

gain (Marschner and Rengel, 2023). It 

suggests moderate K inputs may be more 

optimal for oil palm genotypes with superior 

nutrient efficiency traits. 

The root-to-shoot (R:S) biomass ratio 

offers additional insight into plants' adaptive 

strategies under nutrient stress conditions. A 

high R:S ratio is often an interpretation of a 

response to resource limitation, reflecting the 

plant's prioritization of nutrient acquisition over 

shoot development (Kurepa and Smalle, 

2022). Conversely, Lopez et al. (2023) 

reported that, although it was not significant, 

the lack of K caused a reduction in root 

diameter and the R:S biomass ratio, as well as 

in root apparatus such as root hairs 

(Templalexis et al., 2022). In this study, the 

control treatments (F0) displayed a high R:S 

ratio; however, this ratio has no accompanying 

high total biomass and potassium use 

efficiency. Still, the highest biomass, potassium 

content, and potassium uptake mostly 

occurred in the F2 level of potassium, 

particularly in oil palm progeny P4. The results 

suggested a large investment in root growth 

may benefit survival in stress conditions; yet it 

does not necessarily enhance nutrient 

conversion efficiency or productivity. Instead, 

the F2 and F3 variants of potassium exhibited 

relatively balanced R:S ratios and produced the 

highest shoot biomass and potassium uptake, 

alongside high agronomic and recovery 

efficiency indices. He et al. (2022) reported 

that the maize and wheat biomass in their 

experiment was increasing along with the rise 

of K dose, up until when the dose was too 

high; the increment was not significant. On the 

other side, the recovery efficiency decreased 

following K dose escalation because the plants 

stopped absorbing the excessive K. 

This counterintuitive relationship 

suggested higher K accumulation in shoot 

tissues may not always indicate efficient 

utilization but may reflect possible luxury 

uptake and storage without proportional 

biomass gain. A report of similar findings 

appeared in past studies distinguishing the 

nutrient acquisition efficiency (ENA) and 

utilization efficiency (ENU) (Santa-Maria et al., 

2015). This study’s results suggested some 

progenies may accumulate K effectively but 

lack the physiological mechanisms to use it 

efficiently for biomass production. For 

example, the IE tended to be high when plants 

produced more biomass per unit of K 

absorbed, but excessive K stored in shoots 

may dilute this efficiency metric. Genotypes 

with the highest internal K efficiency seemed to 

translocate nutrients more effectively from 

roots to aboveground plant parts (Nieves-

Cordones et al., 2020), although such 

translocation must require a match of active 

metabolic use to contribute meaningfully to 

growth. These contrasting profiles revealed 

that the most efficient genotypes were not 

necessarily those with the most pronounced 

stress responses, but rather those that 

optimize both acquisition and utilization 

pathways. 

 

Identification of efficient progenies 

 

Further evaluation of potassium-use efficiency 

(KUE), based on agronomic efficiency (AE), 

internal efficiency (IE), apparent recovery 

efficiency (RE), and other supporting 

parameters, such as nutrient uptake and 

potassium sequestration, revealed not a single 

oil palm progeny consistently excelled across 

all indices (Table 4). For instance, progeny P1 

exhibited the highest R:S biomass ratio and 

ranked poorly in most efficiency-related 

metrics. In contrast, progeny P4 revealed 

higher values in most KUE parameters, such as 

in RE and AE (in F2) and IE (in F3), while the 

oil palm progenies P2, P3, and P6 were higher 

in individual parameters. None of the progeny 

demonstrated dominance across all efficiency 

dimensions. However, by combining all 

parameters produced, the progeny P4 ranked 

first, followed by oil palm progeny P2 (Figure 

4a). The progenies P4 and P2 emerged better 

in KUE in different ways. The diversity of 

efficiency responses among the progenies 

disclosed that each genotype may adopt 

distinct physiological mechanisms in coping 

with varying levels of potassium.  

The said comparison highlighted oil 

palm progenies P2 and P4 under various K 

regimes, occurring consistently superior for 

vegetative growth and biomass accumulation. 
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Figure 4. KUE parameters to assess K efficient progeny. a) Interaction in line graph demonstrated the 

best interaction between progenies and K dose for K uptake, and b) Radar chart assess P4 as the 

progeny with the largest score area of various NUE parameters. 

 

Conversely, progeny P5 displayed the lowest 

responsiveness to increasing potassium 

availability, regardless of the fertilizer dose 

applied. Collectively, these results reinforce the 

feasibility of early-stage screening to identify 

the oil palm progenies with superior potassium 

use traits, particularly under suboptimal 

nutrient conditions. The K-efficient plants not 

only exhibited qualification in K acquisition but 

also in translocation to other organs and 

maintained the K cytosolic (Deng et al., 2021). 

Furthermore, the better K maintenance 

referred to plant vigor via sugar production and 

translocation (Cui et al., 2020; Imtiaz et al., 

2023) and even to stress resistance (Singhal et 

al., 2023).  

These relationships illustrated valuable 

insight into the differential nutrient allocation 

strategies among the evaluated oil palm 

progenies. Taken together, the results 

highlighted the importance of integrating 

multiple parameters, such as morphological, 

physiological, and efficiency-based, when 

assessing genotypic responses to potassium 

availability. The lack of a single progeny 

consistently outperforming other progenies 

across all traits underscores the complexity of 

nutrient use efficiency being a breeding target. 

The results confirmed each oil palm progeny 

possesses a unique behavioral response to 

potassium availability. The progeny P1 tends to 

be less responsive to potassium availability, 

while progeny P6 showed its best performance 

at optimum K level, and other progenies were 

best in the F2 potassium level. However, the 

promising performance of progenies P2 and P4, 

particularly under suboptimal K supply, 

suggested that early screening in the nursery 

can serve as an effective strategy for 

identifying the genotypes with superior 

nutrient use characteristics.  

A final visual assessment of progeny 

performance across the potassium treatments 

is available in Figure 4b. The results expressed 

that oil palm progeny P4 has the greatest area 

of various efficiency variables. The latest 

results further confirmed higher K levels do not 

mean better performance in 10 MAT oil palm 

seedlings. These findings provide a basis for 

future breeding programs aimed at improving 

fertilizer efficiency and sustainability in oil palm 

production systems. Further validation under 

field conditions and different soil types would 

be necessary to confirm the stability and 

practical utility of these traits.  

 

 

CONCLUSIONS 

 

The results demonstrated significant genotypic 

variations in the oil palm (E. guineensis) 

progenies in response to potassium availability 
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under nursery conditions. All oil palm 

progenies exhibited growth reduction under 

limited K supply, while the progenies P2 and P4 

consistently showed superior vegetative 

performance, potassium uptake, and nutrient 

use efficiency indices. The results further 

suggested that early screening for potassium 

efficiency proved feasible and valuable for 

identifying genetically efficient oil palm 

planting materials, particularly in the context 

of sustainable fertilizer use. 
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