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ABSTRACT 

Oil palm trees need suitable amount of fertilizer for improvement of growth and 

productivity. Different oil palm planting materials would require different amount of 

nitrogen-potassium (NK) fertilizer. Nitrogen promotes growth of plant leaves while 

potassium helps overall function of oil palm including formation of sugar and starch. 

This study focused on the determination of photosynthetic-related properties including 

the amount of soluble sugar, starch and chlorophyll from six planting materials of oil 

palm indicated as A,B,C,D,E and F.  Palms were supplemented with different levels of 

fertilizer; T1 for control, T2 and T3. In this study, we observed that the application of 

the fertilizer at T2 and T3 levels for planting materials A, B, and C resulted in the 

increased amount of total soluble sugar compared to control, T1. The total starch content 

and the total chlorophyll content fluctuated between treatments and types of planting 

materials, hence no clear trend was observed. These results could be used to estimate 

the behaviour or biochemical responses of oil palm from different planting materials 

towards different levels of NK fertilizer.  

 

Introduction 

Oil palm is one of the main commodity in Malaysia with over 19.5 million tonnes of 

crude palm oil produced from a planted area of 5.8 million hectares in 2018. The 

management of this huge industry requires holistic integration in the aspect of socio-

economic and environmental sustainability [1]. To cater the needs of environmental 

protection and at the same time achieving high productivity in oil palm growth and yield 

production, effective fertilizer management is crucial. Suitable type and amount of 

fertilizer will help to boost the growth of plants besides preventing plant toxicity and 

pollution problems [2]. Nutrient deficiency in oil palm can be seen through the leaf color 

and other plant growth morphology. Nitrogen is one of the main macronutrients, and 

naturally  limiting element for plant growth. Nitrogen fertilizer is important for growth of 
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oil palm, promotes green color and helps to avoid leaf yellowing. As the main component 

in amino acids synthesis, application of fertilizer containing nitrogen will help plant 

development, hence increase crop yields [3, 4].  

Nitrogen can improve the yield of oil palm by 49% in the presence of high potassium 

rate, similar as 25% yield of oil palm can be gained in response to potassium when high 

nitrogen rate was applied [5]. The fertilizer also enhances photosynthesis and photo-

protection of plant, which help in high yield production. However, excessive amount of 

nitrogen, especially nitrate, gives rise to nitrogen pollution of soils and underground 

waters [6]. Nitrogen over-fertilization will also cause certain nutrients deficiencies, which 

lead to a reduction in plant growth, crop quality, and potentially lead to nitrogen loss due 

to soil erosion, leaching below the root zone rather than being absorbed effectively by the 

plant [6]. Besides nitrogen, potassium is another element that is important for oil palm 

functions, including the formation of sugar and starch. Hence, a recommended fertilizer 

level for optimum growth of oil palm could be referred in operating the plantation [7].  

For planters, quality of seeds is also important to ensure good yield production. Hence, 

choosing the right planting material from the begining is crucial. Different progenies 

might have different requirements for nutrients, dissimilar efficiencies in nutrient uptake 

and utilization of resources [8]. Therefore, selection of high yielding planting materials 

with sustainable and affordable fertilization is preferred. To date, the optimum amount of 

NK fertilizer required vary greatly among planting materials. 

Therefore, this study mainly focused on the effect of different amount of fertilizer on oil 

palm photosynthetic-related properties of the leaves including soluble sugar, starch, and 

chlorophyll content 

Methodology 

Plant Samples 

Leaves samples from four-year old oil palm planting materials, designated as A, B, C, D, 

E and F, were collected from an oil palm plantation in Johor, Malaysia. These plants were 

supplied with different level of NK fertilizer indicated with T1 as control, T2 as the first 

level amount of NK and T3 as the second level of fertilizer (doubled amount of NK in 

T2).  
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Determination of soluble sugar content 

Mixture of 0.5 g leaf samples and distilled water was made in 15 ml conical tube and the 

volume was made up to 10 ml with distilled water. The mixture was vortexed and 

incubated for 10 minutes. Anthrone, 0.2 g was dissolved in 100 ml of 95% sulphuric acid. 

Standard curve was obtained by using sucrose as the standard solution for sucrose 

quantification. The centrifugation of ground dry sample and distilled water was carried 

out for 10 minutes at 3400 rpm. The supernatant was gained by performing a filtration. 

The mixture of 4 ml sample and 8 ml anthrone reagent was incubated for 5 minute in a 

water bath at 100oC. An absorbance reading was obtained by a spectrophotometer 

(UV160U) at wavelength of 620 nm. The results were reported in mg sucrose per gram 

dry sample using sucrose standard curve plotted before [9].  

Determination of starch content 

The homogenization of 0.5 g dry leaf samples was carried out in hot 80% ethanol. After 

5 minute of sample centrifugation at 5000 rpm, the residue was obtained. Addition of 6.5 

ml of 52% perchloric acid and 5 ml of distilled water into residue was performed. 

Centrifugation of solution and supernatant separation were carried out. The supernatant 

was filtered using a filter paper. The filtration was continued till 100 ml of supernatant 

was obtained. 1 ml of mixture for a test tube was obtained from addition of 100 µl (0.1 

ml) of supernatant to distilled water. Then 4 ml of anthrone reagent were added into the 

test tube. The mixture was heated for 8 minutes in 100oC water bath then cooled at room 

temperature. Absorbance reading was obtained from spectrophotometer (UV160U) at 

wavelength 630 nm. The results were reported in mg glucose per gram dry sample using 

starch standard curve plotted before [9].  

Determination of chlorophyll content 

Leaf samples of 0.5 g were ground in 10 ml of 80% (v/v) acetone using a mortar and 

pestle. Addition of 0.5 mg calcium carbonate was carried out to avoid the emergence of 

pheophytin and the filtration of the extract was performed using a filter paper. The 

samples were washed continuously till they turn colorless. Extract combination, 20 ml 

was obtained, and the absorbance for chlorophyll (A and B) was recorded at 663 nm and 

645 nm respectively [10]. The obtained chlorophyll (A and B) was calculated with 

formulas as below: 

 



73 
 

Total chlorophyll: 20.2(A645) + 8.02(A663)   (1) 

Chlorophyll A: 12.7(A663) - 2.69(A645)    (2) 

Chlorophyll B: 22.9(A645) - 4.68(A663).    (3) 

 

Statistical analysis 

The experiments were conducted in triplicates and the data obtained were analyzed using 

Microsoft Excel and IBM SPSS Statistics 20.0 software.  

Results and Discussion 

Total soluble sugar 

Total soluble sugar content in the leaves of planting materials A-F were determined 

(Figure 1). The results showed that, except for planting materials B, D and E, there were 

no significant difference in soluble sugar content detected in other planting materials 

when supplied with different levels of fertilizer.  

In planting material B, soluble sugar produced was 148 % and 150 % higher than T1 for 

T2 and T3, respectively. Planting material D had 28 % less soluble sugar in T2 compared 

to T1. On the other hand, planting material E showed fluctuated level of total soluble 

sugar where the amount was significantly decreased 47% compared to control and then 

increased 50 % from T1 to T3.  
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Fig 1 Total soluble sugar content in the leaves of oil palm. (A-F): Planting material A-F  treated 

with different amount of fertilizer. Data are mean ± standard error, n=3. (* indicates significant 

difference in total soluble sugar content compared to control using t-test; p<0.05)  

 

Soluble sugars supply carbohydrates from source to organs. They have important 

functions in plants, especially as metabolic resources, cell structural constituents and 
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signalling compounds related to plant development. Among the processes are plant 

flowering, photosynthesis, and other activities which ultimately influence growth and 

yield production [11,12,13]. Photosynthesis will be enhanced by lower level of sugar. 

Whereas at high level of sugar, plant growth and carbohydrate storage will be promoted 

[13]. Several genes coding for photosynthetic enzymes were influenced by the levels of 

soluble sugars in plant cells [14]. Generally, nutrient deficiencies will decrease sugar 

concentrations, however this is also depends on plant species and other environmental 

factors. In our study, different planting materials react dynamically towards diferent 

levels of fertilizer as shown in their soluble sugar production.  

Total starch content 

We analyzed the starch content in the leaves of oil palm (Figure 2). As shown in the 

results, only planting material B had 34 %, significantly lower starch content in the leaves 

of oil palm at T3 compared to T1. Starch content decreased with higher NK fertilizer for 

this planting material, although the decrease at T2 was not significant. Other planting 

materials (A,C,D,E and F) supplemented with different levels of NK fertilizer did not 

show any significant differences. 
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Fig 2 Total starch content in the leaves of oil palm. (A-F): Planting material A-F  treated with 

different amount of fertilizer. Data are mean ± standard error, n=3. (* indicates significant 

difference in total starch content compared to control using t-test; p<0.05) 

 

Plants store carbohydrate mainly in the form of starch. Hydrolysis of starch will lead to 

an increase in soluble sugar content [15]. When carbohydrate is mobilized, for instance 

during pruning, the photosynthetic capacity of oil palm reduces [16]. Inhibition of leaf 
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photosynthesis also observed when starch accumulated [17]. We did not found a clear 

trend on starch content in the leaves of different oil palm planting materials when treated 

with different levels of fertilizer. A study conducted previously on potato starch and sugar 

content showed that fertilizer supplied only gave significant effects to starch content at 

1% probability level, but insignificant effect to soluble sugar content [18]. The level of 

starch and soluble sugar content also influenced by the type of fertilizer applied. Song et 

al., 2016 reported that organic fertilizer application caused starch accumulation and 

increased of soluble sugar content in tobacco plants [19].   

Total chlorophyll content in oil palm leaves 

Chlorophyll content in plant leaves is another photosynthetic-related parameter that have 

been determined in this study (Figure 3). The results showed that chlorophyll content in 

planting material B and D showed significant responses when supplied with slightly 

higher level of fertilizer. The chlorophyll content dropped significantly at T2 and slightly 

increased at T3, which were insignificant for both planting materials. The total 

chlorophyll content for T2 was 43% lower than T1 in planting material B, while the same 

treatment gave 50 % lower level of chlorophyll content in planting material D when 

compared to control. 
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Fig 3 Total chlorophyll content in the leaves of oil palm. (A-F): Planting material A-F  treated 

with different amount of fertilizer. Data are mean ± standard error, n=3. (* indicates significant 

difference in chlorophyll content compared to control using t-test; p<0.05) 

 

Chlorophyll content in plants normally influenced by nutrients and light availability 

besides plant chemical metabolites. Chlorophylls are crucial to plants as they are required 

for photosynthesis. A study conducted previously on oil palm showed that nitrogen 

fertilizer did not increase leaf chlorophyll content although the stomatal density increased 

[20]. 
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Conclusion 

Photosynthetic-related properties of oil palm leaves from different planting materials 

supplemented with different amount of fertilizer were analyzed. Differed responses of 

each planting material were observed by which no clear trend was recorded in the total 

soluble sugar, starch content and chlorophyll content in the oil palm leaves. This 

preliminary findings suggest that further work is required to understand the behaviour of 

various oil palm planting materials towards chemical fertilizer application. 
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