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ABSTRACT
Water deficit can negatively affect physiological and biochemical responses in plants. The stress-mitigation 
potential of seaweed extracts (SWEs) Caulerpa lentillifera (green seaweed) and Gracilaria edulis (red 
seaweed) on oil palm seedlings subjected to water deficit was investigated. Plant height, relative water 
content, chlorophyll content, soluble protein concentration, and the expression of genes coding for thiamine 
(vitamin B1) biosynthesis enzymes were evaluated. SWE treatments were applied to four-month-old oil palm 
seedlings under full irrigation (control) and water deficit conditions. Overall, SWE did not affect the height 
of the seedlings after 60 days of treatment, but the seedlings managed to maintain relative water content of 
up to 90.00%, and chlorophyll and leaf protein content increased up to 50.00% in seedlings treated with 
red seaweed extract compared to the control. The application of G. edulis and C. lentillifera SWE induced 
downregulation of THIC (up to 15.00%) and THI4 (up to 15.46%) expression respectively on day 2 post-
treatment as compared to the control. This finding is in line with the postulated role of thiamine in protection 
against stress in plants and suggests the role of SWE as a biostimulant.
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INTRODUCTION

Elaeis guineensis (Jacq.) is native to Africa and is 
the commercial species of oil palm planted in 
Malaysia since 1870 (Basiron, 2007). It started as an 
ornamental plant and has become a huge industry 
due to increasing global demands for palm oil 
in many applications such as food products, 
cosmetics, and bio-energy (Alam et al., 2015). 

Currently, Malaysia is reported to be the second-
largest world producer and exporter of palm oil 
(Kushairi et al., 2018). However, challenges still 
remain and largely affect the oil palm growth 
and productivity, and among them is the water 
deficit (Noor et al., 2011). The means to control 
this situation unfortunately is still very limited. 
According to Henson and Harun (2005), oil yields 
depend not only on genetic resources but also on 
environmental factors such as availability of water, 
relative humidity, use of fertilisers, soil texture, 
and cultural practices. Thus, a need to search for 
alternative stress mitigation techniques to maintain 
and improve crop production would be very 
beneficial.

Under water deficit conditions, plants often 
respond by reducing their growth and metabolic 
activities (Bonjoch and Tamayo, 2001) as ways to 
improve plant adaptability towards stress. Apart 
from that, thiamine has also been reported to have 
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a role in plant protection against stress, where the 
level of thiamine content in maize leaves increased 
when subjected to water deficit (Rapala-Kozik 
et al., 2009). This may be due to thiamine’s role 
in plant defense mechanism through systemic 
acquired resistance (SAR) by induction of SAR-
related genes (Subki et al., 2018; 2020). THIC and 
THI4 gene transcripts in oil palm, key genes in 
the thiamine biosynthesis pathway, showed an  
increase in gene expression in conjunction with 
increasing concentrations of osmotic, salinity, 
and oxidative stresses (Abidin et al., 2016; Idris et 
al., 2018; Rahman et al., 2017; Wong et al., 2016). 
Plus, biotic stress and the colonisation of harmless 
endophytes have also been shown to increase 
the expression of thiamine biosynthesis genes as 
well as the accumulation of the vitamin and its 
intermediates (Kamarudin et al., 2017a; 2017b; 
Yusof et al., 2015). 

Seaweeds have been widely utilised in 
agriculture and horticulture as a complement to 
fertilisers because of their various positive effects 
on crop production, stress tolerance, nutrient  
uptake, and the quality of products after harvest (Fan 
et al., 2013). The same effects of the physiological 
responses in crops treated with plant growth-
regulatory substances were reported in seaweed 
extracts (SWEs)-treated plants (Ghaderiardakani 
et al., 2018). SWEs exhibited effects at low 
concentrations and the effects may involve 
the synergy between plant-growth promoters 
(Ghaderiardakani et al., 2018). Battacharyya et al. 
(2015) reported that the application of different 
types of SWEs could improve plants’ tolerance 
towards a wider range of abiotic stresses.

In this study, Caulerpa lentillifera and Gracilaria 
edulis were extracted and applied to oil palm 
seedlings through soil application. C. lentillifera 
is also known as sea grapes (Guo et al., 2015) and 
belongs to the Chlorophyta phylum. It has high 
polyunsaturated fatty acids (PUFAs), multiple 
essential amino acids, dietary fibres, minerals, 
vitamin C, and vitamin A (Chen et al., 2019). G. 
edulis, a member of the Rhodophyta phylum, 
produces phycocolloid agar for the biotechnology, 
medicine, cosmetics, pharmaceutical, and food 
industries (Lee et al., 2016). It contains high dietary 
fibre, ash, essential amino acids, minerals, and 
vitamins (Sakthivel and Pandima Devi, 2015). Even 
though the usefulness of SWEs in attenuating the 
negative effects of water deficit has been proven 
in many plants, studies on oil palm have not been 
addressed to date. It is crucial to find alternatives 
to stress control in oil palm plantations and the 
dependency on synthetic and chemical control 
must be reduced. Hence, the objective of this study 
is to investigate the physiological and biochemical 
effects of SWEs on oil palm seedlings subjected to 
water deficit.

MATERIALS AND METHODS

Collection of Seaweeds 

C. lentillifera and G. edulis were collected 
from Teluk Kemang, Port Dickson (2.4539° N, 
101.8552° E) as shown in Figure 1. Table 1 shows the 
dominant compounds found in the extract using 
gas chromatography-mass spectrometry (GC-MS). 
The seaweeds were handled as described by Aziz 
et al. (2019a) and washed with seawater to remove 
sand particles, epiphytes, and foreign particles 
followed by water to remove the remaining salt. The 
seaweeds were freeze-dried to a constant weight 
before grinding into fine powder and kept at -20˚C 
until further analysis.

Preparation of Seaweed Crude Extracts 

The crude SWEs (C. lentillifera extract and  
G. edulis extract) were prepared by using the Soxhlet 
extraction method as described previously by Aziz 
et al. (2019c). Ten gram of seaweed powder was 
packed into a Soxhlet thimble and placed inside a 
Soxhlet extractor with dichloromethane as solvent. 
The concentrated crude extract was then kept at 4ºC 
until further use.

Plant Materials and Experimental Design

Four-month-old oil palm seedlings (Dura x 
Pisifera) were procured from Felda Global Ventures 
(FGV) Holdings Berhad. The seedlings were 
grown and maintained in polyethylene bags under 
greenhouse conditions at the Transgenic Greenhouse, 
Institute of Plantation Studies (IKP), UPM. The 
seedlings were acclimatised under normal nursery 
practices. i.e., watered with 200 mL twice daily 
(morning and evening) by using a drip irrigation 
system. This experiment consists of two watering 
regimes: Full irrigation (200 mL of water) and water 
deficit condition (100 mL of water) (Najihah et al., 
2019) and four soil application treatments; control 
(distilled water), positive control (Green Amino-G 
liquid fertiliser), and liquid SWE (C. lentillifera 
and G. edulis). Green Amino-G liquid fertiliser, an 
organic biostimulant derived from marine products 
fortified with a range of vitamins and trace minerals 
was prepared by adding 3 to 4 mL of fertiliser to 
1 L of water. The SWEs with a concentration of  
1 mg/mL with a final volume of 20 mL of distilled 
water were prepared (Salim, 2016). The same 
amount of 20 mL of each soil application treatment 
was soil drenched onto the oil palm seedlings every 
15 days and sampled at day 60 for physiological 
analyses (plant height, relative water content, 
chlorophyll content, and protein content). While 
for gene expression analysis, the spear leaves of the 
seedlings were sampled at days 0, 1, and 2 post-
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SWE treatment (control, C. lentillifera, and G. edulis). 
Both experiments were arranged in a completely 
randomised design (CRD) with three replicates 
(n=3).

Physiological Analyses

Plant height. Plant height was measured as 
performed by Sapak et al. (2008). The plant height 
was measured by measuring the seedlings 1 cm 
above the soil level to the tip of the leaves.

Relative water content (RWC). RWC of the leaves 
was analysed as done by Sun et al. (2011). Six leaf 
samples of the same size were weighed and recorded 
as fresh weight (FW). The turgid weight (TW) of the 
leaf samples was recorded by immersing them in a 
Petri dish with water for 24 hr. The dry weight (DW) 
of the leaf samples was then recorded after oven-
drying at 70ºC for 24 hr. RWC (%) was calculated 
using the formula of [(FW-DW)/(TW-DW)]×100.

Chlorophyll concentration. The chlorophyll 
concentration of the leaf samples was determined 
as performed by Godlewska et al. (2016) with a 
slight modification. Leaf samples at 0.2 g were 
immersed in 200 mL of methanol for 30 min. The 
sample was filtered using Whatman filter paper 
before the absorbance readings were recorded at 
wavelengths of 645 and 663 nm. The concentration 
of total chlorophyll (Total Chl) was determined from 
Equation (1): 

   Total Chl = 8.02 ⋅ 𝐴 (663) + 20.2 ⋅ 𝐴 (645)               (1) 

Total soluble proteins. The proteins were 
extracted using TCA/acetone extraction method 
as performed by Hassan et al. (2014) with a slight 
modification. The quantification of the protein 
content was determined using Bradford’s (1976) 
method. The protein concentrations of the samples 
were calculated using the Equation (1) described 
previously. 

Gene Expression Analysis

Total RNA was extracted as described by 
Kamarudin et al. (2017b) and stored at -80ºC until 
further use. Reverse transcription was performed 
using Tetro cDNA Synthesis Kit (Bioline) and 
stored at -20°C until further use. PCR was 
performed using MyTaqTM Red Mix (Bioline). Three 
pairs of primers were used in this study namely 
actin (housekeeping gene), THIC, and THI4. 
Actin was used to normalise mRNA levels  
between different samples. THIC encodes the 
first enzyme of the pyrimidine branch located 
in chloroplast, chloroplast stroma, and plastid,  
while, THI4 encodes the enzyme responsible 
for the biosynthesis of thiamine precursor 
thiazole. Primers used in this study are shown in 
Table 2.

The PCR cycling conditions include initial 
denaturation at 95°C for 1 min for 1 cycle, 
followed by 30 repetitive cycles of denaturation 
step at 95°C for 15 s, annealing step at 60°C for 
all primers for 15 s, and extension step at 72°C for  
10 s. The final extension step was set at 72°C for  
3 min for 1 cycle and then held at 4°C. The PCR 
product was then subjected to agarose gel 
electrophoresis and the intensities of the  
bands obtained were analysed using ImageJ 
software.

Statistical Analysis

Results are expressed as mean ± standard 
deviation (SD). Statistical analysis was performed 
using two-way ANOVA and Dunnet post-test. The 
significant level was set at P <0.05 using GraphPad 
Prism 8.

TABLE 1. IDENTIFIED COMPOUNDS OF SEAWEED 
EXTRACTS WITH BIOSTIMULANT POTENTIAL

Compounds

Phytol (Diterpene alcohol)

9,12,15-Octadecatrienoic acid, (Z,Z,Z)- (Fatty acid)

n-Hexadecanoic acid (Fatty acid)

Tetradecanoic acid (Fatty acid)

Source: Aziz et al. (2019b).

(a) (b)

Figure 1. Seaweeds collected in this study are found in abundance in Port Dickson, Malaysia. (a) Caulerpa lentillifera 
and (b) Gracilaria edulis.
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RESULTS AND DISCUSSION

Physiological Effects of Seaweeds Extract on Oil 
Palm Seedlings

To observe the effects of the application of SWE 
on various physiological parameters, data and 
samples were taken for plant height, relative water 
content, chlorophyll content, and protein content. 
In this study, the plant height of seedlings under 
both conditions showed no significant difference 
in all treatments as compared to the controls when 
measured after 60 days (Figure 2a). Theoretically, 
plants respond to any biotic or abiotic stress by 
decreasing their normal metabolic activities leading 
to growth reduction (Bonjoch and Tamayo, 2001). 
SWE has been reported to have a significant effect 
on the vegetative growth of many crops including 
soybean (Noli and Aliyyanti, 2021), coriander 
(Tursun, 2022), sugarcane (Chen et al., 2021), and 
tomato (Kumari et al., 2011). However, this could not 
be seen in this current study as the time point taken 
may be a bit too short to be able to see any difference 
in plant height. 

On the other hand, oil palm seedlings not 
treated with SWEs and subjected to a 50% water 
deficit showed a reduction in RWC as compared 
to the controls (Figure 2b). The result obtained is 
in accordance with the findings reported by Sun  
et al. (2011) which can vary from one species to the 
other.  However, it could be assumed that under 
water deficit conditions, the RWC of the seedlings 
applied with both C. lentillifera and G. edulis 
extracts can retain the water content as well as the 
seedlings applied with the Greenamino-G liquid 
fertiliser. In this study, the findings agree with what 
was reported by Santaniello et al. (2017), in which 
SWEs treated plants were able to maintain their 
RWC of up to 90% throughout the dehydration 
period. Increased RWC in the stressed plants after 
the application of seaweed indicated that plants 
encountered less stress due to high water status. 
According to Trivedi et al. (2017), the compound 
presents in SWE contributes to greater cytoplasmic 
water volume and cell expansion for the higher 
RWC. It is known that the closure of stomata acts 

as the primary plant defense when subjected to 
drought stress to save water and maintain turgor 
(Santaniello et al., 2017; Skirycz and Inzé, 2010). 
Therefore, an increase in RWC was the likely 
consequence of stomata closure in preventing 
excessive water losses. 

Under water deficit, the damaged photosynthetic 
pigments and the thylakoid membrane affect 
the chlorophyll content. The total chlorophyll 
content of seedlings under normal and water 
deficit conditions increased significantly by all 
treatments as compared to negative control under 
normal conditions (Figure 2c). The results obtained 
coincide with what has been reported by Latique 
et al. (2013), where bean plants treated with SWEs 
showed higher chlorophyll content than untreated 
controls. The same finding by Ghaffar et al. (2019) 
also showed that the water deficit decreased the 
chlorophyll content in the control treatment. It is well 
understood that the photosynthetic capability of 
plant tissues is indicated by the chlorophyll content 
in the leaves (Hassanzadeh et al., 2009). In addition, 
the compounds of SWE such as betaines and 
cytokinin have a role in inhibiting leaf chlorophyll 
content degradation (Ali et al., 2019).

Protein content in plants is also a good indicator 
of the status of plant health. The leaf protein content 
of the seedlings under both conditions increased 
significantly when applied with G. edulis extracts 
as shown in Figure 2d. Previously, Hidangmayum 
and Sharma (2017) reported that SWEs play an 
important role in increasing the leaf protein content 
of onions. The increase in leaf protein may be due 
to the increased availability and absorption of 
necessary elements (Ca, Na, K, Mg, N, and Zn) 
present in the SWEs (Erulan et al. 2009; Ramya  
et al., 2011). Low protein concentration in plants is 
an indicator of damage caused by stress (Bonjoch 
and Tamayo, 2001). Most plants under stress will 
activate their stress coping mechanisms which 
include de novo synthesis of stress proteins such 
as heat shock protein to tolerate abiotic stresses 
(Akhzari and Pessarakli, 2016). The accumulation 
of leaf-soluble proteins acts as a nitrogen reserve 
which will then be used during recovery (Bonjoch 
and Tamayo, 2001).

TABLE 2. NUCLEOTIDE SEQUENCES OF THE PRIMERS USED IN THIS STUDY

Gene Primer sequence (5’-3’) Amplicon size (bp)

Actin F : 5’ – CTT GCT CCA AGC AGC ATG A – 3’
R : 5’ – AGA AGC ACT TCC GGT GCA CG  – 3’

168

THIC F : 5’ – AAT GAA GGT CCA GGG CAT – 3’
R : 5’ – GCT GAG GTG ATG TGA TCA – 3’

188

THI4 F : 5’ – ATC GTG GAG CAG TCC GTC T– 3’
R : 5’ – AGC TCG TCG AGG AAG AGG T– 3’

104
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Expression of THIC and THI4 Gene Transcripts

Thiamine has been postulated to have a role in 
protection against stress where studies have shown 
the upregulation of thiamine biosynthesis genes 
transcripts in plants treated with various biotic 
and abiotic stresses (Abidin et al., 2016; Kamarudin 
et al., 2017a; Wong et al., 2016; Yusof et al., 2015). In 
this study, the expression of THIC and THI4 gene 
transcripts were analysed from oil palm spear leaves 
samples with water deficit following the treatment 
with 0.1 g/100 mL SWE to determine if SWE may 
contribute to the mitigation of stress in the plants. 
The actin, THIC, and THI4 gene fragments were 
successfully amplified from samples collected on 
days 0, 1, and 2 post-treatment application. The 
expression of actin remained constant throughout 
the experiment (Figure 3). However, the expression of 
both THIC and THI4 gene fragments was postulated 
to be downregulated in oil palm seedlings under 
water deficit treated with SWE as the band intensity 
observed was lower than the control (Figures 4a 
and 4b).

To further verify the data obtained from the gel 
electrophoresis, the intensity of the bands amplified 
was analysed using ImageJ software. The actin band 
amplified from all samples showed stable intensities 
throughout the treatment period (Figure 5a). Actin 
is a highly conserved, key cytoskeletal protein 
involved in numerous structural and functional 
roles, therefore, regardless of any condition, the 
actin gene will still be expressed (Ladt et al., 2016). 
The ImageJ software analysed the gene expression 
by measuring the peak area under the curve which 
accounts for the band intensity. Each intensity of the 
band has different values according to their pixel 
value read by the ImageJ software. The expression 
of THIC gene transcript in oil palm seedlings under 
water deficit without SWE treatment increased from 
day 0 to day 1 indicating the effects of the stress on 
the seedlings (Figure 5b). However, on day 2, the 
expression for both genes started to remain constant 
or decreased slightly indicating the adaptation of 
the oil palm seedlings towards the water deficiency 
condition. However, the expression of THIC gene 
transcript in oil palm seedlings under water deficit 

Figure 2.  Effects of seaweed extract application towards (a) the plant height, (b) chlorophyll content, (c) relative water content 
and (d) protein content in oil palm seedlings with and without water deficit and with treatments after 60 days. Data presented are 
the mean ± standard deviation of three replicates with significant differences of *P<0.05, **P<0.01, and ***P<0.001 vs. control, 
using one-way ANOVA (Dunnett post-test) on the raw data.
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treated with SWE showed a decrease in expression 
as compared to the control. There was a decrease of 
up to 15.00% in THIC gene expression on day 2 in oil 
palm seedlings treated with G. edulis. The THI4 gene 
transcript also showed a somewhat similar trend 
where the expression showed a decrease throughout 
day 0 to day 2 post-treatment, with up to 15.46% 
decrement on day 2 in oil palm seedlings treated 
with C. lentillifera (Figure 5c).

A study by Abidin et al. (2016) and Yee et al. (2016) 
and reported that THIC and THI4 gene transcripts 
in oil palms increased in conjunction with increasing 
concentrations of osmotic, salinity, and oxidative 

stresses. These suggest that thiamine biosynthesis 
is tightly modulated during stress sensing and 
adaptation. The increase in both genes’ expression 
was also due to the non-cofactor role and cofactor role 
of thiamine in the metabolic pathways in combating 
abiotic stress (Goyer, 2010; Jabeen et al., 2020). 
Thiamine is required as a cofactor in carbohydrate 
metabolism, NADPH, and ATP synthesis. A huge 
amount of energy is needed by the oil palm to 
combat drought stress. Thus, the expression of 
these two genes must be high enough to synthesise 
thiamine. Besides that, thiamine also induced the 
pathway of salicylic acid in the plant. Salicylic acid is 

Figure 3. The expression of actin gene transcript from oil palm seedlings with and without seaweed extract (SWE) treatment from day 0 until day 2 (D0, 
D1, and D2). M represents 100 bp DNA ladder, C represents oil palm seedlings under water deficit without SWE treatment (control), G represents oil 
palm seedlings treated with C. lentillifera (green seaweed) and R represents oil palm seedlings under water deficit treated with G. edulis (red seaweed).

Figure 4. The expression of (a) THIC and (b) THI4 gene transcripts in oil palm seedlings under water deficit with and without seaweed extracts (SWE) 
treatment from day 0 until day 2 (D0, D1, and D2). M represents 100 bp DNA ladder, C represents oil palm seedlings under water deficit without SWE 
treatment (control), G represents oil palm seedlings treated with C. lentillifera (green seaweed) and R represents oil palm seedlings under water deficit 
treated with G. edulis (red seaweed).
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known to provide a defense mechanism to the plant. 
A decrease in gene expression in stress oil palm 
seedlings treated with SWEs further proved that 
SWEs could act as a biostimulant as it helps the oil 
palm seedlings combat the drought stress. Thiamine 
possesses an antioxidant capacity as it has O2

–/OH– 
scavenger properties (Ahn, 2007).

Thiamine is believed to mitigate the effect of 
water deficit by up-regulating thiamine biosynthesis 
genes in plants (Tunc-Ozdemir et al., 2009). Under 
stress conditions, thiamine concentration is known 
to be high in seeds, roots, and leaves to protect the 
plant (Ghaffar et al., 2019; Goyer, 2010; Kaya et al., 
2015). Particularly, THIC genes are immediately 
triggered by stress and become the early stress 

response in Arabidopsis plants (Rapala-Kozik et al., 
2012). Moreover, thiamine compounds have been 
proposed to act as antioxidants (Rosado-Souza et 
al., 2020). The studies reported by Ghaffar et al. 
(2019) and Sayed and Gadallah (2002) also proved 
that the application of thiamine lessens the negative 
effects of water deficit on several plants. The 
upregulation of THIC and THI4 gene transcripts 
in oil palm seedlings under water deficit without 
SWE treatment was probably due to the suggested 
role of thiamine as a signalling molecule in plant 
response to biotic and abiotic stresses (Goyer, 2010). 
This finding is consistent with that of Fitzpatrick 
and Chapman (2020) who reported that the up-
regulation of thiamine biosynthesis occurred under 
stress conditions. 

On the other hand, the downregulation of THIC 
and THI4 gene transcripts in oil palm seedlings 
treated with SWE could be the stimulatory effects 
of the SWEs in aiding the plant to combat the 
water deficiency condition which caused the 
less requirement of thiamine. Besides, the SWEs 
application downregulated the expression of 
THIC and THI4 genes due to the ability of SWEs 
to reduce the effect of water deficit by stimulating 
the expression of stress-responsive genes, and 
suppressing reactive oxygen species (ROS) (Shukla 
et al., 2019) rather than focusing on thiamine 
biosynthesis. Furthermore, SWE also showed 
a significant increase in abscisic acid (ABA) 
accumulation (Irani et al., 2021) which play a role 
in inducing various gene expression that encodes 
important proteins for both biochemical and 
physiological responses. 

It was suggested by Mansori et al. (2016) that 
SWEs treatment influences the ability of the water 
deficit plants to maintain a balance between the 
formation and detoxification of oxygen species, 
leading to amelioration of oxidative stress.  
A study by Abidin et al. (2016) and Wong et al. (2016) 
reported that the expressions of THIC and THI4 
gene transcripts in oil palm increased in conjunction 
with increasing concentrations of osmotic, salinity, 
and oxidative stresses. These studies suggest that 
thiamine biosynthesis is tightly modulated during 
stress sensing and adaptation. The increase in both 
genes’ expression was also due to the non-cofactor 
role and cofactor role of thiamine in the metabolic 
pathways (Goyer, 2010). Thiamine is required as a 
cofactor in carbohydrate metabolism, NADPH, and 
ATP synthesis. A huge amount of energy is needed 
by the oil palm to combat drought stress. Thus, the 
expression of these two genes must be high enough 
to synthesize thiamine. Besides that, thiamine 
also induced the pathway of salicylic acid in the 
plant. Salicylic acid is known to provide a defence 
mechanism to the plant. A decrease in thiamine 
biosynthesis gene expression in oil palm seedlings 
under water deficit treated with SWE further proved 

Figure 5. Gene expression analysis of (a) actin, (b) THIC, and (c) THI4 in 
oil palm seedlings under water deficit with and without seaweed extracts 
(SWE) treatment from day 0 until day 2 was analysed using ImageJ. 
Data presented are the mean ± standard deviation of three replicates 
with significant differences *P<0.05, **P<0.01, and ***P<0.001 vs. 
control, using one-way ANOVA (Dunnett post-test) on the raw data.
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that SWE could act as a biostimulant as it helps the oil 
palm seedlings to combat the stress.

CONCLUSION

In conclusion, C. lentillifera and G. edulis described 
in this study have the potential in increasing the 
chlorophyll content, protein content, and RWC as 
well as downregulating the expression of the first 
two enzymes in the thiamine biosynthesis pathway, 
THIC and THI4 in oil palm seedlings under water 
deficit. The increment of important biomolecules, 
as well as water retention capabilities, may be 
favorable in maintaining stress tolerance in oil 
palm seedlings. The decrease in the expression 
of thiamine biosynthesis gene fragments further 
proved that SWEs could act as biostimulant as it 
helps the oil palm seedlings combat the stress. This 
study hoped to open up further possibilities in the 
exploration of the use of seaweeds as one of the 
strategies for maintaining the sustainability of the 
palm oil industry in Malaysia.

ACKNOWLEDGEMENT

This research was funded by Higher Institution 
Centre of Excellence (HICOE) Research Grant 
(Innovative Vaccines and Therapeutics Against 
Fish Diseases) (Project No. 6369100), SATREPS 
(JICA-JST): COSMOS-MOHE G4-B Research Grant 
(Microalgae for Sustainable Aquaculture Health: 
Microalgae Vaccine Delivery System) (Project 
No. 6300866), and Fundamental Research Grant 
Scheme (FRGS), Fasa1/2020, KPT Ref. Code: 
FRGS/1/2020/STG02/UPM/02/4; Project Code: 
01-01-20-2227FR; Vote No.: 5540359).

REFERENCES

Abidin, A A Z; Yee, S W; Rahman, N S A; Idris, Z 
H C and Yusof, Z N B (2016). Osmotic, oxidative 
and salinity stresses upregulate the expressions of 
thiamine (Vitamin B1) biosynthesis genes (THIC 
and THI1/THI4) in oil palm (Elaeis guineensis). 
J. Oil Palm Res., 28(3): 308-319. DOI: 10.21894/
jopr.2016.2803.07.

Ahn, I P; Kim, S; Lee, Y H and Suh, S C (2007).  
Vitamin B1-induced priming is dependent 
on hydrogen peroxide and the NPR1 gene in 
Arabidopsis. Plant Physiol., 143(2): 838-848.

Akhzari, D and Pessarakli, M (2016). Effect of 
drought stress on total protein, essential oil content, 
and physiological traits of Levisticum officinale  
Koch. J. Plant Nutr.,  39(10): 1365-71. 

Alam, A F;  Er, A C and Begum, H (2015). Malaysian 
oil palm industry: Prospect and problem. J. Food Agri 
Env., 13(2): 143-148.

Ali, O; Ramsubhag, A and Jayaraman, J (2019). 
Biostimulatory activities of Ascophyllum nodosum 
extract in tomato and sweet pepper crops in a tropical 
environment. PLoS ONE, 14(5): e0216710. DOI: 
10.1371/journal.pone.0216710.

Aziz, S D A; Jafarah, N F and Yusof, Z N B (2019a). 
Phytol-containing seaweed extracts as control for 
Ganoderma boninense. J. Oil Palm Res., 31(2): 238-247. 
DOI: 10.21894/jopr.2019.0018.

Aziz, S D A; Jafarah, N F; Sabri, S; Wahab, M A A and 
Yusof, Z N B (2019b). Antifungal activities against oil 
palm pathogen Ganoderma boninense from seaweed 
sources. Asia-Pacific J. Mol. Biol. Biotechnol, 27: 75-83. 
DOI: 10.35118/apjmbb.2019.027.1.08.

Aziz, S D A; Jafarah, N F; Sabri, S, Wahab, M A 
A and Yusof, Z N B (2019c). Antifungal activity 
of dichloromethane and hexane extracts of four 
Malaysian seaweed species against Ganoderma 
boninense. Malays. Appl. Biol., 48(3): 189-196.

Basiron, Y (2007). Palm oil production through 
sustainable plantations. Eur. J. Lipid Sci. Technol., 
109(4): 289-95. DOI: 10.1002/ejlt.200600223.

Battacharyya, D; Babgohari, M Z; Rathor P and 
Prithiviraj, B (2015). Seaweed extracts as biostimulants 
in horticulture. Sci. Hortic., 196: 39-48. DOI: 10.1016/j.
scienta.2015.09.012.

Bonjoch, N P and Tamayo, P R (2001). Protein content 
quantification by Bradford method. Handbook of Plant 
Ecophysiology Technique. Kluwer Academic, Dordrecht. 
p. 283-295. DOI: 10.1007/0-306-48057-3_19.

Bradford, M M (1976). A rapid and sensitive method 
for the quantitation of microgram quantities of 
protein utilizing the principle of protein-dye binding. 
Anal. Biochem., 72(1-2): 248-254. DOI: 10.1016/0003-
2697(76)90527-3.

Chen, X; Sun, Y; Liu, H; Liu, S; Qin, Y and Li, P (2019). 
Advances in cultivation, wastewater treatment 
application, bioactive components of Caulerpa 
lentillifera and their biotechnological applications. 
Peer J., 7: e6118. DOI: 10.7717/peerj.6118.

Chen, D; Zhou, W; Yang, J; Ao, J; Huang, Y; Shen, 
D; Jiang, Y; Huang, Z and Shen, H (2021). Effects 
of seaweed extracts on the growth, physiological 
activity, cane yield and sucrose content of sugarcane 
in China. Front. Plant Sci., 12: 659130. DOI: 10.3389/
fpls.2021.659130.

ARTIC
LE IN

 PRESS

ARTIC
LE IN

 PRESS



9

APPLICATION OF SEAWEED EXTRACTS IN OIL PALM (Elaeis guineensis) SEEDLINGS SUBJECTED TO WATER DEFICIT: 
PHYSIOLOGICAL, BIOCHEMICAL AND ENZYMATIC RESPONSES

Erulan, V; Sourndarapandiyan, P; Thirumaran, G 
and Ananthan, G (2009). Studies on the effect of 
Sargassum polycystum extract on the growth and 
biochemical composition of Cajanus cajan (L.) Mill 
sp. American Eurasian. J.  Agric. Enviro Sci., 6(4): 
392-399. 

Fan, D; Hodges, D M; Critchley, A T and Prithiviraj, 
B (2013). A commercial extract of brown macroalga 
(Ascophyllum nodosum) affects yield and the 
nutritional quality of spinach in vitro. Commun. 
Soil Sci. Plant Anal., 44(12): 1873-1884. DOI: 
10.1080/00103624.2013.790404.

Fitzpatrick, T B and Chapman, L M (2020). The 
importance of thiamine (vitamin B1) in plant health: 
From crop yield to biofortification. J. Biol. Chem., 
295(34): 12002-12013.

Ghaderiardakani, F; Collas, E; Damiano, D K; Tagg, 
K; Graham, N S and Coates, J C (2018). Effects 
of green seaweed extract on Arabidopsis early 
development suggest roles for hormone signalling 
in plant responses to algal fertilisers. Sci. Rep., 9(1): 
1983. DOI: 10.1038/s41598-018-38093-2.

Ghaffar, A; Akram, N A; Ashraf, M, Ashraf, M Y 
and Sadiq, M (2019). Thiamin-induced variations 
in oxidative defense processes in white clover 
(Trifolium repens L.) under water deficit stress. Turk. 
J. Bot., 43(1): 58-66.
 
Godlewska, K; Michalak, I; Tuhy, A and Chojnacka, K 
(2016). Plant growth biostimulants based on different 
methods of seaweed extraction with water. BioMed. 
Res. Int., 2016: 5973760. DOI: 10.1155/2016/5973760.

Goyer, A (2010). Thiamine in plants: Aspects of its 
metabolism and functions. Phytochemistry, 71(14-15): 
1615-1624. DOI: 10.1016/j.phytochem.2010.06.022.

Guo, H; Yao, J; Sun, Z and Duan, D (2015). Effects of 
salinity and nutrients on the growth and chlorophyll 
fluorescence of Caulerpa lentillifera. Chin. J. Ocean. 
Limnol., 33(2): 410-418. DOI: 10.1007/s00343-015-
4105-y.

Hassan, H; Lau, B Y C and Ramli, U S (2014). 
Extraction methods for analysis of oil palm leaf and 
root proteins by two dimensional gel electrophoresis. 
J. Oil Palm Res., 26(1): 54-61. 

Hassanzadeh, M; Ebadi, A; Panahyan-e-Kivi, M; 
Eshghi, A G; Jamaati-e-Somarin, S; Saeidi, M and 
Zabihi-e-Mahmoodabad, R (2009). Evaluation 
of drought stress on relative water content and 
chlorophyll content of sesame (Sesamum Indicum L.) 
genotypes at early flowering stage. Res. J. Environ. 
Sci., 3(3): 345-350. DOI: 10.3923/rjes.2009.345.350.

Henson, I E and Harun, M H (2005). The influence 
of climatic conditions on gas and energy exchanges 
above a young oil palm stand in north Kedah, 
Malaysia. J. Oil Palm Res., 17(4): 73-91. 

Hidangmayum, A and Sharma, R (2017). Effect of 
different concentrations of commercial seaweed 
liquid extract of Ascophyllum nodosum as a plant 
biostimulant on growth, yield and biochemical 
constituents of onion (Allium cepa L.). J. Pharmacogn. 
Phytochem., 6(4): 658-663.

Idris, Z H C; Subki, A; Abidin, A A Z and Yusof, Z N 
B (2018). The effect of oxidative stress towards the 
expression of thiamine biosynthesis genes (THIC 
&THI1/THI4) in oil palm (Elaeis guineensis). Trop. 
Life Sci. Res., 29(1): 61-71.

Irani, H; ValizadehKaji, B and Naeini, M R (2021). 
Biostimulant-induced drought tolerance in 
grapevine is associated with physiological and 
biochemical changes. Chem. Biol. Technol. Agric., 8(1): 
1-3.

Jabeen, M; Akram, N A; Ashraf, M; Alyemeni, M N 
and Ahmad, P (2020). Thiamin stimulates growth 
and secondary metabolites in turnip (Brassica rapa 
L.) leaf and root under drought stress. Physiol. Plant., 
172(2): 1399-1411. DOI: 10.1111/ppl.13215 PMID: 
32949410.

Kamarudin, A N; Lai, K S; Lamasudin, D U; Seman, 
I A and Yusof, Z N B (2017a). Enhancement of  
thiamine biosynthesis in oil palm seedlings by 
colonization of endophytic fungus Hendersonia 
toruloidea. Front. Plant Sci., 8: 1799. DOI: 10.3389/
fpls.2017.01799.

Kamarudin, A N; Seman, I A and Yusof, Z N B 
(2017b). Thiamine biosynthesis gene expression 
analysis in Elaeis guineensis during interactions with 
Hendersonia toruloidea. J. Oil Palm Res., 29(2): 218-226.

Kaya, C; Ashraf, M; Sonmez, O; Tuna, A L; Polat, 
T and Aydemir, S (2015). Exogenous application of 
thiamin promotes growth and antioxidative defense 
system at initial phases of development in salt-
stressed plants of two maize cultivars differing in 
salinity tolerance. Acta Physiol. Plant., 37(1): 1741. 
DOI: 10.1007/s11738-014-1741-3.

Kumari, R; Kaur, I and Bhatnagar, A K (2011). Effect 
of aqueous extract of Sargassum johnstonii Setchell & 
Gardner on growth, yield and quality of Lycopersicon 
esculentum Mill. J. Appl. Phycol., 23: 623-633.

Kushairi, A; Loh, S K; Azman, I; Hishamuddin, 
E; Ong-Abdullah, M; Izuddin, Z B; Razmah, G; 
Sundram, S and Parveez, G K A (2018). Oil palm 

ARTIC
LE IN

 PRESS

ARTIC
LE IN

 PRESS



10

JOURNAL OF OIL PALM RESEARCH

economic performance in Malaysia and R&D 
progress in 2017. J. Oil Palm Res., 30(2): 163-95. DOI: 
10.21894/jopr.2018.0030.

Ladt, K; Ganguly, A and Roy, S (2016). Axonal 
actin in action: Imaging actin dynamics in neurons. 
Methods Cell Biol., 131: 91-106. DOI: 10.1016/
bs.mcb.2015.07.003.

Latique, S; Chernane, H; Mansori, M and El-
Kaoua, M (2013). Seaweed liquid fertilizer effect on 
physiological and biochemical parameters of bean 
plant (Phaesolus vulgaris variety Paulista) under 
hydroponic system. Eur Sci J., 9(30): 174-191. 

Lee, W K; Lim, P E; Phang, S M; Namasivayam, P 
and Ho, C L (2016). Agar properties of Gracilaria 
species (Gracilariaceae, Rhodophyta) collected from 
different natural habitats in Malaysia. Reg. Stud. Mar. 
Sci., 7: 123-128. DOI: 10.1016/j.rsma.2016.06.001.

Mansori, M; Chernane, H; Latique, S; Benaliat, A; 
Hsissou, D and Kaoua, M E (2016). Effect of seaweed 
extract (Ulva rigida) on the water deficit tolerance of 
Salvia officinalis L. J. appl. Phycol., 28(2): 1363-1370. 
DOI: 10.1007/s10811-015-0671-9.

Najihah, T S; Ibrahim, M H; Razak, A A; Nulit, R and 
Megat, P E W (2019). Effects of water stress on the 
growth, physiology and biochemical properties of 
oil palm seedlings. AIMS Agric. Food, 4(4): 854-868.

Noli, Z A and Aliyyanti, P (2021). Effect of liquid 
seaweed extracts as biostimulant on vegetative 
growth of soybean. IOP Conf. Ser.: Earth Environ.  
Sci., 759: 012029. DOI: 10.1088/1755-1315/759/1/
012029.

Noor, M R M; Harun, M H and Jantan, N M (2011). 
Physiological plant stress and responses in oil palm. 
Oil Palm Bulletin, 62: 25-32.

Rahman, N S A; Ghazali, N S and Yusof, Z N B 
(2017). Changes in the expressions of thiamine 
biosynthesis genes (THIC and THI1/THI4) in oil 
palm (Elaeis guineensis) as response to salinity stress. 
Crop. Res., 18(4): 634-641.

Ramya, S S; Nagaraj, S and Vijayanand, N (2011). 
Influence of seaweed liquid extracts on growth, 
biochemical and yield characteristics of Cyamopsis 
tetragonaloba (L.) Taub. J. Phytol., 3(9): 37-41. 

Rapala-Kozik, M; Goøda, A and Kujda, M (2009). 
Enzymes that control the thiamine diphosphate 
pool in plant tissues. Properties of thiamine 
pyrophosphokinase and thiamine-(di)phosphate 
phosphatase purified from Zea mays seedlings. Plant 
Physiol. Biochem., 47: 237-242.

Rapala-Kozik, M; Wolak, N; Kujda, M and Banas, 
A K (2012). The upregulation of thiamine (vitamin 
B1) biosynthesis in Arabidopsis thaliana seedlings 
under salt and osmotic stress conditions is mediated 
by abscisic acid at the early stages of this stress 
response. BMC Plant Biol., 12: 1-14.

Rosado-Souza, L; Fernie, A R and Aarabi, F (2020). 
Ascorbate and thiamin: Metabolic modulators in 
plant acclimation responses. Plants, 9(1): 101.

Sakthivel, R and Pandima Devi, K (2015). 
Evaluation of physicochemical properties, 
proximate and nutritional composition of Gracilaria 
edulis collected from Palk Bay. Food Chem., 174: 68-
74. DOI: 10.1016/j.foodchem.2014.10.142.

Salim, B B M (2016). Influence of biochar and 
seaweed extract applications on growth, yield and 
mineral composition of wheat (Triticum Aestivum 
L.) under sandy soil conditions. Ann. Agric. Sci., 
61(2): 257-265. DOI: 10.1016/j.aoas.2016.06.001.

Santaniello, A; Scartazza, A; Gresta, F; Loreti, E; 
Biasone, A; Tommaso, D D; Piaggesi, A and Perata, 
P (2017). Ascophyllum nodosum seaweed extract 
alleviates drought stress in Arabidopsis by affecting 
photosynthetic performance and related gene 
expression. Front. Plant Sci., 8: 1-15. DOI: 10.3389/
fpls.2017.01362.

Sapak, Z; Meon, S and Ahmad, Z A M (2008). Effect 
of endophytic bacteria on growth and suppression 
of Ganoderma infection in oil palm. Int. J. Agri. Biol., 
10(2): 127-32. 

Sayed, S and Gadallah, M (2002) Effects of shoot 
and root application of thiamin on salt-stressed 
sunflower plants. Plant Growth Regul., 36(1): 71-80.

Shukla, P S; Mantin, E G; Adil, M; Bajpai, S and 
Critchley, A T (2019). Ascophyllum nodosum-
based biostimulants: Sustainable applications in 
agriculture for the stimulation of plant growth, 
stress tolerance, and disease management. Front. 
Plant Sci., 10: 655.

Skirycz, A and Inzé, D (2010). More from less: Plant 
growth under limited water. Curr. Opin. Biotech., 
21(2): 197-203. DOI: 10.1016/j.copbio.2010.03.002.

Subki, A; Thaw, S F K and Yusof, Z N B (2018). 
Regulation of thiamine biosynthesis upon 
exogenous application of the vitamin in oil palm 
(Elaeis guineensis).  J. Oil Palm Res., 30(2): 236-241.

Subki, A; Ho, C L; Ismail, N F N; Abidin, A A 
Z and Yusof, Z N B (2020). Identification and 
characterisation of thiamine pyrophosphate (TPP) 

ARTIC
LE IN

 PRESS

ARTIC
LE IN

 PRESS



11

APPLICATION OF SEAWEED EXTRACTS IN OIL PALM (Elaeis guineensis) SEEDLINGS SUBJECTED TO WATER DEFICIT: 
PHYSIOLOGICAL, BIOCHEMICAL AND ENZYMATIC RESPONSES

riboswitch in Elaeis guineensis. PLoS ONE 15(7): 
e0235431. DOI: 10.1371/journal. pone.0235431.

Sun, C; Cao, H; Shao, H; Lei, X and Xiao, Y (2011). 
Growth and physiological responses to water and 
nutrient stress in oil palm. Afr. J. Biotech., 10(51): 
10465-10471. DOI: 10.5897/AJB11.463.

Tunc-Ozdemir, M; Miller, G; Song, L; Kim, J; Sodek, A; 
Koussevitzky, S; Misra, A N; Mittler, R and Shintani, 
D (2009). Thiamin confers enhanced tolerance to 
oxidative stress in Arabidopsis. Plant Physiol., 151(1): 
421-432. DOI: 10.1104/pp.109.140046.

Tursun, A O (2022). Effect of foliar application of 
seaweed (organic fertilizer) on yield, essential oil 
and chemical composition of coriander. Plos ONE, 
17(6): e0269067.

Trivedi, K A K; Vijay, G; Kubavat, D; Kumar, R and 
Vaghela, P (2017). Crop stage selection is vital to elicit 

optimal response of maize to seaweed bio-stimulant 
application. J. Appl. Phycol., 29(4): 2135-2144.

Wong, S Y; Aziz, S D S and Yusof, Z N B (2016). 
Osmotic stress upregulates the transcription of 
thiamine (vitamin B1) biosynthesis genes (THIC 
and THI4) in oil palm (Elaeis guineensis). Afr. J.  
Biotech., 15(29): 1566-1574. DOI: 10.5897/
AJB2016.15222.

Yee, Y Y; Ching, Y C; Rozali, S; Hashim, N A and 
Singh, R (2016). Preparation and characterization of 
poly (lactic acid)-based composite reinforced with 
oil palm empty fruit bunch fiber and nanosilica. 
BioResources, 11(1): 2269-2286.

Yusof, Z N B; Borhan, F P; Mohamad, F A and 
Rusli, M H (2015). The effect of Ganoderma boninense 
infection on the expressions of thiamine (vitamin B1) 
biosynthesis genes in oil palm (Elaeis guineensis). J. 
Oil Palm Res., 27(1): 12-18.

ARTIC
LE IN

 PRESS

ARTIC
LE IN

 PRESS


