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Abstract | Crops routinely experience several different abiotic stress factors simultaneously. Thus, the purpose 
of this study was to find out how heat and water stress affected the physiology of Elaeis guineensis Jacq. 
seedlings with potassium (K) fertiliser application. Six regimes of oil palm seedlings with different amounts 
and types of potassium fertiliser (control amount of KCl, double rate of K2SO4 and double rate of KNO3) 
under different levels of water (well-watered, moderate water stress and severe water stress) and temperature 
stress (30°C and 32°C) were studied in this experiment. According to this study, heat stress decreased the 
plant’s bole diameter (3.04 cm2), leaf area (448.08 cm2), stem dry weight (1.54 g), total dry weight (6.29 g), 
frond numbers (5.5), leaf dry weight (2.95 g), leaf moisture content (195%), relative water content (70.5%) 
and increased leaf temperature by 5.36 °C. High temperatures had no appreciable impact on the biochemical 
characteristics of the palms or the gas exchange in the leaves. Only in the presence of extreme water stress, 
the level of proline, soluble sugar, phenolic content and lipid preoxidation significantly rises by 1.81 mg/g 
fresh weight, 51.72 mg sucrose/g dry, 1.1 mg g/gallic acid dry weight and 1.76 umol/g fresh weight. Leaf gas 
exchange and biochemical characteristics were not susceptible to the 2°C rise, only the development of oil 
palm seedlings was. Thus, it is advised to provide 75% of the soil field’s capacity for water and to apply twice 
as much K2SO4 to oil palm seedlings when there is a water shortage.
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Introduction

Elaeis guineensis Jacq. has emerged as the major 
oil crop in the world where 25.8% of its 

world production comes from Malaysia Malaysian 
Palm Oil Council (MPOC, 2023). Paterson et 
al. (2017) agreed that the high production of this 
crop is due to its adaptation to the tropical climate 
as the production of CPO is highly dependent on 
environmental factors. However, if the temperature 
increases by 2°C from the optimum and rainfall 
decreases by 10%, the yield of oil palm is anticipated 
to be reduced by 30% (Gunawan et al., 2020). The 
projection by Intergovernmental Panel on Climate 
Change (IPCC) expects that global warming of 1.5°C 
and 2°C will be exceeded by the end of this century 
(Masson-Delmotte et al., 2021). This prediction 
causes an alarming threat as high temperatures can 
reduce crop productivity and quality (Firmansyah 
and Argosubekti, 2020). The elevated temperature 
was reported to reduce net photosynthesis in assai 
palm (Húrsula et al., 2019), reduce the spikelet size 
and grain weight in rice plant (Xu et al., 2021), and 
decrease number of leaf, fresh weight and dry weight 
in chili plant (Akram et al., 2021). However, different 
crops respond differently to elevated temperature 
throughout their life cycle (Zhu et al., 2021), and 
plant response to heat stress depends on the and 
its type, degree of temperature, and stress duration 
(Chaturvedi et al., 2021; Hasanuzzaman et al., 
2013). Although the effects of heat stress have been 
widely reported for several plant species, it remains 
unexplored for E. guineensis seedlings.

According to Zandalinas et al. (2018), the 
simultaneous stress between heat and drought is 
common in an open environment, and in Malaysia, 
this combination of stresses is mostly carried by 
the event of El-Nino. El-Nino often resulted in 
less rainfall and higher temperatures, which might 
cause palm trees to experience water stress (Oettli et 
al., 2018). Suresh (2013) states that with every rise 
of 1°C, oil palm requires 10% of water. A study by 
Jaredi et al. (2024) showed that water stress caused 
leaf drying and necrosis as well as reduced it root 
mass and volume. Water stress also causes a stomata 
closure which results in the reduction of transpiration 
and photosynthesis rates, consequently reducing 
the production of photoassimilates and growth in 
oil palm seedlings (Lopes-Filho et al., 2021). Even 
worse, the situation may further be aggravated under 

high temperature conditions as the combined effect 
of these stresses is higher compared to the individual 
stress (Lamaoui et al., 2018). 

According to Hasanuzzaman et al. (2018), potassium 
(K) fertiliser is one of the best options for coping 
with environmental stresses. Numerous crops, 
including tomato (Temur et al., 2023), sesame (Fang 
et al., 2023), and sunflower (Dar et al., 2021) have 
been researched for their ability to use K fertiliser to 
reduce water stress. In these field experiments, they 
agreed that under water stress, this fertiliser could 
increase the relative water content of leaves, reduce 
the production of reactive oxygen species (ROS) 
and regulate the stomata opening. Besides, other 
researchers have conducted experiments using K to 
alleviate heat stress (Li et al., 2023). In Malaysia, a 
few K fertilisers are available, including potassium 
nitrate (KNO3), potassium chloride (KCl), and 
potassium sulphate (K2SO4) that sold at different 
prices and KCL is the is the most cheapest and 
commonly used in oil palm plantation (Hussain et al., 
2015). Eventhough the price of K2SO4 is more pricey 
than KCl, this fertiliser is used when the soil lacks of 
sulphate anion (Gunadi, 2009). The other study state 
that KCl may give high salinity and chloride toxicity 
to the crop (Teixeira et al., 2011; Kumar and Kumar, 
2008; Mancuso et al., 2014). Thus, K2SO4 and KNO3 
were suggested as an alternative to the chloride-free 
K source in this study. 

Since drought and heat stress are most likely to 
occur simultaneously under field conditions, it is 
important to focus on research that mimics the field 
environment. The alleviation of the combination 
of water and heat stress by K fertiliser was limited 
and the study on the effect of elevated temperature 
and water stress conditions with potassium fertiliser 
supplementation on the oil palm seedlings has never 
been reported. In this study, agronomic approaches 
such as water and nutrient management might be a 
cheaper and faster option to improve this naturally 
occurring environmental condition. This experiment 
is in line with the 13th Sustainable Development 
Goals (SDG) which is to take urgent action to combat 
climate change and its impacts; thus, the result from 
this study is crucial if growers are to adapt to climate 
change. The experiment’s water level, fertilizer sources, 
and dosages were chosen based on past investigations 
(Najihah et al., 2019, 2020, 2022).
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Materials and Methods

Experimental design and plant materials 
The experiment was conducted in the rain-proofed 
glasshouse and unit chamber at the Rimba Ilmu 
Botanical Gardens in Universiti Malaya, 50603 
Kuala Lumpur, Malaysia from January to June 2020. 
Two-month-old oil palm seedlings (Tenera) were 
acclimated to growth chambers for a month. The 
seedlings were moved into 10 x 12 cm polybags 
filled with soil from the Muchong series prior to 
acclimatisation. In a randomized complete block 
design (RCBD) with six replications, a total of 36 
polybags were arranged (Figure 7). The three levels of 
water treatment used in the study were: severe water 
stress (25% ER), moderate water stress (75% ER) and 
well-watered (100% ER) (Klapwijk and Lint, 1974). 
Three different sources of K fertilisers, i.e., potassium 
chloride (KCl) with a controlled rate, double rate 
of potassium sulphate (K2SO4), and double rate of 
potassium nitrate (KNO3) were applied once in two 
weeks based on MPOB (2013). Additionally, plants 
were fertilised at normal rates using the sources of N 
(ammonia) and P (CIRP). Plants were exposed under 
two levels of temperature which are 30°C (ambient) 
and 32°C (heat stress) for two months. Once every 
week, the water was calibrated, and the data were 
collected a month after the treatment.

Vegetative measurements
The vegetative measurements of oil palm seedlings 
were measured following MPOB (2017). The leaves 
were measured by using a Leaf Area Meter (model 
Li-3100 area meter), then the samples were dried in 
an oven for 48 hours at 75 °C, or until the weights were 
consistent for plants dry weights measurement. After 
that, samples were weighed with digital balances. 
The leaf chlorophyll content was measured by using 
SPAD meter (502, Minolta Inc, USA) (Khandaker 
et al., 2018).

Chlorophyll fluorescence 
The fv/fm ratio of chlorophyll fluorescence was 
measured in following Jamaludin et al. (2020) on fully 
grown young leaf number two, measurements were 
made between the hours of 8:00 and 10:00 using 
a portable chlorophyll fluorescence meter (Handy 
PEA, Hansatech Instruments Ltd., Kings Lynn, 
UK). Dark-acclimation clips were attached to the 
middle of the leaf surface, darkening the leaves for 15 
minutes prior to measurements.

Leaf temperature
Plant leaves temperature was taken using an infrared 
(IR) thermometer on a few spots of fully expanded 
young leaves number two (Amiro et al., 1983).

Leaf gas exchange
The leaf gas exchange for photosynthetic rate (Pn), 
transpiration rate (E), stomatal conductance (gs), 
and plant respiration (Rd) of the young palms 
were measured by using LICOR 6400XT Portable 
Photosynthesis System (LICOR–6400, LI–COR 
Inc., Lincoln, NE, USA). These measurements 
were taken between 9:00 and 11:00 when all plant 
components were fully functional (Saleem et al., 
2020).

Biochemical properties
The proline content was assessed by the technique 
described by Bates et al. (1973). The oil palm seedlings 
leave that have been collected are immediately frozen 
in liquid nitrogen and grounded with mortar. Then, 
a filter paper (Whatman #1, England) was used to 
remove the homogenate powder after it had been 
combined with 1 mL of aqueous sulfosalicylic acid 
(3% w/v). This mixture was then given an additional 
1 mL of glacial acetic acid and ninhydrin reagent 
and incubated for an additional hour at 95°C before 
being submerged in an ice bath to stop the reaction. 
A B UV-visible spectrophotometer, calibrated with 
L-proline, was used to quantify the chromophore 
after the reaction was rapidly mixed with 2 mL of 
toluene and warmed to 25°C.

The protocol of Ibrahim et al. (2012) was used to 
estimate the phenolics content. An amount of ground 
dried oil palm tissue samples (0.1 g) was extracted 
with 80% ethanol (10 mL) on an orbital shaker for 
120 min at 50 °C. The mixture was then filtered 
(WhatmanTM No. 1) and the filtrate was used for 
the quantification of total phenolics. Then, the sample 
extract (200 μL) was mixed with Folin-Ciocalteu 
reagent (1.5 mL) for 5 min at 22°. After that, the 
mixture was added with 60 g (1.5 mL) L−1 NaNO3 
solution and the absorbance was measured at 725 nm 
after two hours. 

The total soluble sugar was determined by mixing 
samples (0.5 g) with distilled water (10 mL), then 
incubated and vortexed in a conical tube (15 mL) 
for 10 minutes. Then, anthrone (0.1 g) was dissolved 
in sulphuric acid (50 mL and 95%) for the anthrone 



September 2025 | Volume 41 | Issue 3 | Page 1184

Sarhad Journal of Agriculture
reagent preparation. The dried material was then 
combined with distilled water, centrifuged for 10 
minutes at 3,400 rpm, and then filtered. A 100 °C 
water bath was used for five minutes with 8 mL of 
anthrone reagent added in 4 mL aliquots. A UV160U 
spectrophotometer (Shimadzu, Japan) was used 
to test the sample’s absorbance at 620 nm, and the 
results were represented as mg sucrose/g dry (Ibrahim 
et al., 2011).

The leaf tissue of oil palm was assessed for lipid 
peroxidation using the methods of Jaafar et al. (2012). 
About 1 g of fresh oil palm leaves were mixed in 1 
mL of 0.5% trichloroacetic acid (TCA) using a 
mortar and pestle, and the mixture was centrifuged 
at 9,000 rpm for 20 min. The supernatant (0.5 mL) 
and 20% TCA (2.5 mL) containing 0.5% TBA were 
combined, and the mixture was then heated in a water 
bath for 30 minutes at 100 °C. Following a 10-minute 
centrifugation process at 9000 rpm, the supernatant 
was utilised to determine the MDA level using a 
specified absorbance of 532 nm.

Statistical analysis
One-way analysis of variance (ANOVA) was 
performed with at p ≤ 0.05 to measure differences in 
variables between the different treatments followed by 
DMRT test to compare with treatments means using 
SPSS statistical software (ver. 25.0 SPSS, Chicago, 
USA).

Results and Discussion 

Plant vegetative growth
The results showed that the tested management 
practices influenced all the growth components 
(Figure 1; P ≤ 0.05). It was observed that high 
temperature stress deteriorated the growth of E. 
guineensis compared to ambient temperature with 
treatment A (control) was the best treatment and 
F was the worst treatment. However, in most 
parameters, there were no significant difference 
between treatment A and C, B and D as well as E 
and F. The largest bole diameter was discovered under 
the control treatment (17.83 cm) and it decreased 
to 14.79 cm (Treatment B) when treated with high 
temperature while the lowest was in the F treatment 
when plants were under the combination of water and 
heat stress with high KNO3 application, which only 
registered 8.61 cm. However, there were no significant 
differences between treatment A (17.83 cm) and C 

(17.09 cm) as well as B (14.79 cm) and D (14.72 cm) 
even though the latter received only 75% ER of water 
but with a double rate of K2SO4.The same trend was 
found in most of the seedling’s growth attributes. The 
exposure of seedlings to 32 °C and 25% ER with high 
KNO3 (treatment F) triggered marked decreases in 
bole diameter (52%), leaf area (80%), stem dry weight 
(56%), total dry weight (49%), shoot dry weight 
(59%) and the number of fronds (20%) as compared 
to control counterparts.

Figure 1: Effect of temperatures under fertilization with potassium 
at various water stress levels on the vegetative development of the 
seedlings for four weeks. Error bars depict standard error of the mean 
(SEM) (n = 6). Same letters were not significantly different at p < 
0.05. 
Notes: A 100% ER + KCl + 1X rate + 30°C; B = 100% ER+ KCl + 
1X rate + 32°C; C = 75% ER + K2SO4 + 2X rate +30°C; D =75% 
ER + K2SO4 + 2X rate +32°C; E = 25% ER + KNO3 + 2X rate 
+30°C; F = 25% ER + KNO3 + 2X rate +32°C.

The present results indicate that heat stress reduced 
the vegetative plant growth of the young palms 
significantly and the combination with water stress 
exacerbated the effect. According to Hasanuzzaman 
et al. (2013), the retardation of plant growth under 
elevated temperature is common and this is believed 
to occur due to the alteration in cell division and 
elongation caused by loss of cell water content, thus 
affecting leaf size and weight. A significant positive 
relationship was established between total dry weight 
(TDW) and relative water content (RWC) in this 
study (R2 = 0.707; P ≤ 0.01), indicating the weight 
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of oil palm seedlings reduced when plant water status 
reduced. Heat stress also decreases plant growth by 
reducing its shoot dry weight, relative growth rate 
(RGR), and net assimilation rates (NAR) which 
in the end reduces the total dry weight (Bita and 
Gerats, 2013; Hasanuzzaman et al., 2013). The 
results obtained are in agreement with previous work 
carried out by Khan et al. (2017) in their experiment 
on wheat and Naz et al. (2018) on potatoes where 
leaf relative water content, and fresh and dry weight 
were significantly reduced under heat stress in both 
plants. The combination effect between drought 
and heat stress creates more severe damage than 
individual stresses and this has also been studied 
in other C3 plants such as tomato (Zhou et al., 
2017), rice, and wheat (Perdomo et al., 2015). The 
reduction of photosynthesis and the accumulation of 
reactive oxygen species (ROS) might be the reason 
for this damage (Zandalinas et al., 2018). From the 
correlations in Table 1, photosynthetic rate (Pn) had 
a significant positive correlation with TDW (R2= 
0.742; P ≤ 0.01), suggesting that low A might trigger 
the reduction of TDW under stress conditions and 
proline have a negative correlation with TDW (R2= 
-0.706; P ≤ 0.01), signifying the reduction of TDW is 
due to the accumulation of ROS. 

However, the application of high K2SO4 under 
moderate water stress and high temperature 
(treatment D) had no significant difference as with 
the control amount of KCl under well-watered and 
high temperature (treatment B) which signifies 
the ability of K fertiliser in alleviating water stress 
under elevated temperature. Potassium fertiliser’s 
effect in reducing abiotic stress has been extensively 
investigated by Hasanuzzaman et al. (2018). It is 
mentioned that under water stress, this fertiliser helps 
to regulate the stomata which control plant water loss 

via transpiration, and under heat stress, it prevents 
leaf damage and increases the photosynthetic ability 
of the plants.

Plant water status
Figure 2 indicates the effect of elevated temperature 
under different water treatment levels, rates, and type 
of potassium fertilisers on the oil palm leaf moisture 
content (LMC) and relative water content (RWC). 
The increase in temperature from 30°C to 32°C 
resulted in a lower plant water status under both 
well-watered and water deficit conditions (P ≤ 0.05). 
However, plants under moderate water stress (75% 
ER) and well-watered (100% ER) had no significant 
difference as the former has been treated with high 
K fertiliser even though both were under elevated 
temperatures. Treatment F was the most affected 
as it was a combination of severe water stress and a 
high level of fertiliser where LMC was approximately 
thirteenfold decreased while RWC reduced threefold 
respectively compared to the severe water stress alone 
(treatment E). 

Figure 2: Effect of temperatures under fertilization with potassium 
at various water stress levels on the water status of the seedlings for 
four weeks. Error bars depict standard error of the mean (SEM) (n = 
6). Same letters were not significantly different at p < 0.05.
Notes: A 100% ER + KCl + 1X rate + 30°C; B = 100% ER + KCl 
+ 1X rate + 32°C; C = 75% ER + K2SO4 + 2X rate +30°C; D =75% 
ER + K2SO4 + 2X rate +32°C; E = 25% ER + KNO3 + 2X rate 
+30°C; F = 25% ER + KNO3 + 2X rate +32°C.

Table 1: Pearson correlation coefficients (R2) between parameters in the experiment.
Parameters 1 2 3 4 5 6 7 8
gs 1
E 0.911** 1
A 0.887** 0.967** 1
TDW 0.784** 0.753** 0.742** 1
proline -0.810** -0.881** -0.931** -0.706** 1
RWC 0.804** 0.857** 0.899** 0.707** -0.883** 1
LP -0.530** -0.417* -0.408* -0.640** 0.328 -0.482** 1
fv/fm 0.751** 0.842** 0.852** 0.653** -0.862** 0.938** -0.432** 1

Note: gs = stomatal conductance; E= transpiration rate; A = net photosynthesis; TDW= total dry weight; RWC= relative water content; LP= 
leaf temperature. * and ** significant at P ≤ 0.05 and P ≤ 0.01, respectively.
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LMC and RWC are common methods used to 
evaluate the plant water status. In this experiment, 
high temperature and water scarcity had the greatest 
influence on water status in oil palm seedlings (Figure 
2; P ≤ 0.05). Heat stress depleted water in the soil 
by affecting soil temperatures and transpiration by 
increasing vapor pressure deficit (Prasad et al., 2008). 
It is agreed that elevated temperature increases the 
evapotranspiration rate, makes drought more intense, 
and increases soil salinization (Mahalingam, 2015). 
These results also support the findings presented by 
Khan et al. (2017) when they reported that relative 
water content in plants was expressively reduced by 
severe drought and heat stresses; thus, drought and 
heat stresses are said to have a key role in the water 
deficit of plants.

Leaf temperature
Figure 3 represented that leaf temperature is 
significantly increased at a higher level of heat as 
compared to ambient (P ≤ 0.05). However, treatment 
B and D were not significant as well as A and C. The 
temperature rose about 4°C when the plants were put 
under combination stress (treatment F) compared to 
the severe water stress alone with high fertilisation 
(treatment E).

Figure 3: Effect of temperatures under fertilization with potassium 
at various water stress levels on the leaf temperature of the seedlings 
for four weeks. Error bars depict standard error of the mean (SEM) 
(n = 6). Same letters were not significantly different at p < 0.05.
Notes: A 100% ER + KCl + 1X rate + 30°C; B = 100% ER + KCl 
+ 1X rate + 32°C; C = 75% ER + K2SO4 + 2X rate +30°C; D =75% 
ER+ K2SO4 + 2X rate +32°C; E = 25% ER + KNO3 + 2X rate 
+30°C; F = 25% ER + KNO3 + 2X rate +32°C.

Higher leaf temperature is an indicator of plant 
stress due to the stomata closure that reduces plant 
transpiration. The correlations in Table 1 revealed 
that gs (R2 = -0.530; P ≤ 0.01) and E (R2 = -0.417; P 

≤ 0.05) had a significant negative correlation with leaf 
temperature. The result showed that the combined 
effect of heat and drought stresses caused a more 
dramatic increase in leaf temperature than either 
heat or drought alone. The high level of fertiliser 
in this combination stresses in treatment F gave no 
reduction to the leaf temperature might be due to 
the soil salinization which exaggerated the effect (da 
Rocha et al., 2019). However, in moderate water stress 
with high K treatment, the leaf temperature showed 
no significant difference with well-watered plants 
with a lower K under ambient temperature indicating 
the function of K in regulating stomata opening to 
increase the transpiration rate, thus reducing the 
temperature (Wang et al., 2013). Those findings 
are in line with Kataria and Singh (2013) in their 
research with Cicer arietinum L. under water stressed 
conditions.

Figure 4: Effect of temperatures under fertilization with potassium 
at various water stress levels on the leaf gas exchange of the seedlings 
for four weeks. Error bars depict standard error of the mean (SEM) 
(n=6). Same letters were not significantly different at p < 0.05.
Notes: A 100% ER + KCl + 1X rate + 30°C; B = 100% ER + KCl 
+ 1X rate + 32°C; C = 75% ER + K2SO4 + 2X rate +30°C; D=75% 
ER + K2SO4 + 2X rate +32°C; E = 25% ER + KNO3 + 2X rate 
+30°C; F = 25% ER + KNO3 + 2X rate +32°C.

Leaf gas exchange
The effects of leaf gas exchange were attributed to 
the abiotic stresses on all weeks of measurement 
(Figure 4; P ≤ 0.05).). Severe water stress significantly 
reduced stomatal conductance, transpiration rate and 
photosynthetic rate, but increased dark respiration 
in E. guineensis. However, there was no significant 
difference between treatments A, B, and C in the 
photosynthesis of oil palm seedlings. When the 
amount of water was reduced from 100% ER to 
25% ER, the transpiration rate of the seedlings 
was found to be lower than the control treatment 
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(100% ER). Moderate water stress combined with 
high temperature (treatment D) had reduced the 
photosynthesis to about 0.884, transpiration rate to 
about 0.352, and stomatal conduction to about 0.099 
compared to well-watered plants under the same 
temperature (treatment B). 

In this experiment, water availability had the greatest 
influence on the leaf gas exchange of oil palm 
seedlings while the reduction of photosynthesis 
was more apparent in plants subjected to water 
deficit with a combination of heat stress. It is agreed 
that photosynthesis is among the most sensitive 
physiological processes towards temperature stress 
which could affect plant growth and yield (Akter and 
Islam, 2017; Sarkar et al., 2020; Zafar et al., 2018). 
Yet, the current result revealed that there was no 
significant difference between treatments A and B 
which indicates the increase of 2°C had no significant 
effect on photosynthesis when plants were well-
watered. The reason behind this might be that the 
temperature is still within the optimum range and 
moderately suitable for oil palm cultivation (Corley 
and Tinker, 2015). It is in line with the study from 
another species of palm seedlings (Euterpe oleracea 
Mart.) when they were exposed under 36°C for 14 
days, it shows that there was no significant difference 
of A, gs, and E with control plants, yet the leaf gas 
exchange was reduced significantly under 40°C, 
indicating this species is tolerant for few degrees 
rise from optimum temperature and very sensitive to 
extreme temperature (Húrsula et al., 2019). 

When the palms were exposed to moderate water 
stress with a double rate of K2SO4 under ambient 
temperature (treatment C), the photosynthesis was 
also not significant as a control which proved the 
ability of K in alleviating water stress by increasing 
the rate of ATP production, consequently increased 
the net photosynthesis (Hasanuzzaman et al., 2018). 
K+ ions were also responsible for closing the stomata 
to prevent water loss (Hasanuzzaman et al., 2018) 
which it can be translated by a highly significant 
difference between A and gs (R2 = 0.887; P ≤ 0.01). 
Besides, it is believed that the accompanied ion in 
the treatment C (SO4

-2) played an important role 
in increasing photosynthesis by its involvement in 
chlorophyll synthesis (Kumar and Kumar, 2008). 
The function of K in alleviating water stress has been 
observed in many other crops such as cotton (Zahoor 
et al., 2017), wheat (Baque et al., 2006), peanut 

(Aboelill et al., 2012), and tomato (Temur et al., 
2023). The combination stress drastically reduces A 
due to an increase in photoinhibition which leads to 
PSII reaction center damage (Signorelli et al., 2015). 
As observed in this study, there was a strong positive 
relationship between A and maximum efficiency of 
PSII where the combined stress treatment showed 
a significant decrease in A when fv/fm was reduced 
(R2 = 0.852; P ≤ 0.01). However, Zandalinas et al. 
(2018) agreed that the stomatal response under this 
combination of stress is challenging as plants must 
find a balance between inhibiting water loss due to 
water scarcity and protecting from over-heating 
by increasing E to cool down leaves due to high 
temperature. It is also stated that under these abiotic 
stresses’ plants such as Nicotiana tabacum and Populus 
yunnanensis have high leaf temperature, respiration, 
and accumulation of ROS which is in agreement with 
the current study.

Maximum efficiency of Photosystem II (fv/fm) and 
chlorophyll content
Apart from leaf gas exchange, the maximum 
efficiency of Photosystem II (fv/fm) and chlorophyll 
content in oil palm seedlings were also affected by 
the treatment given. From the graph in Figure 5, it 
can be seen that there was no significant difference 
between treatments A, B, C, and D, but when the 
seedlings were exposed to 25% ER, the fv/fm reduced 
significantly for almost twice and drastically reduced 
under the combined stress for about 120 times from 
the control (P ≤ 0.05). The same trend was applied to 
the chlorophyll content, but there was no significant 
difference between ambient and high temperature 
under severe water stress treatment. 

Figure 5: Effect of temperatures under fertilization with potassium 
at various water stress levels on the ffm and chlorophyll content of 
the seedlings for four weeks. Error bars depict standard error of the 
mean (SEM) (n = 6). Same letters were not significantly different 
at p < 0.05.
Notes: A 100% ER + KCl + 1X rate + 30°C; B = 100% ER + KCl 
+ 1X rate + 32°C; C = 75% ER + K2SO4 + 2X rate +30°C; D =75% 
ER + K2SO4 + 2X rate +32°C; E = 25% ER + KNO3 + 2X rate 
+30°C; F = 25% ER + KNO3 + 2X rate +32°C.
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It is agreed that abiotic stress can significantly affect 
the activity of photosynthesis in oil palm species 
(Rivera-Mendes et al., 2016; Suresh et al., 2010). For a 
healthy plant, the approximate optimal ratio of fv/fm 
is supposed to be in the range of 0.79–0.83 (Naidoo 
and Naidoo, 2018), and in the current study, the fv/
fm of treatment A, B, C, and D were higher than 
0.8 indicated that the palms were not under stress 
condition. As mentioned before, the temperature 
rise in this study is still within the optimum range of 
this species, thus the photosynthesis activity of these 
seedlings was unaffected by the increase of 2°C. Such 
responses were relatively similar to those observed 
in heat temperature stressed assai palm (Húrsula et 
al., 2019). However, plants treated with severe water 
stress showed a significant decrease in fv/fm which 
indicates there was the inactivity of PSII reaction 
centres and this also has been observed by Suresh et 
al. (2010) in their study with E.guineensis under water 
stress. The damaging effects of both stresses were 
obvious on the functioning of photosystem II (fv/fm) 
which is a reliable sign of more damage in the PSII 
electron transport cycle due to the photoinhibition 
as in agreement with previous reports on rice plants 
(Amjikarai et al., 2018). The reduction of chlorophyll 
content under severe water stress is believed due to 
this damage in photosynthetic membrane structure as 
observed by Song et al. (2019) in Zea mays L.

Figure 6: Effect of temperatures under fertilization with potassium 
at various water stress levels on the biochemical properties of the 
seedlings for four weeks. Error bars depict standard error of the mean 
(SEM) (n 6). Same letters were not significantly different at p<0.05.
Notes: A 100% ER+ KCl + 1X rate + 30°C; B = 100% ER + KCL1 
+ 1X rate + 32°C; C = 75% ER + K2SO4 + 2X rate +30°C; D =75% 
ER + K2SO4 + 2X rate +32°C; E = 25% ER + KNO3 + 2X rate 
+30°C; F = 25% ER + KNO3 + 2X rate +32°C.

Biochemical properties
Biochemical properties were influenced by temperature 
and water stress with potassium fertiliser applied to the 
seedlings (Figure 6; P ≤ 0.05). It was found that severe 
water stress significantly increased all the biochemical 
attributes in both ambient and elevated temperatures 
of the seedlings. However, under well-watered and 
mild water stress, the level of soluble sugar, total 
phenolics, and lipid peroxidation were not significance 
with each other regardless of the temperature and rate 
or type of K. The combination of heat stress and severe 
water stress with high fertilisation (treatment E) had 
risen the level of proline, soluble sugar, total phenolics 
and lipid peroxidation from control treatment for 
about approximately 394%, 205%, 98%, and 146%, 
respectively. 

Figure 7: Field layout of various treatments and replications in 
RCBD. Notes: A 100% ER + KCl + 1X rate + 30°C; B = 100% ER+ 
KCl + 1X rate + 32°C; C = 75% ER + K2SO4 + 2X rate +30°C; D 
=75% ER + K2SO4 + 2X rate +32°C; E = 25% ER + KNO3 + 2X 
rate +30°C; F = 25% ER + KNO3 + 2X rate +32°C.

Proline, soluble sugar, total phenolics, and lipid 
peroxidation are frequently used as biochemical 
indicators to evaluate oxidative damage in plants under 
abiotic stress ( Ju et al., 2018; Pessarakli et al., 2015). 
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In this experiment showed that palms under well-
watered (treatments A and B) and moderate water 
stress with a double rate of potassium (treatments 
C and D) can tolerate the high temperature which 
suggests the increase of 2°C gave no negative effect 
on the oil palm seedlings. However, the biochemical 
properties were found to be enhanced under severe 
water stress and elevated temperature suggesting 
there is the accumulation of ROS which can cause 
oxidative damage and cell death. In this study, the 
seedlings under severe stress produce these antioxidant 
components for detoxification of ROS to protect 
plant cells from oxidative damage ( Jakovljević and 
Stanković, 2020; Lamaoui et al., 2018). The spike of 
biochemical properties under a combination of water 
and heat stress also has been studied in the legumes 
family (Signorelli et al., 2015), bread wheat (Sattar et 
al., 2020), and assai palm (Húrsula et al., 2019).

Conclusions and Recommendations

This work was conducted to characterised oil palm 
seedlings growth, leaf gas exchange, and biochemical 
changes under water stress and rising temperature 
with potassium supplementation in the future. The 
result showed that only the development of oil palm 
seedlings was shown to be susceptible to a 2°C rise, 
but the seedlings’ metabolic processes and leaf gas 
exchange were unaffected. This indicates that the 
oil palm seedlings can acclimatise to a 2 °C increase 
in future conditions. The current study also revealed 
that combined stress has a predominant effect over 
individual stress and potassium fertiliser (K2SO4) has 
the potential to reduce the effect of moderate water 
stress under ambient temperature. Future research on 
the development of oil palm crops ability to withstand 
stress will be aided by these findings.
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