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Crop Science/ Original Article

Morphophysiological 
responses of young oil palm 
plants to salinity stress
Abstract – The objective of this work was to assess the morphophysiological 
characteristics and the ionic imbalance in the substrate, roots, and leaves 
of young oil palm (Elaeis guineensis) plants under different levels of saline 
stress, following a substrate salinization protocol in which the level of salt 
was known. Bifid oil palm plants were subjected to different NaCl rates 
(0.0, 0.5, 1.0, 1.5, and 2.0 g NaCl per 100 g substrate on a dry basis), and 
their morphophysiological responses were evaluated for a period of 12–14 
days. This protocol generated different levels of stress due to the gradients 
of electrical conductivity and water potential in the saturation extract 
of the substrate, according to the added NaCl. Based on the rates of real 
evapotranspiration and leaf gas exchange, the osmotic effect of the salt 
reflected negatively on leaf temperature, on the chlorophyll content index, 
and on the chlorophyll fluorescence variables. The increase in Na and Cl 
levels in the saturation extract culminated with the increasing availability of 
Ca, K, and Mg in the solution and their accumulation in the leaves. However, 
the plants poorly absorbed Na and Cl. The obtained results are indicative that, 
for a better characterization of the osmotic and ionic phases of salinity stress, 
it is necessary to reduce the applied level of salinity stress and to increase the 
evaluation period.

Index terms: Elaeis guineensis, abiotic stress, electrical conductivity, 
evapotranspiration, stomatal conductance, water potential.

Respostas morfofisiológicas de dendezeiros 
jovens ao estresse de salinidade
Resumo – O objetivo deste trabalho foi avaliar as características 
morfofisiológicas e o desequilíbrio iônico no substrato, nas raízes e nas folhas 
de plantas jovens de dendezeiro (Elaeis guineensis) sob diferentes níveis de 
estresse salino, seguindo protocolo de salinização do substrato em que o 
nível de sal era conhecido. Plantas bifídicas de dendezeiro foram submetidas 
a doses distintas de NaCl (0,0, 0,5, 1,0, 1,5 e 2,0 g de NaCl por 100 g de 
substrato em base seca), e suas respostas morfofisiológicas foram avaliadas 
por um período de 12 a 14 dias. Este protocolo gerou diferentes níveis de 
estresse devido aos gradientes de condutividade elétrica e potencial hídrico 
no extrato de saturação do substrato, de acordo com o NaCl adicionado. Com 
base nas taxas de evapotranspiração real e nas trocas gasosas foliares, o efeito 
osmótico do sal refletiu negativamente na temperatura da folha, no índice de 
conteúdo de clorofila e nas variáveis de fluorescência da clorofila. O aumento 
nos níveis de Na e Cl no extrato de saturação culminou com o aumento da 
disponibilidade de Ca, K e Mg na solução e com o seu acúmulo nas folhas. 
No entanto, as plantas pouco absorveram Na e Cl. Os resultados obtidos são 
indicativos de que, para uma melhor caracterização das fases osmótica e 
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iônica do estresse salino, deve-se reduzir o nível de estresse 
salino e aumentar o período de avaliação.

Termos para indexação: Elaeis guineensis, estresse 
abiótico, condutividade elétrica, evapotranspiração, 
condutância estomática, potencial hídrico.

Introduction

Oil palm (Elaeis guineensis Jacq.), a monocotyledon 
crop originated from the eastern part of the African 
continent, is a highly important commercial source of 
vegetable oil (Bakoumé et al., 2015). In the 2017/2018 
harvest season, it once again ranked first among the 
crops used for vegetable oil production, totalizing 70 
million tons or 37% of all consumed vegetable oil 
worldwide (Statista, 2018). It also has the highest oil 
productivity among the commercially available oilseed 
crops. Despite this, only a few countries produce oil 
palm, with 82% of the production concentrated in 
Indonesia and Malaysia (FAO, 2018).

In Brazil, oil palm is mainly grown in the Amazon 
rainforest. In 2018, the state of Pará alone was 
responsible for 98% of all oil palm produced in the 
country (IBGE, 2019). However, of the approximately 
200,000 ha cultivated with the species, only about 
60% were harvested that year (Diagnóstico…, 2018; 
IBGE, 2019). This is considered a small area to 
meet the demands for palm oil in Brazil, which are 
increasing every year due to the government programs 
that encourage the use of the biodiesel derived from 
the crop to fuel the national fleet of trucks and buses 
(Programa de Produção Sustentável de Óleo de Palma 
no Brasil, 2010; Carvalho, 2015).

Because of this demand and the legal environmental 
restrictions on the use of the Amazon rainforest, with 
consequent logistical difficulties hindering production 
flow, there is a need for the cultivation of oil palm in 
other regions of the country. Most soils of these regions 
are appropriate, but the climate imposes constraints 
such as the lack of rainfall during certain periods of 
the year. In experiments in the Mid-Western region, 
for example, oil palm water requirements had to be 
met through irrigation (Azevedo et al., 2008; Costa et 
al., 2018). However, continuous irrigation is one of the 
main causes of soil salinization, especially if the water 
used contains high concentrations of dissolved salts.

Soil salinity is, therefore, characterized by a high 
concentration of soluble salts, which reduce water 

and osmotic potentials and increase the electrical 
conductivity of the soil. The presence of ions in the 
substrate causes a cascade effect that imbalances the 
entire plant metabolism, particularly water flow, the 
photosynthetic system, and ionic homeostasis (Parihar 
et al., 2015; Schiavon et al., 2017).

Saline stress has two distinct phases – osmotic 
and ionic –, whose duration and intensity vary 
according to the plant species and salt levels (Munns 
& Tester, 2008). The osmotic phase is characterized 
by the immediate inhibition of water uptake by plant 
roots and occurs due to the reduction of soil osmotic 
potential, having a similar effect to water stress. It 
causes many morphophysiological changes in the 
plant, such as: decreases in water content, growth 
rate, pigment content, and photosynthetic proteins; 
increase in the production of reactive oxygen species; 
and changes in the absorption and transport of several 
ions, cell signaling, hormonal balance, and foliar 
anatomy (Parida & Das, 2005; Munns & Tester, 2008). 
The ionic phase is directly related to the uptake of the 
Na+ and Cl- ions, and to its consequences on plants. 
It is characterized by the toxic effects that occur in 
the long term, resulting in several changes (Munns & 
Tester, 2008), including: senescence of older leaves; 
reduction in chlorophyll fluorescence and intracellular 
osmotic potential; and changes in the ion concentration 
(Na, Cl, K, and Ca, among others) in different cell 
compartments and in the transport, influx, and efflux 
of these ions (Gupta & Huang, 2014). Depending on 
the intensity and duration of saline stress and on plant 
tolerance mechanisms, the severity of these effects can 
lead to plant death (Parihar et al., 2015).

Despite these results, there are not many relevant 
studies addressing saline stress in oil palm. Moreover, 
of the works available, only a few have daily monitored 
the responses before and after this type of stress and 
even less have specified the level of stress to which the 
plants were subjected.

The objective of this work was to assess the 
morphophysiological characteristics and ionic 
imbalance in the substrate, roots, and leaves of young 
oil palm plants under different levels of saline stress, 
following a substrate salinization protocol in which the 
level of salt was known.
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Materials and Methods

All oil palm plants used in the study were regenerated 
from E. guineensis embryogenic calluses (AM33 
genotype), supplied by Professor Sergio Motoike of 
Universidade Federal de Viçosa, located in the state 
of Minas Gerais, Brazil. The protocols and procedures 
implemented to regenerate the plants are described in 
Corrêa et al. (2015). The embryogenic calluses were 
transferred to a regeneration medium on January 2016 
and kept in a BOD chamber at 30°C and a 16/8-hour 
light/dark photoperiod. On July and December 2016, 
the plants regenerated in vitro were: put in 200-mL 
plastic cups containing vermiculite and the Bioplant 
commercial substrate (Bioplant Agrícola Ltda., Nova 
Ponte, MG, Brazil), in a 1:1 ratio, on a dry basis; 
transferred to the PGW40 growth chamber (Conviron, 
Winnipeg, Canada), with air temperature at 25±2°C, 
relative humidity at 60±10%, and light intensity 
at 500±50 µmol m-2 s-1, for acclimation; and then 
transferred to a greenhouse at Embrapa Agroenergia, 
in Brasília, DF, Brazil (15.732°S, 47.900°W), where 
they were kept until the end of the experiments.

Two salinity stress experiments were carried out in 
November 2017 and March 2018, respectively, using 
two different sets of young oil palm plants, which were 
selected from the collection of the in vitro regenerated 
plants at the greenhouse. Due to the time interval 
between both experiments, there was an age difference 
of four months between the two sets of plants used. 
The main environmental variables (temperature, 
humidity, and radiation) were monitored throughout 
the experimental period using data collected at a 
nearby meteorological station (15.789°S, 47.925°W) 
and fluctuated according to the weather conditions.

In both experiments, the plants were grown in 5-L 
black plastic pots, containing 1,700 g of a mixture 
of vermiculite, soil, and the Bioplant commercial 
substrate (Bioplant Agrícola Ltda., Nova Ponte, MG, 
Brazil), in a 1:1:1 ratio, on a dry basis. The substrate 
mixture was fertilized using 2.5 g L-1 of the N-P2O5-
K2O formula (20-20-20).

To determine the moisture content of the 
substrate, ten samples containing 100 g fresh weight 
(FW) of the substrate were individually placed on Petri 
dishes and then oven-dried at 105°C for 72 hours to 
obtain dry weight (DW). The difference between FW 
and DW was the amount of water previously retained in 

the substrate. To determine field capacity, ten samples 
containing 100 g fresh substrate were placed in 200-mL 
plastic pots, which were drilled at the bottom. Water 
was slowly added to the top substrate in the pots so that 
the excess water began to drain through the holes at the 
bottom. Afterwards, the pots were covered on top to 
avoid evaporation and maintained under drainage for 
approximately 6 hours to allow the total exhaustion of 
gravitational water. Finally, the substrate was weighed 
again to obtain weight at field capacity (WFC). The 
difference between WFC and FW corresponded to the 
amount of additional water necessary for the substrate 
to reach the maximal water-holding capacity. The 
sum of the amount of water previously contained in 
the fresh substrate and the water added to reach field 
capacity was considered the total amount of water in 
the substrate needed to reach field capacity.

The substrate salinization process included an 
incubation period to allow the physicochemical 
reactions to occur between the substrate and the added 
salt. The substrate samples were distributed in 200-mL 
plastic pots and subjected to the following salinization 
rates: 0.0, 0.5, 1.0, 1.5, and 2.0 g NaCl per 100 g 
substrate on a dry basis, with five replicates. NaCl was 
applied through a diluted saline solution. The amount 
of water used for salt dissolution was standardized 
and calculated by the difference between the amount 
of water previously present in the fresh substrate and 
the amount retained for the substrate to reach WFC. 
The substrate was then kept in the PGW40 growth 
chamber (Conviron, Winnipeg, Canada), with air 
temperature at 25±2°C, relative humidity at 60±10%, 
and light intensity at 500±50 µmol m-2 s-1. Weight 
was monitored daily in order to return the plastic pot 
to its original WFC, which was done by replacing 
the amount of water lost by evapotranspiration with 
deionized water. After 0, 5, 10, 15, and 20 days of 
incubation, the substrate was suctioned through the 
bottom of the plastic pot with the aid of the V-700 
Büchi vacuum pump (Sigma-Aldrich, St. Louis, MO, 
USA), for the removal of aqueous extract samples. 
These samples were filtered to determine electrical 
conductivity and water potential, using, respectively, 
the HI98311 conductivity meter (Hanna Instruments, 
Woonsocket, RI, USA) and the WP4C water potential 
meter (Decagon Devices, Pullman, WA, USA).

The oil palm plants in the 5-L black plastic pots 
were subjected to salt stress at the growth stage known 
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as “bifid” saplings. The salinization of the substrate 
followed the same procedure previously described, 
in order to guarantee the stability of the variables 
related to saline concentration, especially electrical 
conductivity and water potential, during the period of 
saline stress. The plots, represented by young oil palm 
plants, were distributed in a completely randomized 
experimental design inside the greenhouse. The plants 
remained under saline stress for 17 and 12 days in the 
first and second experiment, respectively. The levels of 
salt applied were the same as those used for substrate 
salinization, but with four replicates.

The weight of each plastic pot containing an oil 
palm plant at a given salinity level was previously 
determined at field capacity. The difference between 
the initial weight of the pot at field capacity and the 
weight after 24 hours under evapotranspiration allowed 
calculating the amount of water that evaporated. The 
amount of lost water was replenished daily, at the same 
time for all plants, to return the substrate of each pot to 
field capacity each day. This procedure was essential 
to individually provide the same levels of salinity 
and electrical conductivity for the same treatment 
replicates, according to the amount of salt applied to 
the substrate.

Gas exchange, chlorophyll content index, 
and chlorophyll fluorescence were assessed in a 
predetermined area of the last expanded leaf, called 
apical leaf (leaf A). For gas exchange only, assessments 
were also carried out in a predetermined area of the 
basal leaf (leaf B). In both cases, the measurements 
were performed on the same leaf throughout the 
experiments (Figure 1).

Gas exchange was measured on the middle third of 
leaves A and B, in a previously marked area, between 
9:00 and 11:00 a.m. The 6400XT portable infrared 
gas analyzer (LI-COR, Lincoln, NE, USA), equipped 
with a 2x3-cm measuring chamber and the 6400-02B 
artificial light system (LI-COR, Lincoln, NE, USA), 
was used. The temperature of the block was set to 25°C, 
photosynthetically active radiation to 1,500 µmol m-2 
s-1, air relative humidity inside the measuring chamber 
to between 50 and 60%, airflow index to 400 µmol 
s-1, and CO2 concentration to 400 ppm in the reference 
cell by using the 6400-01 CO2 injector system (LI-
COR, Lincoln, NE, USA) with a 7.5-g CO2 cylinder. 
The following gas exchange variables were calculated: 
net CO2 assimilation rate (A), stomatal conductance 
(gs), transpiration rate (E), and intercellular CO2 
concentration (Ci), based on the equations described in 

Figure 1. Young oil palm (Elaeis guineensis) plants at the bifid-sapling growth stage, evaluated in: experiment 1, before 
stress (A) and after 14 days under stress (B); and in experiment 2, before stress (C) and after 12 days under stress (D). On the 
left: plant and details of the apical (leaf A) and basal (leaf B) leaves used to collect the morphophysiological data and perform 
the mineral analysis; and highlight showing the support and absorption roots. On the right: plants subjected to different rates 
of NaCl added to the growing substrate (mix of vermiculite, soil, and the Bioplant commercial substrate, in a 1:1:1 ratio, on a 
dry basis) in greenhouse conditions. The value below each pot represents the amount of NaCl added to each 100 g substrate, 
oven-dried at 105°C for 24 hours.
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the LI-COR 6400XT user manual (Li-Cor Bioscience, 
2012).

Thermal visible images were obtained with the 
T420 camera (FLIR Systems AB, Danderyd, Sweden), 
which had the following characteristics: 320x240 
pixels of thermal spatial resolution, spectral response 
from 7.5 to 13 µm, uncooled microbolometer focal-
plane array detector, 60 Hz of frame rate, pixel thermal 
sensitivity of 0.045°C at 30°C, temperature accuracy of 
±2°C or 2% of reading (whichever is greater) at 25°C, 
lens of 25°, and weight of 0.88 kg including the battery. 
Following the principles of infrared thermography 
(Usamentiaga et al., 2014), the thermal imager was 
set up for the environmental conditions at the time of 
image capture, which included distance of plant leaves, 
reflected temperature obtained by the aluminum foil 
method, atmospheric temperature, and air relative 
humidity. Thermal leaf emissivity was set to 0.98. For 
this purpose, the plant leaves were considered as grey 
bodies in which emissivity is constant and independent 
of the wavelength for the spectral range of 7.5–13 
µm. The thermographic images were analyzed by the 
FLIR Tools software, version 6.3 (FLIR Systems AB, 
Danderyd, Sweden), and the average temperature of 
the leaves was extracted from geometric figures drawn 
along the leaf blade.

The chlorophyll content index was measured on 
leaf A, in the same portion used to determine gas 
exchange and relative water content. This index was 
analyzed using the CCM-200 Plus chlorophyll meter 
(Opti-Sciences Inc., Hudson, NH, USA). Measures 
were taken in five different points of the selected leaf 
portion. The averaged values were used.

The chlorophyll fluorescence technique, also known 
as the saturation pulse method, was used to determine 
the following parameters with the MINI-PAM 
portable chlorophyll fluorometer (Heinz Walz GmbH, 
Effeltrich, Germany): maximum fluorescence yield 
on dark-adapted plants (Fm), minimum fluorescence 
yield on dark-adapted plants (Fo), and maximum PSII 
quantum yield (Fv/Fm). These measurements were 
performed on leaf A, in the same portion used to 
measure the chlorophyll content index. The used device 
was configured to provide an initial fluorescence 
measurement light with a frequency of 0.6 KHz and 
intensity at level 2, with an amplifier factor of the 
detector electronic signal set up at level 1. The intensity 
of the saturating light pulse was set up at level 12. The 

piece of leaf to be evaluated was previously kept in 
the dark for at least 1 hour with the aid of the DLC-
8 leaf clip (Heinz Walz GmbH, Effeltrich, Germany). 
For the measurement procedure, the probe tip of the 
fluorometer was coupled to the leaf clip, which was 
attached to the leaf. Then, the leaf clip shutter was 
opened to expose the leaf piece to be evaluated. After 
2 s, enough time for the initial fluorescence signal to 
stabilize (without the influence of actinic light), the 
start button was pressed, triggering the maximum 
photosystem II quantum yield, calculated using the 
WinControl software (Heinz Walz GmbH, Effeltrich, 
Germany). Initially, a routine recorded the Fo generated 
by the initial measurement light and, then, the software 
triggered a pulse of saturating light and recorded the 
Fm. From these two variables, the internal algorithm 
present in the WinControl software automatically 
calculated Fv/Fm, according to the equation described 
by Genty et al. (1989): Fv/Fm = (Fm - Fo)/Fm.

For biomass determination, plants were harvested at 
the end of each experiment. Their component parts, 
i.e., shoots and roots, were weighed to determine 
fresh biomass and, then, dried in a forced-air oven, at 
65°C, until constant weight to obtain dry biomass. The 
two types of oil palm plant roots were used, namely: 
absorption roots, which are thin, branched, and with 
absorbent hairs; and support roots, which are thick, 
unbranched, and with a smooth surface (Figure 1).

To determine mineral content, samples were 
collected from leaves A and B, support and absorption 
roots, and the substrate before and after plant growth. 
The dried samples were ground in the TE-680 Wiley 
mill (Tecnal, Piracicaba, SP, Brazil), passed through a 
1-mm sieve (20 mesh), and then subjected to mineral 
extraction by the standard methods used in laboratory 
routine (Vieira, 2019).

All data were subjected to the Shapiro-Wilk and 
Bartlett tests to check for normality of errors and 
homogeneity of variances, respectively. Once the basic 
requirements were met, the means were subjected 
to the analysis of variance. Data on the electrical 
conductivity and water potential of the substrate 
were subjected to the regression analysis. Time was 
considered as a qualitative factor for gas exchange, 
canopy temperature, chlorophyll content index, 
chlorophyll fluorescence, and biomass. Means were 
compared by the Scott-Knott test, at 5% probability, 
using the SISVAR software, version 5.6 (Ferreira, 
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2019). The means of the mineral content in the 
substrate, leaves, and roots were also subjected to the 
regression analysis.

Results and Discussion

The saturation extract of the substrate before the 
addition of NaCl showed a low electrical conductivity 
(EC) and a slightly positive water potential (ψw) 
(Figure 2). Since the theoretical maximum value of 
ψw is equal to zero, the positive ones can be the result 
of a measurement error, which is higher in the type of 
equipment used when the ψw value approaches zero. 
The addition of NaCl to the substrate caused imbalances 
in the ionic and osmotic components, triggering a 
rapid increase in the EC and a proportional decrease in 
the ψw of the saturation extract. In general, during 20 
days of incubation, EC and ψw slightly increased and 
decreased, respectively (Figure 2), which are common 
changes after salt addition (Rivero et al., 2014; Qiu et 
al., 2017; Schiavon et al., 2017).

However, those two variables derived from the salt 
content in the substrate only underwent minor changes 
during the incubation period. This means that most 
of the salt was available in the solution, rather than 
retained in the substrate. These results may be due to 
the methodology used to extract the saline solution for 
the measurements. In any case, the values obtained for 
both variables were proportional to the salt rate added 
to the substrate, implying that oil palm plants subjected 
to the same rate were also exposed to the same levels 
of EC and ψw throughout the experiments.

The addition of salt to a medium causes an increase in 
the content of total ions and in the ability of the aqueous 
solution to conduct an electric current (Clesceri et al., 
1998). By measuring the EC of a solution, it is possible 
to quickly and efficiently determine the degree of 
mineralization and the variation in the content of 
dissolved salts (Clesceri et al., 1998). Furthermore, the 
increase in solute concentration, which is the chemical 
potential of a watering system, is one of the factors 
that contributes to the reduction of the ψw of a solution 
(Taiz & Zeiger, 2013).

Before the imposition of saline stress (time zero), real 
evapotranspiration rates did not differ between both 
groups of plants. However, 24 hours after the addition 
of different amounts of NaCl, the evapotranspiration 
rates reduced proportionally to the rate of salt added 
to the substrate (Figure 3). Therefore, the higher the 
salt rate, the lower the real evapotranspiration rate. 
This pattern of response was maintained throughout 
the experiment, regardless of the daily oscillations 
caused by temporal fluctuations in the weather-related 
variables. It should be noted that the daily water 
evapotranspiration rates were higher in the second 
experiment due to the larger size of the plants.

Other studies dealing with saline stress in plants 
reported this same type of behavior (Al-Busaidi & 
Yamamoto, 2011; Toledo et al., 2017; Xin et al., 2016). 
However, the obtained results depend on a careful 
standardization of plant age and size, of the salt rate 
added to the substrate, and of the daily replenishment 
of the water lost by evapotranspiration to return to 
field capacity, as was done in the present work. This 
standardization was fundamental to ensure the level 
of salinity to which the plants were subjected and to 
maintain relatively constant the levels of EC and ψw 
of the solution. These last two variables, which depend 
on the salt rate, will induce modifications in the plant 

Figure 2. Electrical conductivity (A) and water potential (B) 
of the substrate (mix of vermiculite, soil, and the Bioplant 
commercial substrate, in a 1:1:1 ratio, on a dry basis) 
saturation extract after the addition of different NaCl rates, 
without any plants. The trend lines follow their respective 
line equations and coefficient of determination (R2).
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metabolism, from roots to shoots, to seek strategies to 
adapt to salt stress.

Before the addition of NaCl to the substrate, oil 
palm plants showed the highest gas exchange rates 
(A, gs, and E) and the lowest Ci, especially in leaf A 
(Table 1). However, on the fifth day after the onset 
of saline stress, the gas exchange rates decreased 
proportionally to the increase in the concentration of 
NaCl, especially in leaf B; this drop accentuated on 
the eighth day. In general, the results showed that the 
longer the exposure to saline stress, the older the leaf, 
and the higher the NaCl concentration, the faster is 
the drop in the gas exchange rates. (Table 1). Similar 
results were observed in studies carried out by Shaar-
Moshe et al. (2017) with Brachypodium distachyon 
(L.) P.Beauv. and by Rivero et al. (2014) with Solanum 
lycopersicon L. The main reason for the reduction in 
the photosynthetic rates of plants under salt stress is the 
reduction in the osmotic potential of the root medium, 
followed by the accumulation of the Na and Cl ions 

in the leaves (Parihar et al., 2015). In fact, in the oil 
palm plants under study, the changes in the stomatal 
conductance rates were closely related to NaCl and the 
ψw of the saturation extract and, consequently, to the 
evapotranspiration rates.

The efficiency of the gas exchange of a plant under 
salt stress is linked directly to its capacity to maintain 
the homeostasis of water relations (Negrão et al., 2017). 
Stomatal closure, induced rapidly by the reduction in 
water absorption in the osmotic phase, causes a decline 
in stomatal conductance and the diffusion of CO2 into 
the leaf mesophyll (Chaves et al., 2009), restricting 
the supply of CO2 to the ribulose bisphosphate 
carboxylase/oxygenase (Rubisco) enzyme. Therefore, 
the maintenance of leaf gas exchanges under saline 
conditions is one of the evidences of salt stress 
tolerance (Munns & Tester, 2008; Harris et al., 2010; 
Negrão et al., 2017). From this point of view, oil palm 
can be considered as salinity sensitive because its 
gas exchange rates were reduced proportionally to 
the increase in NaCl. Moreover, the accumulation of 
intercellular CO2, especially at the higher level of 2.0 
g NaCl and in older leaves (Table 1), suggests that the 
activity of Rubisco and/or other enzymes responsible 
for carbon reduction in the leaf mesophyll may have 
been affected.

Before the addition of salt to the substrate (time 
zero), no differences were observed in leaf temperature 
among the groups of plants. However, as the NaCl 
concentration in the substrate increased, the leaf 
temperature also increased (Figure 4). Therefore, 12 
days after the addition of salt to the substrate, the leaf 
temperature of the plants subjected to the two highest 
rates differed statistically from those of the others. This 
result is further evidence that saline stress restricted 
the rates of water absorption and gas exchange, and, 
consequently, the cooling capacity of the leaves. 
Differences in salt stress levels between plants have 
been determined by thermography, a nondestructive, 
remote sensing technique (Munns & Tester, 2008; 
Sirault et al., 2009; Negrão et al., 2017). Its principle 
builds on the dynamic flow of water in a plant, which 
means that the higher the rates of water absorption, 
stomatal conductance, and transpiration, the lower the 
leaf temperature and salt stress level (Negrão et al., 
2017).

Besides the decrease in gas exchange rates, another 
common effect of saline stress on plants is the 

Figure 3. Daily evapotranspiration rate with different amounts of 
NaCl added to the substrate (mix of vermiculite, soil, and the Bioplant 
commercial substrate, in a 1:1:1 ratio, on a dry basis) cultivated with young 
oil palm (Elaeis guineensis) plants, in experiment 1 (A) and experiment 2 
(B). Bars indicate the mean standard deviation (n = 4).

https://www.ipni.org/a/12653-1
https://www.ipni.org/a/7271-1
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Table 1. Gas exchange rates in leaves of young oil palm (Elaeis guineensis) plants subjected to different rates of NaCl 
added to the substrate (mix of vermiculite, soil, and the Bioplant commercial substrate, in a 1:1:1 ratio, on a dry basis) in 
greenhouse conditions(1).
Parameter(2) Leaf(3) g NaCl per 100 g substrate Time of salt stress (day)

0 5 8

A (µmol CO2m-2s-1)

A

0 9.83Aaα 7.76Abα 7.20Abα

0.5 7.26Caα 7.24Aaα 4.24Bbα

1.0 7.19Caα 3.91Bbα 2.24Ccα

1.5 7.38Caα 1.45Cbα 1.56Cbα

2.0 8.67Baα -0.18Dbα -0.47Dbα

B

0 5.90Baβ 6.38Aaβ 3.99Abβ

0.5 6.92Aaα 4.95Bbβ 2.38Bcβ

1.0 6.15Baα 0.88Cbβ 0.96Cbβ

1.5 7.68Aaα -0.11Cbβ 0.03Cbβ

2.0 6.84Aaβ 0.62Cbα 0.52Cbα

gs (mol H2O m-2s-1)

A

0 0.18Aaα 0.12Abα 0.12Abα

0.5 0.11Caα 0.10Aaα 0.06Bbα

1.0 0.14Baα 0.06Bbα 0.05Bbα

1.5 0.20Aaα 0.05Bbα 0.05Bbα

2.0 0.20Aaα 0.00Cbα 0.00Cbα

B

0 0.07Bbβ 0.11Aaα 0.07Abβ

0.5 0.10Aaα 0.04Bbβ 0.04Bbβ

1.0 0.11Aaβ 0.02Cbβ 0.02Bbβ

1.5 0.12Aaβ 0.00Cbβ 0.00Bbβ

2.0 0.13Aaβ 0.02Cbα 0.01Bbα

Ci (µmol m-2s-1)

A

0 275.50Aaα 255.71Baα 274.22Caα

0.5 247.19Aaα 261.87Baα 247.79Caα

1.0 277.16Aaα 313.18Baα 275.45Caα

1.5 298.16Aaα 318.29Baβ 351.27Baβ

2.0 295.61Acα 555.04Abα 904.72Aaα

B

0 230.71Aaα 251.58Baα 234.49Caα

0.5 256.72Aaα 234.43Baα 250.92Caα

1.0 269.94Aaα 284.62Baα 273.04Caα

1.5 266.60Acα 426.38Abα 544.41Baα

2.0 264.11Acα 372.08Abβ 637.50Aaβ

E (mmol H2O m-2s-1)

A

0 4.09Aaα 2.28Abα 2.52Abα

0.5 2.51Baα 2.11Aaα 1.63Bbα

1.0 2.90Baα 1.30Bbα 1.26Bbα

1.5 3.73Aaα 1.17Bbα 1.40Bbα

2.0 3.72Aaα 0.07Cbα 0.13Cbα

B

0 1.47Bbβ 2.14Aaα 1.65Abβ

0.5 2.39Aaα 1.54Bbβ 0.57Bcβ

1.0 2.46Aaα 0.36Cbβ 0.37Bbβ

1.5 2.63Aaβ 0.13Cbβ 0.11Bbβ

2.0 2.16Aaβ 0.07c 0.07Bbα

(1)Means followed by equal letters do not differ by the Scott-Knott test, at 5% probability. Lowercase, uppercase, and Greek letters compare, respectively, 
time under stress, NaCl concentrations, and leaf types. (2)A, net CO2 assimilation rate; gs, stomatal conductance; Ci, intercellular CO2 concentration; and 
E, transpiration rate. (3)A, apical leaf; and B, basal leaf. 
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reduction in chlorophyll content (Lutts et al., 1996; 
Cha-um et al., 2009; Chutipaijit et al., 2011) and in the 
photochemical efficiency of photosynthetic pigments 
(Rivero et al., 2014; Bendaly et al., 2016; Kalaji et al., 
2018; Rahneshan et al., 2018). In both experiments, 
young oil palm plants had a similar leaf chlorophyll 
content index before the onset of saline stress  
(Figure 5). However, in the first one, the NaCl rates 
above 1.0 g promoted a drop in the values obtained 
for the index, starting on the second day of stress and 
accentuating proportionally to the level of salt as the 
stress period went on. In the second, the values of the 
index were only half of the ones of the first experiment 
and did not repeat the same pattern of behavior.

In the first experiment, the addition of NaCl to the 
substrate changed all leaf chlorophyll fluorescence 
variables in the young oil palm plants due to stress 
severity and duration. At the end of the stress period, 
Fo suffered a significative drop at the maximum salt 
rate used (Figure 6). Fm was strongly affected by 1.0 
g salt or higher on the second day, but recovered at 
the intermediate levels of NaCl, so that, at the end of 
the evaluation period, only the maximum rate caused a 
significant decrease. Fv/Fm also reduced on the second 
day with 1.5 g NaCl; however, as Fm, it recovered and 
only dropped at the highest rate of 2.0 g NaCl on the 
last day of stress. In the second experiment, the small 
changes that occurred throughout the stress period in 
the chlorophyll fluorescence variables appeared to be 
random or due to leaf age, with little or no relation to 
the NaCl levels in the substrate.

As expected, the drop in the chlorophyll content 
index (Figure 5) corresponded to a decrease in Fm and 
Fv/Fm (Figure 6), at least on the second day of saline 
stress. The initial drop in Fv/Fm, which is related to 

Figure 4. Average temperature on the leaves of young oil 
palm (Elaeis guineensis) plants on day 0 and 12 of saline 
stress (A) and thermal images on day 12 (B) due to different 
rates of NaCl added to the substrate (mix of vermiculite, 
soil, and the Bioplant commercial substrate, in a 1:1:1 ratio, 
on a dry basis). Uppercase letters compare the means from 
different NaCl rates on the same day, and lowercase letters 
compare the same NaCl rate on different days. Means 
followed by equal letters do not differ by the Scott-Knott 
test, at 5% probability. Bars indicate the mean standard 
deviation (n = 4).

Figure 5. Chlorophyll content index (CCI) in the apical leaf 
of oil palm (Elaeis guineensis) plants subjected to different 
rates of NaCl added to the substrate (mix of vermiculite, 
soil, and the Bioplant commercial substrate, in a 1:1:1 ratio, 
on a dry basis), in experiment 1 (A) and experiment 2 (B). 
Uppercase letters compare the average measurements 
obtained with the same NaCl rates on different days, while 
lowercase letters compare the averages obtained on the same 
day with different NaCl rates. Means followed by equal 
letters do not differ by the Scott-Knott test, at 5% probability. 
Bars indicate the mean standard deviation (n = 4).
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the loss of efficiency in the capture and transport of 
electrons from plants under salt stress, was associated 
with the decrease in Fm and not with the increase in 

Fo; the latter variable suffered a drop at the maximum 
salt rate of 2.0 g and on the fourteenth day of stress. 
Together, these results suggest that, with chlorophyll 
degradation, which occurred in the young oil palm 
plants due to saline stress, the chloroplasts lost part of 
the antenna structure responsible for capturing light 
energy. However, they kept their membrane system 
accountable for the photochemical flux of electrons at 
least up to the rate of 1.5 g NaCl. It is interesting to 
observe that, even in the case of oil palm, a species 
considered sensitive to salinity, the addition of salt to 
the older plants did not cause considerable changes in 
pigment content and, probably, in the reaction center 
and antennae of photosystem II.

The substrates salinized by NaCl showed minerals 
with altered properties and composition, since the 
exchangeable cations – such as Na, Cl, Ca, K, and 
Mg – increased proportionally to the increase of 
the salt concentration in the substrate (Figure 7). 

Figure 6. Initial fluorescence in the dark (Fo) (A), maximum 
fluorescence in the dark (Fm) (B), and maximum quantum 
yield of photosystem II (Fv/Fm) (C) in the apical leaf of young 
oil palm (Elaeis guineensis) plants subjected to different 
rates of NaCl added to the substrate (mix of vermiculite, soil, 
and the Bioplant commercial substrate, in a 1:1:1 ratio, on a 
dry basis). 1, experiment 1; and 2, experiment 2. Uppercase 
letters compare the average measurements obtained with 
the same NaCl rates on different days, while lowercase 
letters compare the averages obtained on the same day with 
different NaCl rates. Means followed by equal letters do 
not differ by the Scott-Knott test, at 5% probability. Bars 
indicate the mean standard deviation (n = 4).

Figure 7. Mineral composition – including macro- (A) and 
micronutrients (B) – of the substrate (mix of vermiculite, 
soil, and the Bioplant commercial substrate, in a 1:1:1 
ratio, on a dry basis) receiving different rates of NaCl. The 
concentration of the minerals whose symbols are filled in 
black corresponds to the secondary y axis (right). The trend 
lines follow their respective line equations and coefficient 
of determination (R2).
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Consequently, there was a proportional increase in 
the base saturation, cation exchange capacity, and EC 
of the saturation extract. The other mineral elements, 
however, did not differ significantly.

Both support and absorption roots had low levels of 
Cl. Even so, Cl showed a slight upward trend in the 
absorption roots with increasing NaCl levels in the 
growing substrate (Figure 8). In the absorption roots, 

Figure 8. Mineral composition of the apical leaf (A and B), basal leaf (C and D), absorption roots (E and F), and support 
roots (G and H) of young oil palm (Elaeis guineensis) plants subjected to different rates of NaCl added to the substrate (mix 
of vermiculite, soil, and the Bioplant commercial substrate, in a 1:1:1 ratio, on a dry basis). A, C, E, and G, macronutrients; 
and B, D, F, and H, micronutrients. The concentration of the minerals whose symbols are filled in black corresponds to the 
secondary y axis (right). The trend lines follow their respective line equations and coefficient of determination (R2).
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the content of the Na ion was higher and Na increased 
with increasing salt levels in the substrate. Regarding 
other mineral elements, there was only a decrease in 
the K and Fe contents in the support and absorption 
roots, respectively.

The mineral composition of both types of leaves 
selected for analysis was influenced by the increasing 
NaCl rates (Figure 8). In general, the concentrations of 
Cl were low in both leaves, but there was a slight increase 
as the NaCl level increased in the substrate. Although 
the levels of Na were higher in leaf A, they did not differ 
statistically as a function of the amount of NaCl added 
to the substrate. The content of Ca and Mg increased in 
leaves A and B, whereas the content of K only increased 
in leaf B; the other elements did not differ.

The first phase of salt stress on plants, known as the 
osmotic phase, is associated with high concentrations 
of Na and Cl in the solution, which are proportional 
to the amount of NaCl added to the medium (Munns 
& Tester, 2008). As a consequence, there is a rapid 
reduction in osmotic potential, which restricts water 

absorption and, therefore, reduces transpiration rates 
(Munns & Tester, 2008; Parihar et al., 2015). The 
second phase of saline stress, known as the ionic 
phase, occurs more slowly and depends on the saline 
concentration to which the plant was subjected, as 
well as on exposure time and the plant’s capacity 
to accumulate or expel toxic ions (Munns & Tester, 
2008; Kumari et al., 2015). In the case of oil palm 
plants, despite the proportional increase in Na and Cl 
availability in the substrate due to the amount of added 
salt, roots and leaves showed low levels of both ions, 
mainly of Cl (Figure 8). Moreover, the availability of Cl 
in the substrate solution was relatively proportional to 
its contents in both types of roots and leaves, whereas 
Na increased in the absorption roots, but remained the 
same in the leaves.

In the first experiment, NaCl caused a reduction in 
the FW and DW of the roots of the oil palm plants, 
regardless of the amount added to the substrate, but 
had no effect on the shoots (Figure 9 A). In the second 
experiment, with older and larger plants, saline stress 

Figure 9. Fresh (A) and dry (B) biomass of the shoots and roots of young oil palm (Elaeis guineensis) plants subjected to 
different rates of NaCl added to the substrate (mix of vermiculite, soil, and the Bioplant commercial substrate, in a 1:1:1 
ratio, on a dry basis). 1, experiment 1; and 2, experiment 2. Uppercase letters compare the means in the same NaCl rate on 
different days. Means followed by equal letters do not differ by the Scott-Knott test, at 5% probability. Bars indicate the 
mean standard deviation (n = 4).
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did not affect the accumulation of biomass in roots and 
shoots (Figure 9 B). However, in both cases, brownish 
and necrotic areas appeared on the leaves of the plants 
subjected to the highest rates of NaCl in the substrate. 
It should be noted that, despite their age difference, all 
the plants used for the experiments were quite young, 
since they still had bifid leaves and only a few other 
leaves. Therefore, the growth of the young oil palm 
plants was constrained under salt stress, as expected, 
due to the restriction in water absorption by the roots, 
the reduction in photosynthetic rates (Hare et al., 1998; 
Munn & Tester, 2008; Rivero et al., 2014), and the 
increase in pigment breakdown (Gupta & Huang, 2014; 
Mekawy et al., 2015; Muscolo et al., 2015). However, 
the reduction in the growth rate due to salt stress is not 
necessarily the same in all plant organs, since biomass 
is preferably allocated to the aerial part of the plant, 
resulting in a lower accumulation in the roots (Negrão 
et al., 2017).

During saline stress, in addition to the reallocation 
of photoassimilates, energy expenditure is reduced to 
a minimum necessary for organ survival (Munn & 
Tester, 2008; Xin et al., 2016). Therefore, some time 
is needed for metabolic changes to reflect in biomass 
production, which depends on the rates of metabolic 
activity of the plant or a specific organ. Probably, the 
oil palm plants used in the present study had a low 
metabolic activity, as may be inferred from their 
low gas exchange rates compared with adult plants 
(Dufrene & Saugier, 1993). Another possibility is that, 
because this is a species that lives for dozens of years 
(Corley & Tinker, 2003), the time of stress imposed in 
this study was too short.

Conclusions

1. The protocol developed in this study for assessing 
oil palm (Elaeis guineensis) responses to saline stress 
is successful in generating different levels of stress by 
gradients of electrical conductivity and water potential 
in the saturation extract of the substrate, according to 
the added NaCl.

2. Young oil palm plants at the two highest NaCl 
rates (1.5 and 2.0 g NaCl per 100 g substrate) show 
extensive leaf necrosis already at two weeks after 
the onset of the stress, indicating that lower salt rates  
(≤1.0 g per 100 g substrate or ≤ 20 dS m-1) are necessary 

to better characterize the morphophysiological 
responses to salinity stress.

3. The short period of evaluation allows the 
establishment of the osmotic phase of salinity stress, 
but not of the ionic one, indicating that, for a better 
characterization of the osmotic and ionic phases, it 
is necessary to decrease the level of applied salinity 
stress and to increase the assessment period.
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