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Abstract The correlation between stress-induced proline accumulation and stress tolerance has
been reported in multiple crops. In oil palm, elevated proline content was observed but the
detailed study on this regard is still limited. The objective was to elucidate the effects of
genotypes and drought preconditioning on proline accumulation in oil palm seedling under
drought stress and rewatering. Two tenera hybrid progenies, PSU-106 (drought tolerant
progenies) and PSU-220 (drought sensitive progenies) showed that the increased proline level
under drought stress was proved. In non-preconditioned seedlings, PSU-106 accumulated
higher concentration of proine compared to PSU-220. However, drought preconditioning
elevated the maximum proline accumulation in PSU-220 to comparable level to PSU-106. In
rewatering period, proline content was promptly reduced to the level equivalent to the
concentration before stress in all treatments, but the reduction rate was delayed in droughtpreconditioned PSU-106 progenies. This demonstrated that proline accumulation in response to
drought stress in oil palm was genotype-dependent and drought-preconditioning enhanced
proline accumulation in sensitive genotype, but not in tolerant genotype.
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Introduction
Oil palm is a tropical oil crop grown primarily as a supplier for
industrial production of vegetable oil (Euler et al., 2017). Commercial oil palm
is originally from West Africa but the plantation nowadays is centred in
Southeast Asia especially in Indonesia and Malaysia which together contribute
more than 80% of global oil palm fruit production (Vijay et al., 2016). Total oil
palm plantation in Indonesia, the world chief producer, is currently 8 million ha
and expected to increase to 13 million ha by the year 2020 (Ferrianta, 2017).
Thailand ranked the third place with the plantation area of 560,000 ha in 2008
*
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and reached 636,800 ha in 2013 (Taeprayoon et al., 2015). Overall, the oil palm
industry is predicted to expand continuously due to the growing demand of
edible oil (Vijay et al., 2016).
In commercial oil palm plantation, drought exacerbated by climate
change becomes a major limiting factor (Murray et al., 2012; Paterson et al.,
2015). In general, optimal growth condition for oil palm requires annual
rainfall of over 2,000 mm distributed evenly during the year (Corley and
Tinker, 2003; Hartley, 1989). Minimum rainfall for oil palm growth is 1,250
mm with no marked dry period (Pirker et al., 2016). Oil palm plantation with
water scarcity significantly reduces growth and oil yield (Cao et al., 2011; Carr,
2011; Legros et al., 2009). In addition, low level of water availability affects oil
palm inflorescence initiation and differentiation, resulting in a decreased
proportion of female flowers and therefore fruit bunch productivity (Corley and
Tinker, 2003; Forero et al., 2012).
To cope with drought, plants have adopted several physiological
responses. In addition to decline in key physiological processes such as
stomatal conductance, leaf water potential and net photosynthesis, drought
induces the increase level of osmoprotectants (i.e. proline, polyol and
glycinebetaine) to adjust the intracellular osmotic potential and avoid cell injury
(Bartels and Sunkar, 2005; Chaves et al., 2003). Among many different kinds
of osmolytes, proline is one of the major osmotic molecules reported to
accumulate during drought period in multiple species, for example, potato,
tomato, wheat, rice, citrus and coconut (Hien et al., 2003; Schafleitner et al.
2007; Sharma et al., 2017; da Silva et al., 2016; Zandalinas et al., 2016).
Proline is able to protect cells from damage by functioning as both an osmotic
agent and a radical scavenger. Besides, the correlation between drought
tolerance ability and proline content in response to osmotic stress has been
documented (Hien et al.; 2003, Kishor and Sreenivasulu, 2014). Drought
tolerant genotypes appeared to accumulate higher amount of proline compare to
the sensitive genotypes (Hien et al., 2003, Mwadzingeni et al., 2016). In fact,
proline accumulation has long been proposed to be useful as a complementary
strategy for selection of drought tolerant genotypes in plant breeding. In oil
palm, elevated proline content during stress has been reported and could be
regarded as a criterion for screening for stress tolerance (Cha-um et al., 2013;
Jazayeri et al., 2015). However, more detail is needed to understand the
mechanism underlying proline accumulation in oil palm so that using proline
level during stress period as indicator for stress tolerance and manipulation of
proline accumulation for increasing stress tolerance strength can be
appropriately applied. Therefore, the aim of this study was to investigate the
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effects of genotypes and drought preconditioning on proline accumulation
behaviour in response to drought stress and rewatering in oil palm seedling.
Materials and methods
Plant materials
Two tenera hybrid progenies, PSU-106 and PSU-220, developed at
Prince of Songkla University, Songkhla, Thailand, by crossing two different
selected dura (female parent) palms and one common pisifera (male parent)
palm were used in this study. According to our previous study, PSU-106 was
identified to be drought tolerant as the seedlings were able to maintain the
highest growth and exhibit superior physiological performance in moderate and
severe drought stresses when compared to other progenies. In contrast, PSU220 was among the progenies with poorest growth and physiological traits and,
therefore, identified as drought sensitive progeny (Sujitto, 2016). The study was
carried out using 9-month old PSU-106 and PSU-220 seedlings in a greenhouse
condition. Seedlings were selected according to their uniformity in size.
Preconditioning and stress treatments
The following preconditioning treatments were imposed to the selected
seedlings of PSU-106 and PSU-220 progenies, T-0 (control treatment),
irrigated daily at 100% of field capacity; T-1, irrigated every 4 days at 100% of
field capacity; T-2, irrigated every 8 days at 100% of field capacity. Seedlings
were maintained under these preconditioning conditions for 24 days followed
by full irrigation for 5 days. As a consequent, T1 and T2 seedlings were
subjected to 6 and 3 cycles of drought, respectively. Drought-preconditioned
and non-preconditioned seedlings were subsequently exposed to drought stress
for 10 days and rewatered for 5 days.
Soil moisture content
Soil moisture content was measured daily during the preconditioning,
drought stress and rewatering periods. Three pots from each treatment were
sampled and soil moisture content was measured at 10 cm depth using Delta-T
WET-2 soil moisture meter.
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Proline analysis
Proline content was measured as described by (Bates et al., 1973). A total
of 0.05 g ground, frozen leaf tissue was extracted in 10 ml of 3 % sulfosalicylic
acid and filtered through filter paper (Whatman no. 1, England). After filtration,
1 ml of the supernatant was mixed with 1 ml of glacial acetic acid and
ninhydrin reagent. The reaction mixture was incubated in a water bath at 100
°C for 1 h. and subsequently terminated by placing the tubes in an ice bath
followed by mixing with 4 ml toluene. The absorbance at 520 nm was
measured in a spectrophotometer. The proline concentration was determined
from a standard curve and calculated on a fresh weight basis.
Experimental design and statistical analysis
The experiment was arranged in completely randomized design with 5
replications. One plant per replicate was used. The data were analysed using
analysis of variance (ANOVA) at the significant level of 5%, followed by Least
Significant Difference (LSD) test if there were significant differences among
the treatments.
Results
Preconditioning period
During the preconditioning period, same patterns of soil moisture content
fluctuation were observed in cultured pots of PSU-106 and PSU-220 progenies.
Soil moisture contents in the control treatment (T-0) were in the range of 19.10
- 21.02%. In the T-1 and T-2 treatments, soil moisture content decreased
continuously and restored to the initial level of soil moisture content following
full irrigation on the basis of 4-day and 8-day intervals, respectively. Soil
moisture content values of T-1 treatments fluctuated between 6.08% and
21.67%, whereas those of T-2 treatments gradually changed between 3.25%
and 19.45%. Therefore, the lowest soil moisture contents of T-1 and T-2
treatments were 30.30% and 16.20% of field capacity, respectively (Figure 1).
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Figure 1. Soil moisture content in the control and two different droughtpreconditioning conditions. T-0 (control treatment), irrigated daily at 100% of field
capacity; T-1, irrigated every 4 days at 100% of field capacity; T-2, irrigated every 8
days at 100% of field capacity. Each point is the average of three replicates. Vertical
bars on data points are ± S.E.

Effects of different irrigation regimes and genotypes on leaf proline
content were observed during preconditioning period. Oil palm seedlings in T-2
treatment accumulated the highest amount of proline followed by those in T-1
and control treatments, respectively (Figure 2). However, PSU-220 plants of T1 treatments showed elevated but not significantly different proline content
with those exposed to daily full irrigation. For PSU-106 progenies, the
differences of proline contents among 3 irrigation regimes were statistically
significant (P<0.05). Considering the same irrigation treatments, proline levels
did not differ across genotypes except for T-2 treatments. PSU-106 seedlings
exposed to 8-day interval watering accumulated higher amount of proline than
PSU-220 seedlings in the same drought preconditioning treatment. This
indicates the genotypic variability of oil palm in adaptive response to different
levels of water availability through proline accumulation.
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Figure 2. Proline content of PSU-106 and PSU-220 progenies under different
preconditioning irrigation. Values are presented as means ± S.E. (n = 5 replicates).
Different small letters indicate significant difference (P<0.05) of proline content
between treatments within the same progeny. Different capital letters indicate
significant difference (P<0.05) of proline content between different progenies within
the same preconditioning condition.

Drought stress and rewatering period
Prior to drought stress, oil palm seedlings were watered daily until soil
moisture reached full saturation for 5 days. Oil palm seedlings were measured
for proline content before being exposed to stress. Drought stress was
performed by holding irrigation for 10 consecutive days. Soil moisture contents
decreased gradually and reached 2.12±0.13% across all treatments. Rewatering
following drought stress brought the soil moisture content up to approximately
20% in all treatments.
Proline content was measured at 2 days interval during drought stress
period and at 1, 3 and 5 days after resuming watering. Analysis of variance
(ANOVA) of the effects of drought preconditioning treatment and genotypes on
proline accumulation at different time points indicated that genotype
significantly affected proline content during both drought and rewatering
periods (Table 1). The effect of preconditioning treatment was significant for
proline content during the first 8 days of drought but was diminished by day 10.
During the recovering time, the significance of preconditioning treatment was
inconsistent. In addition, proline levels were not consistently, significantly
affected by genotype×preconditioning treatment interaction.
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Figure 3. Soil moisture content during drought stress period. T-0 (control treatment),
seedlings without preconditioned drought; T-1, seedlings exposed to preconditioned
drought of 4-day interval irrigation; T-2, seedlings exposed to preconditioned drought
of 8-day interval irrigation. Each point is the average of three replicates. Vertical bars
on data points are ± S.E.

Table 1. Analysis of variance of the effects of drought preconditioning
treatment and genotypes on proline accumulation at different time points

df
Drought stress
Day 0
Day 2
Day 4
Day 6
Day 8
Day 10
Rewatering
Day 1
Day 3
Day 5

Genotypes
(G)

Preconditioning
treatment (PT)

G×PT

1

2

2

0.567ns
36.748***
17.524***
33.246***
5.236*
6.397*

2.501ns
4.214*
22.458***
5.664*
18.278***
1.255ns

2.808ns
3.703ns
4.560*
2.269ns
4.146*
0.864ns

13.404***
10.542***
0.340ns

2.911ns
18.913***
2.019ns

3.670ns
21.608***
0.332ns

ns represents no significance, * represents significant difference at P ≤ 0.05 and *** represents
significant difference at P ≤ 0.001.
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The average proline content of PSU-106 and PSU-220 progenies during
drought stress showed that drought induced the accumulation of proline in both
progenies. The highest proline levels were observed 8 days after water
withholding across all treatments and genotypes (Figure 3). During the drought
stress, higher proline concentration was found in PSU-106 progenies. The
differences were most pronounced in T-0 treatment (Figure 3A). Drought
preconditioning improved proline accumulation of PSU-220 progenies in
response to water deprivation. Therefore, the similar proline levels of PSU-106
and PSU-220 progenies were observed in T-1 and T-2 treatments along the
drought period (Figure 3B and 3C). In PSU-106 progenies, severe drought
preconditioning delayed the increasing level of proline when compare to
control and moderate drought preconditioning treatment (Figure 4A). However,
at 8 days after water withholding where the proline accumulation peaks were
observed, the comparable amount of 0.82, 1.00 and 0.90 mg proline/g FW were
measured in T-0, T-1 and T-2 treatments, respectively (Figure 4A). In PSU-220
progenies, drought preconditioning boosted the highest proline contents at day
8 of drought stress to 1.02 and 0.86 mg/g FW in T-1 and T-2 treatments,
respectively, which were 1.9 and 1.5 folds compared to control treatment
(Figure 4B).
In the rewatering period, genotypic differences were not detected in T-0
treatment. Early reduction of proline level was demonstrated in both PSU-106
and PSU-220 progenies without preconditioning (Figure 3A). Moderate and
severe drought preconditioned PSU-106 progenies showed slower proline level
decline compared to PSU-220 progenies (Figure 3B and 3C). In the first day of
rewatering, proline concentration of PSU-106 progenies in T-0 treatment was
reduced to 0.29 mg/g FW, while those in T-1 and T-2 treatments proline
concentrations were recorded 0.45 and 0.56 mg/g FW, respectively (Figure
4A). Proline concentration in PSU-220 progenies of all three treatments
responded faster and reduced to 0.26, 0.27 and 0.27 mg/g FW in T-0, T-1 and
T-2 treatments, respectively (Figure 4B).
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Figure 3. Proline content during drought stress and rewatering periods of PSU-106 and
PSU-220 progenies previously exposed to three different preconditioning treatments
including daily watering (A), 4-day interval irrigation (B) and 8-day interval irrigation
(C). Drought stress was implemented for 10 days (Day 0 to Day 10) followed by
rewatering for 5 days (Day 1 to Day 5). Values are presented as means ± S.E. (n = 5
replicates).
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Figure 4. Proline contents of PSU-106 (A) and PSU-220 (B) progenies during
drought stress and rewatering periods. Drought stress was implemented for 10
days (Day 0 to Day 10) followed by rewatering for 5 days (Day 1 to Day 5).
Values are presented as means ± S.E. (n = 5 replicates).
Discussion
Proline accumulation is the common response of plant to drought stress.
The increase level of proline in cytoplasm has been reported to function as a
typical osmoprotectant to maintain cell stability during cell dehydration by
protecting cell membranes, proteins and metabolic machinery, therefore
resulting in drought stress tolerance (Hayat et al., 2012; Singh et al., 2015;
Verbruggen and Hermans, 2008). It is also well documented that the capacity of
proline accumulation is dependent on genotype (Kusvuran and Dasgan, 2017;
Zheng et al., 2017). This present study, we chose two oil palm genotypes, PSU106 and PSU-220 differing in drought tolerance as materials as, according to
our previous study, PSU-106 was relatively drought-tolerant while PSU-220
was relatively drought-sensitive (Sujitto, 2016). It was observed in this study
that proline contents was gradually increased in both oil palm genotypes in
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response to drought and reached the maximum level after eight days of
moisture deprivation where the soil moisture contents were reduced to
approximately 15% of field capacity. This is in agreement with several studies
in oil palm seedlings in which the increasing trend of proline content was
demonstrated in oil palm leaves and roots in water deficit conditions (Azzeme
et al., 2016; Cao et al., 2011; Cha-um et al., 2013). Without drought
preconditioning, the increased level of proline in relation to water deprivation is
higher in the drought-tolerant PSU-106 than that in PSU-220. The greater
proline accumulation could reflect the better osmotic adjustment capability
resulting in stronger drought tolerance. In fact, correlation between the capacity
of proline accumulation during water stress and drought tolerance in positive
manner has been reported in several crops (Binott et al., 2017; Ranganayakulu
et al., 2015). Man et al. (2011) studied drought tolerance in two tall fescue
cultivars and demonstrated that the drought tolerant cultivar, Van Gogh, had
greater levels of proline, ABA, and cytokinin content relative to the drought
sensitive cultivar, AST7002, under water stress. Positive correlation between
grain yield and proline content under drought stress conditions was evidenced
in bread wheat genotypes (Mwadzingeni et al., 2016). Additionally, Zu et al.
(2017) reported that drought tolerance degree of 13 upland rices positively
corresponded to high water potential, chlorophyll content and proline level.
Therefore, according to the results of current study in oil palm, proline
accumulation triggered by water restriction could be regarded as a criterion for
drought tolerance in this species.
The effects of drought preconditioning on proline accumulation response
of oil palm during water stress were also evaluated. Enhanced stress tolerance
by prior exposure to mild or short period of stress has been elucidated in many
crops (Hoffman et al., 2012; Jiang and Huang, 2001). Preconditioning
dramatically enhanced the maximum level of proline in relatively droughtsensitive PSU-220 exposed to prolonged period of drought stress. This could
contribute to improved ability of plant to cope with drought stress by better
protection of protein structure and free radical scavenging activity. The
accumulation rate, however, was not affected as the highest proline content was
observed 8 days after stress as that found in control treatment. During
rewatering period, reduction of proline content was delayed in preconditioned
PSU-106 indicating that the mechanism underlying recovering was modified.
No alteration was observed in PSU-220 during this period. Preconditioningelevated proline accumulation during subsequent stress has been reported in
zucchini, poplar, rice and some other grass species (Bejaoui et al., 2016;
Carvajal et al., 2015; Dias et al., 2014; Hoffman, et al., 2012; Jiang and Huang,
2001; Kumar et al., 2008,). Those preconditioned plants maintained higher
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growth, cell stability and less oxidative damage compared to nonpreconditioned treatments therefore identified as higher tolerance. It should be
noted that higher stress tolerance in preconditioned plant is associated with not
only elevated proline content but also some other physiological and
biochemical changes, for example, increased antioxidant enzyme activity and
total ion (K+, Ca2+, Na+, Ma2+, Cl−, and P) concentration (Carvajal et al., 2015;
Jiang and Huang, 2001). In oil palm, apart from proline accumulation, other
preconditioning-induced physiological and biochemical changes are needed to
investigate.
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