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Abstract

SHAREEF, H.J., ABDI, G., FAHAD, S., 2020. Change in photosynthetic pigments of Date palm offshoots under
abiotic stress factors. Folia Oecologica, 47 (1): 45-51.

Increasing world temperatures are bringing about climate changes creating abiotic stress in plants. Date palm
offshoot leaves (Khadrawi cv.) were analyzed for chlorophyll Chl @, Chl b, Total Chl, Chl a/b ratio, anthocy-
anin and carotenoid subject to salinity, drought and temperature stress under field conditions. Results demon-
strated that drought and salinity stress accompanied by high temperatures in July and August significantly
reduced the Chl g, Chl b, and Total Chl relative to the control. Anthocyanins, carotenoids, hydrogen peroxide,
and malondialdehyde were markedly higher in July and August (45 °C), whereas September showed lower
values in these substances. Temperature reduction to 35 °C accompanied by drought or salinity stress, brou-
ght about a critical increment in relative water content and a decrease in electrolyte leakage. Although the
impact of drought and salinity stress continued, the reduced temperatures in September resulted in a reduction
of abscisic acid and proline concentration. Cluster analysis showed the two groups. In this first group, the
significant similarity between the treatments is illustrated by the influence of the high temperature of 43—45
°C. Recovery of photosynthesis following low-temperature, for the most part, determines plant flexibility to
water deficiencies and salinity. Thermal stress, associated with salinity or drought stress is more damaging to
the photosynthetic pigments than any single factor.
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Introduction

The increase in world temperatures is bringing about
climate change resulting in significantly higher abiotic
stresses in crop plants (MATHUR et al., 2014. The recur-
rence and duration of such abiotic stresses will soon be
intensified with the warming of the global climate and its
impact on annual crop plants in critical periods of growth
(Lamaoui et al., 2018).

Together, salinity, drought, and heat stress commonly

*Corresponding author:
e-mail: husseinshareef@live.com

account for a decline in photosynthetic pigment substanc-
es, especially chlorophyll. This reduction occurs because
of stress-initiated alterations in pigment synthesis or pig-
ment degradation. Further, the degree of those phenom-
ena depends on the species, type of stress, duration of the
stress period, and resilience to the stresses (WATKINS et
al., 2017). Anthocyanin assumes an essential function in
protecting plants through scavenging receptive ROS (Ur-
BAN et al., 2017). Likewise, carotenoids are critical for the
photoprotection of photosynthesis and plants experienc-
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ing abiotic/biotic stress (PANDEY et al., 2017). Moreover,
understanding the biosynthesis/degradation of photosyn-
thetic pigments is, in fact, at the center of the plant stress
tolerance mechanism underlying abiotic stress factors (AL
OMRON et al., 2012).

Under field conditions, abiotic stress conditions like
drought and salinity infrequently happen in separation,
and the course of many stress burdens is usually not pre-
dictable through single-factor examinations on account of
synergistic, threatening, or, on the other hand, masking
impacts which can occur (RasToGI et al., 2019). An in-
stance of an opposite reaction to stresses is the perception
that the constant temperature of photosynthesis can cap-
ture water, focusing on the plant leaves, in contrast with
wetter conditions, indicating that one factor may shape
another (CHAVES et al., 2012). The high temperature dis-
rupts the synthesis of photosynthetic pigments, damages
the chloroplast membranes, and lowers chlorophyll and
other pigments. As well as increase the abscisic acid in
controlling closure of stomata, compatible osmolyte, and
the evolution of genes of an adaptation response (ZANDA-
LINAS et al., 2016). In this case, the stomata prepare the
CO, pathway to stabilize the carbon photosynthesis. And
stomata prevent further water loss through the transpira-
tion process to maintain the leaf temperature (REYNOLDs-
Henn et al., 2010).

Date palm (Phoenix dactylifera L.) is the third most
essential palm species in world agricultural industries, af-
ter coconut and African oil palm. Date palms are subjected
to various abiotic stress factors in southern Iraq, such as
salinity, drought, and heat; the palms try to regulate their
growth and developmental processes to reduce the magni-
tude of injury caused by the environmental burden (SHa-
REEE, 2019). These changes are typically transient and
reversible, and their induction level is determined by the
exposure time to a particular ecological factor (ABBAs et
al., 2015). Furthermore, Date palm offshoot growth de-
creases from May to September as a result of the abnormal
state of salinity, water scarcity, and high temperatures (Ja-
s et al., 2016).

Most abiotic stress studies are performed under con-
trolled conditions inside a research facility and do not
duplicate the specific requirements found in the field. An
impressive gap exists between the data generated from
laboratory and greenhouse experiments, and the data re-
quired to create plants with expanded resilience of yields
under field conditions (PEREIRA, 2016). In particular, the
chance to measure the responses of the plant stress in vivo
is becoming increasingly important. In this study, we in-
vestigated photosynthetic pigment parameters as indica-
tors in plants subjected to abiotic stress to determine the
critical period in the summer season, plant responses and
recovery ability to changes of temperature, which accom-
panies the salinity and drought stress factors.

Materials and methods
Research site and development conditions
Field analysis was performed at a private date planta-

tion in the Alhartha region, Basrah, Iraq (30°37°52.68”N
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and 47°45°8.15”E), two growing seasons. Twenty uni-
form date palms, girth £10 cm, vigorous 3—4-year-old
‘Khadrawi’ offshoots were used in the experiment. The
selected offshoots were planted at 5 x 5 m spacing in silty
clay loam soil. Regular soil EC was 4 dS m™, just as the
normal EC water 5 dS m™!, then drip irrigation followed
for all treatments. In the first season, 15 May 2017 to 15
May 2018, each treatment was replicated five times. Each
plant was treated with Control irrigated 75% field capac-
ity (120 ml depth of water) without saltwater 0 dS m™,
for the drought treatment, the offshoots irrigated without
saltwater 0 dS m™' with 25% field capacity (40 ml depth of
water), for salinity treatment irrigated 75% field capacity
with salt water 5 dS m™', all these treatments subjected to
the field temperature. The average temperature of the field
area was in May 37 °C, June 40 °C, July 43 °C, August 45 °C,
and September 35 °C. These averages were measured by
hygro-thermometer at 1,100 h daily, to record the correct
air temperature in circulation. There was no rainfall in the
months of the experiments.

After one year of treatments, the same procedures were
continued in the second season (15 May to 15 September
2018); the following data were recorded on day 15 of each
month:

Parameters of the experiment

Pigment contents were extracted according to LICHTEN-
THALER and WELLBURN (1983). Hydrogen peroxide (H,0,)
accumulation in date palm leaves determined following
SERGIEV et al. (1997). Lipid peroxidation constrained by
assessing the proportion of Malondialdehyde (MDA) ar-
rangement using the thiobarbituric acid system after STEw-
ART and BEWLEY (1980). Film strength was evaluated by
estimating the conductivity of leachates contained in the
harmed plasma layer following the strategy of SHANAH-
AN et al. (1990). In the proline focus, 0.5 g of dry leaves
was homogenized with 5 ml of 95% ethanol, according to
IRIGOYEN et al. (1992).

Extraction, purification, and quantitative assurance of
free and bound abscisic acid were done, with minor chang-
es, following the techniques of TANG et al., 2011. Leaf
samples were weighed (fresh biomass) promptly after col-
lection and soaked in distilled water at 25 °C for 24 h, to
estimate the RWC, according to Jasmm et al. (2016).

Statistical analyses

Randomized completely block design of abiotic stress fac-
tors replicated five times were used in the experiment. Test
information on all factors exposed to the investigation of
fluctuation (ANOVA) systems utilized, a Tukey’s correc-
tion for multiple comparisons treatments considered at the
P <0.05 levels. The cluster analysis was performed using
IBM SPSS (Ver. 23.0), targetting the attributes measured
in the leaves with distances as similarity measures were
applied to analyze the effect of treatments on photosyn-
thetic pigments and biochemical parameters.



Results

Changes in photosynthesis pigments under abiotic
stress

Data regarding Chl a, b, total Chl, Chl a/b ratio, antho-
cyanin, and carotenoid are presented in Figs 1-2,a-b. It
is demonstrated that the drought and salinity stress ac-
companied by high field temperature in July (43 °C) and
August (45 °C) significantly reduced the Chl «, b, and to-
tal Chl compared with the control, whereas anthocyanins
and carotenoids increased considerably. In September (37
°C) Chl a, b, total Chl, Chl a/b ratio increased whereas
anthocyanin and carotenoids significantly decreased. The
higher temperature of the field in August (45 °C) recorded
a considerably higher Chl a/b ratio, whether under stress
(drought and salinity) or without stress. In September, the
Chl a/b ratio decreased except under drought stress (Fig.
1d). The decrease in Chl b was very sharp in August,
which brought about a higher Chl a/b proportion as the
field temperatures peaked. The reduction of chlorophyll
pigments was higher under salt stress than under drought
stress (Fig. lc).

Changes in the chemical response under abiotic stress

The salinity and drought treatments significantly increased
electrolyte leakage, proline concentration, hydrogen per-
oxide, MDA, and ABA (Figs 2-3) in July and August,
during both months; the average temperature remained
between 43—45 °C, whereas the RWC decreased (Fig. 3d).
These results are striking as a result of high air tempera-
ture causing a significant decrease in membrane stability
using electrolyte leakage as index and RWC of all treat-
ments to include freshwater, drought and salinity-treated
plants (Fig. 3a—d). In contrast, reducing the temperature to
(37 °C) in September, accompanied by both drought and
salinity stress, resulting in a significant increase in mem-
brane stability and RWC. Although the impact of drought
and salinity stress continued, the reduction in temperature
in September resulted in a decrease of ABA and proline
concentration (Fig. 2d). In contrast, ABA content in Sep-
tember was higher than May under drought stress (Fig.
3¢). The production of H,O, was lower in control in com-
parison to salt and drought treatments (Fig. 2c).

Cluster analysis of abiotic stress treatments

Hierarchical cluster analysis was carried out of abiotic fac-
tors represented by all 15 treatments and their effects on
the photosynthesis pigments (Chl a, b, total Chl, Chl a/b
ratio, anthocyanin, and carotenoid) of the leaf noted (Fig.
4). The cluster analysis showed two distinct clusters. The
first group included drought, salinity, and control treat-
ments in July and August (July-S, Aug-D, Aug-S, July-
D, Aug-C). In this first group, the significant similarity
between the treatments is illustrated by the influence of

the high temperature of 43—45 °C while the second group
included drought, salinity, and control treatments in May,
June, and September (May-C, Sept-C, June-D, June-S,
May-D, June-C, May-S, Sept-S, Sept-D), which showed
the effect of low temperatures (37-40-35 °C) on improved
plant growth, except for the control in July (July-C).

Hierarchical cluster analysis of all parameters (pig-
ments contents, hydrogen peroxide, malondialdehyde,
electrolyte leakage, proline, ABA, and leaf RWC) affected
by abiotic stress (Fig. 5) showed two distinct clusters. The
second group included drought, salinity, and control treat-
ments in May, June, and September (May-C, Sept-C, May-
D, June-C, May-S), the significant similarity between the
treatments is illustrated by the influence of the low tem-
perature of (37—40-35 °C) on improved plant growth while
the first group included drought, salinity, and control treat-
ments in May, June, and September (June-D, July-C, Sept-
S, June-S, July-D, Aug-C, Aug-D, Aug-S, July-S, Sept-
D), which showed the interaction of high temperatures
(43-45 °C) with drought and salinity on decreased plant
growth.
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Fig. 1. Changes in Chl a (a), Chl b (b), total Chl (c), and Chl
a/Chl b ratio (d) of Date palm offshoots leaves under different
abiotic stresses. Results are means £ SD (n = 5).The same
letters are not significantly different p < 0.05 after Tukey’s
correction for multiple comparisons.

47



a mControl = Drought mSalinity a mControl Drought = Salinity
02 - =120 a
= = b
2 e 1% ‘ -
0.15
E E’ 80 | dd d I
o1 999 ool T ¢ ]
§ L 2 w0 | T
© 0.05 4 E
] £ 20
= 2 g
£ 0 = ]
b b
—_ 2 8 -
> def I d =
o 15 | o 6
g g de
% 1 g_ 4 ef g f de c de
E < hio Ui
P = I I I ' I
o =
2
-]
© o 0
c [+
80 12
L] —_—
2 o> 10 b ¢ aa d
2 :60 i 2 8 I I
g.‘E’ ef g € fg E 6 I e
S il g g . g h ;
55 S 4 ! i 8 i
S 720 - ° J I
b= a 2
S 3 [ ]
o - < 9
d g0 d
100 h
= f
Fb'a 80 cdede 8 bcde ef be bed b & cde
o = - a ab
E 2 60 T - - .
(%)
2 = 40
% [i'4
I 20
May June July Aug Sep May June July Aug Sep

Fig. 2. Changes in anthocyanins (a), carotenoids (b),
hydrogen peroxide (c¢), and proline concentration (d) of
Date palm offshoots leaves under different abiotic stresses.
Results are means + SD (n = 5). The same letters are not
significantly different p < 0.05 after Tukey’s correction for
multiple comparisons.

Discussion

One of the pressing issues arising in some areas of Date
palm offshoot cultivation is different levels of injuries
caused by salinity, drought and high temperatures in the
summer season, which is a combination of these factors
of abiotic stresses. Hence, we hypothesize that date palms
with high-stress tolerance have a high capacity to change
photosynthesis pigments because of abiotic stress, such as
high temperature. By targeting chlorophyll, anthocyanin
and carotenoid to identify abiotic stress responses in Date
palm offshoots, we focused on different factors of abiotic
stress such as salinity and drought under the various tem-
perature conditions of May, June, July, August, and Sep-
tember.

Reduction in pigment content may be a direct result
of the prohibitive consequence of the aggregated particles
of various salts on the biogenesis of the different pigment
portions (SHAH et al., 2017). Chlorophyll pigments de-
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Fig. 3. Changes in electrolyte leakage (a), MDA (b), ABA
content (c¢), and RWC (d) of Date palm offshoots leaves
under different abiotic stresses. Results are means = SD

(n = 5). The same letters are not significantly different
p <0.05 after Tukey’s correction for multiple comparisons.

pending on the factor of abiotic treatments, and the high
temperature in the field reduced. Concerning drought stress
treatment and water scarcity, they cause pigment degrada-
tion and membrane damage (Figs 1-3a). Salt stress causes
decreased leaf water potential, and the RWC was thereby
affected by overall photosynthetic capacity (HNILICKOVA
et al., 2017). However, anthocyanin or carotenoid accu-
mulation may facilitate the protection of chemical process
mechanisms by screening them from the hazardous im-
pacts of pressure producing superoxide radicals, while not
constraining photosynthesis. Anthocyanins are thought to
limit oxidative harm and act as antioxidants by neutral-
izing ROS directly (Fonpowm et al., 2009). However, the
high air temperature reveals significant impacts on plant
metabolism — that affect the generation and aggrega-
tion of auxiliary plant mixes, for example, a carotenoid
which is layer bound exacerbates fundamental capacities
in photosynthesis (XU et al., 2015). Heat stress arises from
high temperatures that lead to damage plant tissue; tem-
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peratures in the degree of 35-45 °C in the tropics affect the
different plant species (NIEVOLA et al., 2017).

Chemical responses to abiotic stress may lead to con-
ditions of a superior level of assurance against oxidative
harm in the control treatment by quick evacuation of H,O,
or by other scavenging frameworks. H,O, was lower under
drought than salt in the case of the high temperature of the
field, which implies that the generation of H,O, decreased
by the antioxidative actions of the plant. Under salinity,
H,O, content increased at higher temperatures (Fig. 2c).

The electrolyte leakage through plasmalemma is associ-
ated with the activity of photosynthetic and mitochondrial
reactions (SHALABY, 2018). The increase in H,O, content
in the present analysis initiated malondialdehyde (MDA)
(Fig. 3b). The harmful impact of ROS is the lipid peroxi-
dation anticipated by the formation of MDA (AvaLa et al.,
2014). MDA significantly increased upon water depriva-
tion, as the field temperature increased (Fig. 2b). Gener-
ally, under typical conditions, the generation and expul-
sion of ROS are in a balanced state (SCHOOTSs et al., 2018).
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Proline accumulation in response to stress supplies vi-
tality for advancement and survival, and in this manner,
allows the plant to endure stress (JAsiM et al., 2016). The
ABA has an impact on some pathways unmistakable from
the acceptance of HSPs (HSP qualities deciphered in all
eukaryotes through a similar procedure). Specific saved
interpretation factors, called HSFs, perceive and tie to ra-
tioned cis components (the HSE) in the advertiser of HSP
and different qualities (NOVER et al., 2001). ABA content
in September was higher than May under drought stress
(Fig. 2c¢). ABA-prompted stomata closure mostly depen-
dent on NADPH oxidase action (WATKINS et al., 2017).
Our outcomes revealed that RWC decreased more with
drought stress than salt stress conditions (Fig. 3d), indicat-
ing that plants were under stress at the time of sampling.
Among every one of the treatments examined, the imposi-
tion of salt and drought treatments resulted in a critical
decline in RWC of those offshoots which developed under
field conditions.

Cluster analysis showed the convergence of the effect
of salt, drought stress, and control in the impact on the
date palms under low temperature while distinguishing the
effect of low and high temperature in the photosynthetic
pigments and biochemical parameters. Similarities in the
results were obtained with a study of HAIDER et al. (2015)
on the effect of environmental differences on Date palm
varieties. The difference in temperature affecting the con-
tent of photosynthesis pigments in the leaves indicates that
high temperature is the determining factor for plant growth
and the most influential in plant development.

Conclusions

Photosynthesis pigments are a fundamental indicator of
the effect of various abiotic stress factors on plants. Peri-
ods of stress that occur commonly during the two hottest
months of the summer season indicated that high tempera-
ture is the primary factor that determines the growth of
plants. Recovery of photosynthesis following low-temper-
ature alleviation, for the most part, determines the plant
flexibility to water deficiencies and salinity. Consequently,
our study represents an initial contribution to understand-
ing the physiological events occurring during the critical
period of date palm offshoot growth throughout the sum-
mer season.
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