
55

FOLIA OECOLOGICA – vol. 48, no. 1 (2021), doi: 10.2478/foecol-2021-0007

*Corresponding author: 
e-mail: hussein.shareef@uobasrah.edu.iq
© 2021 Authors. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Adapting date palm offshoots to long-term irrigation  
using groundwater in sandy soil

Hussein J. Shareef1*, Abdulrahman S. Alhamd1, Summar A. Naqvi2,
Mamdouh A. Eissa3

1Department of Date Palm Research Center, University of Basrah, Basrah, 00964, Iraq
2Institute of Horticultural Sciences, University of Agriculture, Faisalabad, Pakistan

3Department of Soils and Water, Faculty of Agriculture, Assiut University,
Assiut, 00962, Egypt

Abstract
Shareef, H.J., Alhamd, A.S., Naqvi, S.A., Eissa, M.A., 2021. Adapting date palm offshoots to long-term 
irrigation using groundwater in sandy soil. Folia Oecologica, 48 (1): 55–62.

The date palm can grow in desert areas using high salinity groundwater by increasing the number of irrigation 
cycles. A field experiment was carried out on date palm cv. Sayer offshoots grown in sandy saline soil during 
the 2017 and 2018 growing seasons. The outcomes demonstrated that the application of saline (10 dS m–1) 
groundwater every four days increased plant height, number of new leaves, total chlorophyll, and relative wa-
ter content. In turn, the hydrogen peroxide, malondialdehyde, and electrolyte leakage were reduced. Also, the 
effect of this treatment improved the growth of the plants, thus reduced the absorption of sodium, chloride, 
and increased potassium, then decreased the Na/K ratio. Cluster analysis showed two distinct cluster groups. 
In the first group, the dissimilarity between the treatments is illustrated by the influence of freshwater. While 
the second group showed the similarity between the treatments of four days and every week in the subgroup. 
Whereas treatment of two weeks duration shows the most detrimental effect on growth indices and chemical 
properties of offshoots. The utilization of saline groundwater in the water system of the date palm is the best 
option among the solutions possible in the current conditions of drought and thermal retention. 
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Introduction 

The world is suffering from two major problems: the 
growing demand for food and climate change. Date 
palms (Phoenix dactylifera L.) provide solutions to these 
problems through their high production to solve the first 
problem, which enters several food industries and their 
ability to withstand harsh environmental conditions, to 
solve the second problem. Date palm trees improve the 
atmosphere by converting carbon dioxide to carbohydrates 
and oxygen at a higher rate than other plants (Sharif et 

al., 2010). Thus, the expansion of date palm cultivation 
can contribute to reducing the impact of climate change. 
Sayer cultivar is a  medium salt-tolerant cultivar with 
rapid growth (Abbas et al., 2015). Irrigation requirements 
of date palm vary depending on location, surrounding 
environment, and irrigation methods used (Ismail et al., 
2014). Each date palm’s requirement in the irrigation 
system is 150–200 m3 year–1 from water for growth and 
yield (Allbed et al., 2017).

In arid and semiarid areas, those interested in date 
palm are facing the reality of scarcity of irrigation water 
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and meeting the plant’s need for large quantities of water. 
The expanding competition for water assets, although the 
shortage of resources with the accessibility of water wells, 
has led to the use of low-quality water for agriculture 
(Al Omron et al., 2012). Applying groundwater to 
irrigate date palm, which is considered to have the most 
noteworthy salt tolerance of all fruit plants, is feasible with 
a few varieties adapted to salinity readings of up to 13 dS 
m–1 (Ramoliya and Pandey, 2003). Whereas other types 
can endure up to 32 dS m–1 (Abbas et al., 2015); however, 
excess saltiness can cause a considerable lessening in yield 
(Ben-Gal et al., 2008). Also, the salinity experiments 
by Alrasbi et al. (2010) showed a  decrease in growth 
parameters in date palm in electrical conductivity (EC) 
18 dS m–1. Moreover, it was recommended to use saline 
water to irrigate vegetative growth of date palm. In this 
way, regions with soil salinity of 4–16 dS m–1 are viewed 
as acceptable. In contrast, areas with soil salinity above 16 
dS m–1 are considered inadequate (Allbed et al., 2017).

The indicators of plant adaptation for saline stress 
are improved plant growth, lower tissue content of toxic 
concentrations of some elements such as chlorine and 
sodium, high potassium, in addition to improvement in 
photosynthesis by increasing total chlorophyll in the leaves 
of the plant (Zhang et al., 2008; Shareef et al., 2020). The 
most critical organs of the plant in contact with the soil 
and determining the survival of the plant are the roots (Pal 
et al., 2010). The rhizosphere zone and water system are 
essential variables for increasing or decreasing the growth 
of date palm under high salinity (Al Kharusi et al., 2017). 
The most severe damage a plant can experience from the 
effect of high salinity is oxidative stress; oxidative stress 
is an imbalance in the metabolic output of reactive oxygen 
species (ROS) and antioxidant substances; increased ROS 
production causes increased accumulation of hydrogen 
peroxide, lipid peroxidation and membrane permeability 
(Abdelgawad et al., 2016).

Today, date palm offshoots and seeds are planted in 
sandy soil in many parts of the world (Iraq, Saudi Arabia, 
Oman, and other North African countries), due to several 
reasons, including urban expansion at the expense of green 

areas, creating green belts for cities to reduce dust storms, 
or to get rid of pest infestation areas that are active in 
coastal areas. A surface irrigation system with groundwater 
is usually used in these areas. However, there are no data 
on agricultural land that receive irrigation from water 
wells. Consequently, the motive behind this experiment 
is to examine the effect of irrigation using well water on 
the adaptation of date palm to salinity as observed through 
certain growth indicators.

Materials and methods

Practical experiment

The experiment was executed at a  single orchard in the 
Al-Zubair region – Basrah, Iraq (30.285504, 47.694871), 
26 km from Basrah center, during the 2017 and 2018 
growing seasons. Forty uniform trees, 4–5 years, of 
cv. Sayer offshoots were used in this experiment. The 
date palm plants received standard cultural practices, 
a substrate of sandy loam soil, and watered by the surface 
irrigation method. The selected offshoots were planted 
at 7 × 7 m spacing. The regular EC of water (10 dS m–1, 
pH 7.10 ) used well water. Soil characteristics are shown 
in Table 1. Each plant received treatment on 1 March 
2017 and continued until the samples were examined 
on 1 November 2018, with two plants for each replicate 
and five replicate for each treatment. The offshoots were 
exposed to the application of groundwater as follows: 
control irrigation with freshwater (EC 1.5 dS m–1) every 
four days (Co). Irrigation with groundwater was every four 
days (W1); irrigation with groundwater every week (W2); 
irrigation with groundwater every two weeks (W3). The 
data collected on 1 November 2018.

Growth parameters

Plant height was determined by tape measure to the third 
completely extended leaf. New leaf number of offshoots 
was measured by applying the equation: New leaves 

 

   

 

 

 

 

 

 

 

 

 

Table 1. Characteristics of the soil sites  

Soil characteristics Units Values 
pH – 7.92 

Electrical conductivity (EC) dS m–1 12 
Nitrogen mg kg–1 0.33 

Potassium mg kg–1 80.00 
Phosphor mg kg–1 10.70 
HCO3– ml l–1 2.7 

Organic carbon g kg–1 3.05 
Organic matter g kg–1 0.34 

   

Table 1. Characteristics of the soil sites 
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number = Total of leaves on 1 November 2018 – Total of 
leaves before treatment (28 February 2017). 

Total chlorophyll extracted as clarified by 
Lichtenthaler and Wellburn (1983), the leaf (0.25 g) 
homogenized with 80% acetone the optical thickness of 
the removed chlorophyll estimated at 645 and 663 nm 
by utilizing spectrophotometer. Leaf tests weighed (new 
biomass) quickly after accumulation, absorbed pure 
water at 25 °C for 24 h, by then, the sample dried in an 
oven at 80 °C for 48 h, and their shriveled biomass was 
collected. Relative water content (RWC%) was measured 
by the equation: RWC% = (fresh mass (g) – dry mass (g)) 
/ (turgid mass (g) – dry mass (g)) × 100.

Hydrogen peroxide

Hydrogen peroxide was examined using the technique 
described by Yu et al. (2003). H2O2 separated by crushing 
0.5 g of leaf tissue with 3 ml of 50 mM K-phosphate buffer 
pH (6.5) at 4 °C. The mixture centrifuged at 2,415 x g for 
15 min. A 3 ml test of the supernatant mixture with 1 ml 
of 0.1% TiCl4 in 2M H2SO4 (v/v) and the combination 
centrifuged at 2,000 x g for 15 min. The optical maintenance 
of the supernatant was evaluated at 410 nm to choose the 
H2O2 content and imparted as μmol g–1 FW.

Lipid peroxidation

Lipid peroxidation was controlled by evaluating the 
malondialdehyde (MDA) content in 1 g leaf crisp load, as 
indicated by Madhavarao and Sresty (2000). MDA is 
a result of lipid for every oxidation by a thiobarbituric acid 
response. The grouping of MDA was determined from the 
absorbance at 532 nm (revision finished by subtracting the 
absorbance at 600 nm for unspecific turbidity) by utilizing 
the eradication coefficient of 155mM−1 cm−1.

Electrolyte leakage

Leaf pieces of 1 g were used with 10 ml deionized water 
in a flask at that point stored at 30 ºC for 24 h along with 
vibration. The conductivity of the solution was measured 
by a conductivity meter (C1). The samples were autoclaved 
for 10 min, cooled to 25 ºC; then their conductivity was 
measured again (C2). The percentage of electrolyte 
leakage was calculated as follows, EC (%) = (C1 / C2) × 
100, as per Shanahan et al. (1990).

Proline concentration

Extraction and estimation of proline-directed by the 
strategies described by Bates et al. (1973). New leaf, 
5.0 g per test, in a  mixture in 10 ml of 3% (w/v) fluid 
sulfosalicylic acid, and the mix strained through 
a Whatman No. 2. In a  test tube, 2 ml of the filtrate was 
blended with 2 ml ninhydrin and 2 ml glacial acetic acid 
and brooded in a  100 ºC water bath for one hour. The 
response blend ended by putting in an ice bath, separated 
with 4 ml toluene, and the chromophore stage suctioned 
from the liquid phase. The absorbance perused at 520 nm, 
utilizing a spectrophotometer.

Minerals concentration

To determine the mineral concentration, the method of 
Cresser and Parsons (1979) was applied. The solution 
wound up transparent and utilized for conclusions of K and 
Na  concentrations with an emanation flame photometer. 
Dried leaves weighing 0.2 g were used with additional 
50 ml 2% acetic acid with vibration through 0.5 h and 
separated by Whatman No. 1, titrated against 0.01 N silver 
nitrate utilizing potassium chromate as an indicator to 
a bricked endpoint chloride concentration (Miller,1998). 

Data analysis 

The randomized complete block design of the four 
treatments of the water system was utilized to explore 
the findings. Test information of an examination of 
fluctuation (ANOVA) methodology utilizing Tukey’s 
multiple comparison tests was performed at α ≤ 0.05, and 
a  dendrogram of hierarchical clustering analysis among 
four treatments and their effects on the parameters of the 
leaf were performed using the statistical program, IBM 
SPSS (Ver. 23.0).

Results 

Growth parameters

Changes were observed in the vegetative growth in terms 
of plant height and the number of leaves, in addition to the 
chlorophyll and relative water content under the influence 
of different irrigation salinity degrees and periods (Fig. 
1). Irrigation of date palm offshoots with the freshwater 
of low electrical conductivity (1.5 dS m–1) every four 
days (control) led to a significant increase in plant height, 
the number of leaves, chlorophyll, and relative water 
content. In comparison, the same measurements decreased 
significantly, using saltwater with high EC 10 dS m–1 and 
spaced periods of 7 or 14 days (W2 and W3), except for 
irrigation with a  period of 4 days with saltwater (W1), 
which differed significantly relative to the other treatments. 
The effect of saline water irrigation treatments compared 
with the control treatment in low plant growth is W3 > 
W2 > W1.

Oxidative and antioxidative content

The different periods of irrigation cycles with groundwater 
showed significant differences in hydrogen peroxide, 
MDA, electrolyte leakage, and proline (Fig. 2). Irrigation 
with saltwater on a  14-day cycle (W3) significantly 
increased hydrogen peroxide, MDA, electrolyte leakage, 
and proline. Proline under the influence of irrigation 
with saltwater did not change dramatically, while proline 
differed significantly relative to the control treatment, 
which was substantially lower than other treatments. MDA 
content of saltwater irrigation every four days (W1) did 
not differ significantly from the control treatment, while 
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MDA differed significantly relative to other treatments of 
saltwater.

Minerals concentration

Figure 3 shows the effect of irrigation treatments with 
freshwater and saltwater on the intensity of sodium, 
chloride, potassium, and Na/K ratio in the leaves. The 
treatment of irrigation with freshwater decreased the 
concentration of sodium and chloride significantly, 
compared with saltwater treatments. Saltwater treatments 
differed considerably in the level of sodium and chloride 
in the leaves. The treatment of saltwater every four days 
significantly reduced sodium concentration compared 
to other salinity treatments. Whereas, the treatment of 

irrigation with saltwater every four days did not differ 
significantly with the treatment of salt water every seven 
days in the concentration of chloride.

Potassium increased significantly in freshwater 
treatment compared to salinity treatments. The salinity 
treatments did not differ significantly in the potassium 
leaf concentration. The percentage of Na/K decreased 
significantly in the freshwater treatment. Salinity 
treatments every four days did not vary significantly with 
the treatment of irrigation every seven days in the Na/K 
ratio. In comparison, irrigation application with saltwater 
every four days and every seven days significantly 
decreased the Na/K ratio of both treatments as compared 
to the irrigation treatment every 14 days.

 

Fig. 1. Impact of different water system cycles with well water irrigation on plant height (a), Number of new leaves (b), 
Total chlorophyll (c), Relative water content (d) of offshoots date palm Sayer cultivar. (Co) control irrigation with 
freshwater (EC 1.5 dS m–1) every four days. (W1) Irrigation with groundwater (10 dS m-1) every four days. (W2) 

Irrigation with groundwater every week. (W3) Irrigation with groundwater every two weeks. Results are means ± SD 
(n = 5), and distinctive letters demonstrate significant differences (Tukey's test, P ≤ 0.05). 

 

Fig. 1. Impact of different water system cycles with well 
water irrigation on plant height (a), Number of new leaves 

(b), Total chlorophyll (c), Relative water content (d) of 
offshoots date palm Sayer cultivar. (Co) control irrigation 

with freshwater (EC 1.5 dS m–1) every four days. (W1) 
Irrigation with groundwater (10 dS m-1) every four days. 

(W2) Irrigation with groundwater every week. (W3) 
Irrigation with groundwater every two weeks. Results are 
means ± SD (n = 5), and distinctive letters demonstrate 

significant differences (Tukey’s test, P ≤ 0.05).

Fig. 2. Impact of different water system cycles with well 
water irrigation on hydrogen peroxide (a), Malondialdehyde 
(MDA) (b), Electrolyte leakage (c), Proline (d) of offshoots 

date palm Sayer cultivar. (Co) control irrigation with 
freshwater (EC 1.5 dS m–1) every four days. (W1) Irrigation 

with groundwater (10 dS m–1) every four days. (W2) 
Irrigation with groundwater every week. (W3) Irrigation with 

groundwater every two weeks. Results are means ± SD  
(n = 5), and distinctive letters demonstrate significant 

differences (Tukey›s test, P ≤ 0.05).

 

Fig. 2. Impact of different water system cycles with well water irrigation on hydrogen peroxide (a), Malondialdehyde 
(MDA) (b), Electrolyte leakage (c), Proline (d) of offshoots date palm Sayer cultivar. (Co) control irrigation with 
freshwater (EC 1.5 dS m–1) every four days. (W1) Irrigation with groundwater (10 dS m–1) every four days. (W2) 

Irrigation with groundwater every week. (W3) Irrigation with groundwater every two weeks. Results are means ± SD 
(n = 5), and distinctive letters demonstrate significant differences (Tukey's test, P ≤ 0.05). 
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Cluster analysis of groundwater treatments

Hierarchical cluster analysis of groundwater irrigation 
represented by treatments and their effects on the parameters 
of the leaf is shown in Figure 4. The analysis showed two 
distinct clusters. The first group included irrigation with 
fresh water (1.5 dS m–1) every four days (Co) only. In 
this first group, the dissimilarity between the treatments 
is illustrated by the influence of freshwater. While the 
second group included irrigation with groundwater every 
four days (W1), irrigation with groundwater every week 
(W2), and irrigation with groundwater every two weeks 
(W3), which showed the similarity between the treatments 
of W1 and W2 in the subgroup. Whereas treatment of W3 
shows the most detrimental effect on growth indices and 
chemical properties of offshoots.

Discussion

The use of high-quality water with low electrical 
conductivity of 1–2 dS m–1 is automatically consistent 
with the growth of the plant and an increase in production. 
However, the availability of this type of water in quantities 
appropriate for the growth and production of the date palm 
is not available in most countries of date palm cultivation. 
Therefore, the use of available and high saltwater usually 
depends on the variety of salinity tolerance. The Sayer 
cultivar used in this experiment exhibited a medium degree 
of salt tolerance (Shareef et al., 2017) to give a moderate 
indication of the effects of the expansion of date palm 
cultivation under conditions similar to the experiment.

 The salt tolerance mechanism in date palm is still 
in the hypothesis stage, although there are many studies 
about it (Djibril et al., 2005; Aljuburi et al., 2007; Jasim 
et al., 2016; Allbed et al., 2017; Aldhebiani et al., 2017; 
Shareef, 2020). However, previous researchers assumed 
that salinity affects two fundamental processes in date palm 
survival: water potential changes and ionic concentration 
changes. Initial exposure to salinity causes water stress, 
which leads to reduced leaf expansion. When long-term 
exposures to salinity occur, ion stress leads to premature 
aging of fully developed leaves. Salinity damage to plants 
passes through three consecutive states: reducing the 
osmotic potential of the plant and collecting sodium and 
chloride in the tissue of the plant, through an imbalance 
in the absorption of nutrients (Efimova et al., 2014). 
The salt tolerance mechanism works to modify osmotic 
stress, expulsion sodium or chloride, and accumulation of 
osmolyte compatible (Aldhebiani et al., 2017). Some date 
palm varieties can grow near the seashore, so date palm 
can have a rare mechanism that they do not have except 
for halophytic plants (Yaish and Kumar, 2015). The effect 
of cycle of irrigation periods, despite the high salinity 
level on ongoing growth attributed to the fact that the most 
influential environmental factor on date palm growth, is 
drought stress. Date palm offshoots (juvenile phase) do not 
have deep roots in the soil that can supply water from 
groundwater, as happens to adult palms (Shareef et al., 
2017).

However, the increase in chlorophyll content and 
RWC in the leaves (Fig. 1) attributed to the availability of 
water leads to the adaptation of the plants to salinity and, 
consequently, the repair of photosynthesis systems (Çelik 
and Atak, 2012). The plant adapts to salt stress through the 
maintenance and protection of the photosynthesis system 
in the presence of high concentrations of proline (Fig. 2 
d). These results are consistent with Hamad et al. (2015), 
who found that long term irrigation with very high EC of 
irrigation water (8 and 12 dS m−1) led to slow growth of 
the date palm.

Date palm enhances the production of amino acid 
proline, which acts as a powerful solution, a metal chelate, 
an antioxidant, and a signal molecule during certain abiotic 
stress conditions (Yaish, 2015). Proline is an antioxidant 
and an osmolyte agent that protects the photosynthesis 
system against oxidative processes (Hasanuzzaman et 
al., 2013). Low drought stress during the continued use 

 

Fig. 3. Impact of different water system cycles with well water irrigation on Na concentration (a), K concentration (b), 
Na/ K ratio (c) and chloride concentration (d) of offshoots date palm Sayer cultivar. (Co) control irrigation with 

freshwater (EC 1.5 dS m-1) every four days. (W1) Irrigation with groundwater (10 dS m–1) every four days. (W2) 
Irrigation with groundwater every week. (W3) Irrigation with groundwater every two weeks. Results are means ± SD 

(n = 5), and distinctive letters demonstrate significant differences (Tukey's test, P ≤ 0.05). 

Fig. 3. Impact of different water system cycles with well 
water irrigation on Na concentration (a), K concentration (b), 

Na/ K ratio (c) and chloride concentration (d) of offshoots 
date palm Sayer cultivar. (Co) control irrigation with 

freshwater (EC 1.5 dS m–1) every four days. (W1) Irrigation 
with groundwater (10 dS m–1) every four days. (W2) 

Irrigation with groundwater every week. (W3) Irrigation 
with groundwater every two weeks. Results  

are means ± SD (n = 5), and distinctive letters demonstrate 
significant differences (Tukey›s test, P ≤ 0.05).
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of groundwater at frequent intervals improves the water 
content of the plant. Moreover, the adaptation to high 
salinity for a  long time leads to a  gradual recovery of 
the plant (Acosta-Motos et al., 2017). The reduction of 
hydrogen peroxide by high regulation of the antioxidant 
compounds led to the recovery of the plant tissues, 
especially cell walls and the plasma membranes (Niu and 
Liao, 2016). Under salinity, MDA content increases as 
one of the indicators of oxidative stress occurrence and 
evaluation of cell membrane instability (Abdul Khaliq 
et al., 2015). Often, plants use the defensive catalysts 
of antioxidants to adapt to saline stress, which prompts 
oxidative cross-stress (Abdelgawad et al., 2016; Lin 
et al., 2018). Electrolyte leakage decreased under four 
days of irrigation, thus increasing the stability of these 
membranes, compared to other applications that did not 
reduce this oxidative damage. 

 Roots of date palm contain selective channels, which 
enhance the absorption of nutrients and the expulsion of the 
harmful elements under the impact of salinity (Alturki, 
2018). The availability of water in excess quantities 
around the root zone helps leach the salts, reducing salinity 
concentrations. These results apply to the findings of Al-
Muaini et al. (2019). Moreover, when the effect of stress 
is reduced, even if low in proportion, roots recover their 
capacity to initiate the specific channels and improve the 
selective channels, subsequently enhancing absorption 
of the potassium element and decreasing the Na/K ratio 
(Jasim et al., 2016; Shareef et al., 2019).

 The cluster analysis of the treatments showed the 
uniqueness of the treatment of irrigation with freshwater 
in increasing plant growth and moderation of chemical 
properties, different from the effect of saltwater, which 
showed the negative impact on plant growth. Nevertheless, 
the cluster analysis shows the importance of increasing the 
cycle of irrigations per plant in the efficiency of adaptation 
to stressful environmental conditions. The availability of 
saltwater, regardless of its suitability for date palm growth, 
can reduce the impact of other environmental factors such 
as high temperature and drought. Consequently, the best 
applications for saltwater are irrigation every four days 
under the influence of extreme environmental conditions.

Conclusion

Date palm cv. Sayer has a  tremendous salt-tolerant 
mechanism and that can endure the surrounding 
environmental conditions, especially salinity. The use of 
water wells in irrigation with affinity irrigation intervals is 
the best among most of the solutions possible in the current 
terms of drought and thermal retention. Date palm cv. Sayer 
can survive under these conditions and improve the desert 
environment, which promotes the exploitation of arid deserts 
to grow date palm using groundwater. This study reveals the 
importance of using saline water, which is usually available 
in desert areas or near the sea, in the growth of date palm to 
reduce water consumption in agriculture. 

Fig. 4. Dendrogram of hierarchical clustering of leaves of date palm offshoot under different groundwater irrigation periods 
by using all parameters as an indicator. (Co) control irrigation with freshwater (EC 1.5 dS m–1) every four days. (W1) 

Irrigation with groundwater (10 dS m–1) every four days. (W2) Irrigation with groundwater every week. (W3) Irrigation with 
groundwater every two weeks.

 

Fig. 4. Dendrogram of hierarchical clustering of leaves of date palm offshoot under different groundwater irrigation 
periods by using all parameters as an indicator. (Co) control irrigation with freshwater (EC 1.5 dS m–1) every four days. 

(W1) Irrigation with groundwater (10 dS m–1) every four days. (W2) Irrigation with groundwater every week. (W3) 
Irrigation with groundwater every two weeks. 
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