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Introduction: The date palm (Phoenix dactylifera L.) is a major component 
of the agro-food systems of the arid regions. Since it is an indigenous tree, 
it is an integral part of the local cultural heritage and social and economic 
life. Date palm cultivation in the region is challenging due to various factors 
such as water scarcity and soil and water salinity.

Methods: This research study was conducted to evaluate the quality of 
commonly sold date palm varieties in the UAE market and grown using saline 
water at the ICBA research station in Dubai. The study involved measuring 
physical parameters like fruit weight, size, dimensions, color, volume, Brix, 
protein, sucrose, glucose, fructose, sugars, phenols, sodium, and potassium, 
as well as analyzing how consumers perceive the fruit’s quality attributes 
produced under varying salinity levels. The study evaluated Tamar dates’ 
texture, flavor, aroma, taste, color, and appearance using a five-point scale 
from very poor to excellent.

Results and discussion: The study found that fruit quality is affected by salinity, 
and there is a significant interaction between variety and salinity treatments. 
Salinity affects date palm traits, but low to moderate levels do not affect fruit 
quality. Khalas, Sukkari, and Ajwa-Tul-Madinah are the least affected varieties. 
High salinity negatively impacts some varieties, leading to decreased fruit 
quality. However, it is also worth noting that salinity stress can increase the 
sugar concentration in fruit for specific varieties, as demonstrated in this 
study on fruit sugar content under such conditions. Among the tested dates, 
Sukkari from the market, Ajwa-Tul-Madinah irrigated with 5 and 10 dS m−1 
have the highest sugar content and many other desirable characteristics. 
Hierarchical k-means clustering reveals that each genotype performs better 
under a specific level of salinity, allowing for targeted selection of genotypes 
for salinity mitigation. Sugar content is crucial in assessing date fruits 
irrigated with saline water. It should be included in the evaluation criteria to 
promote the use of saline water for date palm irrigation and save freshwater 
resources. The study provides valuable insights into different date palm 
varieties’ behavior under varying salinity levels, enabling farmers to optimize 
production and establish new evaluation criteria.
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1 Introduction

Date palm (Phoenix dactylifera L.) is a valuable agricultural 
product that has its origins in the Arabian Peninsula, Middle East, and 
North Africa. This fruit crop is highly regarded for its ability to thrive 
in hot and arid climates and salty soil. Date palms are the most 
produced and consumed type of dates worldwide, with the Arabian 
Peninsula being their center of origin. They have been an essential part 
of farming systems for over 5,000 years, particularly in the Middle East 
oases, where they can withstand extreme climates (Zohary and Hopf, 
2000). The date palm has had a significant impact on the economy, 
society, and environment. In the United Arab Emirates, the earliest 
evidence of date palm seed usage dates back to 5,290–4,940 Cal 
B.C. and 4,810–4,540 Cal B.C. on Dalma Island in Abu Dhabi (Beech 
and Glover, 2005). Technological advancements and government 
support for farmers have led to a remarkable increase in the number 
of date palm trees in the UAE, from 1.5 million to 18 million in just 
two decades. The actual date tree population in the UAE is about 40 
million, with 8.5 million in the AL-AIN region alone (UAEU, 2022).

According to data from the Food and Agriculture Organization 
(FAO), date palm production covers an area of over 1.09 million 
hectares globally, with a total production exceeding 8.5 million tons per 
year. There are about 5 thousand date palm varieties worldwide, with 
55.8% of global production concentrated in Asia and 43.4% in Africa. 
The Arab region accounts for more than 77% of date production, with 
approximately 160 million palm trees and about 6.6 million tons 
produced annually. The UAE is one of the top 10 date palm-producing 
countries, with 323,478 Metric Tons produced in 2019. In all Arab 
countries, date fruits are considered a staple food, providing many 
potential health benefits and being a significant source of nutrients. 
However, the scarcity of freshwater and global environmental issues 
such as salinity pose significant challenges to fruit tree growth, 
especially in low rainfall and high-temperature regions. The region 
faces a significant freshwater scarcity issue and high groundwater 
salinity makes growing different crops, including date palms, more 
challenging (Brook et al., 2006). Although date palms can tolerate 
salinity, excessive salt levels can hinder their growth and reduce fruit 
quality. Research has identified certain date palm varieties that can 
safely withstand moderate salinity levels (5 dS m−1), but beyond 8 dS 
m−1, excessive salt can have harmful effects. In the region, where palm 
trees are the most irrigated crop, it is crucial to use saline water 
judiciously to optimize water use efficiency (WUE). Proper guidance 
on WUE can help save scarce water resources in the region.

Date fruit is an exceptional source of sugar, energy, vitamins, 
minerals, and fiber. Consumers consider appearance, mouth feel, 
flavor, and nutritional value as important quality criteria for a product. 
A standardized scoring system for evaluating the total quality of a date 
(Tamar) based on consumer preferences was developed and tested for 
validity by Ismail et al. (2001).

Moreover, there is an urgent economic need to improve saltwater’s 
proficiency in the production of date palm and improve the relationship 
between the quantity and quality of crop production according to the 
saltwater levels used for irrigation. This study evaluates the salinity 
tolerance of elite date palm varieties from the Arabian Peninsula to 
assess the fruit quality’s long-term impact. Numerous research studies 
have been carried out in the UAE, including the longest-running large-
scale experiment on date palm by ICBA. ICBA examined the impact 
of salinity on 18 elite date palm varieties from UAE, Saudi Arabia, and 

Iraq. The study involved subjecting all the elite varieties to varying 
concentrations of saline water irrigation (3, 5, 10, and 15 dS m−1). The 
fruits of different varieties under different salinity levels were evaluated 
based on common marketable traits to ensure that the quality of the 
saline-irrigated tree fruits meets the standard as compared to the most 
predominant market varieties in the UAE (Fard, Lulu, Khalas, Sukkari, 
and Ajwa-Tul-Madinah). The long-term experiment aimed to 
determine whether date palm could withstand salinity stress and 
produce good fruit quality by using different salinity levels for 
irrigation (Dghaim et al., 2021; Al-Dakheel et al., 2022). The primary 
focus was on the quality of date palm fruits when using saline water for 
irrigation, as quality is a significant factor in determining market value.

2 Materials and methods

2.1 Field description and plant materials

Since 2001, an experiment has been conducted at the ICBA 
experiment station (25 13″ N and 55 17″ E) using both local and 
imported date palm varieties. This site is known to have one of the 
harshest environments in the region (Al-Muaini et al., 2019), with 
sandy, carbonatic, hyperthermic typic torripasmment soil and 
negligible organic matter levels.

The experiment involved growing 18 date palm varieties under 
three different salinity levels of irrigation water (5, 10, 15 dS m−1), 
achieved by mixing highly saline groundwater (with ECw up to 25 dS 
m−1, SAR >26 mmol/L, Na and Cl concentrations higher than 
190 meq/L, and pH = 7.6) with low-salinity municipal water (less than 
0.4 dS m−1, SAR = 4 mmol/L, Na and Cl concentrations lower than 
11 meq/L, and pH = 8.5). These three salinity levels were maintained 
throughout the cropping season each year.

The trees were planted systematically in rows within each salinity 
level, with a planting spacing of 8 by 8 meters and a 20 meters gap 
between each group of five plants. The total water supplied was 
calculated based on climatic and soil data to meet the water 
requirement of 850 mm, and standard UAE farming practices were 
applied. This study focuses on the behavior of five selected varieties, 
the most commonly found in the UAE market (Table 1). The used data 
were collected during 2019, 2020, and 2021 seasons.

2.2 Date palm fruits quality parameters

For this research, we collected date fruit samples from August and 
September. We placed them in labeled plastic bags with specific codes 
indicating their blocks and salinity levels. Each variety had three 
replicated samples. The measurements were taken at the Central 
Analytical Laboratory-ICBA.

To measure fruit length and diameter (cm), we used a digital 
Vernier caliper (Electronic Digital Vernier Caliper, LOUISWARE 
Stainless Steel Caliper 150 mm/0–6 inch). For fruit volume (mL), 
we used the water displacement method with a graduated cylinder 
filled with 30 mL of water to place the fruit. To measure flesh weight, 
seed weight (g/single fruit), and 50 fruits weight, we used an electronic 
balance. For fruit firmness, we used a firmness device (Hardness tester 
flat tip, model 53215TP, Italy). To determine each date palm fruit’s 
sugar content (°Brix), we used a refractometer device (Mettler Toledo 
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Refracto 30PX Portable Handheld Refractometer). We added 100 mg 
of date palm to a microcentrifuge tube and mixed it with 1 mL of 
distilled water. We then placed the sample in the refractometer device 
to obtain the sugar content value in °Brix. A more detailed sugar 
analysis was conducted for sucrose, glucose, fructose, total sugars, and 

phenols, which were tested using the high-performance liquid 
chromatography (HPLC) method. Protein content was determined 
using the AOAC 2001.11 method, which measures nitrogen levels 
through traditional Kjeldahl acid digestion. Nitrogenous compounds 
are converted to ammonia, which is then distilled and titrated. Finally, 

TABLE 1 Date palm material tested, names, general description and origin.

Date palm 
varieties

General description Effect of salinity on fruits

FARD

This variety is considered to be commercial. It has an oval and elongated shape with a 

pinkish-yellow color. The tamer is brown, the dates are dark brown, and the flavor is both 

sweet and pungent. The flesh is medium-thick with white pulp that has low fiber and 

pigments. The seed is small, and the fruit weighs an average amount. It is a semi-dry variety 

that is best eaten when it is in the tamer stage.

The yield potential for this fruit is approximately 70–90 kg/tree. For tolerant to salinity, 50 

reduction in yield will be noted if the electrical conductivity of the water exceeds 9 dS m−1 

ECw.

The distribution in the UAE: All UAE

LULU

This variety is commonly used for commercial purposes. The fruit is oval-shaped and has a 

bright yellow color. When ripe, the rutab has an amber color and the tamer has a brown color. 

The flesh is thick, with less fibrous texture, and has a sweet and soft flavor. The seeds are small. 

The fruit has a medium weight on average and can be eaten at the rutab and tamer stages. The 

approximate yield potential per tree is between 70–90 kilograms.

Salinity tolerance: 50% yield reduction at 12 dS m − 1 ECw.

The distribution in the UAE: All UAE

KHALAS

This is a popular variety in Gulf countries. The fruit is bright yellow in color, and the rutab 

stage fruit has a deep amber to reddish-brown color, while the tamer stage is light brown. The 

flesh is tender, translucent, and thick with a white color and slight yellowness. It is free from 

fiber and pigments and has a melting texture. The flavor is rich and delicious, which makes it 

an excellent quality fruit that can be eaten at both the rutab and tamer stages.

Approximative yield potential kg/tree: 40–60.

Salinity tolerance: 50% yield reduction at 8 dS m−1 ECw.

The distribution in the UAE: all UAE

SUKKARI

The dates of Sukkari variety are golden-brown in color and have a brown hue. They are 

medium size on average and have patches with lighter colors. The fruit has a firm exterior and 

a medium or small cone shape. This date is distinguishable from other cultivars by its 

characteristic sweetness and chewy flesh. It is best consumed during the rutab and tamer 

stages.

Origin: Kingdom of Saudi Arabia (KSA).

Approximative yield potential kg/tree: 50–70.

Salinity tolerance: 50% yield reduction at 10 dS m−1 ECw.

The distribution in the UAE: Very limited

(Continued)
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sodium (Na) and potassium (K) were determined using an inductively 
coupled plasma-mass spectrometer (ICP-MS).

For the Sensory quality attributes, this study involved 51 
individuals residing in Dubai, UAE, who were asked to taste various 
types of dates and evaluate the sensory quality attributes based on 
their personal preferences from very poor to excellent. The 
participants represented three groups based on their frequency of 
consuming date palms—regular date palm consumers are people from 
the countries’ key date palm producers, mainly the Arab and Middle 
Eastern and North African region; Occasional date palm consumers, 
e.g., from Muslim countries no producer of dates, and non-consumers, 
e.g., from European countries and others.

The study evaluated the main quality attributes of Tamar dates—
texture, flavor, aroma and taste, and color and appearance—using a 
five-point rating scale ranging from very poor to excellent. The scores 
were then translated into numerical values. A well-defined, 
standardized scoring system for evaluating the total quality of a date 
(Tamar) based on consumer preferences was developed and tested for 
validity by Ismail et al. (2001) and Jaradat (2014).

2.3 Statistical analysis

To analyze the data collected at the experimental site, the R 
software version 4.0.5 was utilized to create statistical analysis and 
graphs. An ANOVA was conducted to gauge the impact of variety 
and salinity on the parameters studied. Duncan’s multiple range test 
was conducted to determine the significance of various salinity 
gradients and varieties on different parameters. The values were 
calculated at a probability level of p ≤ 0.05. Furthermore, a 
non-parametric Kruskal–Wallis’ test was performed to determine if 
the rank means of market fruits and experimental site fruits were 
similar, indicating whether both groups had the same median value. 
Spider chart was created using the R function “radarchart ()” from 
the library(fmsb). Lastly, the clustering was computed using the R 
function “hkmeans ()” from the factoextra package, which employed 
hierarchical k-means. To avoid the clustering algorithm’s dependency 
on an arbitrary variable unit, the data was initially scaled/standardized 
using the R function “scale ().”

3 Results

3.1 Salinity effect on fruit quality

The purpose of analyzing the response of date palms to salinity 
levels is to assess how the genotype interacts with salinity. This 
evaluation involves examining how different date palm genotypes 
perform in terms of fruit quality values when exposed to varying levels 
of saline stress. Table 2 presents the analysis of variance (ANOVA) of 
the results obtained from five date palm genotypes evaluated under 
three salinity levels (5, 10, and 15 dS m−1) concerning fruit quality 
variation. The analysis of variance revealed significant variations 
(p ≤ 0.001) among variety (V), salinity (S), and variety × salinity (V × 
S) for fruit length (mm), fruit width (mm), fruit weight (g per single 
fruit), fruit volume (mL), firmness, sugar content, and seed flesh ratio 
(F. wt), as well as for the protein, sucrose, glucose, fructose, sugars, 
phenols sodium (Na) and potassium (K).

The results of the study indicate that the variety, salinity effect, and 
their interaction effects played a significant role in determining most 
of the fruit quality parameters tested, as presented in Table 2. The 
results revealed that the varietal effect had a significant impact on all 
the parameters studied, confirming that the quality of date palm fruits 
varies. Moreover, the interaction between variety and salinity was 
significant for most parameters, including the volume and size of 
fruits, along with sugar and protein content. This confirms that 
elevating the salinity of irrigation water significantly affects the 
behavior of the different date palm varieties regarding fruit quality. 
The findings shed light on the importance of varietal selection and 
water quality management in ensuring high-quality date palm fruits. 
The weight of individual fruits was reduced by almost 1 gram on 
average when the salinity of irrigation water was increased from 5 to 
10 dS m−1 and by 1.5 grams when it reached 15 dS m−1. The results also 
revealed a 27% difference in the weight of fruits between different 
varieties (Table 2). The protein content slightly increased with the 
increase in salinity, but this trend was not observed in all varieties. 
Generally, salinity decreased the total sugar content, primarily due to 
a significant decrease in the fructose component. It is worth noting 
that only the Sukkari variety contained sucrose. Date fruits are mainly 
composed of glucose and fructose, which are the reducing sugars. The 

TABLE 1 (Continued)

Date palm 
varieties

General description Effect of salinity on fruits

AJWA-TUL-

MADINAH 

(Ajwa)

Ajwa is a date palm variety that is round-shaped, soft, and dark brown in color, appearing 

almost black with fine texture and white wrinkles. This highly esteemed date palm owes its 

reputation to its medicinal properties, which have been documented in prophetic medicine 

and make it a significant date variety for Muslims. Ajwa originated in Medina, Kingdom of 

Saudi Arabia (KSA), and has an approximate yield potential of 60–70 kg/tree. For salinity 

tolerance, according to the ICBA study, the yield reduction of Ajwa is 50% at 8 dS m−1 ECw. 

However, its distribution in the UAE is very limited
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TABLE 2 Salinity and variety effect on fruit length (FL), fruit width (F. width), fruit weight (FW), fruit volume (FV), firmness (Fr), degree of sweetness (brix), seed flesh percentage (F/s), protein, sucrose, glucose, 
fructose, sugars, phenols, sodium (Na) and potassium (K).

Source of 
variation

FL 
(mm)

F. 
width 
(mm)

FW (g)
FV 

(mL)
Fr (kgf/

cm2)
Brix (% 
Brix)

F/s 
(ratio)

Protein 
(g/100  g)

Sucrose 
(g/100  g)

Glucose 
(g/100  g)

Fructose 
(g/100  g)

Sugars 
(g/100  g)

Phenols 
(mg 

GAE/100  g)

Na 
(mg/
kg)

K (mg/
kg)

Salinity

5 dS m−1 32.29a 23.20a 7.67a 7.67a 6.18b 70.44a 9.57b 2.73a — 32.26a 30.94a 68.08a 374.80a 283.30c 6622.16b

10 dS m−1 28.74b 23.26a 6.73b 6.73b 4.98c 69.12a 12.19a 2.86ab — 31.24b 30.78a 68.06a 372.44a 306.92b 7239.01ab

15 dS m−1 32.11a 22.27b 6.20c 6.20c 7.47a 66.40b 11.76a 2.92b — 31.95a 30.33a 66.89b 344.04a 339.82a 7488.93a

Variety

AJWA-TUL-

MADINAH

29.52c 22.82b 7.11b 7.11b 6.02b 66.36ab 14.52a 2.96a — 33.55b 31.65c 65.20c 422.86a 265.20d 8294.92a

FARD 33.44b 20.10c 5.89c 5.89c 3.96c 73.33a 10.23b 2.43ab — 34.16b 34.84d 69.01a 322.80b 332.59b 7045.84bc

KHALAS 38.00a 23.51b 7.22b 7.22b 6.03b 65.89ab 8.54c 3.13b — 35.82a 32.99b 68.81a 388.56a 274.09c 7455.17ab

LULU 20.82d 25.31a 6.00c 6.00c 6.65b 71.58ab 11.44b 2.90b — 34.16b 33.76b 67.91ab 294.06b 470.41a 6356.58c

SUKKARI 33.44b 22.81b 8.11a 8.11a 8.39a 65.44b 11.13b 2.79b 22.88 21.39c 20.17d 67.45b 390.53a 207.78e 6431.01c

ANOVA DF

Variety (V) 4 375.1*** 31.63*** 7.744*** 7.744*** 22.715*** 136.2ns 42.98*** 0.6064*** — 311.94*** 322.9*** 20.965*** 25560*** 89968*** 5750459***

Salinity (S) 2 60*** 4.59ns 8.267*** 8.267*** 23.147*** 102.5ns 29.72*** 0.1409* — 4.06* 1.5ns 6.898* 4,395ns 12084*** 2985656*

V × S 8 55.1*** 4.12* 1.794*** 1.794*** 15.875*** 195.5** 10.68*** 0.1234* — 1.71* 1.3ns 8.557*** 3,461ns 5359*** 1,631,344ns

Residuals 30 4.1 1.52 0.311 0.311 2.228 79.3 2.65 0.0441 — 0.79 0.9 2.152 2,652 75 800,881

Different letters in the same line indicate significant differences at 0.05 by Duncan’s LSD test. Asterisks indicate significance at *p < 0.05, **p < 0.01, and ***p < 0.001, and ns indicates no significance (p > 0.05). DF, degrees of freedom; kgf/cm2, kilogram-force per square 
centimeter; GAE, gallic acid equivalents.
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FIGURE 1

Boxplot presentation of the sugar content (Brix) for the five date palm varieties grown at different salinity (S1_5 dS/m, S2_10 dS/m and S3_15 dS/m; 
dS/m  =  dS m−1) compared with the same varieties available in the market.

high content of reducing sugars indicates significant invertase activity 
and reduces sucrose levels (Elleuch et al., 2008).

The irrigation of date palm trees with saline water resulted in 
increased sodium levels in the fruits. Additionally, there was a rise in 
potassium levels.

The results showed that salinity does not significantly affect the 
phenolic content of five varieties of date palm and found that the 
concentration varied significantly among them. The Ajwa variety had 
the highest concentration (422.86 mg GAE/100 g), while Lulu had the 
lowest (294.09 mg GAE/100 g). This finding supports previous research 
that highlights the significance of date palm’s rich energy and antioxidant 
properties for human health (EI-Far et al., 2019). The phenolic content 
in date flesh may contribute to its antioxidant activity. Other studies 
have also confirmed the high phenolic content and antioxidant activity 
of AJWA-TUL-MADINAH variety (Mohamed et al., 2021), which can 
help combat various toxicants and provide health benefits (AlFaris et al., 
2021; Assirey, 2021). Selecting tolerant genotypes is a crucial factor in 
obtaining good market value for the date palms produced in a saline 
environment. The date palm is a resilient plant that can tolerate both 
drought and salt (Zaid and de Wet, 2000; Yaish and Kumar, 2015; Al 
Kharusi et al., 2017). Previous research has shown that certain cultivars 
of date palm can withstand high levels of salinity, with no noticeable 
impact on seedling growth (Ramoliya and Pandey, 2003; Alrasbi et al., 
2010; Al Kharusi et al., 2017). The Khalas cultivar also exhibits strong 
salinity tolerance, surpassing other date palm cultivars in a controlled 
environment (Aljuburi, 1992; Al-Mulla et al., 2013). Date palm cultivars 
from Oman, such as Manoma and Umsila, have demonstrated superior 
salinity tolerance compared to other varieties by Al Kharusi et al. (2017). 
A recent study by Rashid (2018) focuses on the quality of date palm 
fruit. Fruit quality is determined by various attributes, properties, and 
characteristics that contribute to its overall value as a human food 
product. It is a measure of the fruit’s excellence and is essential for both 
fresh fruit and its processed derivatives.

3.2 Comparison between dates produced 
at different salinity with dates available in 
the market

3.2.1 Salinity effects on the market values of dates
This study was conducted to evaluate the quality of five different 

date palm varieties, which are commonly sold in the UAE market and 

grown using saline water at the ICBA research station in Dubai. The 
analysis involved measuring physical parameters such as fruit weight, 
size, dimensions, color, and volume. To compare the differences in 
fruit quality among the different varieties, as well as those irrigated 
with varying levels of saline water, a Kruskal–Wallis test was 
carried out.

3.2.2 Fruit sugar content
In this study, we measured the sugar concentration (Brix) of five 

different date fruit varieties that were irrigated with three different 
salinity treatments. We found that there were no significant differences 
(p = 0.46) among the five varieties when comparing the treatments, as 
shown in Figure 1. However, when we analyzed the data based on each 
variety, we discovered that at a salinity level of 5 dS m−1, the sugar 
content of Khalas, Ajwa, and Lulu varieties were comparable to those 
found in the commercial varieties available in the UAE market.

Our findings suggest that when Ajwa, Fard, and Sukkari date 
palms are irrigated with 10 dS m−1, they have a better total sugar 
content. Research has shown that abiotic stress, such as salinity and 
water scarcity, may have a positive effect on plants. In fact, many farms 
around the world use deficit drip irrigation techniques to increase the 
sugar levels in fruits during their growth. Al-Yahyai and Al-Kharusi 
(2012) confirmed that date palms (cv. Khalas) grown in northern 
Oman and subjected to deficit irrigation treatments had the highest 
total sugar content.

Plant growth and yield can be significantly impacted by salinity, 
which is a major abiotic stress. As the salt level increases, the soil’s 
osmotic potential decreases, resulting in water stress and obstructed 
absorption processes (Parida and Das, 2005). When plants are irrigated 
with saline water, it causes ionic imbalance and osmotic stress, which 
can affect yield levels. However, plants produce osmolytes, such as 
proline and soluble sugars, to protect their cells from the adverse effects 
of salt stress under saline conditions. This production may increase 
salinity tolerance and aid in osmotic adjustment.

Our research is consistent with previous studies indicating that 
water stress can have positive effects on various fruit crops. Salinity 
stress has been referred to as “physiological drought” in older 
references. Researchers have documented enhancements in the quality 
of apples, oranges, grapes, olives, apricots, plums, and pomegranates 
under water-stress conditions.

According to various researchers, salinity has a significant impact 
on plant growth and yield, as it is considered a major abiotic stress 
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(Gharsallah et al., 2016). When plants are irrigated with saline water, 
it results in ionic imbalance and osmotic stress, ultimately affecting 
the yield (Hammami et al., 2017; Rahneshan et al., 2018). Salinity 
stress can also raise the sugar concentration in fruit, as shown in a 
study of fruit sugar content under such conditions (Hepaksoy, 2004). 
Kumar et al. (2021) pointed out that plants produce osmolytes, such 
as proline and soluble sugars, to safeguard their cells against the 
harmful effects of salt stress in saline conditions. Moreover, these 
osmolytes help in regulating osmotic pressure, and their increased 
production can improve salinity tolerance (Rahneshan et al., 2018). 
On a similar note, Durán et al. (2021a,b) highlighted that mango fruits 
from water-stressed trees have higher Brix (total soluble solid) levels 
than those from non-water-stressed trees.

Multiple studies have confirmed that water stress can positively 
impact the quality of various fruit crops. Wang et al. (2019) found that 
apple fruit quality improved under water stress conditions. Similarly, 
Mossad et  al. (2020) reported improvements in oranges (Citrus 
sinensis L.), Romero et  al. (2016) for grapes (Vitis vinifera L.), 
Gonçalves et al. (2020) for olives (Olea europea L.), Pérez et al. (2016) 
for apricots (Prunus armeniaca L), Maatallah et al. (2015) for plums 
(Prunus salicina L.), and Cano et al. (2018) for pomegranates (Punica 
granatum L.).

3.2.3 Fruit weight
The weight of five varieties of date fruit was measured in grams, 

both when irrigated with three different levels of salinity and when 
purchased from the market. Results showed that the fruit weight was 
significantly affected by salinity treatments of 10 and 15 dS m−1 across 
all varieties, as seen in Figure 2. Additionally, a Boxplot presentation 
in Figure 2 revealed that Ajwa, Sukkari, and Khalas fruits grown using 
saline water of 5 dS m−1 had a noticeably higher weight compared to 
the same varieties available in the market. Out of the three salinity 
treatments, Khalas and Sukkari showed positive results when irrigated 
with 10 and 15 dS m−1, outperforming the market brands. However, 
Fard’s date showed a decrease in weight with an increase in salinity 
level to 15 dS m−1 when compared to the fruit market brand.

The weight of Lulu fruit was significantly impacted and reduced 
when irrigated with varying levels of salinity compared to the market 
brand. Fruit weight data analysis reveals that Khalas and Sukkari 
varieties can adapt well to high salinity, while Ajwa and Fard are better 

suited for moderate salinity. This information is crucial to maintain 
market standards for date palm fruit production when utilizing saline 
water for irrigation.

Based on consumer and market preferences in Saudi  Arabia, 
Al-Abdoulhadi et  al. (2011) categorized Khalas fruits into three 
groups: large (≥10 grams), medium (7–9 grams), and small (≤7 
grams). Our study investigated the effect of salinity levels on these 
fruits and found that those irrigated with 5 dS m−1 can be classified as 
large, while those irrigated with 10 and 15 dS m−1 can be categorized 
as medium corresponding to Al-Abdoulhadi et  al. (2011). This 
suggests that it is possible to produce dates under harsh 
salinity conditions.

Figure 3 presents a Boxplot showcasing the weight of 50 fruits, 
which is a crucial factor in assessing the quality of dates in the UAE 
market (Al Foah, Alsharif, 2020). According to the findings, the fruits 
grown using 5 dS m−1 salinity level weigh the same as those of the 
same variety available in the market. However, date palm cultivated at 
10 dS m−1 (S2) had a negative impact on the weight of 50 fruits when 
compared to those available in the market (Figure 3).

Regarding the varieties, Lulu’s fruit weight was significantly 
affected by high salinity stress (Figure 2), indicating that it is not 
suitable for growing under such conditions when it comes to the fruit 
market value. On the other hand, Khalas and Sukkari are more 
suitable for high salinity levels of 15 dS m−1.

The results of the comparison test showed that there was no 
significant difference between the fruits available in the market and 
those irrigated with 5 dS m−1. However, when the trees were irrigated 
with 10 and 15 dS m−1, a difference was observed. Nonetheless, certain 
varieties like Sukkari and Khalas did not experience any negative 
impact after the use of saline water, as shown in Figure 3. The boxplot 
presentation illustrated the variability among the same variety 
irrigated with the same water quality (Figure  3). These findings 
emphasized the importance of sorting and grading dates, especially 
those from fields irrigated with saline water.

Siddiq and Greiby (2013) have pointed out that date grading and 
sorting cause significant delays in fruit packaging and marketing. 
Al-Ohali (2011) also noted that this process is both repetitive and 
time-consuming, requiring manual labor and visual inspection. 
Fortunately, with the advancements in machinery and the industrial 
sector, this activity can now be streamlined.
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FIGURE 2

Boxplot presentation of the single fruit weight for the five date palm varieties grown at different salinity (S1_5 dS/m, S2_10 dS/m and S3_15 dS/m; 
dS/m  =  dS m−1) compared with the same varieties available in the market.
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3.2.4 Fruits volume
The study involved measuring the volume of five varieties of date 

fruit under three different salinity treatments. Results showed that 
Fard date fruit is not significantly affected by a salinity level of 5 dS 
m−1 and 10 dS m−1, with volumes similar to those available in the 
market. However, a high salinity level of 15 dS m−1 resulted in a slight 
decrease in volume (Figure 4). Khalas, on the other hand, had a higher 
volume than market fruits, and salinity did not significantly affect its 
volume. Sukkari was not affected by salinity levels of 5 to 10 dS m−1, 
while Lulu exhibited a significant decrease in volume under high 
salinity. However, moderate salinity did not affect Lulu’s volume, with 
its volume being almost the same as market fruits. Ajwa exhibited a 
significantly higher volume under a salinity level of 5 dS m−1, while 
volumes under 10 and 15 dS m−1 were similar to the market fruits 
(Figure 4).

3.2.5 Fruit firmness
The study evaluated the firmness of five different types of date 

fruit when exposed to varying levels of salinity, comparing them to 
those available in the market. It was found that in general, salinity led 
to an increase in fruit hardness. Interestingly, the results showed that 
there was no significant difference between the market fruits and 
those irrigated with a high salinity level of 15 dS m−1 (Figure 5). 

When it comes to firmness, salinity levels of 5 dS m−1 and 10 dS m−1 
had similar effects. However, the market fruits had the highest 
firmness. There was a notable difference in the firmness of the Fard 
and Sukkari varieties from the market fruits and those subjected to 
the three levels of salinity, which suggests that salinity stress 
influenced their texture. On the other hand, for Khalas, Fard, and 
LuLu date varieties, their firmness increased as the salinity levels 
increased, but they had lower firmness than the market brands. The 
research findings revealed a notable decline in the firmness of several 
date palm types, with the exception of Khalas and Ajwa varieties 
(Figure 5). The investigation also indicated that a rise in salinity levels 
contributed to a boost in fruit hardness, albeit at the expense of 
reduced fruit volume and water content, which consequently 
adversely affected their marketability. Additionally, the mechanical 
traits of date palms play a crucial role in determining their overall 
gustatory quality.

3.3 Sensory quality attributes

When making a purchase decision, product attributes are 
crucial for consumers. This study analyzes how consumers 
perceive the quality attributes of date palm fruits produced under 

ns

*

*

Kruskal-Wallis, p = 0.0160

200

400

600

m/Sd51_3Sm/Sd01_2Sm/Sd5_1Stekram
varieties

W
ei

gh
t (

50
 F

ru
its

)

Salinity market S1_5 dS/m S2_10 dS/m S3_15 dS/m

** ns* ns

Kruskal-Wallis, p = 0.000160

200

400

600

IRAKKUSULULSALAHKDRAFHANIDAM-LUT-AWJA
varieties

W
ei

gh
t (

50
 F

ru
its

)

Salinity market S1_5 dS/m S2_10 dS/m S3_15 dS/m

FIGURE 3

Boxplot presentation of the weight of 50 fruits for the five date palm varieties grown at different salinity (S1_5 dS/m, S2_10 dS/m and S3_15 dS/m; 
dS/m  =  dS m−1) compared with the same varieties available in the market.
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Boxplot presentation of the fruit volume for the five date palm varieties grown at different salinity (S1_5 dS/m, S2_10 dS/m and S3_15 dS/m; dS/m  =  dS 
m−1) compared with the same varieties available in the market.
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varying salinity levels. The study assesses three key quality 
attributes (“texture,” “flavor and aroma” “taste,” and “color” and 
“appearance”) of Tamar dates using a five-point scale (very poor, 
poor, satisfactory, good, and excellent). These scores were later 
converted into quantitative values.

The results obtained from consumer preferences indicate that 
the color and appearance of fruits from markets irrigated with 5 
and 10 dS m−1 score similarly. There is no significant difference 
between them, as shown in Figure 6. Sukkari genotype irrigated 
with medium and high salinity does not show any negative 
impact, while Ajwa and Fard’s color and appearance are affected 
by high salinity of 15 dS m−1 (Figure 6). The color and appearance 
of a product attract consumers and can lead to impulse purchases. 
Consumers generally have a preferred color for a specific item 
(Barrett et al., 2010). Siddiq and Greiby (2013) suggested that 
good-quality dates tend to be light brown and uniform in shape 
and length.

When assessing the quality of 203 date palm cultivars in the 
GCC and Middle East, fruit color was deemed the most significant 
attribute (Al-Abdoulhadi et al., 2011). Additionally, research on 
predictors for the economic value of date palm cultivars found 
that yellow fruit color held a 70 percent economic value in 
Saudi Arabia and the United Arab Emirates, while in Qatar it was 
64 percent. In contrast, various shades of red were more prevalent 
in Bahrain, Kuwait, and Oman (Jaradat and Zaid, 2004).

Based on the results, it was found that most of the varieties 
received a lower score for texture when the salinity level was 
increased to 15 dS m−1. However, salinity levels of 5 or 10 dS m−1 
did not have a significant impact on the texture of the fruit 
(Figure  6). Good quality dates are characterized by a smooth 
texture and mouthfeel, as noted by Siddiq and Greiby (2013). The 
same authors also stated that the appearance and texture of date 
palm fruits are influenced by their moisture and sugar content.

When it comes to flavor, aroma, and taste, we notice a consistent 
pattern. However, the khalas and Lulu varieties begin to show signs 
of impact after being irrigated with a medium salinity of 10 dS m−1 
(Figure 6). In 1959, Anon defined flavor as a combination of taste, 
smell, and pressure sensations, often accompanied by cutaneous 
sensations such as warmth, color, or mild pain. According to Barrett 
et al. (2010), the flavor is typically characterized by aroma and taste. 
This reinforces the idea that flavor, aroma, and taste are important 

factors that are linked to color, appearance, sweetness, fruit size, 
mouthfeel, mouth shear, and pit size. However, these factors affect 
different varieties in different ways, reaffirming the importance of 
selecting the right variety based on the salinity of the soil and water 
available at the farm level, as well as consumer and market 
preferences. For consumers, the key quality criteria for a product 
include appearance (including color, size, shape, condition, and 
absence of defects), mouthfeel or texture, flavor, and nutritional value 
(Wills et al., 1998). To assess the total quality of the date (Tamar) 
based on consumer preferences, a well-defined, standardized scoring 
system has been developed and tested for validity by many others, 
including Ismail et al. (2001).

3.4 Cluster analysis of the different date 
palm fruit packs (fruit from variety(i) grew 
under salinity(S))

The clustering of the different available interactions (fruit of 
a variety(i) grew under salinity(S)) and Hierarchical clustering, also 
known as hierarchical cluster analysis (HCA) were used. Through 
this analysis, it is possible to determine the ideal genotype for 
cultivation under certain levels of salinity, resulting in optimal 
fruit quality. To prevent the clustering algorithm from being 
influenced by arbitrary variable units, the data was first scaled 
and standardized, as presented in Table 3. The high parameter 
values indicated that the specific group of samples (cluster) was 
characterized by a high level of that parameter and vice versa.

In Figure  7, the Fard variety irrigated with all irrigation 
salinity levels and Ajwa irrigated with 15 dS m−1 were grouped 
together as they have low Brix and small fruit volume (Table 3). 
The second group includes Sukkari from the market and Ajwa 
irrigated with 10 dS m−1, and Ajwa irrigated with 5 dS m−1, which 
have the highest sugar content and other desirable characteristics. 
Lulu irrigated with all three salinity levels, and Ajwa irrigated with 
10 dS m−1 comprised the third group, with high sugar levels and 
seed flesh ratio, but have smaller fruit sizes in terms of length, 
volume, and weight. Finally, Khalas at all salinity levels, Sukkari 
irrigated with 5 dS m−1, as well as Ajwa, Lulu, and Fard from the 
market are grouped in cluster 4. Based on the analysis, it can 
be concluded that cluster 4 exhibits favorable values for all the 
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Boxplot presentation of the fruit firmness for the five date palm varieties grown at different salinity (S1_5 dS/m, S2_10 dS/m and S3_15 dS/m; dS/m  =  dS 
m−1) compared with the same varieties available in the market.
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salinity compared with the same varieties available in the market.
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studied parameters except for the seed flesh ratio (−0.017) and 
Brix (−0.247). These two parameters are comparatively lower than 
those of groups 2 and 3, as indicated by the scaled and 
standardized numbers in Table 3. Additionally, even combinations 
of certain varieties under a specific salinity with lower sugar 
content and salinity levels can prove valuable in certain market 
scenarios. As noted by AlShwyeh and Almahasheer (2022), this 
information on fruit quality, particularly sugar content, can aid in 
maintaining a healthy diet, particularly for diabetic patients and 
their glucose consumption.

4 Conclusion

This study delved into the impact of saline water on the 
quality of date palm varieties available in the UAE market. The 
study measured fruit weight, size, color, and sugar content, and 

also took into consideration the consumers’ perception of quality. 
Results showed that high salinity had a negative effect on some 
varieties, but it was also discovered that salinity stress could 
increase sugar concentration in specific varieties. Sugar content 
is a key factor for farmers looking to optimize production in 
saline conditions. This is a game-changer for those in the 
industry, providing valuable insights for enhancing the quality of 
date fruits.
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TABLE 3 Standardized data of the different parameters for the cluster means analysis of hierarchical k-means clustering with 4 clusters.

Cluster
Fruit 

length
Fruit 

width
Fruit 

volume
Single fruit 

weight
Seed 

weight
Sugar content 

(Brix)
Firmness

Seed 
flesh ratio

1 0.101 −1.224 −0.899 −0.709 −0.628 −0.108 −0.905 −0.088

2 0.388 0.361 1.517 1.048 1.700 0.670 −0.209 0.845

3 −1.783 1.106 −0.899 −1.099 −0.455 0.127 −0.156 0.654

4 0.683 0.076 0.442 0.599 −0.017 −0.247 0.722 −0.589
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FIGURE 7

Regrouping of the similar dates coming from different genotypes and salinity in the irrigation water (hierarchical k-means clustering was used to group 
the sample from different varieties of fruit grown under specific salinity conditions. Sample are labeled with their variety name and salinity level, for 
example, Lulu_10 dS/m).
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