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Abstract
E'I_I_laﬂ: _ The production of date palms in Southern Basrah, Iragq, is significantly hindered
majid.abdulhameedl@uobasrah.edu.iq by the rising levels of salinity in the soil and water. This study explores regional

and seasonal changes in soil and groundwater salinity and their impact on date
Received: 28/11/2023 palm yield, focusing on Shatt Al-Arab and Abu Al-Falous River area. During the
Acceptance: 29/01/2024 growing season, soil and groundwater samples were collected and examined at
Available Online: 30/01/2024 various distances from Shatt Al-Arab (1000, 2000, 3000, and 4000m) and Abu
Published: 01/07/2024 Al-Flous River (250, 500, and 750m) on three separate occasions. The date

palm yield in each examined section was quantified to assess the adverse
impact of salinity on date production. The findings indicated a rise in salinity
levels as the distance from Shatt Al-Arab and Abu Al-Flous River increased,
Keywords: Date Palm, with the most notable impact recorded at higher distances. The salinity of
groundwater reflected the patterns of soil salinity and increased throughout
the growing season. The productivity of date palm trees significantly decreased
as salinity levels increased, resulting in a reduction of up to 88.67%. This study
emphasizes the immediate necessity for contemporary soil and water
management solutions to tackle the issues caused by salinity and maintain date
palm production in Basrah Governorate.
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1. Introduction

Historically, Iraq has consistently ranked among the major producers of dates. Recent figures reveal a decline in the
condition of date palm orchards, both in terms of the number of date trees and the quantity of production especially in
Basrah Governorate [1]. The production of date palms is influenced by various elements, with soil and water
characteristics being the most significant determinants. Furthermore, the combined impact of climatic circumstances
has a significant role in shaping the growth and production of date palms [2].

Dates is an arboreal species characterized by an exceptional capacity to withstand high levels of salinity. They have a
far higher resistance to saline compared to other fruit trees. Nevertheless, the production of the plant diminishes as
the salinity in the root spreading area increases. The rise in saline levels in both the soil and irrigation water had a
detrimental impact on the growth and production of the date palms. The level of salinity has a significant impact on
various biological activities in plants, with the most crucial one being the process of photosynthesis [3]. A notable
reduction in yield and a drop in the weight, length, and diameter of the fruits were observed when Siwi palm trees
were irrigated with water containing a saline level ranging from 2.5 to 14.5 dS/m [4]. Additionally, there was a
reduction in the longitudinal growth of the root and vegetative system of palm trees [5]. The detrimental impact of
salts on the weight, size, and overall yield of the date fruit was also previously discussed [6].

The predominant irrigation technology employed in irrigating the majority of date palm orchards in Basrah
Governorate is the tidal system. The network consists of primary, secondary, and tertiary branches that facilitate the
intake of irrigation water during high tide and its withdrawal during low tide. For centuries, this strategy has shown
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to be an appropriate, cost-free, and effective method for irrigating date palms. Nevertheless, the decline in imports of
water from neighboring countries through the Tigris and Euphrates rivers over the past twenty years has resulted in a
reduction of water availability in the soil profile of palm groves in Shatt Al-Arab basin. This adversely impacted the
development and productivity of palm trees, particularly in the southern region [7].

The rise in salinity in Shatt Al-Arab is a result of the drainage water flowing from the connected subsidiary canals into
Shatt Al-Arab during low tide [8]. The progression of the leading edge of saline marine waters in the Gulf during high
tide, and its subsequent blending with the freshwater of Shatt Al-Arab, significantly contributed to the degradation of
Shatt Al-Arab's water quality and the rise in salinity within the soil profile. This rise significantly led to the
degradation of palm farming and a decrease in its production, both in terms of quantity and quality [9]. The growth
and production of date palms in the southern part of Basrah Governorate are declining due to the worsening
condition. The extent of this decline is influenced by the spatial variations of Shatt Al-Arab. This study aimed to
evaluate the salinity levels of the soil and water in many tributaries connected to the southern portion of Shatt Al-Arab
and analyze their impact on soil properties and date palm productivity in the area.

2. Material and Methods

2.1. Study area

The study was carried out in 2021 on an area of about 600 hectares, on the banks of Abu Al-Flous River (30°2652 N
47°5952 E), Basrah, Iraq. This river is a significant waterway in the fertile Abu Al-Khasib District, which is a branch of
Shatt Al-Arab and stretches westward to the marshlands. The irrigation method utilized in these regions is the tidal
system, which relies on the influx of tidal water throughout the bi-daily tidal cycle, alternating with two periods of low
tide.

2.2. Initial soil and water analysis

To assess the general situation of the study area, a comprehensive sampling approach was employed to collect soil
and irrigation water samples across the whole river basin, encompassing a 3 km width on both sides, utilizing a grid
system. Measurements were computed for depths of 0-30 cm, 30-60 cm, and 60-90 cm. The soil samples were dried,
ground, and sieved using a 2 mm diameter screen in order to assess the fundamental physical and chemical
characteristics of the soil.

The pipette method was employed to  Table 1. The physical and chemical characteristics of soil and irrigation water

estimate the size distribution of soil ) ) Depth of soil
particles, while the Core methods were Soil properties e S 60-90cm
used to (.estimate the bulk density. of Sand 104.59 111.44 98.21
the soil [10]. The electrical
conductivity of the saturated soil pulp Loam g/kg 450.01 229.26 335.59
extract was determined using the Clay 4454 659.3 566.2
WTW electrical conductivity device. Bulk density g/cm3 1.16 1.29 1.39
The pH of the soil was measured in the pH 7.6 7.6 75
soil suspension using a WTW pH Calcium carbonates g/Kg 327.2 314.6 271.6
meter. The amount of calcium 0 ) " K 515 3.04 023
carbonate was determined by mixing 1 rganic matters g/Kg . : :
g of the soilwith 1 m sodium Electrical conductivity (EC) ds/m 16.21 10.14 6.97
hydroxide after adding 1 m Dissolved ions at depth (0-30cm) mmol/L
hydrochloric acid and utilizing the Ca*? Mg+2 Na+* | HCO3- | SO4- Cl- C03- K*
phenolphthalein indicator.  The 24.23 1827 | 73.71 | 198 | 36.34 | 99.11 0 3.21
estimation (?f organic matter was Irrigation water properties Groundwater
conducted using the Walkely and Black depth
method [11]. oL e P

5.22 7.2 1.25m
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The dissolved positive and negative ions in the saturated soil paste extract were then estimated. The concentrations of
calcium (Ca*2?) and magnesium (Mg*2) were measured using electrophoresis with a solution of 0.01 molar Naz-EDTA.
The concentration of chloride (Cl') was determined using electrophoresis using a solution of 0.05 molar silver nitrate
(AgNO3) [12]. Potassium (K*) and sodium (Na*) were quantified using a flame photometer [13], whereas sulfate
(S04-2) was measured using a spectrophotometer by the turbidity method [13]. Carbonates (CO3Z%) and bicarbonates
(HCOs3") contents were estimated using the decantation process using 0.01 molar sulfuric acid [14]. The results of this
initial inspection are shown in Table 1.

2.3. Study factors and data collection

The region stretching from Shatt Al-Arab, near Abu Al-Falous River, Shatt Al-Arab
to its termination close to the Sabkha lands, was partitioned into four

portions based on their distances from Shatt Al-Arab (D1: 1000m,
D2: 2000m, D3: 3000m, and D4: 4000m from Shatt Al-Arab). |~ - - o~ )
Additionally, each cross-section was subdivided into secondary 2|1 =2 =2 2|1 =2 =2
sectors on both banks of Abu Al-Falous River, at three different ‘5' ‘5' E' ‘5' ‘5' E'
intervals (W1: 250m, W2: 500m, and W3: 750m from Abu Al-Falous
River) (Fig. 1).
|

Auger wells were drilled within each of the subplots to a depth of 2 m N h, g — N m
meters, reaching the lowest groundwater level. A metallic fastening 3 3 3 14 3 3 3

: SEEEEE v R EEREEY
was placed at the bottom of the wells. Subsequently, PVC pipes (o) (o) al =l o (o) (o)
measuring 2.5 meters in length, 10 centimeters in diameter, and t_ou
equipped with several holes measuring 0.3 centimeters in diameter L.
at their base were inserted into the wells. Boulder filters were mlalalE] al ol o
strategically placed around the pipes to optimize water flow toward 2|l =2|=2 2 = | 2| =2
the pipe and prevent any blockage of the openings. A cloth was 8 8 8 < 8 8 8
positioned atop the pipe to promote the flow of air and inhibit the
accumulation of pressure as the groundwater rises.
The depth of groundwater was routinely assessed with the wet tape () o = = o ()
measure technique [15] and groundwater samples were collected 3 3 3 3 3 3
from the drilled auger wells. Simultaneously, soil samples were g g g g g g
collected from the surrounding areas of each auger well at a depth of

0-30 cm. Groundwater and soil samples were obtained periodically
every three: months over the course of the initial (A), intermedi.ate Figure 1. Schematic diagram of the study area. D
(B), and final (C) stages of the growth season. The electrical | fors to the distance of each subplot from Shatt
conductivity of the saturated soil pulp extract and the collected Aj.arab (D1: 1000m, D2: 2000m, D3: 3000m,
groundwater samples was determined using an EC-meter (WTW and D4: 4000m), while W refers to the distance
model Cond 7110) [13]. of each subplot from Abu Al-Falous River (W1:

250m, W2: 500m, and W3: 750m).
To assess the effects of salinity on the productivity of date palms in

the study area, nine Hillawi palm trees were chosen in each

subsection near the monitoring wells. The date palms were nearly identical in terms of their age, height, and
robustness of growth. The productivity of each date palm was determined after the season by picking the fruits and
measuring their weight using a standard scale.

2.4. Statistical analysis

The factorial experiment was conducted in a completely randomized design (CRD) with three replications. The data
were analyzed statistically using GenStat v14 statistical software. The adjusted least significant difference (RLSD) test
was used to compare the means of the studied treatments.
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3. Results

3.1. Soil profile salinity

Spatial changes (distances from Shatt Al-Arab and Abu Al-Falous River) resulted in significant variations in soil
salinity levels. The lowest soil salinity value (10.01 ds/m) was observed in the closest subplot to both rivers (D1W1).
However, salinity values increased by increasing the distance from both Shatt Al-Arab and Abu Al-Falous Rivers. The
most dramatic increase in soil salinity was noted at 4000 m (D4) distance from Shatt Al-Arab reaching 55.38 ds/m at
W3 (750 m from Abu Al-Falous River) (Fig. 2 A).
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Figure 2. Soil salinity variations in the studied area due to distances from Shatt Al-Arab [D1 (1000 m), D2 (2000 m), D3
(3000 m), and D4 (4000 m)] and from Abu Al-Falous River [W1 (250 m), W2 (500 m), and W3 (750 m)] (RLSDo.05 =2.67) (A
and B), the combined effect of distance from Shatt Al-Arab and growing season stage [A (initial stage), B (intermediate
stage), and C (final stage)] (C), and the combined effect of distance from Abu Al-Falous River and growing season stage (D).
(A) represents the average soil salinity values (dS/m) in each subsector, while (B) represents the contour plotting of these
values in the studied area.

The interaction between the distance from Shatt Al-Arab (D1, D2, D3, and D4) and the growth season periods (A, B,
and C) indicated that the soil profile had the lowest salinity levels (10.35 ds/m) at the beginning of the season (D1A).
On the other hand, the highest salinity level (53.36 ds/m) was observed by the end of the season at the furthest
distance from Shatt Al-Arab (D4C). Regardless of the distance from Shatt Al-Arab, soil salinity appears to increase
throughout the growth season; however, this increase was not significant between the intermediate and the final
stages of the season (Fig. 2 C).
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As for the interaction between the distance from Abu Al-Falous River (W1, W2, and W3) and the growth season
periods (A, B, and C) effect on the salinity levels of the soil profile, the findings indicated that W1 sector had the lowest
soil salinity value (18.51 ds/m) at the beginning of the season. On the other hand, the highest soil salinity value was
observed by the end of the growth season in W3 location (33.53 ds/m). Although soil salinity increased throughout
the growing season, these increases were not significant between B (intermediate) and C (final) stages of the growth
season in each studied location (Fig. 2 D).

3.2. Groundwater salinity

The average groundwater salinity increased as the distance from Shatt Al-Arab and Abu Al-Falous River increased,
ranging from 6.39 ds/m in D1W1 to 40.68 ds/m in D4W3. The greatest significant rise in groundwater salinity was
recorded in the D4 sections (Fig. 3 A). The findings indicated that the salinity of the groundwater was influenced to a
greater extent by the proximity of the sector to Shatt Al-Arab, as opposed to its proximity to Abu Al-Falous River (Fig.
3 B) for the entire duration of the growing season (Fig. 3 C and D).
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Figure 3. Groundwater salinity variations in the studied area due to distances from Shatt Al-Arab [D1 (1000 m), D2 (2000
m), D3 (3000 m), and D4 (4000 m)] and from Abu Al-Falous River [W1 (250 m), W2 (500 m), and W3 (750 m)] (RLSDo.05
=3.1) (A and B), the combined effect of distance from Shatt Al-Arab and growing season stage [A (initial stage), B
(intermediate stage), and C (final stage)] (C), and the combined effect of distance from Abu Al-Falous River and growing
season stage (D). (A) represents the average groundwater salinity values (dS/m) in each subsector, while (B) represents
the contour plotting of these values in the studied area.
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Groundwater salinity exhibited a parallel increase to soil salinity for the entire growing season (A, B, and C). The
groundwater salinity levels were lowest at the start of the season in D1 (6.05 ds/m) and W1 (14.8 ds/m) locations and
reached their greatest values by the conclusion of the growing season in D4 (39.36 ds/m) and W3 (23.53 ds/m)
locations.

3.3. Total yield

The findings indicated notable variations in 1000
yield values as a result of the varying distances Yield
from Shatt Al-Arab and Abu Al-Falous River (Fig. (kg/palm)
4 A). The maximum yield value was observed in
the D1W1 sector, with a value of 48.95 kg/tree, M 8-16
. . ; N 16-24 1500
whereas the minimum yield was recorded in the 24 -32
D4W3 sector, with a value of 5.55 kg/tree. The W 32-40
decline in crop production from D1W1 to D4W3 | 40 - 48
amounted to 88.67%. The combined yield of |l >48
sectors D4 had a significant reduction of 86.45%
compared to that of D1. Conversely, there was
an 8.9% reduction in yield between W1 and W3 W1 W2 W3
sectors. Hence, for every 100-meter increment
from Shatt Al-Arab, there was a reduction of
2.16% in date palm yield, but the same distance
from Abu Al-Falous River resulted in a fall of
1.19% in yield.

2000

2500

4. Discussion
3000

The salinity levels of the soil and groundwater
exhibited a greater increase moving away from
Shatt Al-Arab, as opposed to moving away from

Distance from Shatt Al-Arab (m)

S
Abu Al-Falous River. The soil salinity AR RN 3500
assessments varied from moderate to highly
saline [16]. The spatial increase in soil salinity in
the studied area was previously observed in Abu ~|o|o
Al-Khasib district from the north to the south 24| & | 8| &
[8], in addition to the difference in the shoulders 4000
of internal rivers [17]. 300 400 500 600 700
. . . . : [ Distance from Abu Al-Falous (m)
The increase in salinity values in the soil and 10 20 30 40

groundwater with spatial and temporal change

(moving away from Shatt Al-Arab and Abu Al- Figure 4. Date palm yield variations in the studied area due to
Falous River and with the progression of the distances from Shatt Al-Arab [D1 (1000 m), D2 (2000 m), D3 (3000

growing season) can be attributed to several m), and D4 (4000 m)] and from Abu Al-Falous River [W1 (250 m), W2
reasons. One significant factor is the ongoing use (500 m), and W3 (750 m)] (RLSDo.os =1.2) (A and B). (A) represents

1 i d sal for irricati the average yield values (kg/tree) in each subsector, while (B)
of low-quality and salty water for irrigation. represents the contour plotting of these values in the studied area.
This, combined with the high Ilevel of

groundwater (1.15-1.50m), has led to the soil and groundwater becoming saline due to the movement of water
through capillary action during the hotter months (June, July, August, and September) at the end of the growing
season (C). Furthermore, there is a decline in water recharge values, which refers to the amount of soil column refilled
during high tide and drained during low tide, in distant areas from Shatt Al-Arab [7]. The deposition of sediments in
certain water channels impedes the drainage of surplus saltwater [18]. Consequently, the salinity levels rose in
comparison to the areas along Shatt Al-Arab and Abu Al-Falous River, which experience higher rates of water recharge
due to their close proximity to the tidal effect.
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The current research showed that increasing soil salinity from 10.01 to 55.38 dS/m and groundwater salinity from
6.39 to 40.68 dS/m resulted in a decrease in date palm yield by 88.67%. Date palm is widely recognized for its ability
to withstand high levels of salinity. However, when the soil, irrigation water, and groundwater contain excessive
amounts of salt, it can have detrimental effects on the productivity of date palm trees. This is due to salinity impacting
the osmotic pressure and consequent adversely affecting water and nutrients availability. Additionally, high salinity
can have detrimental effects on the plant's physiological processes, including respiration, photosynthesis, and energy
transfer [19]. Furthermore, groundwater with increased salinity levels inhibits palm tree growth and reduces its
production capacity [20].

In order to mitigate the detrimental impact of salinity on palm orchards in the southern region of Basrah Governorate,
it is imperative to swiftly embrace alternative irrigation techniques. By implementing basin, drip, and rotational
irrigation methods, it is possible to enhance the moisture levels within the effective depth of soil (the root zone
between 0-60 cm). In addition, the use of modern irrigation techniques and shorter intervals between irrigation
sessions may help decrease soil salinity levels at this particular depth, as opposed to the traditionally used tidal
irrigation system commonly used in the region [21][22]. Thus, additional research is necessary in this field to
investigate potential approaches for mitigating the negative impacts of salinity on date palm production in the region.

5. Conclusions

The degradation of water quality in Shatt Al-Arab and the reduction in its volume has resulted in an elevation in the
concentration of salts in the groundwater, hence intensifying the process of soil salinization by capillary action. The
salinity levels of soil and groundwater rise as the distance from both the Shatt Al-Arab and Abu Al-Falous River
increases. The rise in salinity leads to a significant decline in date palm productivity in the region. Hence, it is
imperative to implement contemporary techniques for soil and water management in order to address the issue of
salinity in Basrah Governorate.
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