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Characteristics of some Soils under Date Palm in Al-Hassa
Eastern Qasis, Saudi Arabia

Saad A. Al-Barrak
Department of Soil and Water,
College of Agriculture Science and Food, King Faisal University

Abstract. In the eastern oasis of Al-Hassa, a 14 km transect was made from the north eastern part of
Hofuf city to the south of Al-Jishah village. On this transect, twenty four sampling sites were taken at
approximately 500m intervals. In the study area, irrigation water is supplied from seven main springs
situated within the first 2.5 km distance from the western edge of the transect, The soils are mostly under
date palm cultivation (Phoenix dactylifera L.) but some are uncultivated. In the Ap horizons of the culti-
vated soils, the average values of the properties soil depth, organic carben, EC, and clay are 51.0 cm,
0.71%, 4.4 mmho/cm and 15.6 respectively. The surface horizons of the uncultivated soils have lower con-
tents of organic carbon, higher EC, values, and slightly lower contents of clay than those in the cultivated
soils. Both the CaCO, and the soil pH were lower in the surface horizons of the uncultivated soils than
those in the cultivated soils. The data also indicated that there were no close relationships between most
of the studied soil properties and the increase in distance from the western edge of the transect.

Introduction

The oasis of Al-Hassa is situated in the Eastern Province of Saudi Arabia about 170
km southeast of Dammam on the Arabian Gulf (Fig. 1). The irrigation water is
supplied from 32 natural springs fed from an artesian ground water reservoir
{(Neogene aquifer complex). During the late 1960’s, the 32 springs were integrated
into the present Al-Ahsa Irrigation and Drainage Project, [1,2]. The climate is conti-
nental with a mean annual precipitation of 69 mm and a meap annual temperature of
25.2°C [3, p. 96]. According to Elprince et al. [4], the cultivated land in Al-Hassa
oasis equals 7000 ha with 92% of land used to grow date palms (Phoenix dactylifera
L.). The oasis is L-shaped and sloping slightly to the north and east. For conveni-
ence, the oasis is divided into the eastern and the northern oasis [5]. The main drain-
age directions are east for the eastern oasis and north for the northern oasis. [6, pp.
58-74, 71
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Fig. 1. Location of the study area in Al-Hassa, Saudi Arabia

The soils of Al-Hassa are of six great soil groups, namely., Torriorthents, Torrip-
samments, Calciorthids, Salorthids, Gypsiorthids and Camborthids but some of the
oasis soils under date palm cultivation were classitied as Typic Haplaquolis and Tvpic

Haplaquents. {4, p. 41, 9].
1t seems likely that thc oasis of Al-Hassa was inhabited during early histeric
times and there had been a number of changes in the names by which both the oazis

and the region as a whole were knowit.
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It is assumed that agriculture staried near some of the natural springs. In gen-
eral, the springs are located in relatively high places where irrigation is possible by
gravity flow. In addition, the soils near the springs were probably cultivated first
because they were on high physiographic positions which enabled thern to have bet-
ter drainage than those far away from the springs (Fig. 1).

Before the completion of HID A, the oasis of Al-Hassa has its old irrigation and
drainage system. Most of the farms are irrigated without any mechanical devices
where the water flows from the springs following the natural slope of the terrain.
Water leaving the spring passes through irrigation canals and is diverted into farms.
Many channels lead the surplus drainage water away from the farms along the two
main natural drains until it reaches the edges of the cultivation district where it runs
off into the desert or accumulates in the: sabkhahs* that surround the palm belt. Soils
are poorly drained with an aquic moisture regime [9]. Under the influence of such
conditions, a high level of salinity has resulted in the soils of the eastern oasis [11,5].

Date palm has been cultivated in the oasis from centuries. In the study area,
Date palm cultivation practices involve deep plowing (up to 1m) after breaking of
hardpan, addition of manures and fertilizers, as well as some of the dry fronds, bunch
stalks and weeds are burnt and the ashzs are spread on the soil surface. These could
influence and modify soil characteristics. A complete turnover of the soils is not per-
formed until the old palms are replaced by new offshoots in the same field [9].

Although some of the soils in Al-Hassa oasis have been previously classified but,
the present study was focused to cover more soils in Al-Hassa oasis. However, the
specific objectives of this study were: (1) to determine the characteristics of some
soils in Al-Hassa eastern oasis that hav: been under date palm cultivation and (2) to
evaluate the effects of location and prc ximaty from the springs.

Material s and Methods

In this study a 1:10,000 map of Al-Hassa Irrigation and Drainage Project was
used. A 14 km transect was madc from the north eastern part of Hofuf city to the
south of Al-Jishah village (Fig. 1). Twe nty four sampling sites were established. The
first site was located 70m west of Al-Fegil spring and the subsequent sites were
situated at approximately S00m intervals. Most of the sampling sites occurred in cul-
tivated fields. Seven springs namely Hagil, Khudud, Barabir, Luwaimi, Mahah,

*Sabkhah (playa) is an Arabic term for coastal and inland salinc flat underlain by clay, silt and sand, and
often encrusted with salt [10, pp. 84-86].
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Ummalif and Buhadji are situated near the transect line (Fig. 1). The first four
springs are considered as the main springs whereas the others are small springs. The
distribution of these springs is such that one of these is situated near site 1, four near
site 5, one near site 6 and none beyond site 6.

The soil profiles were exposed by digging a pit at each site and described accord-
ing to the Revised Soil Survey Manual [12, pp. 173-188]. Soil samples from each hori-
zon were collected for laboratory analysis. Samples were air dried and sieved to
remove coarse fragments { > 2mm). Soil pH of the saturated paste, electrical conduc-
tivity of the saturation extract (EC,), calcium carbonate, and gypsum content were
determined [13]. Organic carbon was determined by the Smith-Weldon modification
of the Walkley-Black method [14, pp. 219-221]. Particle size distribution was deter-
mined by the hydrometer method without removing CaCO, [15].

Results

Macromorphological, physical and chemical properties of the studied pedons
are presented in Table 1. A dominant feature of the cultivated pedons in the study is
the presence of an Ap horizon which is generally characterized by a dark color, very
weak granular structure, sandy to loamy texture, clear boundary and very friable
moist consistence. The surface horizons of the uncultivated pedons differ from the
cultivated ones by having a light color, single grain structure and slightly hard to
loose on dry.

The studied pedons were classified as:

Typic Halaquolls (Prof. No. 1,3,4,5,18 and 23)

Typic Haplaquents (Prof No. 5,6,8,10,13,14,15,16,19 and 20)
Aquic Torriorthents (Prof. No. 2 and 17)

Typic Torripsamments (Prof. No. 9,12 and 22)

Typic Salorthids (Prof. No. 24)

Typic Gypsiorthids (Prof. No. 11}, and

Typic Torriorthents (Prof. No. 21) (Table 1).

The mean value of organic carbon in the Apl horizon of the cultivated soils is
very high ranging from 0.28% to 2.2% (Table 2).

Particle size distribution results showed that sand (2000-50 um) is the dominant
separate in the upper horizons at each site (Table 1). The percentages of sand in the
Ap horizons of the studied pedons ranged between 41.1 % in the Ap1 horizon at site
16, and 82.4 in the Ap horizon at site 9. The mean values of sand contents in the Apl
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and Ap2 horizons of the pedons were 66.4% and 56.2% respectively, whereas in the
surface horizons of the uncultivated soils was 61.8% (Table 1 and 2). The clay con-
tents of the surface horizons of the cultivated soils are low. The mean values of clay
contents in the Apl and Ap2 horizons were 12.4% and 18.7% respectively, whereas
that of the surface horizons of the uncultivated soils was 14.3% (Table 2).

Soit reaction, electrical conductivity, calcium carbonate equivalent and gypsum
content of the soil at each site are presented in Table 1. In general, all the soil profiles
have almost identical pH values being moderately alkaline. The highest and lowest
pH values of the soil saturated paste were 8.4 and 7.1 in Apl horizon of the pedon
at site 4 and C horizon of the pedon at site 7, respectively. The mean value of pH of
the Apl horizon was 8.0 and 7.9 for Ap2 horizons, whereas that of the surface hori-
zons of the uncultivated soils was 7.7 (Table 2). Electrical conductivity values of the
Ap horizons of the pedons ranged between 1.2 mmhos/cm in the Ap horizon at site

17 and 45 mmhos/cm in the Apl horizon at site 7. Generally, the EC, values for the
C horizons are higher than thosce for their Ap horizons. However, the results further
showed that the uncultivated sites 12, 22 and 24 have the highest EC, values com-
pared with thosc in the cultivated soils.

Calcium carbonate equivalent was high in most of the studied pedons. The high-
est value could be seen in the Apb horizon at site 16 which was 82.6% at a depth of
140-205 cm. The lowest value was 9.0% in the Cl horizon at site 22.

The gypsum contents were low in most of the pedons and ranged from 0% (Cl
horizon at site 22) to 25% (C2 horizon at site 19}, The pedons with relatively high
percentages of gypsum were observed in the uncultivated or abandoned areas. The
values of gypsum contents were 1.04 and 0.66 in the Apl and Ap2 horizons, respec-
tively; whercas that of the surface horizons of the uncultivated soils was 13.9%
{Table 2). Although, the gypsum contents did not show any trend with depth in most
of the pedons, they showed a decreasce with depth at sites T, 12, 22 and 24, and an
increase with depth at site 19.

Discussion

The soils of Al-Hassa castern oasis vary in characteristics of the Ap horizon, soil
structurc and organic carbon content under date palm cultivation over varying
periods of time {Table 1). Some of the Ap horizons of the cultivated soils mect the
requirements for mollic cpipedon in morphological, physical and chemical proper-
ties and the soils of the study area were classified according to their properties into
the subgroups listed in Table 1 [16, p. 734].

In geneal, the mean values of both sand and clay fractions did not indicate an
increasing trend from the uncultivated soils to the cultivated soils (Table 2). The



Characteristics of some Soils under Date Palm. .. 125

reason that the mean value of sand percentages is slightly higher in the Apl horizons
than that in the Ap2 horizons is due to the application of animal manure containing
about 90% sand which was used as livestock bedding [1]. This probably contributed
in minimizing the differences in particle size distribution betwecen the cultivated and
uncultivated soils.

Both Apl and Ap2 horizons of the cultivated soils in the study area have higher
mean values of pH, organic carbon and calcium carbonate equivalent than those in
the surface horizons of the uncultivated soils (Table 2). In contrast, the mean values
of gypsum and EC, were higher in the surface horizons of the uncultivated soils. This
may be attributed to the effect of frequent flood irrigation which is a common prac-
tice in the oasis.

The data did not give significant correlation between distance and soil pH,
organic carbon or EC, values. Most of these EC, values were lower than 5 mmhos/
cm, with some cxceptions especially in the uncultivated and abandoned soils in which
the EC_ values were extremely high. This may indicate that the irrigation water was
sufficient to reduce the EC_ hence most of the soils prior to irrigation might have had
a higher salt concentration.

The CaCO; contents for both surface horizons and profile averages of the
pedons showed a significant trend for a decrease with increased distance from site 1
(r = -0.5* and r = -0.64)**, respectively (Fig. 2). The variations in CaCOj; content
throughout some of Al-Hassa soils were related to differences in the origin of the
underlying strata [17].

All of the seven springs that exist in the study area are situated within the first
2.5 km distance from site 1. (Fig. 1). The soils near the springs have undergone more
intensive cultivation than those far away from the springs and the quality of the
springs water deteriorates progressively as the distance from the springs increases.
The soils nearest the springs are more developed than thosc further away. This
development is characterized by deeper profiles, higher values of organic carbon,
better soil structure and lower values of EC, and pH.

Five buried profiles with varying thickness were found underlying the studied
pedons (Table 1). Most of these buried profiles seem to be buried by farmers
recently, probably in the past ten years when the old date palms were replaced by
new offshoots. It seems likely that the soil profile at site 16 was buried approximately
28 years ago. The buried profile at site 11 exists in uncultivated land and it seems to
be quite old. The absence of such buried profiles underlying the pedons near the
springs could not be taken as an evidence that agriculture started some distance from
the springs, because most of the soils near the springs are on higher areas so they are
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Fig. 2. Variation in CaCQ), percentages along the transect with distance from the first site

less susceptible to burial activity by farmers. According to Vidal [5], the farms that
are irrigated with mechanical devices are usually closer to the springs and much more
common in the western part of the eastern oasis.

Soils at a distance of about 8.5 km have more organic carbon in their Ap hori-
zons than some of the soils near the spring. The organic carbon in the surface hori-
zons of the soils did not show any decrease with increased distance from the first site.
But at a distance of 8 km from site 1, the percentage of organic carbon in the Ap hori-
zons of the pedons showed a decrease with increased distance. No significant corre-
lation was found between distance and organic carbon contents for both surface hori-
zons and profile averages of the studied pedons (r = -0.0017 and r = -0.2406), respec-
tively. Hence there appears to be no close relationship between the contents of
organic carbon in the surface horizons.
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Fig. 3. Variation in depth of Ap and Ac horizons along the transect with distance from the first site

Average depth of the plowed horizons { Ap horizons) of the studied profiles is
51.6 cm (Table 2). The depth of the Ap horizons significantly decreased (r = -0.475%)
with increased distance from the first site (Fig. 3). It seems that the soils near the
springs had probably undergone more intensive cultivation than those further away.

The date palm cultivation caused some changes in the properties of the soils of
the study area (Table 1).It appears that faunal pedoturbation which is a process of
soil mixing by animals such as ants, earthworms, and man himself is the major soil
forming process in the surface horizons of the oasis soils. Therefore, the variations
in the depth of the Ap horizons of the pedons along the transect could be related to
different intensities of date palm cultivation.

In the oasis soils of Al-Hassa, the gain in organic matter is believed to be due to
the addition of ashes from the annual partial burning of weeds and plant residues
along with the decomposition of dead weeds and palm roots [9].
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The soils of the study area have high contents of CaCO, inherited from their par-
ent materials (aeolian sand and/or alluvium). CaCO, tends to keep clay and organic
matter flocculated and immobilized in the upper horizons of the cultivated pedons.
The presence of this high content of CaCO, in the cultivated soils and its subsequent
effect on pH may contribute to the rapid decomposition of the organic matter result-
ing in the formation of mollic epipedons. Therefore, the darkening of the surface
horizons of the cultivated soils to certain depth may form in a relatively short period
of time. Also, under the hyperthermic temperature regime of the soils of Al-Hassa,
the dark color of the Ap horizon may disappear rather quickly if these soils were
completely abandoned or fallow for long periods.

It was found that pH, EC, and organic carbon in surface horizons and profile
averages were not correlated with distance. In addition CaCO, contents and the
depth of the Ap horizons were found to be correlated with distance but not strongly.
Thus. it appears that there are no appreciable differenccs in the degree of develop-
ment of the pedons along the transect.

One of the possible reasons for the absence of major differences in the develop-
ment of the pedons along the transect is due to the presence of a slowly permeable
stratum underlying most of the studied pedons [18, p. 30]. This stratum restricts the
downward movement of water and may hinder the formation of any subsurface hori-
Zon.

It was reported that most of the oasis soil of Al-Hassa probably had poor drain-
age conditions before the installation of Al-Hassa Irrigation and Drainage Project
[2.9]. Under the environmental conditions of Al-Hassa oasis with 69 mm of rain a
year, the natural soil wetness may explain the previous finding that there were no
close relationships between most of the studied soil properties and the increase in dis-
tance from the western edge of the transect. The elevation in the study area from 147
m at sitc 1 to 122 m at site 24 decreased. Therefore, the soils on lower positions prob-
ably have had udic or aquic moisture regimes before they were first cultivated. While
those on higher positions had probably aridic or an udic moisture regimes. The aquic
moisture regime is probably more favourable than the udic moisture regime for
organic matter accumulation and darkening of the surface horizons. This natural soil
drainage in the soils far away from the springs probably accelerated the formation of
A horizons in these soils over those near the springs. Also, the presence of excess
salts in the soils far away from the springs before cultivation, may enhance the
decomposition of organic matter to form some humic substances which may contrib-
ute in darkening the surface horizons of these soils.
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