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Abstract

Thirty nine soil profiles representing Masirah Island were studied
in the field. Eight out of them were selected to represent different soil
mapping units. The soil profiles were classified and land sultability evalu-
ation were carried out using both FAO, and Sys & Verheye systems.

On the basis of soil morphological, physical, and chemical proper-
ties the soils are classified into the following mapping units:

1- Lithic Calcigypsids - rock outcrop; coarse loamy, shallow, undulating
to gently undulating on coastal plains. The soils are not suitable
(N1ms) under LUT1, LUT2, and LUT3 (FAO) and marginally suitable
(83) for irrigated agriculture (Sys & Verheye).

2- Torripsamments - rock outcrops; dunes and rock outcrops, very deep,
undulating on coastal plains. The soils are not suitable (NTm) under
LUT1, LUT2. and LUT3 (FAO and Sys & Verheye).

3- Lithic Torripsamments and Torripsamments; shallow to moderately
deep, gently undulating on coastal plains. This soil mapping unit is not
suitable (N1s) according to (FAO) and (N2) for irrigated agriculture
(Sys & verheye).

4- Aquisalids-Torriorthents; sandy and/or loamy skeletal, deep, nearly
level on coastal plains. This soil mapping unit is not suitable (N1) ac-
cording to (FAO and Sys & Verheye).

5- Calcigypsids; coarse loamy or loamy skeletal, deep, nearly level to
gently undulating on alluvial fans. This soil mapping unit is marginally
suitable (S3) according to (FAO and Sys & Verheye).

6- Haplocalcids-Torripsamments; sandy loam over loam and/or sandy,
deep, nearly level on flood plains. This mapping unit is marginally suita-
ble (S3) according to (FAO and Sys & Verheye).

7- Torriorthents; sandy skeletal or loamy skeletal, deep, nearly level to
very gently sloping on flood plains. This soil mapping unit is moderately
suitable (S2) according to (FAO) and not suitable (N1) for irrigated
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agriculture (Sys & Verheye.

8- Calcigypsids - Torriorthents; sandy loam over sandy clay loam, deep.
nearly level on wadis. The soils in this mapping unit are marginally suit-
able (S3) according to (FAO and Sys & Verheye).

9- Mountains and strongly dissected rocky plateau.

INTRODUCTION

The Sultanate of Oman occupies the south-eastern part of the Arabian peninsu-
la. It extends along the Gulf of Oman and the Arabian Sea, from the Straits of hor-
maas in the north to the Yemeni border in the South (Map 1). The country has an ap-
proximate total area of 314,000 kmZ2. It consists of a main landmass, two enclaves
separated from it by territory belonging to the United Arab Emirates, and of numer-
ous islands among which Masirah and Kori-Moria are the largest. Beside the Republic
of Yemen and the United Arab Emirates, Oman also shares borders with the Kingdom
of Saudi Arabia. The Masirah Island lies east of Sultanate of Oman inside the Arabian
sea (Map1), and front of El-Hugf area.

The Masirah Island has a hot and humid climate during summer and compara-
tively cool in winter. The mean annual temperature is (>220C) with great difference
between summer and winter (>5°C). The maximum average temperature (about
359C) is usually recorded in July, and the minmum average about (22°C) is usually
recorded in January and December. The mean annual rainfall is around 100 mm in
Masirah Island and the monthly mean relative humidity is high in the Island as it
ranges from 50 to 90% (MAF 1990). During the monsoon wind, in winter season,
mist and fog are very common in this area, and may contribute a significant amount

of moisture to vegetation .

The present study aims at determining the soil characteristics of Masirah Is-
land in order to evaluate it for a better and sustainable agricultural use.

MATERIALS AND METHODS

A semi detailed soil survey of the Masirah Island (62,155 ha) was carried
out. The studied area lies between 200 10" south to 200 41'36" north latitudes and
580 37' 15" west to 580 57' 42" east longitudes, (Map 1).

Enhanced and geometrically corrected false colour Landsat Thematic Mapper
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Map 1. Representative soil profiles and mapping units of Masirah Island soils.
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imagery, at a scale of 1:100, 000 was used to produce a preliminary soil map. This
map was based on image analysis and interpretation of the landform characteristics.

During the field work, information of landscape was carefully observed in ad-
dition to vegetation and soils morphological characteristics.

Thirty nine profiles were examined and eight out of them were chosen to rep-
resent the different mapping units which were identified and delineated within the
studied area. The profiles were dug to 150 cm or more, morphologically described
according to FAO system (1 970), Table (1).

Soil Samples representing the subsequent morphological variations within the
entire depth of each profile were collected for laboratory analysis. The samples
were air dried and subjected to physical and chemical analyses including particle
size distribution, EC, pH, Ca CO3, CaSO4 2Hp0 and O.M. contents.

Land evaluation was assessed using the quantitative system of Sys and Ve-
rheye (1978).

Land use classification for irrigated agriculture has been extracted from the
frame work of FAO (1976 and 1985).

The studied area has been characterized into three land utilization types
(LUTs); all subdivisions of irrigated agriculture. The differentiation between the
LUTs is based on irrigation systems.

Each soil mapping unit has been appraised according to the land use require-
ment given in Table (2), depending on the land characteristics of soil mapping unit.

RESULTS AND DISCUSSION

Based on the field studies and the interpretations of the Landsat Thematic
Mapper (TM) images, five physiographic units were recognized and may be classi-
fied as follows:

A. Coastal plains.

B. Alluvial fans.

C. Flood plains.

D. Wadis.

E. Mountains and plateau.
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The mapping units may be composed of one or more dominant soils; they are

then called consociations and associations, respectively.

The components of an association can not be separeted at the scale which this
soil survey was made. Each major component of an association is described separ-
ately but suitability interpretations are made for the mapping unit as a whole (USDA
1986). The relative proportion of the components of each mapping unit is estimated
according to the interpretation of satellite imagery and field examination.

Most mapping units have minor soils as inclusions of other soils or have small
areas of rock out-crop; these inclusions were not taken into account when assigning
suitability class to every map unit. Accordingly, due to their limited existence, in-
clusions are not considered in calculating the suitability class of each mapping unit.
Map (1) shows the profile locations and the different mapping units.

Soil classification:

Classification was carried out on the basis of soil Taxonomy system of the
USDA (1975), and using the USDA (1994) keys to soil taxonomy. The soils of the
studied area were classified to both order Entisols (profiles 2,3,6 and 7) and
Aridisols (profiles 1,4,5 and 8).

Table 2. Key attributes of land utilization types (LUTs)*

LUT1 LUT2 LUT3
Field crops
Centre pivot Sprinkler Surface
irrigation irrigation irrigation

Cereals (mainly wheat and barley)
Fodders (maily grasses, alfalfa, sorghum and berseem)
Limited range of shoot vegetables (mainly tomato, cucumber, lettuce, okra, and squash)

* LUT = land utility type

Table (1) shows the morphological description of the studied profiles, while
physical and chemical analyses data are presented in Table (3). Climatic data indi-
cated that the soil moisture regime is usually dry in most years in all parts of soils
(torric moisture regime) and soil temperature regime of these area is hyperthermic.

Table (4) shows the soil taxonomy classification up to the family level according to
USDA (1994).
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Mapping unit description:
A. Coastal plains:

1- Lithic calcigypsids-rock outcrop, coarse loamy, shallow, 0-3 con-
vex slope on coastal plain.

This mapping unit is represented by profile No. (1) and consists of undulating
to gently undulating surface on coastal plains and areas of rock outcrop. It occupies
an area of 4467.9 ha, representing about 7.2% of the total studied area. About 70%
of this mapping unit are Lithic Calcigypsids, coarse loamy, mixed, hyperthermic;
15% rock outcrop and the remaining 15% includes Lithic Torriorthents, sandy skele-
tal; Lithic Torripsamments; Aquisalids, sandy, mixed, hyperthemic.

The gypsids and similar soils are shallow, gravelly sandy loam over gravelly
joamy sand. Very strongly saline soils EC = 62 dsm™ (>16 dsm™) with neutral reac-
tion (pH value 7.1-7.5), and the soils have a varnished desert pavement.

According to FAO land suitability system (FAO 1976 and 1985), this mapping
unit is not suitable (N1ms) under LUT1, LUT2 and LUT3, due to that rock out-crop is
a very severe limitation for potential mechanization of farm operations and soil sa-
linity hazard (Table 5). According to Sys and Verheye (1978) this mapping unit is
marginally suitable (S3) for irrigated agriculture (Table 6).

2- Torripsamments - rock outcrops, dunes and rock out crops, 0 to
1.5% slope on coastal plain.

This mapping unit consists of undulating soils on coastal plains and areas of
rock outcrop, it is represented by profile No. 2 and covered an area of 1015.9 ha,
representing about 1.6% of the total studied area. About 50% of this mapping unit
are Typic Torripsamments, sandy, carbonatic, hyperthermic (on dunes); 30% of the
area is rock outcrop and 20% minor soils inclusions may be Lithic Torripsamments,
and Typic Aquisalids, sandy, carbonatic, hyperthemic.

The characterized Torripsamments and similar soils are present on dunes and
they are non saline soils EC = 0.47 dsm™ (<4 dSm) with neutral reaction (pH value
7.2-7.6). The areas of rock outcrop are hilly including knolles shape scattered within
this mapping unit. Inclusions in this mapping unit are small areas of nearly level to
gently sloping surface, shallow and moderately deep soil to the bedrock. According
to FAO land suitability system (FAO 1976 and 1985), this mapping unit is not suita-
ble (N1m) for LUT1, LUT2, and LUT3; due to that rock outcrop is very severe limi-
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tation (30%) for potential mechanization of farm operations. If the mechanization of
farm operations (rockeness) is neglicted and the soils between the rock outcrop are
evaluated then, 50% of this mapping unit is marginlly suitable (S3) for LUT1, LUTZ,
and LUT3 (Table 5). According to Sys and Verheye (1978) this mapping unit is not
suitable (N1) for irrigated agriculture (Table 6).

3- Lithic Torripsamments and Torripsamments, sandy, shallow to
moderatly deep, 0-2% flat slope on coastal plain.

This mapping unit consists of gently undulating soils on coastal plains, and rep-
resented by profile No. (3). It occupies an area of 562.9 ha and representing about
0.9% of the total studied area. About 70% of this maping unit are Lithic Torripsam-
ments, mixed, hyperthemic; 15% Typic Torripsamments, and the remaining 15% in-

clude Typic Aquisalids; sandy, mixed, hyperthemic.

The Torripsamments and similar soils are shallow to bed-rock, very storngly
saline = 24.3 dsm! (>16 dSm") with mild alkaline reaction (pH value 7.6-7.7).

According to FAO land suitability system (FAO 1976 and 1985), this mapping
unit is not suitable (N1s) for LUT1, LUT2, and LUT3; due to soil salinity hazard
(Table 5). According to Sys and Verheye (1978) this unit is not suitable (N2) for ir-
rigated agriculture (Table 6).

4- Aquisalids- Torrorthents, sandy and/or loamy skeletal, deep, 0.3
line slope on coastal plain.

This mapping unit consists of nearly level soil on flat interdunal plains and
steep surface on high dunes (<10 m). This area is devoid of vegetation and repre-
sented by profile No. (4). It covers an erea of 944.6 ha and representing about 1.5%
of the total studied area. About 50% of the soils of this mapping unit are Typic
Aquisalids, sandy, mixed, hyperthermic; 30% Typic Torriorthents, loamy skeletal;
and the remaining 20% includes Typic Torripsamments, mixed, hyperthermic, and
rock outcrop.

The salids and similar soils are deep, very strong saline EC =483 dsm with
neutral reaction (pH value 6.8 - 7.5) and has a salic diagnostic horizon.

According to FAO land suitability system (FAO 1976 and 1985), this mapping
unit is not suitable (N1s) for LUT1, LUT2, and LUT3 due to soil salinity hazard (Table
5). According to Sys and Verheye (1978) this mapping unit is not suitable (N1) for
irrigated agriculture (Table 6).
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B. Alluvial fans

5- Calcigypsids, coarse loamy or loamy skeletal, deep, 0-5% slope
on young alluvial fans.

This mapping unit is nearly level to gently undulating soils on alluvial fans, and
represented by profile No. (5). It occupies an area of 12974.6 ha, representing about
20.9% of the total studied area. About 80% of this mapping unit are Typic Calcigyp-
sids (60% coarse loamy and 20% loamy skeletal); and the remaining 20% as inclu-
sions are Typic Torrifluvents, loamy skeletal, and Typic Torriorthents, sandy skel-
etal, mixed hyperthemic.

The gypsids and similar soils are deep, gravelly sandy loam over gravelly loa-
my sand, very strong saline soils EC = 38 dsm! (>16 dSm"), with neutral reaction
(pH value 7.1-7.4), and has a gypsic diagnostic horizon.

According to FAO land suitability system (FAO 1976 and 1985), this mapping
unit is marginally suitable (S3n) for LUT1, LUT2, and LUT3; due to its nutrients
storage capacity and availability (Table 5). According to Sys and Verheye (1978)
This mapping unit is marginally suitable (S3) for irrigated agriculture (Table 6).

C- Flood plains:

6- Haplocalcids - Torripsamments, sandy loam over loam and / or
sandy, deep, 0-5% linear slope on flood plain.

This mapping unit consists of nearly level soils on flood plains. Drainage ways
are well developed everywhere, but they are poorly organized young fans. This
mapping unit represented by profile No.(6). It occupies an area of 2536.3 ha, repre-
senting about 4.1% of the total studied area. About 70% of this mapping unit are
Typic Haplocalcids, coarse loamy, mixed, hyperthermic; 20% Typic Torripsamme-
nts, sandy, mixed, hyperthermic, and the the remaining 10% includes Typic
Aquisalids, sandy, mixed, hyperthermic. The Calcids and similar soils are very
deep, sandy loam over loamy, very strong saline EC = 22.33 dsm! (>16 dsm™y,
with mild alkaline (pH 8.0-8.2).

According to FAO land suitability system (FAO 1976 and 1985), this unit is
marginally suitable (S3s) for LUT1, LUTZ, and LUT3, due to the salinity hazard
(Table 5). According to Sys and Verheye (1978) this mapping unit is marginally suit-
able (S3) for irrigated agriculture (Table 6).
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7- Torriorthents; sandy skeletal or loamy skeletal, deep, moderately
flooded, 0-3% linear slope on flood plains.

This mapping unit consists of nearly level to very gently sioping soiis on flood
plains, young alluvial fans, and intermittent stream channels.

Profile No. (7) represents this unit, which covers an area of 3123.3 ha and
representing about 5% of the total studied area. About 65% of this mapping unit are
Typic Torriorthents; sandy skeletal, mixed, hyperthemic; 15% Typic Torriorthents;
loamy skeletal, mixed, hypethemic, and the remaining 20% as inclusions are Typic
Torripsamments; Typic Torrifluvents; loamy skeletal, and Typic Calcigypsids; loa-
my skeletal, mixed, hyperthemic.

The dominent soil in this unit is very deep, gravelly loamy sand over very
gravelly loamy sand, moderatly saline EC = 8.1 dsm (8-12 dsm™), with mild alka-
line rection (pH value 7.7 - 8.1).

According to FAO land suitability system (FAO 1976 and 1985), this mapping
unit is moderately suitable (S2nw) for LUT1, and LUT2; due to its nutrients storge
capacity and availability and marginally suitable (S3nw) for LUT3 (Table 5).
According to Sys and Verheye (1978) this mapping unit is not suitable (N1) for irr-
gated agriculture (Table 6).

D- Wadis

8- Calcigypsids-Torriorthents; gravelly sandy loam over gravelly
sandy clay loam, deep 0-1% linear siope on wadis.

The wadis consist of nearly level soils, mainly meandering braided streams,
these streams often cut deeply into the surrounding terrain. Topographically, they
are the base-level and drainage outlets subjected to frequent and severe flooding.
These are represented by profile No. (8) and covers an area of 1710.4 ha which rep-
resenting about 2.8% of the total studied area. About 65% of this miapping unit are
Typic Calcigypsids; fine loamy, mixed, hyperthermic; 20% Typic Torripsamments;
coarse loamy, mixed, hyperthermic, and the remaining 20% as inclusions of Typic
Calcigypsids; fine loamy, mixed, hyperthermic.

The gypsids and similar soils are very deep, gravelly sandy loam, very strong
saline soils EC = 45.5 dSm“, with neutral reaction (pH value 6.9-7.1), and has a
gypsic diagnostic horizon.
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According to FAO land suitability system (FAO 1978 and 1985), this mapping
unit is marginally suitable (S3s) for LUT1, LUT2, and LUT3; due to its salinity ha-
zared (Table 5). According to Sys and Verheye (1978) this mapping unit is marginal-
ly suitable (S3) for irrigated agriculture (Table 6).

E- Mountains and plateau :

9- Mountains and strongly dissected rocky plateau; loamy skeletal to
sandy skeletal, shailow soils, 0.80% slope.

This mapping unit consists of rock out-crop on highly dissected mountains, low
hills, and steep soils on hill slope. Individual areas of this mapping unit are irrigular
in shape.

This miscellaneous mapping unit is about 80% rock outcrops, and 20% Torri-
orthents lies between the mountains and rock outcrops. It covers an area of 34819.1
ha, represcnting about 56% of the total studied area.

The Torriorthents and similar soils are on piedmont slopes, foot slopes, and
channeles. Slopes range from O to 15%. The Torriorthents are calcareous, very
gravelly, loamy to sandy, shallow to deep soils.

This mapping unit is unsuitable (N2) for irrigated agriculture at any scale. The
major limitation are rock outcrops, slope, and shallow depth of soil to rock. These
limitations are continuous and non correctable.

Conclusion

The total area of Masirah Island is classified according to (FAO 1985) into
four classes. The Moderately suitable soils (S2), covered 3123.3 ha and represent-
ing about 5% of the total studied area. The marginally suitable soils (S3), covered
17221.3 ha which represent about 27.7% of the total studied area. The unsuitable
soils occupies about 41819.4 ha, divided to 7000.3 ha correctable (11.3%) and
34819.1 ha permanent not suitable (56%).

Using quantitative rating system the soils of Masirah Island can be classified
in two classes. The marginally suitable soils covered about 21698.2 ha, represent-
ing 34.9% of the total area studied, while the not suitable soils occupy about 65.9%
of the total area of Island, however 8.2% of these areas are correctable
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