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Pedological Characteristics of the Soils of Wadi Bishah in Southwestern Region, Saudi Arabia
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Abstract. Wadis in the Western region of Saudi Arabia are the important geomorphologic features which receive relatively high quantities of runoff water from the surrounding hills. Wadi soils are the most important source of available land resources for sustainable agriculture development in the region. This research was carried out to study the pedological characteristics of wadi Bishah soils and its tributaries in order to classify these soils and to identify their limitations for agriculture sustainability. Results indicated that soils of the flood plains and wadi channels are recent and reflect the characteristics of the alluvium material from which the soils were derived. Residual soils at the mountains show observable soil profile development such as, formation and development of mollic epipedon and argillic subsurface horizon. There were noticeable differences in the properties of the flood plain soils particularly in the contents of organic matter, texture and salinity. Available Fe, Mn and Cu in flood plain soils range from low in subsurface layers to high or medium in surface layer while Zn and P was generaly low. Soils were classified into nine great soil groups, ten sub-great groups and 15 soil families. The criteria used for differentiation was the classes of particle size distribution, mineralogy, and soil temperature regime. The main soil limitations were the dominance of coarse textured soils in wadi bottom and some flood plain soils, low organic matter content and inherent fertility particularly in the coarse textured soils. 
Introduction

Saudi Arabia is geologically divided into four distinct and extensive terrains [1]. These are the Proterozoic Arabian Shield, comprising metamorphosed volcano-sedimentary successions intruded by granite and gabbro; Arabian platform dipping gently eastward; the Teriary ‘harrats’ mainly overlying the Shield; and the narrow Red Sea coastal plains of Teriary and Quaternary sedimentary rocks and coral reefs. Geologically, wadi Bishah basin is entirely within the southern Arabian Shield and is underlain by Precambrian crystalline rocks. Igneous and metamorphic rocks are the dominant in mountainous area and consisted mainly of granite, basalt, diorite, gabro and mica-schist [2]. Weathering products of basaltic parent material, including saprolite, and transported materials affect 

greatly both physical and chemical soil properties as well as management practices and land use decisions. The main parent material types in Al-Sawdah in south-western region are mostly residum, alluvium, and colluvium [3]. Climatological conditions in the studied area are variable according to the location and elevation. Data of climatic elements for Bishah and Abha stations in the period from 1982 to 1987 are illustrated in Fig. 1 [4]. In brief, Abha station data indicated that the mean annual temperature, rainfall and evaporations are 18.3oC, 383.2 mm and 2330.7 mm respectively. At Bishah station the correspoding climatic data are 24.93oC, 84.9 mm and 3558.3 mm, respectively. These data indicated the existence of high variations in climate in the southern and northern parts of wadi Bishah. There are relatively high mean annual rainfall and low mean annual temperature and evaporation in Abha compared with Bishah. These variations follow the variations in topography and gradient in elevations since the gradient decreased from south towards the northeast to eastward direction of wadi Bishah basin. Natural vegetations in the southwestern region are variable and followed the variations in topography, elevation, parent rocks and climate. Stocked forests, mostly of Junipers occupy high elevation slopes and deep inaccessible gorges. At elevations between 1000-1500 m asl (above sea level) Acacia glaucophylla Commiphora asso-ciation prevails. Wadi Bishah was characterized as an old agriculture area dominated by old date cultivations. There was also cultivation of field crops such as grains, forage and vegetables which depends mostly on irrigated agriculture. Some natural vegetation (i.e. Acacia) scattered in the barren areas with relatively high intensity in the southern part and around the valley.

Differences in soil characteristics with elevation were studied [5]. They reported that soils developed on stable landscapes at elevation higher than 2000 m asl have well developed soil profiles and near neutral pH values. Alluvial terraces near wadi banks at lower elevation about 1500 m asl have deep soils, less developed profiles and pH values > 7. Generally, soil studies in the southwestern region particularly wadi soils are scarce in the literature despite the relative importance of these land resources for irrigated agriculture and sustainable agriculture developments. Therefore the present research was undertaken to study the characteristics of soil pedons representing different geographic units in wadi Bishah basin and to classify the soils on the light of soil taxonomy. Special attention was directed to the extent of soil profile development and nutrient status.

Materials and Methods

Description of the study area
The studied area of wadi Bishah is located in the Arabian Shield of the southwestern region of Saudi Arabia. The wadi is one of the main drainage systems in the region. It started from the high elevation mountainous areas situated between Sarat Ibeda 2380 meter above sea level (m asl), Abha 2360 (m asl) and Khamiss Mushait 2112 (m asl). The main tributaries of wadi Bishah in the south are Wadi Itwid coming from El-Sahn mountain passing through Khamiss Mushait city, wadi Abha coming from Abha

area toward north-east (to the east of 42o 30- Longitude east). Other tributaries such as wadi Herjab, wadi Targ, wadi Tabalah and others join and flow towards the north to northeast direction. These tributaries cover very large catchment areas in the east and west of wadi Bishah. The main wadi has total drainage length about 482 km with an average width of about 172 km and elevations ranging from 1800 to 800 m asl. The elevation decreased gradually to about 800 m asl at the end of the wadi. The main parent material types in the area are alluvium in the flood plains, terraces and wadi bottoms; residuum in the soils formed in-situ from the source rock particularly at mountains, and colluvium particularly in the foot hill slopes.

Sampling and methods of analysis

Eighteen pedons representing different geomorphologic units in wadi Bishah and attributers were studied, (Fig 2). The studied geomorphic units are flood plains in the south (2 profiles) and northeast (6 pedons), wadi bottom (3 pedons), foot hill slope (4 pedons) and mountains in the south (3 pedons). Soil pedons were morphologically described in the field following the terminology outlined in [6]. The features described are the surface features, i.e., elevation, relief, slope and vegetation. Morphological features included in soil pedon descriptions are color, particle size distribution, structure, consistency, roots and other pedo-features. Soil samples were collected from each pedon layers, then dried and sieved through a 2.0 mm sieve. Particle size distribution was carried out using the international pipette method [7] for the fine textured soils while dry sieving method was used for the coarse textured soils. Soil paste extracts (SP) were prepared then soluble salts were measured electrometrically using EC meter. Soil pH was measured in (1:2.5) soil water suspension using pH meter. Calcium carbonate content was determined [8]. Organic matter content was determined spectophoto- metrically [9]. Representative sub-samples were extracted by DTPA (Di Tetra Penta Amine Acetic Acid)  for available micronutrients determinations [10]. Extractable Fe, Mn, Zn and Cu were measured using atomic absorption spectrometry [11]. Available phosphorus was detemined by the modified NaHCO3 method using ascorbic acid as a reducing agent [12]. Soils were classified [13] based on morphological features and other soil characteristics.   

Results and Discussions

Data in Table 1 show some morphological features of eighteen soil profiles representing the studied geomorphologic units. It indicates that flood plain soils in both south and north of wadi Bishah were formed from alluvium parent materials and originated from weathering activities prevailing on the igneous and metamorphic rocks in higher elevation mountains. Flood plain soils (represented by profile Nos: 1-8) have flat to almost flat surfaces. They represent the old and recent agriculture areas in the region for date palm and crop cultivations. Agriculture practices are mainly the old soil management and cultivation practices developed by the local inhabitance. Morphological features of soil profiles in the southern parts (profiles 7 and  8) are quite different

Table 1. Field description of the studied soil pedons

	Pedon
	Hori-zon
	Depth
	Color
	Texture
	structurea
	D. consist.b
	W. consist.c
	Coordinate
	Elevation

	No.
	
	cm
	moist
	
	
	
	St.
	Pt.
	
	m asld

	Flood plain (Nothern part)

	1
	Ap
	0-20
	10YR4/2
	SL
	wfsbb
	So
	sst
	spl
	19° 44' 42" N,
	1312

	
	Ap2
	20-45
	10YR4/2
	SL
	wfsbb
	So
	sst
	spl
	42° 30' 05" E
	

	
	C1
	45-70
	10YR4/2
	SL
	wfsbb
	So
	sst
	spl
	
	

	
	C2
	70-150
	10YR6/2
	SL
	wfsbb
	Sh
	sst
	s.pl
	
	

	2
	C
	0-25
	10YR3/4
	SCL
	wfsbb
	So
	st
	pl
	20° 01'  18" N,
	1163

	
	CK1
	25-50
	2.5Y5/4
	SCL
	wfsbb
	Sh
	st
	pl
	42° 32' 47" E
	

	
	CK2
	50-85
	10YR4/4
	SCL
	wfsbb
	Vh
	st
	pl
	
	

	
	2C
	85-125
	10YR4/4
	SL
	ma
	H
	sst
	spl
	
	

	3
	Ap
	0-20
	10YR4/4
	SL
	wfsbb
	So
	sst
	spl
	19° 53' 25"  N,
	1238

	
	Ap2
	20-55
	10YR4/4
	SL
	ma
	H
	sst
	spl
	42° 33' 17" E
	

	
	C
	55-100
	10YR4/4
	SCL
	ma
	Vh
	st
	pl
	
	

	
	C2
	100-150
	10YR4/4
	SCL
	ma
	Vh
	st
	pl
	
	

	4
	Az
	0-8
	10YR4/2
	SL
	wfsbb
	So
	sst
	spl
	20° 05' 26" N,
	1145

	
	A
	8-35
	10YR4/4
	SL
	wfsbb
	Sh
	sst
	spl
	42° 35' 56" E
	

	
	C
	35-80
	10YR4/4
	SL
	ma
	Sh
	sst
	spl
	
	

	
	C2
	80-150
	2.5Y5/2
	S
	s.g
	L
	nst
	spl
	
	

	5
	Ap
	0-30
	10YR3/4
	SCL
	wfsbb
	So
	st
	pl
	20° 16' 50" N,
	1075

	
	Ap2
	30-70
	10YR3/3
	SL
	wfsbb
	Sh
	sst
	spl
	42° 48' 04" E
	

	
	C
	70-110
	10YR3/3
	LS
	ma
	H
	sst
	npl
	
	

	
	C2
	110-150
	10YR3/3
	LS
	ma
	H
	sst
	npl
	
	

	6
	Ap
	0-25
	10YR3/4
	LS
	wfsbb
	Sh
	sst
	npl
	20° 16' 40"  N,
	1591

	
	C
	25-75
	10YR4/4
	SL
	wfsbb
	H
	sst
	spl
	42° 44' 47" E
	

	
	C2
	75-150
	10YR4/4
	SL
	wfsbb
	H
	sst
	spl
	
	


Table 1. cont.

	Pedon
	Hori-

zon
	Depth
	Color
	Texture structure


	D.
	W. consist.c
	 Coordinate
	Elevation

	No.
	
	cm
	moist
	
	
	
	St.
	Pt.
	
	m asld

	Flood plain (Southern part)

	7
	Ap
	0-20
	10YR3/2
	LS
	wfasbb
	so
	sst
	npl
	18° 37' 35"  N,
	1829

	
	Ap2
	20-35
	10YR3/2
	SL
	mmasbb
	so
	sst
	spl
	42° 41' 04" E
	

	
	C
	35-50
	10YR3/2
	SL
	mmasbb
	sh
	sst
	spl
	
	

	
	C2
	50-100
	10YR3/3
	SL
	ma
	h
	sst
	spl
	
	

	8
	Ap
	0-15
	2.5Y4/2
	SL
	wfsbb
	sh
	sst
	spl
	18° 20' 06"  N,
	1980

	
	C
	15-50
	2.5Y4/2
	LS
	ma
	h
	sst
	npl
	42° 42' 10" E
	

	
	C2
	50-80
	2.5Y4/2
	SL
	ma
	vh
	sst
	spl
	
	

	
	C3
	80-150
	2.5Y5/2
	SL
	ma
	vh
	sst
	spl
	
	

	Foot hill slope

	9
	A
	0-15
	10YR3/3
	LS
	wfsbb
	so
	sst
	npl
	20° 01' 45" N,
	1165

	
	C
	15-80
	10YR4/4
	LS
	mfsbb
	vh
	sst
	npl
	42° 32' 08"  E
	

	
	C2
	80-115
	10YR3/4
	SL
	ma
	eh
	sst
	spl
	
	

	
	C3
	115-150
	10YR3/3
	SCL
	ma
	eh
	st
	pl
	
	

	10
	C
	0-40
	10YR3/3
	SL
	ma
	so
	sst
	spl
	19° 50' 28" N,
	1383

	
	C2
	40-85
	10YR3/4
	SL
	ma
	sh
	sst
	spl
	42° 31' 52" E
	

	
	C3
	85-170
	10YR3/4
	LS
	ma
	sh
	sst
	npl
	
	

	11
	C
	0-60
	10YR3/4
	LS
	ma
	so
	sst
	npl
	19° 50' 52" N,
	1383

	
	C2
	60-100
	2.5Y6/2
	LS
	ma
	sh
	s.st
	n.pl
	43° 30'  28"E
	

	
	C3
	100-160
	10YR4/4
	SL
	ma
	h
	sst
	spl
	
	

	12
	C
	0-45
	10YR3/3
	SL
	ma
	so
	s.st
	spl
	18° 7' 34" N,
	1168

	
	Cm
	45-50
	-
	-
	-
	-
	-
	-
	42° 36' 18" E
	

	
	2C
	50-95
	10YR3/3
	Sl
	ma
	sh
	sst
	spl
	
	


Table 1. cont.

	Pedon
	Hori-zon
	Depth
	Color
	Texture
	struc-turea
	D. b
	W. consist.c
	  Coordinate
	Elevation

	No.
	
	cm
	moist
	
	
	
	St.
	Pt.
	
	m asld

	Wadi bottom

	13
	C
	0-30
	10YR4/3
	S
	sg
	l
	nst
	npl
	19° 49' 41"  N,
	1210

	
	C2
	30-55
	2.5Y4/2
	S
	sg
	l
	nst
	npl
	42° 31' 38"  E
	

	
	C3
	55-90
	2.5Y4/2
	S
	sg
	l
	nst
	npl
	
	

	
	C4
	90-150
	2.5Y4/2
	S
	sg
	l
	nst
	npl
	
	

	14
	A
	0-30
	10YR3/3
	LS
	wfsbb
	so
	sst
	npl
	19° 21' 33"N,
	1487

	
	C
	30-75
	10YR3/3
	S
	sg
	l
	nst
	npl
	42° 48' 17"E
	

	
	C2
	75-120
	2.5Y4/2
	S
	sg
	l
	nst
	npl
	
	

	
	C3
	120-150
	2.5Y4/2
	S
	sg
	l
	nst
	npl
	
	

	15
	C
	0-50
	10YR3/3
	SL
	ma
	so
	sst
	spl
	19° 52' 10"  N,
	1423

	
	C2
	50-100
	10YR3/3
	SL
	ma
	so
	sst
	spl
	42° 32' 34" E
	

	
	C3
	100-150
	10YR3/3
	SL
	ma
	sh
	sst
	spl
	
	

	Mountainous areas

	16
	A
	0-40
	7.5YR3/2
	CL
	g
	so
	vst
	vpl
	18° 16'  N,
	2550

	
	Bt
	40-90
	2.5YR4/6
	C
	mfab
	sh
	vst
	vpl
	42° 20' E
	

	
	C
	90-140
	2.5YR4/6
	CL
	mfab
	h
	vst
	vpl
	
	

	17
	A
	0-30
	7.5YR3/2
	SCL
	wfsbb
	so
	st
	pl
	18° 02'  N,
	1960

	
	A2
	30-60
	10YR4/4
	LS
	wfsbb
	h
	sst
	npl
	43° 11' E
	

	
	C
	60-110
	10YR4/6
	LS
	ma
	vh
	sst
	npl
	
	

	
	C2
	110-150
	10YR4/4
	LS
	ma
	eh
	sst
	npl
	
	

	18
	A
	0-20
	7.5YR3/4
	CL
	g
	so
	vst
	vpl
	18° 3'  N,
	2320

	
	Bt
	20-45
	5YR3/4
	C
	mfsbb
	sh
	vst
	vpl
	43° 15'  E
	

	
	Btk
	45-75
	10YR3/1
	C
	mfsbb
	h
	vst
	vpl
	
	

	
	Bk
	75-150
	5Y5/1
	CL
	ma
	vh
	sst
	spl
	
	


ama: massive, sg: single grain, g: granular, wfsbb: weak fine subangular blocky, wfasbb: weak fine angular and sub-angular blocky, mmasbb: moderately medium angular and subangular blocky.

bD. consist: dry consistence, l: loose, so: soft, h: hard, sh: slightly hard, vh: very hard, eh: extremely hard, 

cW. consist.: wet consistence, st: sticky, pl: plastic, n.: non, s.: slightly, v: very.

dasl: above sea level
from that of the north or northeastern parts (profiles 1-6) of the wadi. In general, soil profiles are deep with no cementations or observable compactions in the different profile horizons. Soil color was relatively dark in both dry and moist condition also Ap horizon was quite thick in the southern parts compared with the northern parts. These differences are mainly related to the variations in elevation (Table 1) and to climatic conditions prevailing along the wadi (Fig. 1) as well as to the management practices in the cultivated areas. Rainfall and vegetation cover in the southern part are relatively high and intense which could increase the organic matter content in the sediments beside the positive role of cultivation on organic matter buildup in the cultivated soil. Soil texture vary from loamy sand to clay loam with some variations particularly in the surface horizons. All profile horizons have a slight effervescence with HCl and some have few lime spots (profile No. 2). The soils have week blocky structure in the surface horizons that may extend to the subsurface layers (profile No.7). Subsurface horizons have massive or single grain structure with weak structure development in some profile. Root distributions vary in different horizons. Soil profiles in the southern part are characterized by the presence of some morphological features particularly in the deep horizons such as few fine decomposed organic matter, few to common mica flakes and some fine weathered granite particles in different sizes. Flood plain soils in the southern parts are limited in their area and located mainly around the main wadi channel. Alluvial materials forming flood plain soils in north and southern parts are mainly the weathering products of igneous and metamorphic rocks such as granite, basalt, granodiorite, schists including mica schist and chlorite schist. 


Data in Table 2 indicated that organic matter content in the surface Ap horizons of the pedons of southern part was relatively high (8.5-12.7 g kg-1) and decreased regularly with depth (profile No. 7). The soils have clay content ranges from (11.0-19.3 %) and sandy loam to loamy sand texture. CaCO3 contents range from 25.2 to 41.5 g kg-1. The low carbonate content may reflect the chemical compositions of igneous and metamorphic rocks from which the parent material was formed. Also, salinity level is low and ranges from 0.50 – 7.2 dS/m (Table 2). On the other hand, clay content of soil pedons of the northern part range from 8.0 - 32.7 % with no specific distribution trend for clays in the pedon horizons which may reflect the depositional regime of the parent material. Organic matter contents range from 0.8-11.9 g kg-1 soil with relatively high contents in most of the surface horizons then it decreased regularly with depth (profile Nos. 4 and 6) and irregularly in profile Nos.1, 2, 3 and 5. Addition of organic matter through manipulation in cultivated areas contributed to the increase in organic matter in the surface layers. Variable salt content (ECe dS/m) was observed in the studied pedons (1.20-133 dS/m). It was low (< 4 dS/m) in some profiles and extremely high in other profiles particularly in the surface horizon (profile No 4, ECe=133 dS/m). Salt contents and distributions are indicative to the irrigation practices in the cultivated soils and to the lack of leaching in the uncultivated soils. The extremely high salt content in the surface layer of profile No 4 was related to the fact that this soil has been irrigated using furrow irrigation system where the salts accumulated on the top of the furrow. Calcium carbonate contents range from (5.2 – 147.0 g kg-1). There was no noticeable distribution trend for calcium carbonate with depth in most of the studied profiles with the exception of profile 2 which indicated accumulation of CaCO3 in both Ck1 and Ck2 layers in the form of mycelium fine soft lime. Such accumulations may have been formed in the profile before the depositions of the alluvial parent material that was low in carbonate minerals.  

Table 2. Some physical and chemical characteristics of the studied pedons

	Pedon
	Horizon
	Gravel
	Particle size distribution
	Texture 
	pH
	EC
	O.M.
	CaCO3

	No
	
	%
	Sand
	Silt
	Clay
	class
	
	dS m-1
	g Kg-1

	Flood plain (Northern part)

	1
	Ap1
	-
	81.03
	2.3
	16.4
	SL
	7.8
	1.9
	11.9
	7.9

	
	Ap2
	-
	77.10
	4.1
	18.8
	SL
	7.8
	4.0
	2.4
	8.3

	
	C1
	-
	75.40
	9.3
	15.3
	SL
	8.1
	2.7
	7.8
	5.2

	
	C2
	-
	76.00
	6.5
	17.5
	SL
	8.2
	2.9
	4.6
	15.6

	2
	C
	-
	70.6
	7.7
	21.7
	SCL
	7.7
	14.4
	4.5
	85.5

	
	CK1
	-
	53.7
	13.6
	32.7
	SCL
	7.6
	13.7
	1.7
	147.0

	
	CK2
	-
	57.9
	13.8
	28.3
	SCL
	7.7
	14.3
	2.5
	116.0

	
	2C
	-
	65.2
	15.6
	19.2
	SL
	7.7
	14.4
	5.9
	74.0

	3
	Ap
	-
	59.0
	20.0
	21.0
	SCL
	7.6
	7.4
	2.7
	45.8

	
	Ap2
	-
	61.0
	19.0
	20.0
	SCL
	8.0
	1.2
	5.7
	49.4

	
	C
	-
	55.9
	21.0
	23.1
	SCL
	7.8
	1.4
	4.1
	51.5

	
	C2
	-
	56.3
	20.1
	23.6
	SCL
	7.6
	4.2
	4.1
	85.3

	4
	Az
	-
	59.6
	20.8
	19.6
	SL
	6.5
	133.0
	9.0
	17.2

	
	A
	-
	59.5
	25.0
	15.5
	SL
	7.8
	10.0
	5.6
	21.7

	
	C
	-
	61.7
	18.5
	19.8
	SL
	7.8
	9.1
	3.4
	16.8

	
	C2
	7.8
	99.8
	-
	-
	S
	7.7
	3.1
	0.8
	5.8

	5
	Ap
	-
	70.7
	8.3
	21.0
	SCL
	8.0
	2.7
	5.6
	18.1

	
	Ap2
	-
	74.0
	10.0
	16.0
	SL
	8.1
	2.9
	5.0
	28.5

	
	C
	-
	80.2
	10.8
	9.0
	LS
	7.8
	3.0
	1.4
	24.6

	
	C2
	-
	81.5
	10.5
	8.0
	LS
	7.7
	3.3
	4.6
	22.0

	6
	Ap
	-
	80.0
	9.6
	10.4
	LS
	7.9
	45.9
	2.8
	39.4

	
	C
	-
	73.4
	11.0
	15.6
	SL
	7.8
	24.6
	1.8
	62.2

	
	C2
	-
	72.0
	9.0
	19.0
	SL
	7.7
	20.4
	1.4
	58.2

	Flood plain (Southern part)

	7
	Ap
	16.2
	76.7
	12.0
	11.3
	LS
	8.0
	0.5
	12.7
	39.8

	
	Ap2
	-
	69.0
	12.0
	19.0
	SL
	7.6
	5.8
	8.5
	41.5

	
	C
	22.3
	69.7
	11.0
	19.3
	SL
	7.6
	6.4
	8.5
	41.2

	
	C2
	53.5
	70.4
	11.0
	18.6
	SL
	7.6
	3.5
	4.4
	32.5


Table 2. Cont.

	Pedon
	Horizon
	Gravel
	Particle size distribution
	Texture 
	pH
	EC
	O.M.
	CaCO3

	No
	
	%
	Sand
	Silt
	Clay
	class
	
	dS m-1
	g Kg-1

	8
	Ap
	-
	69.1
	13.0
	17.9
	SL
	7.9
	7.2
	10.0
	31.8

	
	C
	-
	80.2
	8.8
	11.0
	LS
	7.8
	4.3
	3.9
	25.2

	
	C2
	-
	77.5
	6.5
	16.0
	SL
	7.9
	6.2
	3.2
	40.5

	
	C3
	-
	77.4
	8.6
	14.0
	SL
	7.7
	7.0
	5.4
	32.7

	Foot hill  slope

	9
	A
	21.1
	78.0
	11.0
	11.8
	SL
	7.96
	4.3
	2.2
	6.4

	
	C
	24.1
	75.4
	12.0
	12.6
	SL
	7.69
	9.1
	1.6
	5.1

	
	C2
	79.7
	75.0
	10.0
	15.0
	SL
	7.86
	2.0
	1.3
	32.0

	
	C3
	31.5
	64.9
	12.0
	23.1
	SCL
	7.65
	4.0
	2.0
	39.0

	10
	C
	39.6
	81.8
	7.4
	10.8
	SL
	8.1
	0.6
	1.9
	4.8

	
	C2
	59.2
	71.9
	11.0
	17.1
	SL
	7.5
	15.2
	2.2
	66.4

	
	C3
	62.3
	80.0
	8.3
	11.7
	LS
	7.5
	17.8
	2.3
	93.0

	11
	C
	37.0
	73.0
	19.0
	8.0
	LS
	7.7
	7.9
	1.0
	70.2

	
	C2
	-
	76.0
	9.0
	15.0
	SL
	7.4
	58.4
	3.0
	81.4

	
	C3
	44.6
	74.2
	18.3
	7.5
	LS
	7.5
	11.0
	2.5
	75.1

	12
	C
	31.1
	73.1
	19.2
	7.7
	LS
	7.9
	4.0
	3.6
	6.7

	
	C2
	68.9
	88.5
	3.9
	7.6
	LS
	8.1
	0.9
	1.6
	28.4

	Wadi bottom

	13
	C
	7.7
	100
	-
	-
	S
	7.8
	1.2
	0.5
	1.6

	
	C2
	7.1
	99.7
	-
	-
	S
	8.0
	0.3
	0.3
	0.8

	
	C3
	3.1
	100
	-
	-
	S
	7.7
	0.2
	4.0
	1.6

	
	C4
	6.1
	99.9
	-
	-
	S
	8.2
	0.3
	0.7
	0.4

	14
	A
	53.4
	84.4
	-
	-
	LS
	7.8
	3.1
	7.7
	66.0

	
	C
	43.7
	99.7
	-
	-
	S
	7.9
	1.9
	1.2
	71.0

	
	C2
	51.4
	99.3
	-
	-
	S
	7.8
	2.8
	1.9
	68.0

	
	C3
	45.5
	99.9
	-
	-
	S
	7.9
	1.3
	3.7
	75.0

	15
	C
	-
	87.3
	1.8
	10.9
	LS
	8.1
	0.8
	1.5
	8.7

	
	C2
	-
	69.2
	18.6
	12.2
	SL
	7.6
	10.8
	1.4
	12.6

	
	C3
	-
	69.4
	10.3
	20.3
	SCL
	7.8
	1.2
	2.6
	1.6

	Mountainous areas

	16
	A
	-
	37.7
	24.0
	38.3
	CL
	6.3
	1.6
	8.0
	32.0

	
	Bt
	-
	11.0
	21.0
	68.0
	C
	6.9
	0.9
	10.1
	33.1

	
	C
	-
	44.0
	21.0
	35.0
	C
	7.8
	1.2
	2.6
	39.4

	17
	A
	-
	56.0
	14.0
	30.0
	SCL
	7.6
	0.8
	12.5
	34.4

	
	A2
	-
	74.0
	15.0
	11.0
	LS
	7.8
	0.5
	8.5
	37.9

	
	C
	-
	82.1
	7.9
	10.0
	LS
	7.6
	1.5
	1.7
	42.5

	
	C2
	-
	80.0
	10.0
	10.0
	LS
	7.5
	9.7
	3.8
	58.0

	18
	A
	-
	31.0
	30.0
	39.0
	Cl
	7.9
	0.5
	10.1
	42.3

	
	Bt
	-
	8.2
	25.0
	66.8
	C
	8.0
	2.9
	12.6
	48.8

	
	Btk
	-
	9.9
	25.0
	65.1
	C
	8.1
	0.1
	6.6
	120.0

	
	Bk
	-
	38.8
	22.0
	39.2
	Cl
	8.0
	0.2
	2.5
	265.0



Wadi bottom soils are flat to almost flat. The surface was covered mostly by newly precipitated sediments and rock fragments of different sizes with scattered natural vegetation mainly (Citrullus Colocynthis). The elevation was relatively lower than the surrounding areas and soil profiles have course to medium textured layers reflecting the mode of formations of these soils. Rock fragments with different sizes were present mostly in profile Nos. 13 and 14. The dominant structure was single grain dominated by mica particles and rock fragments. Soil pH was neutral to mild alkali as the pH range from 7.6 to 8.2, (Table 2). Salinity level (ECe) was very low in all layers except C2 of profile No.15. Calcium carbonate content was very low (profile No.13) and relatively high (profile No.14). Organic matter content was low with no specific distribution trend with depth. Therefore, wadi bottom soil profiles have different morphology and properties reflecting the heterogeneous nature of the parent material from which these soils were formed.


The foot hill slope soils (profile Nos. 9-12) are characterized mainly by the colluvium parent materials transported by gravity and mixed with alluvium sediments transported by running water from the higher elevation mountains. In many places the thickness of the transported materials was relatively shallow covering the residual soils or the original rock. All soil profile layers contain rock fragments of different sizes and shapes while texture range from loamy sand to sandy clay loam and the dominant structure was massive. There was wide variation in the dry consistence which ranges from soft in the surface layers to slightly hard in most of the subsurface layers. Data in (Table 2) indicate that clay content ranges from 7.5 to 23.1%. It increased with depth in some profiles (profile No. 9) and accumulated in the subsurface layers as in profile Nos. 10 and 11. Soil reaction (pH) ranges from slightly to moderately alkaline, while salinity level (ECe dS/m) ranges from non to strongly saline as in profile No.11. The high salt contents in the C2 horizon of profile No. 11 may be due to salt accumulation under the prevailing climatic and topographic conditions.     


Soils of the higher elevation mountains are presented by (profile Nos. 16-18) from Al-Sawdah, Khamis Mushait and Al-Bassam sites respectively. These areas are considered partially the sources of the alluvial parent materials particularly for the southern part of wadi Bishah. Morphological descriptions indicate that profiles (Nos.16- 18) are deep and developed over parent materials originated from chlorite schist, granodiorite and basaltic rocks respectively. Surface and sub-surface horizons are more developed than other soils, as revealed from darkness of soil color, high O.M. in the surface horizon (Table 2) and the development of some diagnostic horizons. Argillic horizon is identified in the Bt horizons of profile Nos. 16 and 18 due to the presence of higher clay contents, clay films and other features [3]. Soil reaction was slightly acidic to moderately alkaline as the pH ranges from 6.3 to 8.1. Most of soil profile horizons are non-saline as the ECe values are less than 2 dS/m. Data showed some accumulation of CaCO3 in the Bk horizon of profile No. 18 which fulfilled the requirements of calcic horizon.      

Nutrient levels:  Available P values range from 0.6–87.7 and 0.2–6.0 mgkg-1 in the surface and sub-surface layers, respectively. The average P values were relatively high in the surface layers particularly in the cultivated flood plain soils in the southern part of the wadi. All other soil profiles have low to very low available P with no specific distribution trend with depth. The reported critical level for available P in soils was 12 mg P kg-1 soil [14]. Similar data were reported in some soils of Saudi Arabia [15]. Therefore, it appears that most of the studied soils are quite low in available P, particularly soils of the residuum parent material at mountains and foothill slopes. It appears that cultivation of flood plain soils have a positive effect on increasing available P. Anthropogenic effects including addition of manure, farm residues and fertilizers seem to have the major impact on increasing available P in the surface horizons of cultivated soils. Highly significant correlations (r = 0.719, 0.741, 0.620 and 0.578) were found between available P and organic matter content in the soils of northern flood plain, southern flood plain, foot hill slope and wadi bottom soils respectively. While the correlation was not significant in the residuum soils in the mountainous area (r = 0.291). Evaluation of available micronutrient levels, according to Herrera [16], data in Table 3 showed that DTPA extractable Fe was low to very high in flood plain soils and the mean was moderate in surface and subsurface layers. Wadi bottom soils, residuum and foot hill slope soils indicated moderate to high mean values.  Amounts of extractable Mn and Cu are quite high in all the studied soil. On the other hand, extractable Zn is low in most of the studied profiles. The obtained data generally show that residuum soils have relatively low extractable micronutrient levels compared with alluvium soils which may be due to the effect of cultivation and management. Similar trend was found by Sheta et al. [17].    

Soil genesis and classification: From the morphological, physical and chemical characteristics of soil pedons representing different units along wadi Bishah, it appears generally that soil profiles are recent, particularly the soils of flood plains, wadi bottom and in the foothill slopes. No diagnostic surface or sub-surface horizons were developed in most of the studied soils. The soils have pedological characteristics quite similar to that of the parent materials from which the soils were formed. Some soil characteristics were developed particularly in the cultivated flood plain soils such as development of soil structure, darkness of the surface layer and build up of organic matter in the surface Ap horizon. The processes involved in these changes could be related to accumulation of organic matter from plant residues and/or from organic matter application then decomposition followed by the formation of humic substances and clay organic complexes. Presence of divalent cations such as Ca++ and Mg++ enhances such formation and the subsequent developments in color and soil structure. Other processes such as salinization were taking place in the furrow irrigated soil profile and in some date cultivations where salts were accumulated on the surface forming salt crust. Salic horizon was also identified in one pedon (No.11) in the foot hill slopes as a result of leaching and accumulation in the sub-surface layers. On the other hand, residual soils in mountains particularly at Al-Sawdah, Khamiss Mushait and Bassam showed development of soil pedon characteristics and the formation of some diagnostic surface and sub-surface horizons such as mollic epipedon (pedon Nos. 16 and 17) and argillic horizon (pedon Nos. 16 and 18) or calcic horizon (pedon No.18).

Soils were classified [14] into 3 soil orders mainly Entisols (mainly the flood plains and wadi bottom soils), Aridisols (soils with salic and clacic horizons) and Mollisols (soils with mollic epipedon in some residual soils). The following suborders were identified for soil profiles belong to Entisol order: fluvents, orthents and psamments. The great groups are torrifluvents, torriorthents, ustifluvents and torripsamments. For the Aridisol order, soils were classified to calcids and salids suborder while the great groups are haplocalcids and haplosalids. For the Mollisols, soils were classified to ustoll suborder and argiustoll, haplustoll and paleustoll great groups. Soils were further classified to ten subgreat groups and fifteen families as follows:

Fine – loamy, mixed, hyperthermic, Typic torrifluvents, (pedon Nos. 1, 3)
Fine – loamy, mixed, hyperthermic, Typic haplocalcids, (pedon No. 2)
Fine – loamy over sandy, mixed, hyperthermic, Typic torrifluvents, (pedon No. 4)
Coarse – loamy over sandy, mixed, hyperthermic, Typic torrifluvents, (pedon No..5)
Coarse – loamy, mixed, hyperthermic, Typic torriorthents, (pedon Nos.6, 15).
Fine – loamy, mixed, thermic, Typic torriorthents, (pedon No.7)
Coarse – loamy, mixed, thermic, Mollic ustifluvents, (pedon No.8)
Sandy – Siliceous, hyperthermic, Typic torripsamments, (pedon No. 13).
Loamy Skeletal, mixed, hyperthermic, Typic torriorthents, (pedon Nos. 9, 10)
Sandy Skeletal, Siliceous, hyperthermic, Typic torripsamments, (pedon No.14)
Coarse – loamy, mixed, hyperthermic, Typic haplosalids, (pedon No.11)
Sandy Skeletal, mixed, hyperthermic, Lithic torripsamments, (pedon No. 12)
Very – fine, Kaolinitic, thermic, Pachic argiustolls, (pedon No. 16)
Coarse – loamy, mixed, thermic Typic haplustolls, (pedon No. 17)

very – fine, montmorillonitic, thermic, Typic paleustolls, (pedon No.18)

The criteria used to identify the family level are essentially those outlined in the Soil Taxonomy [18] including the classes of particle size distribution, mineralogy, calcareous and soil reactions, soil temperature regime and soil profile depth. The mineralogy classes for the studied soils were identified based on the data reported [19]. Therefore it appears that the most common sub-great groups in the studied profiles are the Typic torrifluvents, Typic torriorthents and Typic torripsamments. The most important soil profile characteristics used at the family level are the classes that reflect the distribution of particle size fractions in the profile as well as the classes of mineralogy and soil temperature regime. The other criteria listed have been less important in the identification of families in the studied soils. Therefore, one can conclude the importance of particle size distribution, the mineralogy and temperature regime on the formation and classification of wadi Bishah soils. These formations have been related mainly to the geogenic processes affecting the alluvium parent materials carried out by the fluvial action. On the other hand, the main limitations seem to be the coarse texture of the soils of wadi bottom and some flood plain soils, low organic matter and inherent low fertility level particularly the coarse textured soils. 
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الخواص البيدولوجية لترب وادي بيشة – المنطقة الجنوبية الغربية – المملكة العربية السعودية

عبد العزيز سعد شتا , محمد بن سليمان السويلم , عبد العظيم شهوان سلام , عبد الله بن مناع العمري

قسم علوم التربة, كلية الزراعة, جامعة الملك سعود

 ص.ب. 2460 الرياض 11451, المملكة العربية السعودية
(قدم للنشر في 18/4/1424هـ ؛ قبل للنشر في 10/9/1424هـ)

ملخص البحث. تعتبر الوديان في المنطقة الغربية من المملكة العربية السعودية من الظواهر الجيومورفولوجية الهامة التي تستقبل كميات عالية نسبياً من مياه الجريان السطحي من المرتفعات المحيطة, وتعتبر ترب الوديان من أهم الموارد الأرضية المتاحة للتنمية الزراعية المستدامة في الإقليم. أجري هذا البحث لدراسة الخواص البيدولوجية لترب وادي بيشة وروافده وذلك لتصنيف هذه الترب والتعرف على محدداتها للزراعة المستدامة. أوضحت النتائج أن ترب السهول الفيضية ومجاري الأودية حديثة التكوين وتعكس خواص المادة الأمية لرواسب الوديان والتي تكونت منها الترب، بينما الترب المحلية في المرتفعات أوضحت تطوراً ملحوظاً في قطاع التربة مثل تكوين وتطور أفق موليك السطحي وأفق تجمع الطين تحت السطحي. أوضحت النتائج وجود بعض الاختلافات في خواص ترب السهول الفيضية المدروسة من ناحية محتواها من المادة العضوية والقوام والملوحة. يتراوح مستوى الحديد والمنجنيز والنحاس الميسر في ترب السهول الفيضية بين منخفض في الطبقات تحت السطحية إلي مرتفع أو متوسط في الطبقات السطحية بينما مستوي الزنك والفوسفور الميسران كانا منخفضين عموماً. أوضحت ترب الوحدات الأخرى اتجاه مشابه تقريباً. تم تصنيف الترب المدروسة إلى 9 مجموعات ترب عظمي, 10 تحت مجموعات , 15 عائلة تربة. الصفات المستخدمة للتفرقة بين العائلات هي التوزيع الحجمي للحبيبات , التركيب المعدني , نظام التربة الحراري. أوضحت الدراسة أن أهم محددات التربة هي القوام الخشن للتربة خاصة في ترب مجاري الأودية وبعض ترب السهول الفيضية , انخفاض المادة العضوية والعناصر الغذائية الميسرة خاصة في الترب خشنة القوام.
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Fig. 1. Climatological data of Bishah and Abha stations [evaporation (mm), precipitation (mm) and mean temperature (oC)].
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Fig. 2. Profile location map.








47








