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SOILS OF THE YIZREEL VALLEY

By
S. RAvikoviTCH, HANNA KOYUMDIJISKY AND Y. DAN

RESUME

The following description is based on a soil survey of the western
and central parts of the Yizreel Valley which is drained by the Kishon
river. The region under study is bordered on the north by the mountains
of Nazareth, on the west by Mount Carmel, on the south by the Shomron
Highlands and on the east by Mount Gilboa and the Harod Valley.
The entire area surveyd measures some 305,000 dunams®.

In the course of the survey the morphology of the soils was described;
soil groups, types and classes were defined; their distribution and
occurrence were determined; and the principal soil properties—texture,
structure, chemical composition, salinity and field capacity—were
measured. The common agricultural crops and, wherever possible, the
natural vegetation, were noted. The depths of the water table and the
salinity of the ground waters were determined. A detailed soil map on
a scale of 1 : 20,000 was prepared. A reduced scale map (1: 50,000) is

attached herewith.

DESCRIPTION OF THE SURVEYED REGION

GEOMORPHOLOGY AND GEOLOGY

The larger part of the valley is almost a flat plain, fringed by low
hills, i.e. a large depression surrounded by cretaceous and eocene
highlands. A series of faults separates the valley from adjacent moutains.
The eocene mountains are built mainly of chalk, and often exhibit

* 1 dunam=approx. 1/4 acre,
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calcareous crusts of nari. In the northern part are lacustrine and marine
depostis of pliocene age, consisting of chalks, marls, chalky marls and
conglomerate; the chalk formations are covered with a thick layer of
nari. Some basalt occurs along the fault lines and in a few places within
the valley. The greater part of the valley floor is covered with diluvial
and alluvial sediments of clay with an occasional admixture of gravel.
It is necessary to distinguish between the younger sediments of the valley
floor and the older sediments of the hills. The gravelly alluvium is found
mainly at the feet of the steep cenomanian mountains, and to a lesser
degree at the bottom of the eocene mountains.

WATER RESOURCES ; )

The western and cental Yizreel Valley is drained by the Kishon
river, the headwaters of which originate in the surrounding highlands,
from Gilboa to Carmel. During the main rainy season, the river carries
large quantities of water and often overflows its banks. In wide areas,
especially in the western parts of the valley, shallow underground flows
drain waters from the hills of Menashe, Um el Fahm and Shefaram to the
lower Kishon. In addition, a number of springs can be found in the
northern part of the valley.

CLIMATE

The climate of the Yizreel Valley is of the Mediterranian type. The
average temperature of the coldest month (January) is 12°C, and that of
the warmest month (August) is 27°C.

VEGETATION

The natural vegetation of the valley has almost completely disap-
peared. Only on the fringes of the valley do remnants of the original plant
communities, e. g. Quercus ithaburensis and Poterium spinosum OCCUT;
hydrophyllic plant associations occur in the marshy lands of the lower
valley.

AGRICULTURE

The agriculture of the valley is of ancient origin. Ever since the dawn
of history the valley has been one of the most important agricultural
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regions in the country. Throughout the ages the main settlements clung to
the hills ringing the valley and avoided the marshy bottomlands. Until
recently the valley served almost entirely for non-irrigated crops. Lately,
however, irrigation has become widespread for many crops, including
fruit trees.

SoiLs

The soils of the valley were formed mainly from sediments brought
down from the adjacent highlands by erosional processes. In a few
places residual soils can be found in the valley on basaltic and calcareous
elevations. The soils of the surrounding mountains belong to the Mediter-
ranean red-earths and to the rendzina groups. The soils of the former
groups include terra-rossa, Mediterranean brown soils and basalt soils.
The terra-rossa was developed typically on hard limestone, and to a
Jesser extent on limestone conglomerate and nari formations. The
Mediterranean brown soils are formed principally on eocene hills and on
pliocene deposits. The basaltic soils formed wherever basalt formations
occurred.

The occurrence of rendzina within the valley itself is limited. Its
origin can be traced to eocene, pliocene and, occasionally, senonian
sediments.

At the foothills are some colluvial soils directly derived from the
residual soils of the immediately adjacent mountains. These colluvial
soils can be of terra-rossa, Mediterranean brown soils or rendzina
origins.

In the plains the predominating soils are alluvial. The origin'of the
soil material is terra-rossa and rendzina. The properties of the alluvial
soils differ markedly, however, from those of the parent soils.” Of the
factors tending to modify the soils, not the least important is the existence,
in wide areas, of a high ground water table.

Topographically soils were classified as coming from either mountains
and foothills, or bottomlands and plains. Five groups of soils were
identified, each of which was subclassified into types and then classes.



SOILS OF THE MOUNTAINS AND FOOTHILLS

I.  MEDITERRANEAN RED-EARTHS

A —Red and brown-red soils of hard limestone and dolomite
origin, terra-rossa: The soils are heavy in texture, generally clays. The
structure is granular or nutty in the upper horizon, becoming blocky
with depth. The soils are generally lime-free, but some contain lime in
measurable amounts*. The pH varies from 7.3 to 7.8. No excess salts are
present. Water infiltration is favorable. Field moisture capacity is quite
high (about 319), but so is the wilting point (about 229%). Acute
erosion takes place on the steep slopes devoid of natural vegetative cover.
The soils are utilized mainly for pasture and afforestation, and to a
much lesser extent for orchards and field crops.

B.—Brown and brown-red soils of basaltic origin: The profile is
undeveloped. Transition from the A to B horizon is ill-defined. The
texture is a heavy clay. The structure is blocky. The pH lies between
6.8 and 7.5. The soils are generelly devoid of lime. Soils formed
of basalt containing veins of lime or those which were mixed with
calcareous alluvium, contain some lime. Water infiltration is slow.
Both field capacity and wilting point are very high, 38—41%/ and 25—27 %]
respectively. Erosion does not constitute a problem on areas of flat
topography, but may assume dangerous proportions on slopes. The
soils are utilized mainly for dry-farming, but some are under irrigation.

C.—Mediterranean brown soils of hard chalk and nari origin:
Parent rocks—hard eocene chalk, limestone conglomerate, limestone
and nari of pliocene age. The soils are of clay texture. Structure is
granular to nutty. The pH is about 7.5. The lime content is generally
appreciable. The soils are free of excess salts. Water infiltration is relatively
satisfactory. Field capacity and wilting point resemble those of terra-

* The scheme of classification with respect to lime content was as follows;

devoid of lime or low in lime —  0-59% CaCOsg;
containing lime —  5-209% CaCOsg;
calcareous — 20-509; CaCOg;;
highly calcareous — 50% CaCOsg;
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¢ossa. The soils are utilized mainly for fruit-tree plantations. Excessively
rocky soils are put under pasture which is usually of high quality. The
soils are easily eroded.

II. RENDZINA SOILS

E.—Rendzinas formed of soft chalks and marls. Parent rock—
chalks and marls of senonian, eocene and pliocene age: The color of
the soils is brown-grey to grey. Texture i8 clay-loam to silt-loam or
loam in the upper horizons which becomes heavier with depth.
The structure is aggregated but unstable. The soils are calcareous or
highly calcareous, and are free of excess salts. The pH is 7.5 to 8.0 .Water
infiltration is high. Field capacity is around 309, while wilting point is
159, These soils are best for lime-tolerant fruit trees.

F.—Rendzina soils formed of soft siliceous rocks.: Parent rock—
(volcanic) tuff: The soil color is brown-grey to brown. The texture is
clay-loam to sandy clay. The structure is crumby but rather unstable.
Internal drainage and water permeability are good. The soils are cal-
careous; pH is about 7.7. The soils are productive, and are suited mainly
for fruit-tree plantations. Most soils are rather shallow, however, and
some are quite rocky and stony.

11I. COLLUVIAL SOILS

Colluvial soils are found along the foothills, in the alluvial fans and
in the narrow intermountain valleys. They differ from the mountain soils
in that they are deeper and often stonier.

G.—Colluvial soils derived from Mediterranean red-earths:

(a) These were formed mainly of terra-rossa. The profile is poorly
developed. Color is brown-red. Texture is clayey, but coarse
stones and gravel are present in various amounts. Structure is
granular or nutty, occasionally blocky. The pH is 7.5 to 8.0.
The soils are either lacking in lime or containing lime. Excess
salts are absent. Water infiltration is generally good. Field
capacity calculated for the stone-free soil is quite high (35 %), as
is the wilting point (20%). The soils are utilized for intensive
cropping and pasture.

Vil



(b) Colluvial soils derived from Mediterranean red-earths and
rendzinas; the profile is undeveloped; color is dark brown;
textural classification is clay or clay-loam. The structure is
granular or nutty. Water infiltration is good. The pH is 7.6
to 8.0. The soils contain lime. No excess salts are present.
The soils serve mainly for fruit-tree plantations. ‘

H.—Colluvial soils derived from rendzinas: No distinct horizons can
be distinguished. Color is light brown, brown-grey or grey; texture is
clay-loam or clay. Gravel is present in various amounts. Silt content is
appreciable. The structure is generally aggregated, occasionally granular
or nutty, but rather unstable. The pH is 7.7 to 8.2. No excess salts are
. present. Water infiltration is good. Field moisture capacity is about 30 %,
wilting point about 15%. Internal drainage properties are favorable. Two
classes can be distinguished according to lime content, color and texture:

(a) Light brown or brown-grey, calcareous, relatively heavy-textured
soils of more stable structure, and

(b) Highly calcareous soils, more sticky and of relatively unstable
structure.

The soils serve in part for plantations and in part for field crops. The
excess lime constitutes a limiting factor, as it often induces chlorosis and
inhibits crop growth.

SOILS OF THE BOTTOMLANDS AND PLAINS

1V. ALLUVIAL SOILS

I.—Brown and brown-red soils, derived mainly from Mediterranean
red-carths:

(a) Brown and brown-red soils, derived mainly from terra-rossa, with
occasional admixtures of rendzina. This is the commonest type of
soil in the Yizreel Valley. The soils of the different classes differ in
age and in properties. Most are very deep and may contain, at
considerable depths, stone fragments (either of limestone or basalt).
Drainage is in many cases restricted and during the rainy season,
when the streams overflow, low-lying soils may become water-
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logged. The soil profile does not exhibit clear horizontal differenti-
ation. The texture is clayey. The structure is blocky, becoming
prismatic with depth; the uppermost layer may bz nutty. The pH is
in the order of 7.8 to 8.2. Some of the soils are devoid of lime, while
others contain low or even moderate amounts. Excess salts are
generally absent but the deeper layers are,in places, slightly saline.
Water infiltration is slow. Aeration is restricted. Field capacity is
high (35—40%) as is the wilting point (25—27%). The cation ex-
change capacity is fairly high, being about 45—55 m.e. per 100 grams
of soil. These soils which serve mainly for dry cropping are quite
productive.

(b) Dark brown alluvial soils derived from Mediterranean brown soils.
Most are old soils. Drainage is generally good. Texture is of heavy
clay. Structure is nutty and sometimes granular in the upper layers.
The pH varies from 7.4 to 7.9. The soils of the different classes differ
according to age in their lime content. Most of the soils are devoid
of or low in lime, but some are calcareous. Water infiltration and
aeration are restricted. Some of the soils contain a slight excess of
salts, mainly in the deeper layers. The cation exchange capacity is
high—66 to 71 m.e. per 100 grams. Most of the soils are utilized for
dry cropping. but some have been put successfully under irrigation.

J—Brown-grey alluvial soils derived from rendzina: These soils
originated mainly from the erosional material of rendzina, occasionally
intermixed with Mediterranean red-earths. The soils are deep; profile 1s
poorly developed. Texture is of a very heavy clay. Structure is blocky and
with depth prismatic; in the uppermost layer it is mostly nutty. The pH
values are in the order of 7.6 to 8.2. The soils contain lime; some are
slightly saline. Water infiltration and aeration are restricted. From the
point of view of utilization the soils are similar to the brown alluvial soils.

V. HYDROMORPHIC SOILS

The hydromorphic soils developed from alluvial or occasionally
colluvial soils under the influence of excess moisture, i.e. continuous
saturation or submergence, or a high water table.
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Two types, differing in water-table status, drainage properties and

lime content, are recognized—swamp soils and hydromorphic soils.

P.—Swamp soils: Grey-black calcareous alluvial swampy soil,

occurring beside springs and submerged spots. The soils are heavy clays
and poorly drained. Gley-layers are occasionally found. The structure is
generally blocky or prismatic but the uppermost layers may be granular
or nutty. The deeper layers are generally saline, and in some cases the
upper layers as well. The pH lies between 7.7 and 8.0.

(a)

(b)

©

Q.—Hydromorphic soils:

Brown-grey, containing lime alluvial hydromorphic soils, in which
the ground water table occurs 2—4 m below the surface. The texture
is clayey. The structure is blocky in the deeper layers and nutty in
the upper layers. Water infiltration is slow. Field capacity is 35—40 %,
and wilting point 20—25%. The pH 1s 7.6—7.8. The soils are
occasionally somewhat saline. They are utilized for dry cropping.

Brown, devoid of lime or low in lime, alluvial hydromorphic soils,
generally derived from Mediterranean brown soils. The ground
waters occur at a depth of 2—3 m. The texture is clayey; structure
blocky, occasionally nutty. Drainage is poor and infitration slow.
Field capacity (40%), and wilting point (25 %) are high. The pH is
about 7.5. The soils are slightly saline, especially in the deeper
layers. They are utilized in part for dry cropping, and in part for
irrigation. Fruit tree plantations often fail owing to poor aeration.

Grey highly-calcareous hydromorphic soils. These occur within
alluvial soils derived from rendzina. The ground waters occur gene-
rally at a depth of 4m. Drainage conditions are better than in other
hydromorphic soils. No discernible differences in morphology exist
between profile layers. The soils often contain limestone fragments,
especially in the deeper layers. They are generally clay, and in some
cases clay-loams. The structure is nutty to flaky. The pH is 7.7 to 8.0.
Excess salts are absent. Water infiltration is quite good. The
soils are utilized mainly for field crops.




SOIL COMPLEXES
Soi. COMPLEXES

These are areas in which several soil types or soil classes alternate in
spots of limited extent. The borders between one type and another may
be ill-defined. Areas were also designated as soil complexes when one soil
type was found to overlie another soil type in a shallow layer.

SOIL SALINTY
SOIL SALINTY

Salinity has mainly affected the hydromorphic and the alluvial soils.
The main cause of salt accumulation in the soils of the Yizreel
Valley is the high water table. Secondary factors are heavy textures and a
high content of exchangeable sodium. These impair the physical soil
properties, cause excessive swelling, the creation of impervious conditions
and slow percolation of water. Salinity is generally low and the excess
salts are concentrated in the layers below 90 cm (Figure 2). In most cases
they are highly saline. Variations occur in composition of the dissolved
salts; the percentage of chloride (predominantly from NaCl) in the total
salt concentration varies from 13 to 54. Some of the ground waters
exhibit pronounced alkalinity.

The hydromorphic soils require drainage. Quite probably, that in
addition to drainage and leaching, it will be necessary to apply gypsum to
replace the exchangeable sodium and to ameliorate the physical properties
of these heavy soils.



11.

12.
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Plate 1: Basalt rock, containing calcareous veins, in process of weathering. Parent material of the basalt

soils containing lime (Bg); Megiddo.
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Plate2: Brown Mediterranean soil, containing lime (Cy) developed on limestone conglomerate; Giv’at Oz,
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Plate 3: Terra-rossa on hill-tops; at foothills coliuvial soil containing lime of terra-rossa origin (Gg)
and at the front of the picture—a brown-red aliuvial soil containing fime of terra rossa origin mainly (Ip);
cultivated ; the slopes of the Nazareth mountains.
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Plate 4: Brown colluvial soil of Mediterranean red-earths origin (Gs); cultivated; Ginneigar,
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Plate 5: Brown-grey colluvial soil of terra-rossa and rendzina origin (Gg), with spots of colluvial soil
originating from rendzina (Hyp); cutlivated; Giv’at Oz
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Plate 6: - Brown-red alluvial soil containir?g lime of ’ferra—rossa origin on.top of a basalt soil (B32)',
cultivated; Kefar Barukh.
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Plate 7: Brown-grey alluvial soil containing lime of rendzina origin (J1); cultivated; Megiddo.
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Plate 8: Grey-black swampy alluvial soil containing lime

(Py); cultivated ; Megiddo iniersection.
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y structure of the swampy alluvial soil (Pp); a detail of Plate 8.

Plate 9: Loose block:
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Plate 10: Brown-grey hydromorphic alluvial soil. containing lime (Qq); cultivated; Megiddo intersection,
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Plate 11: Blocky structure of the hydromorphic alluvial soil (Qq): a detail of Plate 10
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