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For fifteen hundred years, because of erosion,
the burning of dung and the destruction of
ancient irrigation, the land ‘““wherein thou
shalt eat bread without scarceness, thou shalt
not lack anything in it” has steadily dete-
riorated. If the new Jewish immigration
is to restore the ancient fertility, it is obvious
that the investigation of the properties of the
soils of the country is a task of primary
importance. In the following pages a descrip-
tion is given of soil formation within the
framework of the Mediterranean type of
weathering and at the same time an attempt
is made to give a general survey of the soils
of the country. This new edition records the
progress made during the last ten years in the
exploration of Palestinian soils and includes
a short survey on the “Jordan Valley
Authority.” The chapters on the loess-soil of
the Negeb, on peat and on fertilisers have
been rewritten. New chapters dealing with the
effects of saline irrigation water and with soil
erosion have been added.
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PREFACE

For the Lord thy God bringeth thee into a good land, a land of
brooks of water, of fountains and depths that spring out of valleys
and hills; & land of wheat, and barley, and vines, and fig trees, and
pomegranates; a land of oil olive, and honey; a land wherein thou
shalt eat bread.without scarceness, thou shalt not lack any thing
in it.—Deut. viii. 7-9.

For fifteen hundred years the land has steadily deteriorated.
The abandonment of terrace cultivation and the destruction
of the trees have left the soil bare and unprotected from the
forces of erosion. The ancient irrigation works have been
destroyed, and far and wide the once fertile countryside is
covered by sand dunes. For centuries dung has been burned
as a fuel, and thus an unmitigated policy of soil impoverish-
ment has been pursued.

Now, if the new Jewish immigration is to restore the
land’s ancient fertility, it is obvious that the investigation of
the properties of the soils of the country is a task of primary
importance. On the other hand, the soil investigator must
also strive to compare the soils of his country with those of
other regions, for it is only by this method of treatment that
profitable use can be made of knowledge gained elsewhere.
In the following pages a description is given of soil formation
in Palestine within the framework of the Mediterranean
type of weathering, and at the same time an attempt is made
to give a general survey of the soils of the country. The
author is fully conscious that many years must still elapse
before all the problems are completely solved, but he believes
that he has been able to detect some mistakes, and these
may serve as cautionary examples for new projects, both
in Palestine and elsewhere.

The soil problem of Palestine is closely linked with the
colonisation work of the Zionist organisation, and on this
account it has been thought desirable to include a short
chapter on the progress of colonisation up to the present time.

The author thanks the Hebrew University at Jerusalem for
having made it possible for him to work for thirteen years
without interruption on the soil problems of the country;
at the same time he expresses his sincere gratitude to his

v
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PREFACE

present and former co-workers, particularly Dr. S. Adler,

Miss E. K. Ewbanks, M.A., Mrs. Rosowsky and Dr. Ma,isle?,
for their co-operation. The author desires to express his

gratitude to Dr. C. L. Whittles for translating the book
and for his help and criticisms, which were of invaluable

vi

assistance. ‘
The author feels extremely indebted to the publishers,

Messrs. Thomas Murby and Co., for the kindly way in which

they have helped him.
A. REIFENBERG.

JERUSALEM,
December, 1937.

PREFACE TO THE SECOND EDITION

Ts1s new edition records the progress made in the explora-
tion of Palestinian soils. The chapters on the loess-soil
of the Negeb, on peat and on fertilisers have been re-
written; new chapters dealing with the effects of saline
irrigation water and with soil erosion have been added.
The fate of Palestine and of Jewish colonisation being
again in the balance, the author has refrained this time
from making any estimates as to the future ‘‘ absorptive
capacity ” of the country. Instead, a short survey on the
" Jordan Valley Authority ” scheme is given. The author
i3 well aware of the fact that administrative boundaries and
political difficulties may render the execution of this plan
impossible for the near future. But the plan shows what
could be done with good will and human understanding.
The author wants to express his gratitude to his assist-
ants, Ii‘[rs. R. Rosowsky and Mrs. T. Starkman-Menahem,
i.:- n:hjmr ;nr-zfie;a;mn. liluring the author’s service with the
y soil-map, a plan of the Jordan scheme
and many new photographs have likewise been added.
g e St o, ol Y0, ot
TR 8, has made this new edition

JERUSALEM, A. REIFENBERG,

January, 1947,
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THE SOILS OF PALESTINE

I. INTRODUCTION

A. GEOLOGY AND RELIEF. el

IT cannot be our task here to give a complete description
of the geological conditions of the country; for this the
reader is referred to the works of Blanckenhorn (1, 2),
Blake (3-5), Picard (7-11, 20), Lowengart (6), Picard and
Avnimelech (21), Avnimelech (22), and Range (12). We
can only consider those conditions which are of importance
in soil formation, such as relief and the nature of the rocks
which constitute the parent material of the soils.

Palestine can be divided topographically into seven main
districts, of which the most characteristic is the Jordan
Rift running from north to south, which separates the
mountains of Judaa from the highlands of Trans-Jordania.
On the west of the mountains of Judewa stretches the Mari-
time Plain, and on the north of the mountains of Judea
and of Samaria the Plain of Esdraelon, which, running from
west to east, separates the latter from the mountains of
Galilee. On the south of the mountains of Judza is found
the so-called *“ Negeb,” a low-lying undulating plain which
gradually merges into the deserts of Sinal.

We thus have the following districts:

(1) The Maritime Plain.
(2) The mountainous districts of Judza and Samaria.
(3) The Rift Valley of the Jordan.
(4) The Negeb.
(5) The Plain of Esdraelon.
(6) The mountains of Galilee.
(7) The Highland of Transjordan.
11
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19 THE SOILS OF PALESTINE

1. THE MARITIME PLAIN.
al plain consists of Tertiary

limestones, calcareous sandstone marls, clay a._nd ma.ril}a
diluvium. Wide stretches are covered by partially fossil-
ised dune-sand deposits; these dune s.a.nds are often cemented
by calcareous and siliceous infiltrations, and so form com-
pact masses. 1t may be presumed bhat' 13!1& calcareous
candstones owe their development to mftml&r processes
having taken place in earlier geological perlods.. At many
places on the Maritime Plain are found alluvial de.pomts
which have been formed as a result of the denudation of
the mountainous districts. In localities where, as a result
of the presence of such deposits, the rain torrents from the
mountains have been unable to find an outlet to the sea,
swampy areas are developed. The drainage of these swamps
has been, and still is, one of the chief tasks of the Zionist
colonisation.

Of great importance is the occurrence in the Maritime
Plain of a grey, sandy-clay horizon at no great depth,
which Lowengart calls the “ Saqye ’ layer. This forms
the impermeable substratum on which the ground-water
of the coastal plain collects and moves to the sea. The
presence of this layer is responsible for the success of citrus
cultivation in these districts. At the same time all other
crops which can be grown under irrigation flourish here.

The substratum of the coast

2. THE MOUNTAINS OF JUDZEA AND SAMARIA.

C[-‘ha hill country of Judza and Samarisa, consists, in the
mm'n, of Cenomanian, Turonian and Senonian limestones.
Whilst the Cenomanian and Turonian limestones

very hard and resemble marble, the Senonian and Eocene

limeatonesl are generally of & soft, chalky nature. As a result
of the raging torrents in the valleys

cahon-like valleys are frequently formed in the mountains.

;_ll‘hesa are completely dry in summer. Qp the whole,
owever, the landscape in the west and south takes the form

are mostly

during winter, narrow
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INTRODUCTION 13

of a stepped, gently sloping mountain range, whereas towards
the east the slope is decidedly steeper and, in the direction
of the Jordan Depression, more irregular.

In consequence of the shortage of water only a limited
number of isolated areas in the mountainous districts can
carry crops requiring irrigation. Terrace cultivation plays
an important part here, and, indeed, has done so since the
most ancient times. Only a short time ago this hill country
was unmistakably a grain country, though, in addition,
olives, figs, vines, etc., were grown. Within recent years
other kinds of fruit have been gruwﬁ by the Jews with
success, notably plums, apples and pears, which likewise
do not require irrigation.

3. THE JORDAN DEPRESSION AND THE TRANS-JORDANIAN
HIGHLAND.

The Jordan Rift Valley, one of the lowest depressions
of the earth, has been formed as a result of an ““ earth fissure,’’
and is, for the most part, covered by diluvial marls which
frequently display  bad-land topography.” Tertiary lime- ']
stones also occur in some localities. In the north the River
Jordan flows out from a vast swamp, called the Lake of
Huleh, of which the drainage and colonisation are now being
planned. Farther south, the Jordan is responsible for the
formation of the Lake of Galilee, and then, after flowing
through the Valley of the Jordan, finally reaches the
Dead Sea, a trough without an outlet. The eastern flank
of the Jordan Depression, bordering the Trans-Jordanian
highlands, consists of limestone, Nubian sandstone and
basalt, which, in the south, adjoin Cambrian and Pre-
Cambrian rocks. In complete contrast to the hill-country
of Judea, Trans-Jordania consists of & high plateau with
an extraordinarily steep fall to the west, and which gradu-
ally merges into the desert in the east. Even in the south-
west of the plateau the landscape bears the impress of desert
formation in that the detritus from the mountains acoumu-
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14 THE SOILS OF PALESTINE

lates in the valleys and 8O tends to neutra.%ise- differences
in level: the mountains drown in their own débris. .
The_Trans-Jordanian plateau 18 excepﬁtmna,]ly fertile; at
on; time it formed one of the granaries of tl‘w Roman
Empire)) In the Jordan Depression the .hot climate pre-
vailing there permits the growth of tropical crops, which
are especially successful where the diluvial marls are covered

by alluvium derived from the hill-country.

4. THE NEGEB.

The Negeb forms the southern boundary of the high-
lands of Judza to the Desert of Sinai. The eastern part is a
badly eroded, hilly wilderness. In the western part, apart
from sand dunes, a typical loess area, frequently affected by
dust storms, is found. Characteristic here are the large dry
valleys (wadis), which, after the winter rains in the mountains,
frequently convey, for short periods, torrential quantities of
water. Inthe Negeb itself the rainfall is sporadic in nature,
with the result that in many years no harvest at all is
possible.  With sufficient rainfall barley forms the principal
crop. The possibilities of irrigation have, unfortunately, not
yet been sufficiently investigated.

5. THE PLAIN OF ESDRAELON.

The Plain of Esdraelon consists, in the main, of a deep
/ alluvium, which has been derived from the denudation
firstly, of the limestone hills of Samaria and, secondly, of the’
basalt hills of Galilee. Towards the east, in the neighbour-
hood of the Jordan Depression, diluvial marls are found
The Plain of Esdraelon hag been, in part, one of the gra,narief;
f)f Palestine for hundreds of years; in later times, however,

the 1
commencement of Jewigh colonisa,tion, fodder Crops

i(llllézzzlilﬁ, Zi::!'.) have been grown, and to-day it displays an
= ;’E Iry }Hdl}ﬂtr}t. At the same time it also appears
» Wihere irrigation is possible and the soil is not too

he ' Ivati
avy, citrus cultivation (grape-fruit) promises good results.
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INTRODUCTION 18

6. THE HIGHLANDS OF GALILEE AND CARMEL.

The highlands of Galilee consist partly of limestones of
various geological ages and partly of recent volcanic basalts
which have broken through the limestone cover. The
weathering of the two kinds of rock, progressing similarly,
proves to be particularly interesting, as will be seen later.

As a result of the similarity in the natural conditions, we
find the same type of landscape here as in the highlands of

Judza. The same remarks apply to the Carmel, which is
composed of limestone of various ages.

B. MoisTure CONDITIONS.

- The uneven distribution of the rainfall during the year
and its scarcity in various parts of the country make the
water question one of the principal problems of agriculture
in Palestine. Water supply is primarily the factor limiting
plant growth in Palestine. Further, the considerable quan-
tities of water falling in the hills during the wet seasons
rapidly soak down into the soil, which carries but a scanty
vegetation, or are carried away through the wadis to the
valleys and the sea, and are so lost to agriculture. Often
in summer it is only the dew falling by night which pre-
serves the miserable vegetation.

Of the perennial rivers, first place must be given to the
Jordan (16 cubic metres per second); the Yarmuk (15 cubic
metres per second, is of service only for the irrigation of a
limited area. On the Maritime Plain the ’Aujah (8% cubic
metres per second) is of agricultural importance. The little
Crocodile River which was once responsible for the forma-
tion of the Kabbara swamps is now drained and will be
used for the irrigation of that region. KElsewhere the agri-
cultural population has to rely for the supply of water for
irrigation partly on springs, the majority of which are not
very productive, and partly on the ground-water, which is
pumped to the surface, often from a considerable depth.

Digitized by Birzeit University Library
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16 THE SOILS OF PALESTINE
The latter source is of especial importance in the Maritime

: : Plain of Esdraelon (23). 4

Pla%n:]l;:v;ﬂ ;ﬁ:ad}’ alluded to the imp.ortance of the so-
2 7 it stratum of impermeable clay,
called Saqye ” horizon, & R

Py -+ e Plain, makes the irrigation of the
LR e . tho Highlands onl
prospering citrus groves p-osslble. 17, e fg SOy
a few springs provide limited possibilities Ior I‘I‘I‘Ig&tlﬂn
ag the ground-water is not attainable at an economic flepth.
Recently sources of water supply are being conmdeix'ed
which have not so far been utilised, such as the conservation,
by means of dams, of the rain water running to waste in the
wadis to the valley. Experiments in this respect are being
made in the Negeb. Borings made up to the present have
shown that the water is either situated at an uneconomic
depth or that it is extremely saline.

Recently, borings made on the Plain of Esdraelon and on
the highlands of Galilee have revealed the presence of
water in some localities; in the Jordan Valley obviously
the river will serve for irrigation; in all other parts the
population has to depend on the most meagre supplies.
An exception is afforded by the neighbourhood of Beisan
and Jericho, where several copious sources serve for an
intensive irrigation system.

At this point it is desired to make a fow remarks on the
quality of the water used for irrigation purposes. In
Palestine—and here we have a great contrast with conditions
in Europe—not only the rivers but also the spring and well
waters contain large quantities of soluble salts, which is in
part to be ascribed to the aridity of the climate. The salt
content of t'he water, however, depends in the first place
;Lglle :;I:mlﬂzl cc:m;:ios{tmn of the geological stratum from
high and lozaa:tlio T:Td' 7 L o0 ere IEh
following analyses m:y ZEO&I‘? fom'ld .CIOSB'thether. i
of the waters of Palestine: Rl nthioinaturs
ﬁclh‘hiiseciﬁe: t;hog; that it is not merely hard waters,

» that we have to deg] with, but waters
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THE SOILS OF PALESTINE

18 %
hich. in addition, always contain larger or smaller quantities
whnici, )

£ chlorides. On the whole, the reaction is wte&kly alk.&line.
’(I}‘hz aiaﬁxﬁty may, however, increase considerably if the

i, 81 ' tes are gradu-
the air, since the bicarbona
b | carbonates with the loss of carbon

to norma - Yo
ally converted leium carbonate is precipitated,

ioxide; at the same time ca& ' : :
i?ih the result that an undesirable increase in the pro-

portion of sodium to calcium takes plac-e. i
The most suitable types of water for irrigation purposes

are those such as Nos. 1 and 2, and, fortu-na.t’ely, most
of the irrigation water supplies in the citrus districts are of
this character.

In the south it is quite different; here frequently the
chloride content is considerably higher. The chloride
content of No. 6 is abnormally high.

C. CLIMATE.

On the basis of geographical position, Palestine belongs to
the Sub-Tropical Zone; but on the coast in particular,
and in the highlands, the climate is decidedly of the Medi-
terranean type, whereas the south and the Jordan De-
pression display arid conditions. The most striking feature
of the Palestine climate is the occurrence of a well-marked
season of winter rains. Two entirely different climatic
seasons alternate ‘with one another, in that five of the

summer months are nearly and three completely devoid
of rain.

Lang’s method of calculating the “rain factor ” (the
quotient obtained by dividing the rainfall by the tempera-
ture) (16), which has been justly criticised when applied
to many climatic regions, hag proved of great value in
m?p.xdly Summarising the climatic and soil-formative con-
ditions for our ares (17). Admittedly false conclusions
would be arrived at by the usual method of calculation
foF the processes of chemical weathering which start II:
wimnter are brought almost to & complete standstill in
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INTRODUCTION 19

summer by the absolute dryness which permits only such
actions to take place as predominate in an extremely arid
climate.

This theoretical consideration is also supported by
observation. Violent rainstorms of & cloud-burst type scour
the loose earth from the slopes down into the gorges, the
‘“ wadis,”” which are dry in summer and frequently in
winter become filled with muddy, dark-coloured, roaring
torrents, which can cause great devastation. Quite different
are the conditions in summer. All weathering by the
solvent action of water ceases as a result of the absence of
water. The intense insolation destroys most of the organic
matter in the soil and causes mean soil temperatures of
approximately 40° C. in the summer months in many parts of
the country (24). It may be as well at this point to emphasise
the fact that in summer the movement of soil moisture is,
naturally, upwards from below, so that we have a lower
eluvial layer and an upper illuvial layer in the soil, whereby
in extreme cases salt efflorescences, etc., may be produced.
In many parts of the country the extremely arid conditions
during summer are only mitigated by the heavy night
dews.

In summer the rain factor naturally has the value O;
no chemical weathering takes place. We can only make
use of the data for the winter months in the calculation of
the rain factor, since the physical disintegration of the
rock is of much smaller pedological importance than weather-
ing by hydrolysis.

Taking the winter season as seven months (October-
April), we obtain climatic data for a number of localities
as shown in Table 2 and illustrated by the map (Fig. 1).

If we compare the map of the rain factors with that of
the soils of Palestine (Fig. 2), we see that, on the whole,
the rain factors correspond broadly with quite definite
soil types. This correlation is summarised in Table 3.
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Raix FACTORS FOR SOME

THE SOILS OF PALESTINE

TABLE 2

LOCALITIES IN PALESTINE DURING

WINTER
Bleva- | Rainfall | TemPera- | Rain
't : tzan mm.). o Fﬂﬂtﬂf.
Locality A R e ),

Jericho - 260 E3L 20 -
Beersheba 300 190 Lt 5
Gaza 20 382 16-3 23
Tiberias - 185 o0 i 2
Jenin 187 500 a0 ge
Latrun 190 537 167 33
Taffa 30 545 15-9 34
Hora 10 646 17:0 o

Nazareth . . 303 732 14-5 50

Hebron . 927 592 11-3 b2

Jerusalem ca. 780 660 12-0 69

Safed 800 889 138 64

TABLE 3
CLIMATES AND SOILS OF PALESTINE
Climate. F};t::;lr. Dastrict. Soil T'ypes.

Arid Less | Most southerly districts of | Desert sands,
t}ian Maritime _Plam, most south- | Lisan Marl
b erly outliers pf highlands, | soils, gravel
sgutherr_l portion of Jordan | and limestone
~Opression, southern por- | semi - deserts,
Eﬁnh?f }tlrlhe zzatem slopes of | saline soils,

Semi- | 16:30 | Maritims  Pla; looes,
arid e In near (aza, | Mediterranean
= ern portion of Jordan Steppe soils.
épression Lisan  Marl

Semi_ 30-50 : E'U'ilﬂ-

e N 1{1&1;1';15_01'1:1011 of the Mari- | RedEarths,Red
e Sh&rnlﬁ mCJ udea, P_la,m Sands, basalt
el o e armel, high- | goils, moun-

& and Galilee tain marl soils

e (Ba. climatic
wuma ] : lack

et nghe;;; Portions of the high- | Red ﬁiﬁﬁ’

50 udza and Galilee basalt soils:

N Yellow Earths
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II. SOIL FORMATION IN PALESTINE

A. TeHE WEATHERING PROCESS.

1. GENERAL.

PHYSIOAL weathering prepares the rock for the a’,t‘ta.ck of
the agencies of chemical weathering, since, by the disintegra-
tion of rocks into small and minute fragments, the necessary
surface area is created.

In the desert regions of the country, in particular, these
rock fragments are transported to the valleys, undecomposed,
by heavy sporadic rain storms. The detritus from the
mountain peaks accumulates in the plains, the mountains
‘“ drown ” in the levelling débris (Plate VIIIa).

In a country such as Palestine, where the mountains
mainly consist of limestone, weathering by solution naturally
plays a very large part. In the highlands on all sides are
seen hollows, clefts and fissures as a result of the solvent
action of carbonated water. The irregularities of this
process of solution are partly due to chance peculiarities
of the rock and partly to the fact that in Nature the solvent
liquid is not supplied regularly. In this way irregular
Bt-'ructure-s arige, and the soil frequently appears to be dotted
mthl blocks of rock. The limestone highlands of Palestine
::19;&1; jﬂﬂt, ty]fical “ Carst " areas. T-he dissolution of the
e
e I : ed with igneous ‘roc!is; the almost
. D% quartz is then seen projecting from the

estone in beautiful ribbons.
thii;:teﬁlx::lg: RS e noe 18 ot ouly
compounds oocur;in o tl%e prgancle o silicale

g In the veins of the limestone, which are
24
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SOIL FORMATION IN PALESTINE 26

hydrated and oxidised. By this process the crystalline
jointing of the minerals of the rock is loosened considerably,
and hydrolytic decomposition by the percolating water is
rendered possible. Weathering by hydrolysis proceeds
very rapidly, since the water is highly dissociated as a result
of its high carbon dioxide content and the high temperature.

The resultant decomposition products, in the first place
colloidal solutions of silicic acid, ferric oxide and alumina,
may be again combined by mutual precipitation processes
(coagulations), and by this means the particular type of
soil formation is decided. As is well known, these allophane
clays, in contrast to the felspar residue clays (kaolin, etc.),
are found predominantly in warm climates. In the course
of thousands of years they can apparently acquire a crystal-
line character.

2. THE ROLE OF COLLOIDAL SILICIC ACID.

The natural occurrence of colloidal silicic acid is a fact
which has been recognised for a long time, in which connec-
tion particular reference must be made to Polynov (14) and
to Ramann (1) and Meigen (2), who emphasise the increased
solubility of silicic acid in warmer climates. Scofield (3)
reports the occurrence of sodium silicate in arid soils under
irrigation, and B. von Horvath (4) gives prominence to the
high solubility of silicic acid in the presence of alkalies.
Already Wi. Ostwald (5) has drawn attention to the prob-
ability of silicic acid crystallising out from solution in the
soil, which process, according to the investigations of other
authors, would be especially favoured by higher tempera-
tures. Transitions from opal to quartzite and quartz have
been observed by Storz in the Namib. With Stremme (6)
we may regard the occurrence of flints (siliceous concretions),
of colloidal hydrated alumina, and of ironstone—whose
mobilisation and concentration cannot be brought about by
the agency of true solution—as conclusive evidence of .tha
primary occurrence of silicic acid in the colloidal condition.
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Colloidal silicic acid, an extrsordinarly highly hydrafed
substance, displays great powers of remsta.‘nce to ﬂoFcuI&tlon
by electrolytes, though divalent .hy dI?.lelES :.rea'.dlly e
coagulation. For this reason colloidal SIhCIF acid is proba'.bly
the most stable of the soil colloids, and.t.h{s 0&1.1 result in g
complete impoverishment of & soil in .311101'0 H:CId (laterite).
The adsorptive power of colloidal silicic acid ?s extx:a.ordim
arily high, especially as regards bases. According to invegt;-
gations carried out by Fodor in collaboration with the
author (7), the maximum base fixation amounted to about
1,000 equivalents of alkali, whereas the maximum acid
fixation amounted to only about 25 equivalents of hydrogen.
A 0-3 per cent. silicic acid sol dialysed in the usual way had
& hydrogen-ion concentration of pH 5:7; this is evidence
that it still contains latent (adsorbed) bases,which are only
removed by the more drastic process of electro-dialysis,
whereby the pH value falls to 3-9.

It could now be shown that g gilicic acid sol containing
latent alkali not only exerts a protective action on sols of
the hydroxides of iron and aluminjum, but also has the power
of directly peptising the ignited oxides (Fes05 and Al,05).

']E‘he results of an experiment t demonstrate the protective

PROTECTIVE Acrron OF Siuicic Acip Sor on Fe(OH), SoL
AGAINST FLoccurLATIoNn BY SoDA.

C.C.

C.C. c.c
Fo(OH), sol 5. 5. ' 50
BiO;solii: o e i e
0-1 N NaOH 0-2 0-
;Vfater G0 0-8 1-5 gg U-f
ter 24 hours No pre. Precipi. Precipi- No pre-
Clpitate. tate. tate, cipitate.
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in soil phenomena, has been confirmed by Mattson (8)
Demolon and Batisse (59) and Barbier (60). As will b;
stated later in greater detail, it alone can explain the trans-
location of iron sols in the presence of calcium (and in the
absence of humus).

It has already been stated that colloidal silicic acid has
the power of directly peptising the ignited oxides of iron
and aluminium, and of transforming them into stable sols.
The resulting ferric oxide - silicic acid sols are brick-red
in colour, whereas sols prepared from ferric hydroxide are
more brownish in colour, while aluminium oxide-silicie
acid sols are milk-white. Ferrous oxide can be peptised
successfully if the reaction be kept slightly alkaline. There
are then formed sols, a dark grass-green in colour, which
oxidise slowly, with the result that the colour becomes a
muddy yellow. Table 5 shows the effect of varying the
hydrogen-ion concentration on the process of peptisation.

TABLE 4.

INFLUENCE OF PH oN 1HE PrprTisATION OF FERRIC OXIDE
BY SILICIC AciD SoL.

pH of Silicic Acid Sol. I'e,0, Dispersed.
0
8:0 0-031
7.3 0-022
5-7 0-008
3-9 0

The optimum reaction for peptisation thus lies on the
alkaline side of neutrality, although even with a slightly
acid reaction peptisation still proceeds, since such sols con-
tain latent alkali; if the latter be completely removed the
power of peptisation is lost.

It must be noted that in the case of peptisation at pH 57
the hydrogen-ion concentration of the ferric oxide - silicic
acid sol formed is pH 8; there is thus a definite increase in
alkalinity during peptisation, and this alkali can only be
derived from the latent alkali of the silicic acid sol. The
process taking place is that of an exchange between this

: Digitized by Birzeit University Library
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latent alkali and the ferric oxide Wl:lj'::%1 [ int:o Buzpemion_
With electro-dialysed sols the peptising a,ct%on oes not

d for the obvious reason that the alkali re.q.m.red for
Pro;ee e is not present in the micelles of the silicic acid.
;‘1{; Eziering of soils towards acids i?, proba,bly' to be traced
in many cases to such latently combined alkali. | |

The coagulative properties of these metallic o'xlde-
silicic acid sols resemble those of clay to an extraordinary
degree, so that it is probable that sir‘:nila;r prf)ducts are also
present in the colloidal solutions which are involved in the
formation of clay. The sols display a great sensitivity
towards acids, whereas alkaline hydroxides in small quan-
tities tend to produce suspensions. Neutral salts, by the
formation of irregular series, tend to produce flocculation.
In general, the flocculation phenomena resemble those
found with clay; a close, compact precipitate is produced
by acids and neutral salts, whereas a voluminous one is
formed by alkalies.

According to current views [Wiegner (10)] the formation of
clay is to be regarded as the result of negatively charged
silicic acid sol coming into contact with positively charged
aluminium hydroxide sol, in electrically equrvalent amounts,
whereby mutual precipitation takes place. We believe that
it is very difficult for this process to take place, for it is
impossible to imagine, in Nature, that it is always sols with
exactly equal charges which come into contact; it appears
tio.u.s to be far more probable that in Nature mixed sols of
:;23;:0 l‘r’tcld, alumina and ferric oxide are precipitated by

ytes and 80 cause the formation of clay.
ger?;'l:l)ll;ai:]{:zm* ?;ﬁ;PPBH-I‘S to play a great part in Nature,
adsorbens,” and possibly many soil

processes are explicable by its properties as a protective
oolloid. In due course we wi]] show i

tion of Terra rossa that it alone can
of colloidal iron and aluminium in

(¢f. p. 82) (11).
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SOIL FORMATION IN PALESTINE 29

B. THE EVOLUTION AND CHARACTERISTIOS OF THE
SOILS OF PALESTINE.

1. ARID REGION.

(@) Desert Soils.

The northern portion of the Sinai Peninsula and the
Isthmus Deserts are covered by extensive areas of sand,
which are to a great extent responsible for the coastal belt
of sand dunes bordering the cultivated land. Microscopic
examination shows that this pale yellowish sand consists
almost entirely of very fine quartz grains. In individual
cases it is naturally difficult to differentiate it from the dune
sand, as it displays all the characteristics of the latter (dune
formation, ripple marks, etc.). Nevertheless, this desert
sand is often hardened by salt efflorescences, which serves as
a reminder that even in the desert chemical changes cannot
be completely neglected.

In the south-east of the Dead Sea are found Pre-Cambrian
conglomerates as well as Nubian sandstones, which weather
to a rose-red sand having an iron content of only 0-94 per

cent. (12).
TABLE 6.

Anavrysis (HYDROCHLORIC ACID ExTrACT) OF A RED DESERT
Sanp (Wabpi Saramus) (PEr CENT.)

Si0, ALO, Fe,0, CaO0 MgO K,0 Na,0 P,0; SO, (H,0)
0-04 1-904 0-94 291 033 0:08 120 005 0-16 0-36

The insoluble residue, amounting to about 93 per cent.,
consists solely of silica. Mechanical analysis shows that
over 95 per cent. of the soil consists of sandy constituents.
The red colour, despite the low iron content, is surprising.
On no account can this soil be included amongst the Red
Earths:; it is a typical desert sand, whose red colour is
to be ascribed to the red-coloured parent rock. Bltancken-
horn (13) also states that in extremely arid dis-tncta red
soils occur only where the parent rock is red in colour.

Ramann (1) and Wiegner (10) also come to the same
conclusion.
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The formation of “sand and gravel ” is characteristic of
desert weathering, and, accordingly, we ﬁnd th&? & &ravel
and limestone semi-desert is the predominant soll type on
the eastern slopes of the mountains of Judza. Picard (15)
describes a “ Hamada ” steppe of the Plate&y of Estuh e]
Amaz in the following terms: ““ After traversing the slope,
on arriving at the top one sees before one an extensive
broad highland plateau. Projecting above the general level
are isolated rounded knolls which, presumably, are rem-
nants of a shallow ‘peneplain’ area; shallow wadis and
ravines cross the landscape and the ground is covered with
a vast accumulation of brown masses of flint. The soil
over which these are scattered is a fine powdery dust.”
This stony and gravelly ‘ desert carpet ’ represents the
most desolate habitat of the desert.

Frequently, as in other desert areas, the rocks are eovered
with crusts consisting of iron and silicic acid, together with
manganese. Linck (16) was able to show that these crusts
must have developed, for the most part, from the under-
lying rock, on which they are first deposited in the colloidal-
amorphous condition, while, later, they become crystalloidal
and more resistant to renewed peptisation. Whilst up to
the present no satisfactory explanation has been found for
the primary peptisation of the iron present 1n the rock, we
believe that the peptisation of the iron can without doubt
be .expla.ined by the protective action of colloidal silicic acid,
Whmh e have already established (p. 26). The colloidal
silicic acid peptises the iron present in the rock, and protects
the colloidal iron sols, as they rise by capillarity to the
surface of the rock, from Precipitation by the limestone. At
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SOIL FORMATION IN PALESTINE 31

as & result of the decomposition of alumino-silicateg by
hydrolysis, although this displays more of the marke of
a physica.l disintegration of the rock in consequence of the
scanty rainfall. Mention must be made of the fact that
various investigators have drawn attention to the occurrence
of hydrolytic actions even in the desert, and these are aided
by the high salt content of the soil. Under these extremely
arid conditions silicic acid appears to be hydrated very
readily, even though this often involves the immediate gela-
tion of this constituent, as a result of the high salt content.

The following table clearly shows the non-participation of
iron in the evolution of the actual soil. This is revealed in
Nature by the pale, greyish-brown colour of desert soils
on the one hand and by the crust formation described above

on the other.
TABLE 7

SILICA-SESQUIOXIDE RATIOS OF PALESTINE DESERT SOILS
(CLAY FRACTION)

Parent S102 S102 Si0, Rain- | Temper-

poeeli | Rock. | A0, | Faly | R0y | um). | (6.

Jauf ed |Limestone| 3-14 14:563 2:58 ca. 16 ca. 20

Derwish

Jﬂu'l.].f Ed Bﬂﬂﬂrlt 369 13‘87 291 1) "
Derwish

Aquaba .. | Granite | 402 | 12:25 | 277 | ca. 50 "

As in all desert regions, a high silica-ferric oxide ratio
is characteristic of the deserts of Palestine.

It is obvious that in the unmistakable deserts of Palestine,
as a result of the lack of rain, agriculture is only possible
in those quite isolated places where scanty springs occur.

(b) Lisan Marl Soils.

In the basin of the Jordan the nature of the soil changes
as a result of changes in the geological formation. In t‘he
depression area of the Jordan basin we find the dﬂPOBlﬁB
of a former vast inland lake. These deposits consist of
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32 THE SOILS OF PALESTINE

loose diluvial marls, which, 3ff53f Lm-:tet, ]ila*"e b.een called
Lisan Marls on account of their particularly typical oceur-
rence in the El Lisan Peninsula. The pow.erful erosive
action of the wind, combined with the chalk-like nature of
the rock, is responsible for the many remn?.nts: of mountaing
(monadnocks) (53) in the area of the diluvial marls; the
landscape is that of typical bad-land topfjgraphy. The
Lisan Marl soils are generally of a ra,?,her light character,
their clay content varying from approxxma,telly 10 to 20 per
cent. Thelime contentis a very high one, varying between 25
and 50 per cent. A preliminary survey of thesesoils inthe lower
Jordan Valley has lately been carried out by Puffeles (61),

It is only in places where water is available for irrigation
that agriculture is at all possible in the southern part of the
Jordan Valley. Particularly fertile areas are created where
the marl strata are covered by alluvium washed down from
the hills.

But here, too, is the danger of salinisation, as we showed
in an investigation carried out in the neighbourhood of
Jericho. The chloride content of the water used for irri-
gation amounted to 593 mg. Cl per litre, and an orange
grove established there displayed all the symptoms of

intense chlorosis. The results of an examination of the soil
profile are given in Table 8. |

TABLE 8

MARL SorL SAvINISED BY UNSUITABLE IRRIGATION WATER
(PLANTATION RUmnep By CHLOROSIS)

0-25 cm. 256-60 cm. | 50-76 cm. | 75-95 cm.
Brm Whatish.- Whitish-
Loam with Yellow Yellow Yellow
Oalcaregms Calcareous | Calcareous Loam.
o Concretions, Crust. Crust.
% % % 7
(P)Ecdl 55 7-5 8-0 B/-{f‘?, 8/-%
S 32:1 27-4 327 26-6
Hl?atar Fxtract :
304 4 - g:gﬁl 0-078 0:159 0-629
o i 37 0-280 0-782 0-751
8 Sl 0-024 0:024 0:024 0-031
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SOIL FORMATION IN PALESTINE 33

In the immediate neighbourhood of Jericho the marls are
covered by alluvial loam derived from the mountains. The
water used for irrigation has a chloride content of 27 mg. (1
per litre. A four-year-old orange grove situated there has
developed quite normally. The results of an examination
of the soil are reported in Table 9:

TABLE 9

ALLUVIAL LOAM AT JERICHO IRRIGATED WITH SUITABLE WATER
(PLANTATION WELL DEVELOPED)

0-25 c¢m. 25-60 cm. 60-95 em. | 95-110 cm.
Broun Broun Brown Brown
Loam. Loam. Loam. Loam.
% % % %
pH 80 8-2 83 8-4
CaCO, 33-2 36-0 33:9 33:9
Water Extract:
Cl 0-005 0-011 0:018 0:007
SO, 4B Pr: Tr. [[ip
HCO, 0-061 0:049 0-037 0:043

These two examples clearly show the danger of the use
of unsuitable water for irrigation. The chloride content of
the substratum of the ruined plantation has risen to 0:629
per cent. The sulphate content is also very high' i:[ldfeed,
but in this instance is in the form of the non-injurious
calcium salt. |

Where there is no possibility of irrigation the Llfi&ll Marls
display only a very sparse growth of ha,lophytm. plants.
Two soils from this area were examined. Both soils were

ale grey in colour. e
5 Thguatr aia,lysis shows that the soils are extraordinarlil%r rml;
in salts; analysis also reveals the reason for the sterility o
the one soil, for the chloride content a.mm.lnts to '{-94
per cent., corresponding to 13:09 per cent. of sodium chlurl::le.
The other soil has a Cl content of 0-12 per cent., corresponding
to 0-2 per cent. of NaCl.

These two soils correspond very closely to the “white

3
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Ikali soils ” of Hilgard (18), which corllta,in Preponderapg
2mount»s of sodium sulphate, magnesium  sulphate gpg

sodium chloride; according to the Russian terminology they

are Solonchak soils.

TABLE 10

ANALYSES OF LISAN MARL SOILS FROM THE JORDAN DEPRESSIDH

____-_'-l-
Saline Soil, wiﬂ% Sparse tS:rferilg

Plant Covering. Saline Soil:
i 4 oy HOI Eﬂ:ﬂ'ﬂ(}.ﬁ_
Fusion HCl Eatract

% % o, il
Si0 T 26-58 0-44 0-31
AT, 281 261 9-93
Fe,Oy .. 7-59 7-34 3:-51
Ca0) 31-80 26-33 18-93
MgO 3.86 1-64 0-82
1q0) sc 0-71 0:66 1-64
Na,0 .. 0-42 0-40 518
P,0, 0-05 0-05 0-45
SO, 4-46 4-46 1.81
Cl 0-12 0-12 (7-94)
Co, 18-16 (18-16) (15-10)
{%20 3?3 (4:38) (6-18)

101:07

Experiments, however, have shown that by leaching the

soil with sweet water oneis able to remove any excess of salts,
r:md a settlement has in fact been established on such soils
Just north of the Dead Sea, (84).

The evergreen maquis (macchia or macchie) flora of the
shores of the Mediterranean (54) cannot grow here; instead,
:;’lﬁa 1fiISIc;hElec.‘u:a. and other halophytes. It may be noted
it s:riiajztind Guggenheim (19) were able to prove, on
salt eontent} of 2hgrea,1:-, dependence of plant growth on the
was high Salsolg : BOﬂ'_ At places where the salt content
was lower Sumdpfedomted; In places where the content
concentr&tion (b ta’ °% the other hand, the hydrogen-ion

Most dego] °Ween pH 7-1 and 8-2) had no influence.

Solate of all jg ghe < Sebcha,” a saline desert
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situated south of the Dead Sea, which owes its origin to
flooding by sea-water. The ground is completely covered.
with a salt crust which entirely inhibitg growth. In the
upper Jordan Valley, owing to higher precipitation and
therefore lower salt content, the main plant associations

are Zizyphus Spinosd Christi-Zizyphus Lotus and Presopis
farcata-Garthamus glaucus (62).

(¢) The Loess.

(i) General.—The southern end of Palestine has the shape
of a triangle with the apex at Aqaba and the base repre-
sented by a line drawn from Gaza to Beersheba. This
desert-like district, the biblical Negeb, has of late frequently
been discussed as a territory offering possibilities for Jewish
colonisation.

The area of the Negeb is about 12,500 sq. km., almost
half the total area of Palestine, and consists of a level or
slightly undulating plain in its western part and a hilly,
badly eroded wilderness in its eastern part (approximately
east of an imaginary line Beersheba-Auja Hafir). Cultivation
in this eastern part is possible only in years of ample rainfall,
but even in such years it is confined to some wadis and flats
where sufficient soil has collected. Generally speaking this
eastern area possesses a very shallow layer of soil only, quite
unsuitable for any kind of cultivation. Most of the land is
stony ‘desert, covered by a gravelly  desert carpet.”

In the western part the ‘“ Beersheba area " has an extent
of 3,200 sq. km., of which 1,600 sq. km. are regarded as
cultivable land (63). The Beersheba area is mostly covered
by a loessial soil gradually assuming a more loamy character
towards the west and north. Most of the area in the south
and many stretches towards the west are covered by moving
sand dunes.

(ii) Climate.—Rainfall is sporadic, and in many years 1o
harvest at all is possible. Table 11 gives the rainfall at

various places in this region.
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TABLE 11
MEeAN ANNUAL RAINFALL N THE NEGEB (MM.)
Auj Khan Ras Zu- Kurnub Asluj  Beershebg
uja - 28
fi Junis weir
:HI:E{;UP 270 1156 76 90 240

re exceeds 20° C. everywhere,

T ean annual temperatu
I'he m and the whole area ig

Winds are sometimes Very strong,

flicted by dust storms. |
; (iii)eGeogrogy.—-—The geology of the Gaza-Beersheba district

is described by Picard and Salomonica _(64). Th_e oldest
formations are cretaceous and are found in the neighbour-
hood of Beersheba. Besides hard Turonian limestone, serieg
of chalk, breccious flint, and phosphatic limestone belonging
to the Camparﬁan-Ma&strichtian are also found. Then
follows the Danian zone and soft Eocene limestone.
Oligocene is represented by a quartzitic chalky marl and hard
limestone. Sporadically, marl of Miocene Age is also ex-
posed. The main rocks of Pliocene Age are sandstones and
marls. The gravel on the mountain slope and all the older
dunes of the coastal plain belong to the Pleistocene, the
latter being often covered by a dark-brown loamy soil which
should be distinguished from the loess. This short survey
shows that limestone and sandstone are the soil-forming
rocks.

(iv) Hydrology. —The enormous amount of rain that falls
in the southern part of the Judean highlands drains mainly
into the Negeb. The gorges (wadis), dry in summer, become
ﬁﬂeq with muddy, roaring torrents in winter, sometimes
causing great devastation. The Wadi Shari’a and the Wadi
Ghazza, Bh{?uld be especially mentioned, the latter forming a
bed k.m. In breadth §0uth of Gaza. Since much of the rain
caught in the mountaing probably flows underground to the
ﬁ:ﬁ:fi) th;ml.l_ope of strilu:ng la.rge stterra,nea,n reserves of
0 Gov}; - nml:xi W?S I:Jt:JIDSIEiered Justified. Borings made I.Jy
Tl Ol Talestine showed that such strata exist

great depth and are very saline. Only the dune
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region yielded water of better quality, but of limited amount
Many shallow wells show water of better quality, but the:,
amount of water obtainable from them is everywhere
insufficient for agricultural purposes.

The high salt content of the underground water may
partly be attributed to salt-bearing rock strata. The
Eocene in Palestine is known to contain sometimes salt (82),
and a rock near Wadi Sheneq, e.g., showed a content of 1-4
per cent. sodium chloride !

Two complete analyses of water were made by the author,
the first being a sample of the abundant supply of a deep
water-horizon (at km. 26 of the Beersheba-Gaza road), and
the second asample from a shallower horizon (near Beersheba),
which, however, yielded insufficient water for agriculture.

TABLE 12

ANALYSES OF WATER (MG. PER LITRE).

Na | K | Ca | Mg | Fe |[HCO,| Cl |SO,

1. Boring at km.
26, Gaza-Beer-

sheba road .. | 1,927 | 54 | 353 | 250 | Tr. | 164 | 3,653 | 944
2. Boring near
Beersheba et 206 6 | 130 | 147 | Tr. | 232 507 | 323

Analysis shows that the water from well No. 1 contains
7,637 mg. of salts per litre, and is therefore absolutely unfit
for agricultural purposes.

(v) The Loess Soil.—It is generally assumed that the loess
owes its origin mainly to the dust storms of the desert. The
@olian movement of these soils can readily be observed.
Range (20), the first to describe these soils as loess, found
Egyptian potsherds of the second millennium B.0. beneath a
layer of loess 3 metres thick. It seems, nevertheless, quite
plausible that the  loess ”’ is not only composed by material
blown out from the desert, but that it includes to & great
extent locally weathered material. The weathered product
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of he local limestones shows a loessial 'cha,racter and
resembles to a great extent the soils fm:md in the Westerp
and Lybian deserts. It may b.e mentioned that a none-
wolian theory of loess formation is held by Berg (65).

Aolic and fluviatile redisposition of th(:‘: weathered soil ig
surely taking place and in such cases the thickness of the loegg
may vary between 3 and 15 metres. ' .

The loess is of a yellowish colour and microscopic examina-
tion shows it to consist mainly of grains of fine quartz
intermixed with chalky particles; the latter sometimes
indicating a fossil origin. Chemical analyses of two typical
loess soils, which were absolutely uniform in structure, gave

the following results:
TABLE 13

ANALYSES OF LOESS SoILS

SAMPLE No. 1 TAKEN NEAR BEERSHEBA AND SAMPLE No. 2% TAKEN
AT EM. 26 ON THE GAzA-BEERSHEBA ROAD (PER CENT.)

| 5i0:| 44,0, | Pey0, | a0 | 3190 E,Othz,O P,0,| S0, | co, | HCO,| N

No.1 |59-07 | 4-30 | 3-40 | 12:70 | 1:58 | 0-61 097 | 0-11 | 0-28 |10-93 | 6:24 | 0-0
No. 2 IEE-?ﬂ 064 | 4-33 |14:16 | 1-61 | 0-21 | 0-11 | 0-20 7

0-05 | 825 259 | 007

The pH of these soils was 7-8 and 7-0, respectively,
* On soll No. 2, hard chalky sandstone is struck at a depth of only 7% Metres,

These analyses show that the loess soils are rich in calcium
but poor in iron and alumina, Nevertheless, mechanical
analysis shows that the loess contains a high percentage of
fine particles, mainly belonging to the ““ fine sand ”’ fraction.
B",ven ordinary chemical analysis indicates comparative
richness in mineral nutrients and deficiency in nitrogen.

The mechanical composition of the loess is given by the
following typical analysis:

TABLE 14
MECHANICATL ANALYSIS oF A Tvyp

(PER cENT.)

Course sand, Iine sand. Silt

ICAL Lorss Sorr,

Clay.

0- .
= 61-11 2462 13-87
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These loess soils are easily permeable to water and air and
of a texture most suitable for cultivation. The drainage also
is excellent, as can be seen from the easy absorption of rain-
water. The lime content of these soils averages about
25 per cent. and is most advantageous. The reserve of
mineral nutrients was determined on two samples by
Neubauer’s method and gave the following results:

TABLE 15
NEUBAUER ANALYSIS OF LOESS SoILS

P05 (mg). | K0 (mg.).

Eample 1 (Beersheba) i " 9.3 21-5
Sample 2 (5 km. north of Beersheba 7-8 29-0

|

These figures show the soils to be sufficiently provided with
nutrients for the growth of barley, the main crop of the Ne-
geb. The comparatively high amount of nutrients is easily
explained by the fact that, owing to climatic conditions,
there is no leaching of salts; during the greater part of the
year there is capillary movement from the deeper layers to
the surface, where the water carrying the salts evaporates.
On the other hand, loess soils are deficient in organic matter
and nitrogen, a fact for which climate is responsible. Various
analyses showed the nitrogen content to vary between 0°05
and 0-07 per cent. Given sufficient water and nitrogenous
fertilisers, these soils are capable of producing excellent
yields.

Irrigation experiments with loess soils.—Rainfall being very
sporadic, experiments were carried out to determine the salt-
resistance of various plants grown on these soils and irrigated
with saline water (the only water available) containing
varying amounts of salts (66).

In greenhouse experiments, soil No. 2 was used and the
water was brought from the well at km. 26, GazaﬂBeersh.eba.
road, the water being diluted with distilled water to varioug

concentrations,
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In the field experiments near Beersheba, water of 1.3he
Beersheba town supply was used for Phe Jowest concel.ltratmn
Cl per litre) and for the higher concenfira:twns the
gfl?—tlvnagt.er No. 2 at the experiment&l field (contalm'ng c.. 500
mg. Cl per litre) was employed. In order to obfca,m hlgl}el-
concentrations sodium chloride was &c-lded in. va,ryllng
amounts, a justifiable procedure beca,?se in Palestine salin-
ity is mostly due to the presence of this s.?;lt. .
The following table records the salt-resistance of VEI-I‘.IOU.E
plants in some of our experiments.. The harvest obtained
when irrigating with water containing only 100-350 mg. Cl
per litre is put at 100, and the other figures show .t,h'e per-
centage of harvested material when the plants were irrigated
with water of higher salinity. All experiments were run in
duplicate and sufficient nutrients were added.

TABLE 16

PERCENTAGES OF YIELD OBTAINED AFTER IRRIGATION WITH WATER
OoF VARYING SALINITY

Mg. Cl per litre : 100-350| 500 | 760 | 1,000 | 1,500 | 1,750 | 2,000 ] 2,500 | 3,600 *
—l

Potatoes® al 5 100 l 35 14| 11 0 — b 0 0
Berseem s el 100 72l 0f © 0 | — 0 0 0
Barley .. 5 -+ | 100 = 76| 50 — 31 e — 6
n]ﬂﬂnﬂ.‘ AP Fam 100 71 51 40 16 _ 0 3 3
Durra® SRR 100 (Mige [ anst 1y ekl — | 28 | 19 0
MaizeI.. .. .. | 100 |.80 | 92| 67 | 64 ‘ — | 43 | 24 0
Maize IT P | 1 oI 08 e | B il — | 28/ | 28 | 17
Sugar-beet % =" 100 50 = 60 54 = 37 290 10
Bermuda grass o 100 105 — 06 84 l == = 29

U ;lvﬂ’;ﬁ}flp eriment; all other experiments were carried out in the greenhouse at the Hebrew

These figures show that even with a salinity of 1,500 mg.
C_l per litre, durra, maize, sugar-beet, and Bermuda grass
give yields of over 50 per cent. of those obtained under
normal conditions of irrigation. (It should be noted,
however, that maize was harvested in the greenhouse as
green fodder.) The enormous salt-resistance of Bermuda
grass is, of course, well known (67).

Nevertheless we hold that, under the climatic conditions
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of Palestine, no irrigation with so saline a water can be
recommended, except perhaps for date palms and similar
plants, since the salts tend to accumulate in the soil, and
owing to the scanty rainfall they are not leached in the rainy
ceason. The following figures, which could be amplified by
many others, show the salinisation taking place during the
vegetation period of 3-4 months:

TABLE 17
SALINISATION OF SOIL AT END OF VEGETATION PERIOD
Irrigation water con- | Potatoes (greenhouse),| (Durra (field experi-
taining Cl, mg. per Cl in soil (per cent.). ment), Cl in soil (per
litre. cent.).
160 004 ' 0-03
500 0-09 0-04
750 0-18 0-07
1,000 0-28 0-10
1,600 0-33 0-23
2,000 0-30 0-33
2,500 0-34 0-46
3,600 0-49 0-73

It may be mentioned that Puffeles (69) found strong
alkalinisation in his experiments with saline water and
Beersheba soils.

Agricultural Possibilities—To-day barley 18 the most
important crop, covering about 80 per cent. of the total area
sown. Besides wheat, durra, water-melons, and beans are
sown by the Bedouins. Agriculture seems to have been
much more highly developed in antiquity ((:‘.:8). The
remains of ancient settlements and ancient cultifra.tmn fO}md
at various places should, however, not deceive us lﬁI;t(;
exaggerating its importance. Such settleme.nts were frs
and foremost caravan stations. For the growing popuiation
such caravan centres had naturally to provide storage fa‘cfh'
ties of water in order to render possible & modest .(EI-IIFIV&{::I.I:
of vegetables, etc. Although such storage facﬂﬂ::B, -
racing, and the skilful exploitation of run-off water Irom

BIRZEIT UNIVERSITY LIDRAMIKY

: Digitized by Birzeit University Library



THE SOILS OF PALESTINE

42
ill excite our admiration, we should neverthelegg

4. Inisolated cases the storage of
ble, but an experiment undertaken

by the Government of Palestine (7) In ]..‘BCB.nt- yezf,rs proved- to
be & failure. More experiments of th.IS kind will be carried
out near one or two of the new Jewish settlements estab-
i in the Negeb.
hs?j]el; et fater is brought into 1?he Negfab (cf. pp_. 170
et seq.) or unless run-off water 1s stored in sufficient quantities
the agricultural future of the Negeb will have to be based on
dry farming. This does not mean that the present methods
of farming could not be coysiderably improved. The rain
should be conserved and care be taken that every inch of it
soaks into the soil. For this reason no run-off of water
should be allowed. This aim can partly be achieved by
: terracing and contour ploughing, but probably the most
/ efficient method of rain-water storage in the Negeb is offered
; by the basin-listing method developed recently in the U.S.A.
This method consists in building dams at intervals across the
contoured furrows and so making reservoirs that are capable
of holding the rain. Future experiments should be carried
out in this direction.

hills may st |
be careful not to be misle

run-off water may be possl

2. SEMI-ARID REGION.

(@) Mediterranean Steppe Soils

North of the boundary line Beersheba-Gaza, mentioned in
the last section, we come to a district with a higher rainfall;
1t is the belt which lies between the rain factors 15 and 30.
Towards the north the loess merges into a brownish, greyish-
bzrown, or even a bright brown loam. According to Range
}(10)3 the origin of this loam is to be ascribed to material
d]al-?vr;gl beendwashed down from protrusions of the marine
o m En ﬁ:om f:}.]e calcareous strata of the highlands,

ol bécoming mixed with loess. Now because, on the
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we believe that they can best be characterised as ‘ Mediter-

ranean Steppe SOﬂ?f” The potash and phosphate contents
of these soils, owing to climatic conditions, are us

_ ually
extremely satisfactory, and, consequently, agriculture is well
TABLE 18
DETERIORATED CITRUS GROVE ON LOAM NEAR Gaza
A. B. 0} D
0-30 cm. 30-70 em. 70-125 cm. | 125-150 cm.
Yellowiaht| P ok
Loamy Yellowish | Yellowish
S‘f{:fySLMZT Sand with | Loam with | Loam with
Tgl’ ] ne Small Calcareous | Calcareous
atearcous | (galcareous | Concretions. | Concretions.
Concretions., O
% % % %
H,0 . 2-33 3-00 4-45 397
CaCO, e 6-15 6:82 16-39 14-03
pH: . - 8:6 8-1 8:3 8:5
Water Extract:
HCO, 3 0:06 0-04 0-04 0-04
Gl " 0-04 0:04 0-02 0-01
SO, s 0-03 0-03 0-04 Tr.
Total salts .. 0-19 0-14 0-08 0-07
Water capa- 25 24 35 33
city
Water perme- 2:71 2:66 0-66 1-16
ability
Mechanical
Analysis
(mm. dia-
meler):
1-:00 - 0-25 .. 2-24 1-70 1:05 0:55
0-25 - 0-05 70-52 67-25 58:60 61-95
0-05 - 0-01 16:90 27-20 37-15 3560
Less than 0-01 10-44 3:85 3:20 1:90 o

developed. In these soils we found P2Os contents of 0-2 per
cent. and over, and a K20 content of 0-1 per cent. e
Irrigated crops flourish exceptionally in this district,
provided that care be taken in the choice of soil anc? of the
irrigation water. The latter factor is of particular import-
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n can easily set in as a result of the
In the vicinity of Gaza, for instance,

we found, on a loam soil with a very impermeable sub-
stratum, a citrus grove whose development ha:d been severely
checked by chlorosis. Although the injurious effects are

scarcely recognisable analytically in the c.ase of this young
plantation, there ia no doubt that energetic steps had to be
taken to save it (22). '

The water used for irrigation had a high chloride content
and was taken from a depth of 33 metres. At a depth of 6
metres there is a less copious’ water supply, which, in com-
parison with the water at a greater depth, has a low chloride
content. (The fresh water, with a lower specific gravity,
floats on the saline denser liquid.) A mixture of the two
supplies had been used for irrigation, and an examination
of this water yielded the figures shown in Table 19.

44

ance, because salinisatio
dryness of the climate.

TABLE 19
IRRIGATION WATER AT GAZA (MG. PER LITRE)
HCO, S St o4 < ya 415
Gl o S 5 S - 417
SO 43 % o s e 120
Total salts .. 4 s o sa 13140

Obviously water with such a high chloride content (corre-
sponding to 680 mg. NaCl per litre) is quite unsuitable
for the irrigation of citrus trees.

The permeability of the soil to water was measured by
the following method: Cylinders, as described by Kopecky
(65), were filled with sifted soil, and the time required for
1 litre of water to pass through the cylinder was noted.
From_ this observation, the number of litres which would
pass In twenty-four hours was calculated. This is the
measure of permeability cited in the tables. Refer.ring
now to Table 18, we see that in this instance the permeability
a.ttain-s its lowest value in the ¢ stratum, whilst the water
capacity here reaches its highest value. These results must
be attributed to the fact that the clay and silt fractions
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attain the%r maxir.num value in this layer (over 50 per cent.).
The relatively high degree of compactness of this layer
appears to obstruct root growth in a downward direction
for, up to the present, roots have not penetrated this la,yer;
but it must be remembe.red that the high-water capacity
prevents adequate aeration, a contributory factor which
cannot be ignored.

Both the chloride content and the total salt content
diminish from A to D, and this must be attributed to the
fact that the irrigation water has a high salt content, and
in summer the salts are deposited after, the ascent of the
water to the surface by capillarity. Slight traces of soda
formation were detected in the A layer. Although up to the
present sodium chloride has not accumulated to a very
great extent in the soil, it is nevertheless to be feared that
a gradual salinisation will take place if no preventive
measures be taken. Up to the present, chlorosis in this
part of the grove (another profile of this grove is described
on p. 133) is not to be ascribed so much to the chlorides
present in the soil as to the chlorides absorbed by the plant
roots directly from the irrigation water.

Any amelioration by drainage seems to be out of the
question. Since the upper water horizon, though pro-
viding rather a scanty supply, proved to have a low chloride
content, the farmer was advised to use this water alone
and to dig additional wells for this purpose. The advice
was followed and the grove is now in & much better condition.

(b)- Dune Sands

Almost the whole of the Palestine coast south of Jaffa 18
fringed by sand dunes gaining a depth of 5 km. and more at
many places. North of Jaffa the dune belt is more often
interrupted, and with the exception of the Hadera-Ceesarea

region it is much narrower. . s
This dune sand is not brought to Palestine by the Nile, as

is so frequently asserted (62), nor 1s it a product of 1120:}
weathering only. Quartz is predominating, but minera
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the Hornblende and Augite group are &FAE‘: a,b.unda.nt (70).
It seems obvious that the dune sand originating from the

Sinai desert has accumulated along the Palesifine c(.)a,st by
coastal sea-drift, the prevailing wave-a,nd-wmd. direction
being S.W. Local material is added by the action of the
surf and predominates, 2.g., near the Lebanese borde.r, where
over 90 per cent. of the dune sand consists of calcium and
magnesium carbonate. In Syria, where volcanic rock
approaches the shore south of Lattaquie (Banyas), the sand
is black and basaltic.

The dune sand has made considerable inroads upon fertile
country and its effect can well be observed at places like
Gaza, Ashdod and Ascalon, where the ancient harbours are
to-day completely sanded up. It is with feelings of wonder
that we see the march of the dunes on the town walls of
Ascalon (finally destroyed in A.p. 1270), whose southern
rampart, 4 metres thick and 8 metres high, is already nearly
buried (20). The Forest Department of the Palestine
Government is striving to stem the advance of the dunes by
means of plantations (A4cacia cyanophylla, tamarisk, and
grasses, such as Ariemisia monosperma and Anophylla
arenaria) (cf. p. 160).

Where dune sand is overlying alluvial soil in a shallow
layer ideal conditions for plantations are created. Planta-
tions, however, also exist on deep dune sand accumulations,
'anfi t]:%eir success depends, of course, on the quality of the
urrigation water (22). The following examples may be given
to illustrate the point:

__; hﬁ“gi"’j:; aiisciim&teirove on Pure Dune Sand, near Qaza.
was grafted P&rtf &2 S e o vpseming; Shantuy
Lemon stoclm Ig b:)lth i ooy partly o _Sour
e, thos:a e Ic‘:&ses the. trees are now highly
e e émon being completely crippled
are better developeg T;eﬂl Where.a.s th_ose o SomciLemon
From{Aronght doin t © grove 1s said to have suffered
g the last war.,

The oranges grafted on Sweet Lemon yield a maximum
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crop of 1 box per tree, whereas those on Sour Lemon yield
:n some years up to 3 boxes per tree, and in other yea.r;
olmost no fruit whatsoever. It is said that the Crops were
petter about 25 years ago, and this may be due to the fact
that at that time the irrigation water had a much lower
chloride content.

TABLE 20
IRRIGATION WATER AT GAZA (MG. PER LITRE)
HCO, 5 5 o e o 342
Cl L5 X ol i RS 08
SO, o s i e o .. 250
Total salts 5 ¢ i s % e 834

Reaction alkaline,

The irrigation water is found at a depth of 38 metres.
Owing to the nature of the- soil irrigation has to be carried
out every eighth or tenth day. The water has a fairly
high chloride content and also a high sulphate content,
and is thus not suitable for irrigation purposes.

Dune sands, such as these, have an exceedingly low
water capacity and a very high water permeability. Kor
these reasons the roots penetrate to great depths. Strong
roots were found even at the lowest point of the examination
pit at a depth of 1} metres. It will readily be seen that
such sands will never show a high salt content, for their
adsorptive capacity is low as a result of their low clay and
humus contents. Because of the perfect drainage all the
layers show about the same salt content; as water cannot
rise to the surface in a sand soil we do not find an accumula-
tion of salts on the surface. Chlorosis is caused, not by
the chloride content of the soil, but by the saline irrigation
water directly taken up by the roots. Because of .the
complete absence of any material capable of absorption,
such sand dunes are, of course, very poor in nutrient m_;nb-
stances. For the same reason the alkalinity is fairly high
(pH 8-6), and in the absence of other buffering substances
they are directly dependent for buffering on the small
amount of bicarbonates present.
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o trees is caused by the bad quality
srricati hlorides and sulphates), the bad

the irrigation water (c : . ]
Ofl siza,l cindition of the soil, which, being a p}u'e dune
5 yd has a very low water capacity and & very }}1gh water
i)ﬂt::n::ea.bility and by the lack of nutrient material caused

by the bad physical conditions.

48
The poor growth of th

TABLE 21
DETERIORATED CITRUS GROVE Sor. (DUNE SAND) NEAR GaAza
7 1 B. C.
0-35 cm. 35-50 cm. 50-150 em.
ne Sand,
g:ﬁih Traces Dune Sand. Dune Sand.
of Humus.
(o) (%)
H,0 s e {(}{‘(2}'):' 0-12 0-19
RGO St 1-68 0-39 0-59
=TT e 8-6 8-6 2.6
Water Extract:

CcO SFe 3 0:004 0-002 0-002
S i 0-003 0-006 0-006
SO 5 5t — — ot
Totta.l salts S 0:05 0-:07 0-05
Water capacity .. 9 3 6
Water permeability 72:00 96-00 68-57
Mechanical Analysis

(mm. Diameter):

2:00-025 .. .. 1-26 0-75 0-60
0:25-005 .. .. 06-00 98-25 97-90
0-05 - 0:01 .. s 1:50 L 0-50
Less than 0-01 .. 1-25 1-00 1-00

Plantations develop very differently when they are not
situated on a perfectly pure dune sand, and especially
when the irrigation water contains only small quantities
of salts.

Well-Developed Citrus Grove on Loamy Dune Sand, near
(aza.—This grove was planted at about the same time 8s
the one mentioned above—i.e., about forty years ago.
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In mosb cases Shamouti was budded on Khushkhagh (Sour
orange Stock). The trees are well developed and give fair

yieldﬂ of about 3 boxes per tree.

IRRIGATION WATER (MG. PER LITRE)

HCO,

Cl 7
805 = 6
Total salt

TABLE 22

366
135

408

The main difference between this and the former profile
:g because, firstly, the irrigation water has a much lower
salt content, and, secondly, we have to deal not with pure
dune sand, but with a mixture of loam and sand.

TABLE 23
Loamy DUNE SAND NEAR (GAZA

A

B

(0]

0-50 cm. 50-90 cm. 00-150 cm.
. Greyish Loam | Greyish Loam
YEE;E: " with Large with Large
Sand Calcareous Calcareous
' Concretions. | Concretions.

(V) Dﬂ %
H,0 1(%3 2/-35 2:22
C;CO, 11:36 8:73 10:68
pHEEE. 8-3 9-0 9:2
Water Extract:

0-04 0-07 0:08
glcos 0-03 0:02 %::"1
50, s 0-03 T 0_1-5
Total salts 0-16 0-11 o1
Water capacity . 21 33 : v
Water permeability 0:65 0-2
Mechanical Analysis

(mm. diameter) : S
100 - 0-25 .. 0-26 3:66 ks
0-25 - 0-05 .. 48-90 42-85 Vo
0:05 - 0-01 .. 10-30 10-45 oG
Less than 0-01 40-55 4305
=5 4
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Here the irrigation water is found at & dEPtl:l cff 35. metres,
and as the analysis shows, is suitable for irrigation pur-

poses. The Cl content of 135 mg. Per l.itre 1}: nfot. t(:}?l high,
especially when we take intccl) COH-SlldGI'ELthIl the fact that we
' ] so1l.
3'“1‘13:;15%:512:;{:;?tf;f*:&i&lysmj all three layers contain
app:ecia,ble amounts of silt and clay. Forﬁ thish reason‘the
water permeability 1s much llow?r than in 't ® previous
examples, and the water capacity is somewhat high, especi-
ally in the C layer. In every other respect thej soil is
similar to the dune sand described a,bmre.‘ Th:e dlﬁer{:}nce
in the growth of the tree and in the better ylelfls is explained
by the fact that the irrigation water here is much more
suitable than in the other instances. It produces no harm-

ful effect whatsoever when absorbed by the plant roots.

Still another example may be cited to illustrate the fact
that dune sand is capable of serving as a suitable substratum
for citrus plantations, provided that suitable water be used
for irrigation purposes.

Well-Developed Citrus Grove on Dune Sand near Ascalon.
—The grove was planted in the year 1923, Shamouti being
grafted on Sweet Lemon. The yield is about 2} boxes
per tree. The irrigation water has a Cl content of 51 mg.
per litre (for complete analysis see p. 17).

TABLE 24
DUNE SAND NEAR ASCALON

A. B.
0-20 cm. 20-70 cm.

% %
HQO . 1'3 1'6
CaCO, ae 16-5 6:-74
PHSR el 77 8-0
Water capacit 15-5 16-4
Water Extract:
glCO, s 0-067 0-061

. 0-0 :

0, .. __04 0 _[_)-04
Total salts 0-075 0-075
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The examination shows that here again we have a slight
admixture of loam, for the water capacity is about twice
as high as that found in the pure dune-sand profile described

On P. 484
3. SEMI-HUMID REGION.

In the northern portion of the Maritime Plain, the Plain
of Sharon, we do not find extensive dune-covered areas of
recent formation as in the southern portion of the plain,
where the dunes generally attain a height of about 10 metres.
In the north, bare dunes of wind-blown sand are only of
isolated occurrence. The moister climate of Central Pales-
tine has prevented a great development of'sand dunes. The
course of weathering is in accordance with the change in the
climate. Deeply cut cafion-like valleys, the wadis, which are
dry in summer, are found everywhere in the mountains and

foothills.

(a) Kurkar Soils.

The substratum of the Maritime Plain of Palestine 1is,
almost without exception, composed of Senonian Chalk,
which is covered by marine diluvium whose age cannot be
determined with certainty. )

In the neighbourhood of the coast this layer consists of
a friable, calcareous sandstone, which is to be regarded as
a coastal formation, the original dune sand ha,vilng been
cemented anew by the upward filtration of telluric w;fra.tera
containing calcium and silica in solution. The prlm&r?r
product of the weathering of this calcareous sandstone 18
locally called ¢ Kurkar,” and consists of calcareous sa-ncdl
concretions which vary in diameter between } an
20 cm.

The following table gives the analyses of B}lch & ca}.lca.re?us
sandstone, and of the Kurkar soil to which 1t h?.s given m‘t
though the latter has more of the characteristics of & roc
gravel (11).

: Digitized by Birzeit University Library



THE SOILS OF PALESTINE

b2
TABLE 25
CALCAREOUS SANDSTONE AND RESULTANT KURKAR SoIL
ALC B
e
Calcareous Kurkar
Sandstone. Soil.
55{%0 73.75
AL 0-35 1.0¢
Al,0, el Lo
e 24-70 14-20
ot 0-44 0-16
K0 Tr. d by o
Noo Ir. Tr.
Na,0 r. Ir.
ooy 19-:50 10-99
5 036
N i

Wherever this Kurkar soil occurs, and wherever it 1s to
be found at a slight depth below the surface, the soil is
quite unsuitable for citrus culture. It is only possible
for the trees to grow in such places when the layer of
weathered soil is of sufficient depth to afford the necessary
root anchorage and to provide the necessary nutrients,
with the further proviso that the irrigation water does
not drain away too rapidly. The tree roots never enter
the Kurkar layer, but terminate at a sharply defined level
above it.

(b) Red Sandy Souls.

In complete contrast to the Kurkar soils, wherever the
calcareous sandstone has weathered to form a deep red
sandy soil we have a soil which is almost ideal for plantations
of citrus. It is in this very area that we find the chief
centre of the citrus culture in Palestine. The formation of
this soil is quite strikingly connected with the more humid
conditions of the district. Every traveller coming from the
south is amazed at the brilliant red colour displayed by
the soils alongside the railway-line from, approximately,
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Rehoboth onwards; the colour appears to be es
. tense where the soil has been freshly ploughed.

The evolution of this soil has not so far been explained.
Though certainly, in pa.r't, connected with fossil soils it
appears to us that there is no doubt that thege red sandy
soils are still being formed at the present time. The chemi-
cal composition of an example of these soils is given in
Table 26.

pecially

TABLE 26
CALCAREOUS SANDSTONE AND RESULTANT RED SANDY Sormw
Calcareous Red Sandy
Sandstone. Soil.
2;/%0 g;/%‘;
0 : :
illnéa 0-70 1-88
Fe,04 0-82 1-80
CaO e e 3¢ 48-83 1-25
MgO e e S 0-31 0-08
K,O S aia ote 13 Tr.
Na,O s St S Tr. Tr.
P,0; i ole o'y Tr. Tr:
CO: .. _— . 27'53 1-15
H,0 s s o 0:63 1-97
N R — Tr.

The calcareous sandstone appears to be a hard and massive
formation, so that we probably have to deal with & de]:jmsit
of marine origin and of the Pleistocene to Pliocene Pﬁ'n?ds.
The layer of soil covering this rock consists of a br@ant
red sand and is approximately 1 metre in thickness. M'.lcl‘(')-
scopic examination has revealed the presence of lm&gnetlc
compounds of iron in a fine state of divisio.n; but it appears
to us to be of especial interest that the individual quartz
grains of all sizes of which the soil consists are ?,]1 surround?d
by a thin film of compounds of iron, Which' Sllsaolve readlg
in dilute hydrochloric acid or even in boﬂmg_ water. 4
is seen from the analysis, the dominant change in the evoiu
tion of this soil is the removal of calcium carbonate. Never-
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d simply as & *‘ residual
1 cannot well be regarde
theless, thehsr:llsle‘;zr; £ the residual theory promulgated by
soil ”” in b Eie imingen (28)- The latter theory could well
wW. G. zu Lel silica and sesquioxides, but not

: nrichment in :
explain the © on compounds which coats the

iant red film of If ‘
?Egizﬁﬁs;l;mina. These iron compounds cannot be simply

idue, fo Lust have been in solution before it
& resiaue,

e | that we are able to explai

s We believe t xplain
:E?:B :ri::rfrr?izzolution of the iron Fll) by the &i‘d ?f col-
loidal silicic acid as peptising ﬂ.gent: in & manner similar to
that described later in the formation of the Req. Karths.
But even this explanation 18 not completely S&tlsfu‘{}tory]
for, as we will see later, in the substratum of these So:fls are
often found quite massive layers of clay, whose sesquioxide
content can scarcely have come from the calcareous sand-
stone. Further, it must be clearly understood that in many
cases these soils are indubitably of fossil origin, since, for
instance, Blake (24) found Red Sands overlaid by calcareous
sandstone.

From an agricultural point of view these soils are, as
already noted, the ones which are most suitable for citrus
culture. The clay content, small in amount but strongly
colloidal in character, imparts ideal moisture characteristics
to this almost pure sand. Attention may, however, at this
point be drawn to the fact that these soils are universally
deficient in caleium and require heavy dressings of lime.
Analysis and experience show that the red sandy soils are at
the same time most deficient in all other nutrients (cf. p. 138).

As a result of the calcium deficiency the reaction of the
red sandy soils is, for the most part, approximately neutral
(pH 7-1 to pH 7-8).

(c) Nazzaz Soils.

A compact, impermeable pan-layer, concretionary in
f:haracter, is often found at a slight depth below the surface
in red sandy soils (and also in dune sands). This layer,
locally known as ‘‘ Nazzaz,” when well developed canl
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render 8ny attempt at citrus culture abortive. These
concretions, red, yellow and black in colour, of silicic acid
and oxides of iron and aluminium, frequently ocour in such
quantities that the layer displays definite clay oharacter-
jgtics. Consequently the soil is sealed, with the result that
the tree roots cannot obtain an adequate supply of oxygen,
and at the same time the soil becomes impermeable to
water. The colloidal fraction is considerable, and a further
characteristic is the marked calcium deficiency and, often
decidedly, acid reaction. The calcium deficiency is re-
sponsible for the clay in this layer being in single-grain
structure and consequently closing the soil pores.

Menchikovsky (25) and, later, Ravikovitch (26) suppose
that the formation of this Nazzaz layer is a result of the
degradation of the red sandy soils, in which the iron and
aluminium compounds are gradually washed down to lower
lovels where they bring about the formation of a pan.
The explanation given by these two authors for the evolution
of this sesquioxide layer, often attaining the thickI}ess of a
metre, appears to be inadequate, for it seems impos'slble that
the trifling amounts of iron and alumina present in the_ red
sandy soils can lead to such an acoumulation of sesqulo:fldes.
Bergy made the attempt (27) to explain the extraf:nrdmary
acoumulation of sesquioxides by the transport of iron a:nd
alumina in the colloidal state from the mountains during
the Mousterian Period (Stone Age). Similar views are held
by Picard (70), according to whom fluviatile m‘a.terml was
poured in-from the mountains in the east, espeoially during
the Lower Pleistocene. _

A description, in rather greater detail, willt now be 31::2
of a light Nazzaz soil from Kefar Saba, on which the gro
of trees has been affected to a marked extent (22). i

The red sandy soil is underlaid at a depth ?h / via ‘
by a Nazzaz layer, about 30 cm. in thickness, whio lt:) lacf
compact, hardens on drying, and oonta.ms. n.lﬂvﬂ}’(femu;
red and yellow concretions of iron and 31111l11n:1uj11he o
oxide is mot present) (Plate X). Not only 18
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: but the water capacity ig

litv at its lowest value, . :
PeTeﬁbfesi undoubtedly owing to the fact that in this layer
O L it ttains its highest value. In accord-

'dal fraction & : -
E;iec?w]fi;d:herhighest value for the clay fraction in the D

656

TABLE 27
¢« Nazzaz *’ PROFILE NEAR KEFAR-SABA
A. B. C. D, E.
0-26 cm. |26-41 cm.|41-76 cm. 76-106 cm.| 105-135
cm.
llow- Red Red
'EI.;; lci}’t:d Sjjffi Loamy | Nazzaz. | Loamy
Sand. " | Sand. Sand.
i GO o | 9% % 9
SR 0i5s | o3ts | or’80 | 7867 | s0’e
PO o 050 | 168 | 670 7-69
Fe’,(): e . 1:36 2:17 2:50 5-12 3:19
CaORr e Tr. Tr. 4 b Tr. Tr.
SHO) 5 ae 0-89 2-66 3-68 8:50 8:81
Water perme- 28-80 23:23 9:-73 3:-03 4-68
ability*
Colloidal clay Tr. Tr. 9:5 19-6 16-9
pHEY S 7-b 7-0 6-6 6-6 7-0
. ) ts in 1, 3 L.
Water-Soluble: mg. Equivalents in 1,000 gm. of Soil
HCO, .. . 0-3 0-3 0-2 0-2 02
Cl ol o 0-9 11 0-3 1:4 0:8
Ezchangeable:
H . o 03 0-3 0:6 0:5 0:6
Ca .o oo 250 24.7 19:1 856 750
L o IL0 | 115 | 4638 405
T : ' 3-6 3-8 4-9
Nafie-o i 254 | 265 29-5 32-6 52-6
|

* See p. 44 regarding this value.

horizon, the percentage of iron also attains its maximum in
this layer. The whole stratum is apparently cemented by
comlfounds of iron and aluminium in g very fine state
of d;}vision. Consideration of the absolute values of the
physical constants (water permeability, water capacity,
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colloidal content) shows that these are not sufficient]

' : y high
to afford a satisfactory explanation for the compactness gof
the Nazzaz layer.

The almost complete absence of salts and caloium carbon-
ate is, of course, one of the factors contributing to the com-
pactness of the la,yer.l In the presence of salts or lime the
primary colloidal particles are for the most part coagulated
and in a coarse state of dispersion, whereas here the primary
colloidal particles are in a very fine state of dispersion and
consequently cause the pores of the soil to be choked.
On the other hand, it may be that it is the chemical character
of the finely divided iron compounds which is the most
important factor concerned in the hardening and cementing
of the Nazzaz. Roots penetrate only with great difficulty
into such a layer, as Plate X clearly shows. It is easily
understood that a root-depth of 76 cm. is quite insufficient
for the normal development of a citrus tree. At the same
time the pores of the soil are blocked in such a manner by
iron concretions that the roots do not receive adequate
supplies of oxygen in this layer. Further, the extraordinary
deficiency of calcium in the whole profile is very significant,
particularly the fact that the Nazzaz layer is distinctly acid
(pH 6:6). Such an acid reaction—which has been encoun-
tered in a number of other Nazzaz layers—is remarkable
when found in an arid country like Palestine, and may give
valuable indications, not only as to the origin of Nazzaz, but
also as to the agricultural methods to be employed in com-
bating it.

Of particular interest is a study of the sorption complex
(28) of these soils. Fortunately, irrigation waters in the
principal planting areas usually have a low chloride con-
tent: the numerical ratio between their calcium and godium
contents is generally greater than 1.

Because the irrigation water contains & large percentage
of calcium it would be expected that the calcium ooni:.ent
of the sorption complex would greatly exceed the soc'!mm
content. But in the top-soil the conditions are entirely
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different. A calcium content larger than that ofdthe sodium
is to be found only from the Nazzaz layer lownwards,
This cannot be explained by tht? larger quantity F"‘f clay
in the Nazzaz layer, for the EOdlllI'l:l content remains un-
changed. The most likely explanation appears to be ‘that.
citrus trees assimilate relatively large quantities of calcium,
This calcium supply 18 naturally extracted from those layers
in which the roots develop. Since the roots ca.z‘mot pene-
trate into the Nazzaz stratum, they draw their suppliea
from the upper layers and not from the Nazzaz la.ye:er 1tself.
If we assume that every Crop extracts from the soil about
100 kg. of lime per hectare (z.e., 3 cwt. per acre) per annum,
we can understand why the sorption complex of the top-
soil shows such an accumulation of sodium as compared with
the calcium content. We therefore conclude that both soil
research and plant physiology demand artificial liming as an
urgent and indispensable cultural operation. This instance
certainly proves that irrigation waters rich in lime do not
form an adequate substitute for artificial liming, as has been
maintained by one author (29). Lime accumulating in the
Nazzaz stratum or percolating to the ground-water does not
form such a substitute. Although the proportion of calcium
to sodium in the irrigation water may be satisfactory, sodium
indirectly accumulates in the sorption complex, bringing
about undesirable changes in the soil and a physiological
deficiency in lime. [Cf. Russell (568).]

(@) Other Soils of the Semi-Humid and Semi-Arid Region—
Alluvial Soils and Aclimatic Black Earths.

Obviously the soils described above are not the only ones
found in this climatic region, but merely those which are
the most characteristic products of weathering. Wide
stretches are covered by alluvial deposits, and these soils
must be regarded as such, and not as climatic soil
types.

‘The: most extensive and most important area of alluvial
soils is found in the Plain of Esdraelon (Emek) and its
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eastern continuation, the Plain of Jezreel, constituting an
aggregate area of approximately 40,000 hectares. In its

western part the plain is mainly filled by materia] brought
down from the Samaritan and Galilean limestone mountains
whereas in its eastern part basaltio detritus is also ta.l-:ing,
part in 1S composition. The soils thus deposited by water
transport are generally of very great depth and of clayey
character. They are little adapted to plantations, for
they are very liable to injury by the acoumulation of salts,
and the tree roots are not adequately aerated. It is the
gmin-growing district par excellence of Palestine, the
formerly swampy areas being completely drained to-day.
At the same time fodder crops are grown and an intensive
dairy industry has developed.

Another type of alluvial soil is found in mountain-enclosed
basins, some of them typical * poljes,” by far the largest of
which is the Sahl el Battauf (almost 5,000 hectares). Here
drainage is very deficient and the .basin floor is partly
inundated into late spring. The deep reddish or brownish
alluvial soil brought down from the mountains has therefore
at many places been leached of its lime content. An analysis
of such a soil gave the following result:

TABLE 28
ALLUVIAL SOILS FROM PALESTINE
1 2 3 4
Terra-Rossa Mized
; . Swam
czéffé'é;“;in B“;“.“ Sorl ‘E‘I’,‘z“;f;“;}‘ Soil
Soil) (Saht | (W) | A o | (Kabbara)
el Battauf) i
% % % %
Coarse Sand .. 7°9 05 — lg‘;
Fine Sand 9-2 11°3 11°1 10
Silt 89 13:5 9-9 1
oy 66-0 61°8 57-3 2,8
HO .. 7-5 9-4 11-6 8
CaCo, .. - 42 10-2 13'
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At many places alluvial soil was &lsol deposi'.oed. ?n the
tal plain. Some of such soils and their peculiarities are
;:zribed on pp. 108 et seq. Where\.rer sanc} dunes pl':e-
vent the natural drainage of the wadis carrying the rain-
water from the mountains into the sea swampy areas are

formed.

Thus in the basins of the Nahr Sukrer, Nahr Rubin, Nahr

el Auja, etc., are found Black E&rths: whi.cl} resemble the
Chernosem of Southern Russia. Their origin ha,.s already
been explained by Blanckenhorn (30), who pointed out
that in winter, in particular, the soils are really swamps.
In winter the standing water not only prevents decomposi-
tion of the organic matter, but rather causes it to increase.
In summer, again, the humus is protected by the dryness
of the topmost layer of the soil. In Black Karths of this
kind we found nitrogen contents of about 1 per cent. In
the Kabbara Swamp, Menchikowsky (31) found salt contents
of 7 per cent. and over, consisting mostly of the chlorides
of sodium and magnesium. This salinisation of the soil is a
result of the bad drainage alone, and it must be distinctly
understood that it is not an instance of Black Alkali Soils
—i.e., soils containing soda. At the same time it must be
pointed out that, thanks to the activities of the Palestine
Jewish Colonisation Association, the Kabbara Swamp has
been completely drained, whereby a marsh, infested with
malaria, has heen transformed into an excellent soil.

(e) Peat.

Palestine has, north of Lake Huleh, a considerable peat
deposit, which differs in many respects from other known
peat accumulations (74). The swampy character of the
Huleh District results from an eruption of basalt which
impedes the complete drainage of the Jordan into the Sea of
Galilee. The resultant swamp covers an area of about
5,200 hectares. The vegetation consists chiefly of papyrus
(Cyperus papyrus), but it also comprises ferns, reeds, and
other aquatic plants (71, 73). In the surroundings of the
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eat profile described in Table 29 the plant cover was com-
osed mainly of Papyrus, Phragmites communis, Polygonum
Bidens iripartita, and Cynanchum acutum. The profile wa;

dug in June, 1937, about a hundred metres north of the lake
near the Jordan River.

(i) Chemical Characteristics of Palestine Peat.

The distribution of organic matter and of certain inorganic
components and the hydrogen-ion concentratian of the peat
profile are given in Table 30. This table shows that peat
proper is first encountered at the depth of layer E, where the
water table occurs. Palestine peat contains a high per-
centage of mineral matter, a feature common to all lowmoor
peats. The overlying layers apparently consist partly of
alluvial soil, and although rich in organic matter they never-
theless contain a large quantity of mineral matter. The
reaction of these soil layers is fairly alkaline, whereas the
peat itself is approximately neutral and in layer F even
slightly acid. The pH values correspond roughly to the
amounts of calcium carbonate present. The amount of
hygroscopic water is, of course, smallest in those layers (C
and D) which contain the least organic matter. It will be
noted that in the bottom layer (I) a much lower content of
organic matter and a correspondingly higher percentage of
ash as compared with the immediately overlying layers are
again encountered. As pointed out in Table 29, this layer
contains many particles of grey clay. Such an accumulation
of mineral matter in the lowest layer of a lowmoor-peab
profile is common (79, p. 276).

In order to ascertain the composition of the mineral matter
in the peat, an average sample of layers E-1 was analysed.
The results, in percentages, were as follows: H,0, 13:95;
organic matter, 62-91; SiO,, 4:22; Al,0s, 0:15; Fe,0s, 5-31;-
Ca,()’ 6-99; MgO, 0-17; NaZO, 1:34; K20, 0:24; COg, 1:37;
S04, 3:10; P20s, 0-15.

Most of the Huleh-peat layers, like o]l lowmoor peats, ar;
rich in calcium, which is present partly a8 carbonato a1
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TABLE 29
[PTION OF A PALESTINE PEAT PROFILE

Characteristics.

DESCR
Hﬂr?:* Dﬂpth,
Zomn.
cm.

A 0-10

B 10-20

C 20-40

D 40-50

E 50-70

F 70-90

G 90-110

H | 110-130

I 130-150

Brownish-black clay soil with much organic matter

(roots, etc.). _ , _
Brown clay soil with thin roots and yellowish-red

concretions of iron.

Brown clay soil.

Water table. Black peat with many decomposed
roots.

Black peat. Abundant brown plant residues.

Black peat as above. Many red mouldered stains.
Strong smell of H,S.

Black peat as above. Fewer red stains. Weak
smell of H,S.

Black peat with many particles of grey clay.
Yellowish-brown remains of plants. Few red

stains. Faint smell of H,S.

Water, CaCO,,

TABLE 30
Asy, OrcANIC MATTER, AND HYDROGEN-ION

(CONCENTRATION IN THE PEAT PROFILE

(On an air-dry basis.)

Horizon. I1.,0. ('aCO,.* : Organic 2

: : 2 Matter.§ e

%o % 7 Y,
A 13-10 15:23 58{’%8 21-/%l 1107
B 13-86 14:71 63-67 25-99 7-9
% 9*%0 22-13 63-81 17-04 79
= 8:53 24-70 62:73 17-86 7-8
1; 16-78 2:83 29-87 52:10 7-1
i iggi (llg? 21-09 62:54 6-2
H 19-58 i 1 09;a8 12
1 16:39 9-32 o T o
33:86 45-64 7-3

* Calculated from CO,. T Excluding CO,.

I Nitrogen content 1:53 per cent.
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partly 88 sulphate. The latter is common in phragmites

ot. The high content of iron is noteworthy. The peat
P relatively rich in phosphoric acid and potash, but it ig
not so high in nitrogen as the more common lowmoor peats.

Clearly, the most important for our study are the organic
constituents. Both the peat profile and the two main peat-
forming plants were subjected to a detailed analysis accord-
ing to the method of Waksman and Stevens (76). The

TABLE 31

CoMPOSITION OF PEAT-FORMING PLANTS AND OF PEAT
MATERIALS

(Percentages of total dry matter.)

Rl e8| B | 8 g ;
Rag<ag| Feg | 82 | 3 50
Plants:
Cyperus
papyrus | 1-43 | 3-08 | 14-39 | 21-35 | 25-74 | 12-15 | 949 | 4:53
Phragmaites

communis | 2:45 | 2-67 | 17-59 | 21-26 | 23-45 | 9:59 | 1062 | 10:95
Peat:

A 0-18 1 0-15 | 1-45 | 2:04 | 092 |13:23 | 4-88 | 74:72
B 0-19 | 0-20 | 1058 | 2:01 | 1-02 | 13-23 | 4:86 |69-80
& 0-16 | 0-11 | 1-34 | 1-94 [ 1-01 | 6-24 | 3-13 |81-19
D 0-11 |0-10 | 0-91| 1-92| 095 | 536 | 2:93 |80-49
E 030 |0-51 | 1-18 | 4-43 | 1-96 |33:68 | 10-16 | 37-39
F 0-27 | 0-66 | 149 | 4-60 | 2:76 [456:14 |10-18 |25-22
G 0-23 10-81 | 148 | 464 | 3-39 |49-11 | 9-21 |17:01
H 0-35 | 0-81 | 149 | 4-58 | 2:12 [49-73 | 9:b4 923:68
I 0-25 1078 | 1-52 | 3-96 | 1-44 3423 | 742 4546

results of this analysis* are given in Table 31. Whenlth-a
plant materials and the peat products are compared, 1t 18
readily seen from this table that important changes have
taken place. The ether-soluble fraction (ethereal and fatty
oils, part of the waxlike and resinlike substances), the

* Such terms as ‘‘ hemicelluloses '’ and - cell_ulnae 2 0y
retained for the sake of convenience; it is fully realised, however,

these
the hydrolysable fractions need not accurately represent Uhes
constituents.
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alcohol-soluble fraction (phlobaphenes, ~Waxes, resing,

alkaloids chlorophyll, etc.), and the water-soluble fraction
(sugars c;rganic and amino acids, alcohols, soluble proteins,

part of the starches, tannins, and pectins, Bt:l?.) are greatly
decreased in the peat, as are also the hemicellulose and

cellulose fractions. Since the uppermost layers contain
much alluvial material and since all the layers are very rich

TABLE 32

CreMICAL COMPOSITION OF PEAT-FORMING PLANTS
AND OF PEAT MATERIALS

(Percentages of water-free and ash-free material.)

Water- Hema- s
Soluble Cellu- |Cellulose.| Lignin. Proteins.

Fraction. loses.

Plants:
Cyperus
papyrus .. 16-42 24-37 29-37 18-37 10-83
Phragmites
communis 20:11 24:25 26-75 10-93 12:12
Peat:
A 6-35 8-93 4-03 57-90 21-35
B 4-65 8:91 4-52 58-65 21-54
C 9-62 13-93 7-25 44-79 22:47
D 7-41 15-63 7-74 43-65 23-86
E 2:26 8:48 3:76 64-48 19-46
F 2:29 7-07 4-24 69-34 15:63
G 2-156 6:73 4-29 71-32 13-38
H 2-17 6-67 3-08 7249 13-90
I 3:07 7:99 2-90 69-01 14-96

in salts, percentage increases in the lignins and proteins,
calculated on a water- and ash-free basis, are very pro-
nounced. Results calculated on this basis are shown in
Table 32. It will be seen that the decreases of hemicelluloses
fmd cellulose are slightly greater in the real peat layers than
in the alluvial layers. The corresponding accumulation of
lignins is to be ascribed to their resistance to decomposition.
The decrease in water-soluble material is less in the upper-
most layers (especially C and D) than in the true peat layers
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SOIL FORMATION IN PALESTINE 66

and, correspondingly, the increase in lignin is not quite so
or eat here. The remarkable increase in the Protein fraction
in all layers may be regarded as due to the synthesis of
nitrogenous microbial cell substances, resistant to rapid
decomposition, as shown by Waksman and Stevens (77).
These nitrogenous cell substances seem, nevertheless, to be
subject to decomposition under anaerobic conditions, since

TABLE 33

NITROGEN DISTRIBUTION IN PEAT-FORMING PLANTS AND
IN PEAT MATERIALS

(Percentages of total nitrogen.)

Water- Hydrolysable by Non-lydrolysable
Soluble. Dilute Acids. | by Dilute Acuds
(* Humin ” N).
Plants:
Cyperus papyrus 9-9 251 64-4
ragmaltes Com-
Ph;mfnis 4 10-5 250 64-5
Peat:
A 4.7 28-1 67-2
B 4-4 27-6 68-2
¢ 4-4 22-0 73-6
D 5-3 24-1 70-6
E 37 24-8 71-5
F 37 34:5 61-8
G 4-2 20-6 753
H 4-0 226 13-4
I 4-8 14-6 80-6

the percentage of the protein fraction™ diminishes gradually
from top to bottom. |

The distribution of nitrogen both in pea.t-forrmillng plants
and in the peat profile is shown in Ta.l-)le 33. As in &11. fea.tts
(76) the water-soluble nitrogen fraction (ammonia, 1;1 ra 13,
amino acids, soluble proteins) is Very Jow. .Thls is largely
true also of the nitrogen hydrolysable by dilute ?Lmdi. étn;ef
proteins). Greenhouse experiments on the &V&%l&bl i ?rt i

* The ‘ protein fraction ’’ does no, of course, necessarily consis
true proteins. 3
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nitrogen in Huleh peat carried- out b}—'tu'sb 1;&;3 3;181ded
negative results, a finding obviously at rlfut ]a e.to the
relative insolubility of the gfeaier. part of the nitrogen.
The amount of insoluble ‘ humin mtrog@ present is rather
high, but is normal when compared with Other.ty'peg l-:,f
lowmoor peat. The percentage of w&tjer-soluble Hltro'gel} is
much higher in the living plant than in the peat. Similar
observations were made by Waksman anc.l Steven.s (77), who
ascribe the relative decrease of soluble nitrogen in the peat
partly to assimilation by growing plants and partly to th.e
action of micro-organisms which decompose the hemi-

TABLE 34
CoMPOSITION OF VARIOUS PLANTS WHICH GIVE RISE TO PEAT
Percentages of total dry matter

. L 2 -5 o [ by
2 |32 | 5= | 88 3 = =
Plant. ES eSS 1 S8 | Bgl = = kS =
ST [S3 |3 | 83 = > g -
Ry | S=2 2 | 2| 8 A A
ladilum* 1-14 6-87 | 21-45 | 28-31 | 29-09 719 | 3-89
Tﬂgiﬁﬂﬂlg E‘nrcx' 2:54 i 12:56 | 18-36 | 28-20 21-08| 7-08| 3-30
peats Cyperus papyrus 1-43 | 308 | 14-30 [ 21-35 | 257 12:15| 949| 4-53
Phragmites com- 2.45 | 2-67 | 17-50 | 21-26 | 2345 | ©-59 | 10-62 | 10-95
MUNLE |
Typical for Sphagnum* 1-47 3-86 | 30-82 [ 21-13 | 697 | 588 | 3-18
highmoor Sphagnumt 1-04 | 2-97 6-02 | 21-01 | 28:567 | 18-81 4@_5 5-10
peats Sphagnumt 2-54 | 223 | 10-11 | 26-79 | 2869 | 16-20 | 2-73 | 3-24

* According to Waksman and Stevens (72).
t According to Kivinen (2) and Waksman (78).

celluloses and cellulose. In fact, all our figures point to the

secondary formation of insoluble proteins, as demonstrated
by Waksman and others (72, 75).

(1) Palestine Peat in comparison with other Peats.

The chemical and physicochemical properties of a peat are
closely linked with the nature of the plant associations from
which peat is derived. The nature of these plant associations
depends on climatic conditions and on such ecological factors
as the chemical composition of the water. If only the two
principal peat types are taken into account, it may be said
that, in general, waters rich in calcium and other nutrients
favour the development of sedges and reeds and ultimately
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SOIL FORMATION IN PALESTINE 87

give rise t0 a lowmoor peat; on the other hand, telluric
waters or waters originating from soils poor in soluble
minerals favour the development of-anosses and bring about
the formation of a highmoor peat.

Table 34 shows, however, that the chemical composition of
different plant species is not so specific as might theoretically
be supposed; such differences as are actually found may, in
many cases, be explained by differences in development, age,
and ecological conditions (72). The main difference apparent
from these figures is in the protein content, which seems to be
much lower in mosses than in sedges or reeds. Nevertheless,
the corresponding peats show much more marked differences,
and these must be ascribed to differences in the ecological
conditions of the locality concerned, which in turn are largely
determined by climatic factors.

Just as differences in climate may cause the same parent
rock to vield essentially different soil types, so differences in
climatic and ecological conditions may cause plants of similar
composition to yield essentially different peat types. On
the other hand, it must be borne in mind that, just as the
nature of the parent material has a certain effect on soil
formation, so also the nature of the plant exerts a consider-
able influence on the resulting peat. The nitrogen content
of the plant is particularly important in this connection.

A lowmoor peat is characterised mainly by a low content
of cellulose and a relatively high content of lignins, proteins,
and ash; a highmoor peat, on the other hand, is poorer in the
latter constituents and richer in the former. Consequently,
lowmoor peats consist of much better decomposed plant
residues, their percentage of lignin, the end—produc‘? of
decomposition, being greatly increased. l}t'the same time,
synthesis of proteins by microbic cell activity takes p[EE:CB.
Highmoor peats have a much lower percentage oi‘: proteins,
and because, in turn, greater proportions of hemwel‘lu.loses:.
and cellulose are still intact, the physicochemic&l qualities of
these peats are very different from those of lowmoor peats.

Tables 35 and 36 illustrate the differences between peats
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and indicate the relative position of Palestine peat, 4 pro.
duct of the Mediterranean climate. '_Fhe amount of minepg)
matter in Palestine peat 1s extraordinarily high ang must
be ascribed to the prevailing climatic conditions. Ag the
climate is Mediterranean, a rainy winter season alternateg
with a completely dry period in summer. Under thege
conditions the water table is subject to frequent fluctuationg.
The upper layers of the bog may dry out in summer and
thus cause a capillary water movement from the lower layers
to the surface. In consequence, salts are not leached out
but concentrate in the uppermost layers, which also increage
in lime content. Because the salts are not leached out,

TABLE 35
NITROGEN, MINERAL CONTENT, AND PH OF VARrious Prats
On the basis of total dry matter

Plant

Phosphoric
Formation,

Nitrogen.| ~ " oa Potassium, | Calcium

Type of Peal. Ozide. PH.

—

OO | o % %
Highmoor* Sphagnum 0:64-0-74| 0-03-0-04 | 0-02-0:03 0-15-0-65 3:5—-4-5

Lowmoor* Carex 2:47-2-04| 0-14-0-20 | 0:05-0-06 1-80-4-60 5:6-6-5

Phragmites 2:20-3-32| 0-00-0-28 | 0-09-0-19 1-80-4-50 5:5-6+6
Palestinet Cyperus 1:53 0-15 0-24 6-09 1
papyrus and |
Phragmiles
communis

* According to Waksman (79, Pp. 264, 276). -1' Average sample,

Palestine peat is rich in phosphoric acid and potash, nutrients
“_rhich are important for bacterial activity. Closely asso-
ciated with the high content of calcium in most layers 18
th‘-_’ hydrogen-ion concentration, which is near the neutral
.o loxfre;- than that in lowmoor peats generally.
zhf:izq‘;enﬁe, QIEANIC compounds in Palestine peat are
dﬁcoﬂlposit,iin ases. To this peculiarity, the high degree of
slightly alkali In this I_Jeat .must, be partly ascribed, since &
activity. Thene rl?&ctmn 18 most favourable to bacterial
processes, and i;zmg up of the top layers favours aerobic
) ’m i se tc}o ca.u_se. decomposition processes to

Hore intensively. The high temperature
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prevailing throughout the year likewise favours bacterial
processes.

Table 36 shows the organic composition of Palestine peat
in relation to other types of peat. From this it may be seen
that, compared with other lowmoor peats, Palestine peat
possesses & relatively low amount of proteins. This
circumstance might be ascribed to the presence of calcium,
which causes nitrogen to be liberated and thus counteracts

the synthesis of proteins by bacteria. The figures for
cellulose and hemicelluloses in Palestine peat are very

characteristic: because of the prevailing high degree of

TABLE 36
OrGgANIC COMPOSITION OF VARIOUS PEATS
Percentages of total dry matter

Ether-|Alcohol| Water| Hemi-
TE}E"‘ of | plant Formation. | Solu- | Solu- | Solu- | Celu- |C¥% | Lignin.| £ | 4sn.

eat. ble. | ble. | ble. | loses. | 103 teins.
Highmoor | Sphagnum® 3-06 16-24 | 19-01| 38-26 6:68 1:560
Sphagnumt 3-53 | 466 | 7-82 | 1815 | 16:66| 38-53 3-81 1:48
Lowmoor | Phragmites and | 1-10 1-24 8:95 0 60-3 | 18-72 | 1013
Cyperacexe®
Cyperacext 4:73 | 5-10 | 298 | 12-32 | 5-44 | 41-78 | 14-72 4-96

Palestine | Cyperus papyrusy| 0-28 | 0:71 | 1-43 4-44 | 2-33| 42-38 9:30 | 20-76
and Phragmites

L

* Waksman (78, p. 187). t+ Klvinen (72, p. 22). 1 Average of layers E-I.

decomposition they are much lower than the figures for these
products in other lowmoor peats. The same is true also of
the ether- and alcohol-soluble substances, their great resist-
ance to decomposition notwithstanding. It1is only because
of the high ash content that the increase in lignin is not
pronounced (cf. Table 32, where all figures are calculated on
an ash-free basis).

It should be remembered, as pointed out before, tha..t t-he
main value of peat in our case consists, not so much in its
chemical properties as in its power to improve the PIIYBI(?:EI.I
conditions of irrigated soils. We therefore ex.amlned its
water capacity and its capacity to absorb nutrlenf;s. The
maximum water-holding capacity, the volume weight and

: Digitized by Birzeit University Library



70 THE SOILS OF PALESTINE
i

the pH of various American peats (51) and of Huleh peat

are shown in Table 37.

TABLE 37
PHYSICAL IDATA OF VARIOUS AMERICAN PEATS AND OF HuLgg.
PEAT
7 o Maximum
Weight
Water-Absorb- pH.
perQu. M. ing Capacity.
kg. %F
Moss-peat (partly de- 144 1,485 3.8
composed)
Reed-peat (partly de- 416 653 o
composed) i
Sedge-peat (partly de- 576 309 5.9
composed) '
Woody peat .. N 896 1(}% 3.7
Sedimentary peat A .. 53(% %? ; gg
' " B .. 8 ) ) .
Huleh peat e i 783 246 5.7

These figures show that there is no similarity between
the water-holding capacity of moss peat and that of Huleh
peat, whereas the latter compares closely with woody and
sedimentary peat. It should, however, be borne in mind

TABLE 38

ErFect oF ADDITIONS oF HULEH PEAT oN MiNniMmuM WATER-
HorLpinG CAPACITY OF A SANDY SOIL

Maxture. Maixture. Mintmum
p s = il 2 . ~ | Water-Holding
Sand Peat Sand Peat Capacity.
gm. gm. o o o
10 0 10/00 /60 ?"/?3
9:5 0-5 95 5 11-7
9 1 90 10 12-3
g 2 80 20 18-5
: i ?(;,0 30 23-7
5 = 0 40 27-0
i 0 50 50 32-7
10 0 100 66-7

a0
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that our sample of Huleh peat had been allowed to become
too dry, whereby it lost much of its water-holding capacity
When various amounts of this peat were added to a sa.ndg,;
soil, changes were observed to have taken place in the
minimum water-holding capacity, which are reported in
Table 38.

In order to ascertain the amount of nutrients adsorbable
by Huleh peat, 5 gm. of peat were shaken for two hours
with each of the following solutions: (i) Potassium dihydro-
gen phosphate, (1) potassium monohydrogen phosphate,

and (iii) ammonium chloride. The results obtained are
reported in Table 39. .

TABLE 39
ADSORPTION OF NUTRIENTS BY HULEH PEAT
Pressit Adsorbed. Adsorbed.
olution.
qgm. gm. /A
K.0O PO N KO P03 N 1GK0)r 120y, U
(i) | 0217 0:328 — 0:084 0-150 — 38-7 457 —
i) | 0-403 0308 — | 0-162 0-142 — | 402 467 —
@) | — — 063 01035 — =

The adsorption, of course, depends on various factors—
as concentration of the solution, chemical combination of
the salts, etc.—and no definite conclusions can therefore be
drawn from these results. If we nevertheless assume that
each year 8-5 kg. of K20, 3 kg. of P,0, and 7 kg. of N have
to be applied to 1,000 sq. m. of orange land, it may be roughly
calculated that one ton of peat per 1,000 sq. m. suffices to
absorb all the nitrogen, twice the amount of potash and ten
times the amount of phosphoric acid.

Although, therefore, the sample of peat examined by
us does not seem to be very suitable for the improvement of
the water capacity of the soil, it seems to be well ac_ia.pted
to absorb nutrients and to protect them from leaching by
irrigation water. Furthermore, <uch material makes a much
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straw. It should be borne in mind that,
of Huleh peat has been examined by us,
examinations are to be carried out
definitely the value of Huleh peat

for agricultural purposes. Such examinations are most,
important because the future of Palestine agriculture will
depend on the supply of sufficient quantities of organic

manure.

better litter than

only one sample
and that many more
in order to nscertain

4. HUMID REGION.

In the highlands of Judza and Galilee, where the annual
mean temperatures are considerably lower, we have rain
factors which exceed 50. If, for this reason, we designate the
cimate as humid, this naturally applies only to the winter
months. If the yearly averages are considered, here again
evaporation is in excess of the rainfall, as may be seen

from the following summary given by Exner (32):

TABLE 40
EVAPORATION IN JERUSALEM IN Mbhr.
Spring. Summer. Autumn. Wainter. Total.
271 392 285 106 1,054

“ Comparing the annual rainfall at Jerusalem (630 mm.)
with the evaporation of an exposed surface of water, the
rainfall shows a deficit of 04 metre.”” If, in the case of
a reservoir which derives its supply entirely from the rainfall.
we regard the rainfall as positive but the evaporation as
negative, the following figures would show (according to

Exner) the rise or fall in the level of the water during each
month in mm.:

TABLE 41

CHANGES IN LEVEL oF ExPoSED RESERVOIR IN JERUSALEM

Jan. Feb. Mar. Apr. May. June. July. Aug. Sept. Oct. Nov. Dec.
130 83 35 -50 -121 -135 -135 -122 -110 -107 6 102

This shows very clearly that this district can only be
rega,rd'ed as humid on the basis of our method of calculating
the rain factors. Similar values will be found in a paper
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published by Ashbel (56) which deals extensively with the
evaporation power of the atmosphere in various parts of
Palestine.

(@) Terra Rossa.
(i) General.

On limestone, the most typical soil of the mountains is
Terra rossa, though at the same time it must be pointed out
that all limestones do not necessarily give rise to Terra
rossa as a product of weathering. More particularly, the
weathering of soft calcareous rocks seldom results in the
formation of red-coloured products. These mountain marl
soils are described on pp. 91 et seq.

Terra rossa is a product of the Mediterranean climate,
whose chief characteristic is the alternation of rain in winter
with a dry period in summer. This type of soil formation
is found in all the Mediterranean countries—Spain, Southern
France, Italy, Dalmatia, Syria, Cyprus, Palestine, etc.
Where Red Earth formation is in progress the value of the
rain factor usually lies between 30 and 60. Typical Terra
rossa is developed on limestone, whereby, as a result of the
absence of humus, the reaction is generally neutral or
moderately alkaline. As a rule, Terra rossa has a high
content of soluble salts, since the evaporation during the dry
summer of the water rising to the surface by capillarity
leaves the salts in the soil. Thus, as a result of the climatic
conditions prevailing during the summer, translocation of
the soluble products of weathering takes place in an upward
direction: in other words, during the greater part of the
year we have a denudation (eluvial) horizon below and an
accumulation (illuvial) horizon above—the opposite of the
conditions found in humid countries. Apart from ex-
ceptional cases, Terra rossa is deficient in humus, a result
of the calcareous substratum on the one hand and of the
arid climate in summer on the other. As a matter of fact,
a low humus content is a characteristic feature of tll.lﬁ
Mediterranean countries. The little humus present 18 1n
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the adsorptively saturated conditiofl (mild humus), dye i
the first place to the presence of copious supplies of calciup
Adsorptively saturated humus—and it is desired to empha.
sise this statement—naturally cannot act as a protectiye
colloid on compounds of iron. In winter, the humid cop.
ditions in combination with a comparatively high ten.
perature bring about a vigorous hydrolysis of the sesqui-
oxides and silica which are dispersed throughout the lime-
stone: at the same time the calcium carbonate itself is dis-
solved and washed out.

We have already defined the properties of Terra rossa in
the following terms: ‘ Terra rossa develops on limestone
under the conditions of the Mediterranean climate. In
comparison wtih its parent material, the limestone, it has
been greatly enriched in sesquioxides and in silica. In
comparison with the soils of humid climates, it contains
large quantities of salts of the alkalies and alkaline earths.
The high iron content together with the low humus content
are responsible for the red colour, which is often brilliant.
They are mostly soils with an alkaline reaction and loamy
structure; they may contain calcareous and ferruginous
concretions ’ (11). At the present time this definition is
generally accepted. The similarities and dissimilarities in

the weathering of volcanic rock into red soil will be described
later (pp. 85 et seq.).

(i) Theories of the Evolution of Terra Rossa.

Although we are in some measure well informed as to the
regional distribution of the development of Terra rossa and as
to 1:,he climatic conditions prevalent in such regions, as well as
to its characteristic properties, yet widely differing theories
have been advanced in explanation of the chemical, particu-
}arl_y the physicochemical (colloidal), processes involved
In 1ts formation, more especially in connection with the
problem of which factors cause the dissolution of the iron.

_Va.geler (36) was the first to tackle the question from the
point of view of colloid chemistry. He laid particular
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el:ﬂpha-SiS on the greater degree of dissociation of water at
higher temperatures and the effect of this on the weathering
of the rock. The Al,O3, Fe,0; and SiO, sols resulting
from the hydrolysis of the sesquioxides, according to Vageler
behave quite differently. Fe20; and Al,0j; sols are, eontra.rj;
to silica-sol, extraordinarily unstable. These sesquioxide
sols are coagEllated by an alkaline reaction at the place of
their formation, whereas the stable silica sol remains
mobile, is leached out and under certain circumstances
accumulates in the subsoil.

This theory is controverted when it is applied to calcareous
Red Earths, for, as indeed Vageler himself rightly observes,
the Fe.0; and Al;O; hydrosols must be coagulated immedi-
ately they are formed, and this must take place within the
limestone rock. But such is not the case. Instead of finding
a deposition of the iron within the limestone, we find a trans-
location of the peptised iron from the parent rock out into
the soil, and it is only there that it is precipitated, frequently
enveloping other soil particles and gradually accumulating.

The so-called ‘ Residue Theory,” first propounded by
Zippe (37), later by Tucan (38), and further developed by
W. G. zu Leiningen (23), is certainly valid, but this also
fails to explain the primary dissolution of the iron which
undoubtedly takes place. According to W. G. zu Leiningen,
in Terra rossa we are concerned solely with a residue of
difficultly soluble material, whilst the readily soluble calcium
carbonate is washed out.

In addition to the foregoing investigators, Blanck has
paid particular attention to the problem of the evolution
of the Red Earths, and his views have been expressed in
a large number of valuable papers (39). Blanck and
Alten (40) have sought an explanation of the protection of
the ferric hydroxide sols from precipitation by the calcium.
Starting from Aarnio’s assertion (41) that humus can act
as a protective colloid on ferric hydrosols, and from a
consideration of the Liesegang type of diffusion, Blanck
came to the conclusion that ferric sols can penetrate into
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limestone when they are protected by humus compounds,
where they flocculate out and accumulate. A.c(:,ordmg to
Blanck these iron solutions descend only to-a trifling extent
from the dolomitic limestone of t:he: parent rock. Ehrenber_g
(42, 43), criticising this view, pO{nts out that these ferric
hydrosols must have been derlve.d fx:om the:. under-
hout wishing, ab this point, to discuss the
question as to the extent to which protective action by humus
compounds may be operative in such areas as Northern} Italy,
for instance, the author is of the opinion that (considering
the very small quantities of humus p:resent, .and which are
adsorptively saturated) this protective action of humus
cannot come into the question sO far as the true Mediter-
ranean zone is concerned. Blanck’s newer view (39, p. 229),
that the Red Earths represent the accumulation horizon
of a humus layer which is now no longer in existence, is
likewise untenable in the case of the true Mediterranean
zone, amongst others, because in the whole of this vast
area no trace of this hypothetical humus horizon is pre-
served, whereas the accumulation zone often has a thick-
ness of many metres. Further evidence for the rejection
of this view is afforded by the fact that Red Earths are
being formed to-day in the absence of humus.

According to Eichinger (44) the evolution of the Red
Earths is to be explained by the difference in the behaviour
of the positively charged sols of ferric hydroxide and
aluminium hydroxide compared with that of the negatively
charged sols of silicic acid. He declares that the accumula-
tion of sesquioxides is due to the positively charged sesqui-
oxide sols precipitating on ascent in a capillary medium
such as the soil, whereas the negatively charged silicic
acid sol remains stable, and so is leached out. Now,
although it is true that sesquioxide sols prepared in the
laboratory can display migration in the positive direction,
this is not so in Nature. Without exception we have only
Pean able to establish a movement in the negative direction
In the migration by cataphoresis of all the colloidal con-

lying rock. Wit
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stituents of the soil. In this connection it is desirable to
find out whether the sesquioxide sols are actually negatively
charged or whether they acquire a charge as a result of the
peptisation by the silicic acid sol. Further, it is to be
noted that, in contrast with laterite formation, the silica
accumulates in the Red Earths and is not leached out.

Summarising, it is clear that, with the exception of Blanck,
none of the authors cited has gone into the problem of how
the primary formation of the sols of ferric hydroxide and
aluminium hydroxide on limestone can be explained. It
is impossible to imagine the peptisation of the Fe;0; and
Al,O, dispersed throughout the limestones in the absence
of a protective colloid.

Before giving our views a description of some Terra rossa
profiles will be considered.

(iii) Description of Some Terra Rossa Profiles.

1. Terra Rossa Profile mear Jenmin.—The parent rock
consists of Cenomanian-Turonian limestone. The Red
Earth resting on this has a thickness of about 1 metre.
The profile of the Red Earth is quite uniform in appear-
ance, and no horizon of decomposition can be distinguished.
Humus is present at the surface, but only in traces. From
the analytical data it is clear that silica in particular, and
to a lesser extent aluminium and iron, have increased at the
expense of the calcium. The reaction of the soil was pH 84.
It is noteworthy that the composition of this Red Earth
is extraordinarily similar to that of one from the neigh-
bourhood of Jerusalem analysed by Blanck, Passarge and
Rieser (45), with the exception that in this case the leaching
process has made greater progress.

9. Terra Rossa Profile mear N ablus.—Here the manner
in which the parent Cenomanian-Turonian limestone is
weathered into individual blocks and innumerable fragments
is very clearly seen. In places the Red Earth has eaten
into the clefts and cracks of the parent rock; everywhere
it fills the pores and crevices of the rock fragments and
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rock fragments are coated

TABLE 42
TerRA ROSSA PROFILES FROM PALESTINE

ents them into a hard mass. Without exception the
with a moderately hard crust

which resembles the Red Earth. The colour of this layer

1. Terra Rossa 2. T'erra Rossa south
near Jenin. of Nablus.
. 11 Limestone. o | S
Lime- |Superficia p - |Subsoil.| urfuc?
stone. |Red Earth. | yhite. | Veined. Red Soil

0 T 9 e o)
Si0 0{629 51-/%7 0-80 | 1-40 | 50-39 | 48-08
ALO. .| 090 | 12:29 = 0-03 | 16-50 | 14-94
Fe.O. 1-50 7-85 Tr. 060 | 919 | 7-81
FE0 e | 0-14 e = 009 | 038
CaO .. | 5422 6-60 5544 | 54-31 | 339 | 6-35
MgO = 2-27 Tr. Tr. 075 | 1-38
K.O ! 0-79 = e 0-81 | 1-08
Na,0 S 0-47 s = 291 | 216
P,0, = 0-09 = = 0-08 | 0-12
SO, — 0-32 i - 0-63 | 1-88
CO, 42-60 4-12 43-56 42-67 6-03 3:90
H,0 0-14 1375 e 025 | 861 | 10-43
N — 0-08 — — 0-03 0-12
Totals 09-65 | 9984 | 99:80 | 99-26 | 99-41 | 9863

TABLE 43
MECHANICAL ANALYSES OF TERRA RossA SoOiILs
N oor oot 3 South O{ Nablus. )
Subsoil. Surface.
% 0 o

Coarsoe sand 0.%4 11%8 0 8-/ 29
Fine sand 41-02 16-85 11-68
Silt 10-54 35-64 33.30
Ciay, 48-20 3563 26-73

18 bright red, whereas that of the soil at the ground
level is more of a reddish-brown shade, due to the
presence of small quantities of humus. The thickness of

[l

4 Digitized by Birzeit University Library



SOIL FORMATION IN PALESTINE 79

the surface layer of soil is about 8 cm., and this rests on
1 to 2 metres of greasy, red soil with innumerable rock
fragments, which gradually merges into the unweathered
rock. Magnetic compounds of iron in a fine state of division
are found in both layers; in places these concretions are as
large as the head of a pin. Calcareous concretions are also
common. This profile, too, resembles in its composition one

described by Blanck, Rieser and Passarge (45) from the
neighbourhood of Jerusalem.

TABLE 44
TErrRA Ro0ssA PROFILE FrROM CyPrUS (KERYNIA MOUNTAINS)*
(A) (B) (C)
‘ Decom-

Limestone. position Terra
Horizon. Rossa.

% % %
S10, = e 14-74 23-34 45-81
ALO s T 1-81 3-73 13-80
RalQs o & 10-86 3:54 11-85
CaO S e 68-26 63-92 21-35
MgQ' « .. 2. 4-00 3:67 5:00
K,O S5 L 0-11 1-76 1-51
NasC s L o 1-:62 2-87 177
810, /Al,0, LA 35-19 29-66 9-96

Si04 /FeO4 i 3-6 17-3 10-2

Si0, /R,0, S 2-8 6-6 3:0

# (Calculated on water- and carbonate-free basis.

In considering the Red Earths of Palestine, it is at first
surprising that nothing is to be seen of a real profile forma-
tion. A decomposition horizon cannot exist here, for the
parent rock consists almost entirely of calcium carbonate,
and contains but very small amounts of iron and aluminium.

A Terra rossa profile from Cyprus, examined by us, dis-
played entirely different features (46). This profile con-
gisted of: (A) a compact impure limestone, greyish-yellow
in colour, with greyish-yellow, lilac and red veins; (B) a
pale lilac, well-weathered decomposition layer with green,
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ducts of weathering, 85 cm. in thicknegg,
Terra rossa (C) overlying the decomposi-

in thickness.

ntration was pH 7-2.

how that iron has been removed
(B) and has accumulated in the
s increased in the soil, although

it has not decreased in the decomposition zone. The in-
crease of alumina in the soil 18 possibly due, not to trans-
location from the zone of decomposition, but to decomposi-
tion of aluminium silicates in the parent rock (A). Whilst
the calcium is largely retained in layer (B), 1t is to a great
extent washed from the soil (C), or relatively decreased by
the silica and sesquioxides. At any rate we find, as in the
other Red Earths examined by us, a marked accumulation
of silica and sesquioxides in the soil as compared with the
parent rock. This profile is especially interesting because the
limestone contains much silica and sesquioxide. The ratios
Si0, /Fe,0s in the three layers show the transport of iron from
the zone of decomposition and its accumulation in the soil.

red and white pro
The brownish-red
tion horizon was 65 cm.

The hydrogen-ion conce

The analytical results s
from the weathering zone
goil; also that alumina ha

(iv) The Evolution of Terra Rossa.

We have as our starting-point the facts that, on the one
hand, first of all the iron and aluminium in the parent
rock must be dissolved and translocated; on the other hand,
however, on account of the flocculating action of the lime-
stone on ferric hydroxide sols, the presence of a protective
colloid is indispensable, Because of the small amount of
humus, and its adsorptively saturated state, humus cannot
function as the protective colloid. From our earlier ex-
position it is evident that in addition to humus, colloidal
silica exercises a powerful protective action on sesquioxide
sols.

In this connection experiments may be quoted which
demonstrate the coagulation of sols of ferric hydroxide and
of ferric hydroxide-silicic acid, prepared in the laboratory
and containing the same amounts of Fe,0; (c¢f. p. 27). In
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both cases finely powdered limestone was used as the floc-

culating agent.

TABLE 456

FLocCULATION OF A FERRIC HyYDROXIDE Sorn (0-009 PER CENT.
FE,O,) BY LIMESTONE

1, 23 3 4. D. 6.
Fe(OH), sol (c.c.) 3] 5 5 5 5 5
CaCO, (gm.) 0-001 | 001 | 0:05 | O-1 0-5 1
HEO (c,c,) 5] 5 o 5 5 5
At once — — — Com-| Com-| Com-
plete | plete | plete
floccu-| floccu-| floccu-
lation | lation | lation
After 20 minutes — | Com- | Com- ¥ ” ’»
plete | plete
floccu-| floccu-
lation | lation
After 2 hours Com- 3 ’ 1 9 1]
plete
floccu-
lation
TABLE 46

FLOCCULATION OF A FERRIC HYDROSOL, PROTECTED BY SILICIO
AciD, BY LIMESTONE

The sol contained: Fe,O,

0:009 per cent.

S10,4 0:190 S
)i: 2. 3. 4. 5. 6.
Fe,0,-Si0, sol (c.c.) 5 5 5 b b b
Ca00, (gm.) 0001 | 001 | 005 | 01 | 06 1
H,O s 5 5 3] 5 5 5]
At once .. — — — —_ —_ —_
After 2 hours — — — — — P&r—tial
After 24 hours — — Halo
tion
After 8 days = — s s — )

The tables clearly show
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that ferric hydroxide sol alone

is flocculated by calcium carbonate in a very short tin_:le,
whereas the ferric hydroxide-silicic acid sol i extraordin-
arily resistant to such flocculation.
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82 THE SOILS OF PALESTINE

On the other hand it was found possible to show that if
the reaction of the silicic acid sol is alkaline, the iron present

in the crevices of the limestone 18 particularly easily dis-

persed by silicic acid sol. 100 c.c. of a silicic acid sol,

containing 0-3 per cent. Si0,, were allowed toi act on the
parent rock of the Nablus Red Earth described above,
sols of different pH being shaken for twelve hours with
] gm. of the powdered limestone (which contained 0:006 gm.
Fe,0,). After sedimenting for twenty-four hours the iron
and calcium in the decantate were determined. The results

obtained are given in the following table:

TABLI 47
ActioN OF Stuicic SoLs ON LIMESTONE
Dispersed Digpersed
Fe,0,. CaO.
gm. gm.
100 c.c. water, 1 gm. limestone Tr. Le,
100 c.c. Si0, sol (pH 5:7), 1 gm. 0-0004 0-0195
limestone
100 c.c. SiO, sol (pH 8-3), 1 gm. 0-0024 0-0272
limestone

It will be seen that more than one-third of the iron
present in the limestone has been dispersed by the silicic
acid sol when the reaction is alkaline. This experiment
also shows that silicic acid also exercises a dispersive action
on calcium.

If we bear in mind also that in Nature silicic acid and
sesquioxides commonly occur together—all clays consist of
a mixture of these ingredients—we are now in a position
to link up the peptisation of sesquioxides in Nature with
the behaviour of artificially prepared metallic oxide-
silicic acid sols. In the Mediterranean region silicic acid
assumes the rdle of a protective colloid and makes the
translocation of iron possible in the presence of calcium.
(Generally, silicic acid appears to play a large part in Nature
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as an ‘all-adsorbing agent,” and possibly other soil

phenomena are explicable by its property of functioning
as a protective colloid.)

These considerations led us to the following theory of
the evolution of Terra rossa:

The Mediterranean climate, with its heavy winter rain-
fall and dry summer period, permits the presence of only
very small quantities of humus. The large amounts of
salt and alkaline earths in the soil coagulate the humus
and inhibit its protective action on iron compounds. The
so-called “ Residue Theory ” is therefore of greatest signifi-
cance, in that the chalk, which is the chief ingredient of
the rock, is largely washed away during the winter rains,
and this itself leads to a relative enrichment in silica and
sesquioxides. Owing to lack of humus and the presence
of chalk in the rock, the soil is alkaline. Under these
conditions the colloidal silica, which is formed by hydro-
lysis, peptises the sesquioxides from the rock, and protects
such oxides as are in solution from precipitation by the
limestone. Even silica that only contains latent alkali
and has a slightly acid reaction has this peptising effect.
There is then an exchange: the sesquioxide takes the pla.cia
of the alkali attached to the silica micelle, and the ‘soﬂr
solution becomes more alkaline. In this way sesquioxides
which may be positively charged by electrolytes become
negatively charged by the silica. During the dry easOs
the soil solutions ascend. Unlike unprotected sesquioxide
sols, which are very easily coagulated, those that are pro-
tected by silica are much more stable and are coagulatei
only by more concentrated electrolytes, which 'trhey m;e:
on rising through the soil. The calcium h}rdromde that 18
produced by the dissociation of calcium _blca.rbona.te Tay
play an important part here. Changes in the concentra-
tion 6f the soil solutions and adsorption Processes 8xo
naturally also operative. On coagulation the aes.qmoxlc.i:;:
often envelop other particles of soil. ':[n comparison "i:l 3
other soil types the marked increase in iron becomes patel
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:n the weathered complex, whereas the increase i'n alumina,
is hidden by the presence of equally increased silica. The
coagulated particles may in time undergo s:;econdary physical
and chemical changes, and form chemically well-defined
and even crystalline silicates. A

These conclusions, expressed by us in a similar way
in 1927, seem to be accepted now in principle by most
scientists dealing with soil formation in the Mediterranean
(33, 34, 35, 47, 57, 59, 60, 80, 81 and 83).

In conclusion it may be noted that without exception
the Red Earths of Palestine have a slightly alkaline re-
action (pH 7-2 to 8-4). The high calcium content is also
reflected in the composition of adsorption complex; for
instance, in the Terra rossa from Nablus, described above,

the adsorbed bases were as follows:

TABLE 48
ExXCHANGEABLE Bases IN TERRA ROSSA FROM NABLUS,
PALESTINE
Milli- Equivalents
per 100 gm. Soul.
Calcium 5 ¢ S S i 58:5
Magnesium .. 5% v o 1-1
Potassium .. o e e 1-4
Sodium s i3 i, nY 4-4

In the mountains Terra rossa is liable to erosion, which
is combated by terracing. Though primarily corn land,
vines and other fruits grow very well. In all localities
where weathering has proceeded to a considerable depth,
or where the Red Earth has filled valleys or depressions,
it has been established that this soil is extremely well
suited to the growth of fruit trees of all sorts (apples, pears,
plums, etc.). In the highest parts of the mountains, as,
for example, in the districts of Hebron or Hermon, the
Terra rossa is more yellowish in colour, probably owing to
a further stage in the hydration of the ferric oxide and
connected with the more humid conditions.

When transported and deposited in badly drained areas the
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lime is liable to leaching and the reaction may thus become

neutral or slightly acid. In high altitudes or under forest
the colour becomes blackish because of the increased humus
content.

(b) Red Earths on Volcanic Rocks.

In Upper Galilee recent volcanic basalts and limestones
occur side by side. Now, whilst the limestones weather
to form a typical Terra rossa, this is not the case with
basalt. The decomposition product of the basalt is not a
red-coloured soil, but one having a shade which may be
called chocolate-brown. The rock underlying the Red
Earth consists of Cenomanian-Turonian limestone, which
is shattered into innumerable fragments of all sizes. The
superficial layer of Red Earth fills the cracks and pores of
the rock and cements the whole to a hard mass. The
colour of the soil is bright red; humus is absent.

The basalt, too, weathers to innumerable fragments,
but these have a more rounded appearance. The solil,
again, is of no great depth but covers the rock in a layer
of about 20 cm. in height, through which numerous basalt
blocks and smaller fragments protrude. The colour of the
soil is, as already stated, chocolate brown.

Both limestone and basalt, together with the soils to
which they give rise, have been examined, and it has been
found that these two rocks, vastly different in composition,
have produced soils which are chemically almost identical.

Once more we see the predominant influence of the
climate, which, in spite of the greatest difference between
the parent rocks, can produce soils having the same chemical
composition. This can only be explained by the climatic
factors always working in the same direction. (It is of
interest to note that Albert (48) showed that a basalt of
very similar composition weathers to laterite in a tropical
climate.) _

Now, before considering the reasons for the difference In
colour despite similar chemical composition, it must be
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noted that the proportion of silica to th.e other constityents
has not decreased bub has actually increased. This in-
crease must be ascribed, at least in part, to the I‘(?mova,l
of calcium. A proportional increase of the sesquioxides
has taken place in the same Way in the Red Earth as well
as in the Basalt Soil.
TABLE 49
oN OF LIMESTONE SOIL WITH BAsSALT SOIL

COMPARIS
(RosH PINA)
Limestone Profile. Basalt f’rnﬁle.
Limestone. | Terra Rossa. Basalt. Basalt Soil.
% % o %

S10, i 0-19 49-93 43-85 49-16
Al,O, o 0-07 16-67 11-91 13:40
Fe,0, o 0-24 10-35 6-43 11-34
FeO 5 — 1-05 7-44 3-41
Mn,O, s — {Ir, 1-32 0-75
CaO e 57:35 4-00 10-31 2:07
MgO o, 0-40 1-13 8-86 1-17
K,O R Tr. 0-78 1:76 0-98
Na,O % Tr. 0-68 4:41 1-67
1::0)- &is ‘Tr. 0-06 0-54 0-02
SO, Ve — 0-12 oy 0-09
CO, S 40-98 0-567 0-60 2:-66
H,0 o 0-156 16-20 1-23 13:31
N . — 0-06 — 0-09

Total e 99-38 101-60 98-66 100-12

The reason for the disparity in the colour of the Basalt
Soil, if we ignore the insignificant amount of manganese
present, must be sought for in a difference in the iron
compounds present in the soils. Actually the Basalt
Soil has a larger proportion of ferrous iron (relatively
to ferric) than the Red Earth, the ratio ferric/ferrous
being about 10 : 4 in the Basalt Soil and 10 : 1 in the Red
Earth.

But even in the rock there is a difference in the form in
which the iron occurs. In limestone, as we have seen
from the analytical data and the colour, we have veins
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of red ferric oxide which permeate the rock. In basalt
:t is quite different. Here the ferrous condition is domi-
nant: the iron is present partly as magnetite and partly as
ferri- or ferro-silicates.

The discovery, previously described (p. 27), that col-
loidal silicic acid not only exercises a peptising action on
ferric oxide, but is also able to peptise ferrous oxide in
the same way, has given us a possible means of under-
taking a comparative examination of the properties of
peptised ferric and ferrous oxides. A. Fodor, in collabora-
tion with the author (9), found that sols prepared from
ferric oxide are brick-red in colour and display the Tyndall
effect in a marked degree, whereas sols prepared from ferrous
oxide are deep green in colour. Exposed to the air the latter
sols undergo a progressive oxidation and acquire a colour
resembling that of a muddy white wine, having been more or
less transformed to the ferric state. At a higher concentra-
tion (after evaporation on the water-bath) these sols assume
more of a brownish tint.

In analogy to the difference in the optical behaviour of
these sols, we can well imagine that the coagulated sols
display a difference in colour in accordance with their
primary formation having been from ferric oxide (as in
limestone) or from ferrous compounds (as in basalt). In
our opinion this, together with the amount of ferrous iron
still present in the soil, must take the first place in consider-
ing the causes of the difference in colour. Further, in the
case of the basalt we are not concerned solely with the
residue left after the removal of the calelum and magnesium
by leaching. Of particular significance in this connection
is the following evidence: On ignition, the powdered basalt
rock shows the smaller colour change, the grey colour of the
The chocolate-
brown basalt soil behaves quite differently; after ignition
it is found to have undergone a complete colour tr&nsforn}a--
tion, the soil having become a bright red. The explanation
of this difference in behaviour Is, probably, that in the rock
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we have actual, definite chemical. compounds of ferrous
(and ferric) silicates, whilst in the soil we have an eixfﬁl‘eme_aly
loose adsorption linkage of iron oxides and silicic acid.
The iron compounds responsible for the t?hocola,te colour
of the soil are thus not merely a residue which has survived
weathering, they must have separated out from some sort
of solution of the compounds of iron and oxygen. As to
the manner in which this state of solution was brought
about, we prefer to make no definite pronouncement at
present, although, on the, evidence of our experimental
work, we are inclined to believe that here again colloidal
silicic acid plays a prominent part in the solution (or rather
peptisation) of the iron.

Although in Palestine basalt does not usually weather
to yield a red-coloured decomposition product, this is not
an invariable, general rule. We found in Syria, as well as
in Cyprus, volcanic rocks which had weathered to form
red-coloured soils. The following description of the profile
of a gabbro-norite which had weathered to form a red
soil is from Kakopetria, Cyprus (46).

This profile was found about two miles from Kakopetria,
on the road from Nicosia to Amiandos. At the bottom
lies a dense, quartz-free gabbro-norite, containing about
55 per cent, plagioclase (of which about 20 per cent. is
anorthite) and about 45 per cent. pyroxene (of which about
30 per cent. is augite and 15 per cent. hypersthene). The
nature of the layers above this can be seen from Table 50.

The analyses and the ratio SiO2 /Al.0; in Zone IT show that
alumina has been removed and has accumulated in the
soil. The apparent increase of silica in IT and III is mainly
relative, being due to a loss of alkaline earths. This loss
18 very great, and in the case of calcium amounts to over
30 per cent. Potassium and sodium, on the other hand,
have increased from zone to zone. The final result of
weathering is the same here as with serpentine: there is a

slight increase of silica and a large increase of sesquioxides
as compared with the parent rock.
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TABLE 650
RED EARTH ON GABBRO-NORITE, KAKOPETRIA, CYPRUS
1l I1. IIT. IV.
Decomposition | Decomposition
Zone (a) Slightly | Zone (b) More X
Gabbro- | Weathered, con- Weathered, Reddish-
norite. taining Some Containing | Yellow
Yellounsh More Yellow- | Loam.
Material. 1sh Material.
Below
470 cm. 70-470 cm. 30-70 cm.  |0-30 cm.
% % % %
Si0,; .- =Y, 49-73 54:00 53-24 50-97
AlL,O .. | 16-78 14-4] 18-36 22-41
Fe,0, and FeO 6-19 7-51 8:65 10-53
Cal)" .. S 14-94 10:53 10-07 5:83
MgO 5 11-15 12-51 7-36 8-20
K.O and Na,0O 0-54 0:55 0-96 1:10
CO: o e .iia = _— — e
pH .- e — i+1 7-1 7:1
Si0, /Al,04 5-0 64 4:9 3:9
Si0, [FeO; .. 21-1 19-0 16-2 12-1
Si0,;/R,0, 4-0 4-8 3-8 2:9

We were able to establish (46) similar weathering
phenomena on diabase, lava and serpentine i.n Cyprus.
Serpentine, in particular, often yielded a decidedly red
soil.

We therefore now hold that Red Earths are formed, not
only over limestone, but also over other ro.cksf. .It is to be
emphasised, however, that, despite the Sl’mﬂ&rlt){ of j:he
final products, the process of formation is not 1de.ntlca.1
in the two cases. In the case of limestone, the action of
the large amount of calcium hydroxide—formed by the
dissociation of calcium bicarbonate—and of other falectrq':}-
lytes coagulates mosb of the silica. This is. retained in
the soil, which therefore contains more than did 1-:he parent
rock. On the other hand, the effect of calcium bm&rl_mnate
on the weathering of the igneous rocks is almost 1n;]Per-
ceptible, and much more silica is removed by leaching,
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SOIL FORMATION IN PALESTINE 9l

although in the resulting soil there is no diminution in the
ratio of silica to othgr constituents. Pslynov (49) is un-
doubtedly correct in his statement that limestone increases
the * siallitic”’ character of the red soils of the Medi-
terranean. A further real difference between the Red
Earths produced on limestone and those produced on igneous
rocks is that the former usually contain more calcium
carbonate and give a more alkaline reaction.

We would therefore restrict the name “ Terra rossa ” to
those red soils that occur widely distributed over limestone in
the Mediterranean region, and we would give the name
«“ Red Earth ”” or *“ Red Loam " to the red soils formed over
igneous rocks. As will be seen from the following table,
more silica is lost by leaching in the weathering of the
volcanic eruptive rocks with their low calcium content
than in the weathering of limestone (Table 51).

Although, in principle, the same dynamic factors are
determinative in the weathering of limestone and of eruptive
rocks, and therefore similar soils are formed, the absence
of calcium is responsible for the composition of the weather-
ing complex of the eruptive rocks being more akin to that of
tropical and sub-tropical soils. The red soils of the Trans-
vaal, although having & narrower Si0, /R20s ratio, seem to
come nearest to the red soils on volcanic rocks of the
Mediterranean (cf. p. 90).

(¢} Mountain Marl Soils.

Wide stretches of the Judzan and Galilean highlands are
covered by chalky marls of Senonian or Eocene age. These
soft and friable rocks never weather to terra rossa, but
preserve their whitish or greyish colour. This is due to the
fact that rocks of this kind do not provide the material for
true soil formation; they merely form a rock meal or marl
with lime contents of over 50%. True hydrolytic processes
characteristic in the evolution of soils do not take place here.
The chief action consists in the solution and erosion of th.e
products of disintegration. The soft and dense rock 18
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besides generally impermeable for water and no downward
or upward movement of water takes Pla.ce.

It is emphasised that this behaviour has solely to be
attributed to the physical qualities of the rock a:nd not to its
geological age. Harder Eocene rocks, e.g., in the Rosgh
Pina-Safed region, invariably yield true terra rossa.

According to Zohary (62) these marly soils are vegetation-
ally well distinguished from terra rossa and the regeneration
of the arboreal Mediterranean association seems to be
impeded on these soils. The mountain marls are generally
not very fertile because of their bad water-holding capacity
and their high lime content. Table 52 gives a description
of some of these soils:

TABLE 52

MoUNTAIN MARL SOILS

1 | 2 3 4
Albian : ;
Eiﬁ{fw (Near Rama, Senonian | Senonian
T N. Galilee) (Near | (Near

S ) ¥ Safed) Tarshiha)
Jemn) | Rock Soil

% % % % %
HA0 . 2:3 06 2:9 4-8 3'1
CaCO, G095 84-9 67-9 49-2 587
Coarse Sand . . 13:2 44'8 19-4 14:3 o4
F_ine Sand 2353 20-1 276 239 23-1
Silt .. 25°2 19-9 294 24-2 31°6
Clay .. 359 14-6 20°8 32'8 36-2
»H el 80 769 | T4 79
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[II. SOIL FORMATION UNDER THE MEDITER-
RANEAN CLIMATE AS COMPARED WITH THAT
UNDER OTHER CLIMATES

A. TuE INFLUENCE OF THE CLIMATE AND OF THE
PARENT MATERIAL.

A comparISON of the weathering of various rocks in the
Mediterranean and in other climatic regions is extremely
instructive.

If limestone weathers to a red soil in the way that we
maintain, then the same weathering processes must take
place when soil is being formed from other rocks. The
following typical analyses show the final stages of the
chemical changes that have taken place during the weather-
ing of limestone and of igneous rocks in different climates.

TABLE 53
WEATHERING OF LIMESTONE IN DIFFERENT CLIMATES

Temperate-Humid | Mediterranean Eigfrf;;};d

(Switzerland) (1). | (Cyprus) (2). (Timor) (3)-
Rock. | Soil. | Rock. | Soil. | Rock. | Soil.

% % % % % %
Si0, 36 | 2034 | o913 | 3905 | 6:87 | 2780
Al,O, 0-15 4-73 1-16 | 12:11 2:55 12:21
Fe,0, 0:79 2:91 6-88 | 10-40 4-64 | 16:27
CaO 52-08 | 32:60 | 43-43 | 1874 | 4814 | 21-34
MgO S 0-50 1-15 2.54 | 4-39 1-16 2:17
K,O Na,O 0-93 3.46 1-10 | 2-88 0:09 266
PO, Tr. 0-13 Tr. 0:14 0:07 0-12
CO, 4965 | 2548 | 36:28 | 1181 | 3778 14-6

It is obvious that the marked increase of gsesquioxides in
the Cyprus soil is not merely relative, due to the loss of
caloium carbonate and silica, for it is this rock, :f the
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examples cited, that has produced the soil ricl}est in silica,
This has doubtless been brought &bout_by colloidal solutiong
of sesquioxides and silica rising dur1ng the dry summer
months and then coagulating in the soil. II.I all climates
the chief factor in the weathering of limestone is the remova)
of calcium carbonate by Jeaching. In the tro_p.ics the lime-
stone prevents the complete removal of the t;-nhca, by leach-
ing, probably for the reason that the calc}um h.y'droxide
formed by hydrolysis coagulates the collmdal. s'1hca,. In
this way the development of laterite on limestone is inhibited.

TABLE 54
WEATHERING OF IaNEOUS ROCKS IN DIFFERENT CLIMATES
Cold-Hunud Mediterranean ﬁf;,i;?;::;i
Diabase Gabbro-Norite Diabase (I'rench
(Sp’itﬂbﬂfgﬂn) (4)- (C@;‘Pﬁm) (9)' GT&'E-HE{I-) (5).
Rock. | Sol. Rock. | Soul Rock. Soil.
Y, y % % % %
Si0, 50{%4 67/-{?37 49-73 | 50-97 52:06 16-51
Ti0, 1-38 0-62 - — 1:56 4-25
Al,0, 15-30 13-26 16:78 | 22-41 13-89 45-49
Fe,0, 14-40 874 6-:19 | 10-53 9-82 31-51
Mn,0O, 4:16 1-35 — — — —
CaO 8-42 2:69 14:94 5-83 11-25 0-82
MgO o 2-56 1-82 11-15 8:20 7-87 0-34
K,0 Na,O 2:97 341 0-54 1-10 2-96 0:60
CO, 0-21 0:28 — e, — —
P,0, — 0-22 — Tr. i =

The effect of climate on the weathering of igneous rocks is
manifest in Table 54. In a cold, humid climate there is &
relative increase in the silica content, due to the loss of
other components. In the tropics the absolute loss of
silica is very marked. The washing away of sesquioxides
in the Spitzbergen soil is due to the action of acid humus.
In the Mediterranean soil, on the other hand, we find &
marked accumulation of sesquioxides, and in the tropics
a still greater accumulation. The Cyprus soil shows &
smaller loss of the alkaline earth metals, and this is probably
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the result of restoration by the solutions that rise durin
the summer months. For the same reason, the alkali metals
also accumulate here.

Whilst recognising the close. resemblance bétween the
weathering of igneous rock in the Mediterranean and that
of limestone, and appreciating the fact that owing to the
identical climate (and similar chemical processes) similar
red soils are formed, we wish to emphasise that the pro-
cesses are not identical, despite the similarity of the final
products. There are also the differences in colour, the red
soils on igneous rocks showing a more brownish or lilac-red
colour, sometimes due to the iron oxides present having
been derived from ferrous compounds. Hence our desire
to restrict the name ‘‘ Terra rossa ” to the red soils found on
limestone, as expressed previously.

B. Tee CoMmpOoSITION OF THE CrAy FRACTION IN
VArIousS CLiMATIO REGIONS.

In recent years the ratios SiO;/Al,0; or SiO;/R203 have
been employed as a measure of the stage of weathering,
as well as for the characterisation of a soil type. Some
authors believe that a soil can be satisfactorily defined by
the Si0;/Al.O; ratio, whereas Robinson (6), for instance,
emphasises that the molecular ratio of the silica to the total
sesquioxide content should be employed, and with this view
we are in agreement. On the other hand, the molecular
ratio SiOs/Fe20; gives another viewpoint which is often of
value. Now in order to exclude the possibility of un-
weathered soil particles being involved in investigations of
this kind, it has become customary to consider only the
colloidal fraction of the soil. As a matter of fact, the
colloidal components, the soil gels, constitute the real
products of weathering.

A general classification of soils on the basis of the com-
position of the colloidal fraction 18 certainly beset with many
difficulties. On the one hand, the available material is
quite inadequate; on the other, we frequently have to
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100 THE SOILS OF PALESTINE

deal with soils whose composition has bet?n inﬂue_nced by
aclimatic factors. Thus, it is often & question of so11§ which
have been transported by wind or water, Or of soils with
impeded drainage or ever having & swampy substratum.
Further, in not a few insbtances, the nature of the parent

rock is not cited, and certainly 1n many Cases we have

a parent material containing previously formed colloids

(clays, marls, etc.). Finally, we hmfe.to remember that
not only may there be differences of opinion as to the g.eneral
soil type to which & soil should be assigned, but the climatic
conditions of many places are only too often not known
with any exactitude. We have tried to exclude, as far
as possible, from the comparison given below all those soils
in which aclimatic factors aré clearly dominant.

The following tentative, experimental classification 1s
based on the ¢ A’ horizons alone, although we appreciate
that a comparison of soil profiles can yield valuable informa-
tion. Finally, we have ‘n this first attempt refrained from
a mathematical treatment, as was employed by Crowther (8)
:n such an interesting way In an examination of American
soils, because, for instance, in many cases the geological
factor was unknown. Although in many soils, in addition
to the climate (and age of the soil), the nature of the parent
rock is the decisive factor—we were able to demonstrate
this with Mediterranean soils in particular—the comparison
of the colloidal fraction of about 200 soils from wvarious
climates once more confirms the statement that the climate
is by far the dominant factor in the evolution of soils. To
each climatic soil type there corresponds a characteristic
composition of the colloidal fraction, which is fully com-
prehensible, for the chemical and colloid-chemical reactions
taking place in the soil are determined in the first place by
the climate. Our tentative values have been corroborated
in a study on the various great soil groups of China (10).
Notwithstanding differences in detail (11, 13) affecting
mainly the prairie and chernozem groups of soil, it seems
that the Si/R values of American soils are also mainly
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controlled by climate (12, pp. 138 et seq. and pp. 155 et seq.).
The relationship between the composition of the clay fraction
in various climatic regions (Table 55 and Fig. 3) reveals the
characteristic peculiarities of the Mediterranean type of
weathering in a very satisfactory manner (7).

TABLE 56
CoMPOSITION OF Cr.aYy FracTioN 1IN VARIOUS CrimaTic Soir TYPES

Soil Type. S10, [AL,04 | §10,[Fe 0, | 810, [R,0,

Desert soils 7 o 3-9 17-2 3-8
Mediterranean red soils 3:3 9-3 9.4
Subtropical and tropical red

soils o i o 2-3 8-9 1-6
Laterites 5 i 1-7 85 1-3
Brown earths e 2-4 0-4 2.0
Podsols . 3-4 19:6 9.8

D

Desert Soils

W

Podsol

X Soils

X Medit. Red Earths

no

Tropical and
Sub-Tropical
Red Earths

Composition of Clay Fraction (Si/R)

: Laterite

2}3 4;3 60 Bb 00 120 140 160

Rainfall decreasing Rainfall increasing i
chperufurc. warm Temperature : ool
Fic. 3.—CorposiTioN OF THE CLAY FractioN (Si/R) As

INFLUENCED BY THE RAIN Facror (QUOTIENT OF
VEARLY RAINFALL AND MEAN TEMPERATURE).

In the Mediterranean Red Soils the accumulat'ion of iron
is very marked as compared with that in Desert Soils. Accorlcil-
ing to Piper (14) the Red-Brown earths of South Austra ﬂ:
have close affinities with the _Mediterranean Red Soils.
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102 THE SOILS OF PALESTINE

Their Silica /Sesquioxide ratio agrees well with o-ur Y?alue of
9-43. On comparing the Mediterranean Red Soils with the
more humid soils, we find that alumina accumulates to an

equally great extent in the latter. ?301311 se.sguioxides in-
crease to an equal extent under humid conditions, but the
increase here is only relative, and is due to &'1083 of silica.
The fact that iron alone appeats to increase in the case of
the Mediterranean soils proves that we have to deal, not
with a relative, but with an absolute increase. Not only
does the loss of calcium carbonate and silica cause an
increase in the proportion of the sesquioxide content, but
an actual increase from the rock takes place. (There is
also an absolute increase in alumina, which is, however,
hidden by the increase of silica, whereas the comparatively
high increase in iron can be seen clearly.) If we assumed

only a relative increase in iron the apparent non-increase
of alumina could not be explained.*

(C. Basg EXCHANGE AND HyDROGEN-ION
CONCENTRATION.

As we know, the course pursued by the process of weather-
ing is decisively influenced by the nature and amount of
the adsorbed ions. In a humid climate the hydrogen ion
gradually supplants all other cations, and the result is an
acid soil, more or less completely peptised. In the arid
regions calcium ions generally predominate in the outer
swarm of the clay complex, and only in the so-called Alkali
Soils are they superseded by sodium ions.

The following tabular summary shows the relative position
of the Red Soils of Palestine, in which, as in almost all the
soils of that country, the desirable calcium ions predomin&te.
It may be remarked here that the Red Sandy Soils of the
Maritime Plain form the only exception (see p. 54).

L - S ; d
It must be pointed out that a recent criticism of this classifica-

tion has not ta:ken into consideration these restrictions which we
ourselves enunciated (9).
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TABLE 56
ADSORBED CATIONS IN SoOILS OF VArious C :
(Mc. EQUIVALENTS PER 100 Gu.) e
T Y, e
Climate. Country. | Soil Type. | H. | Ca. | Mg.| K. |Na
T 21
Per-humid Russiu, Podsol 11:4| 20| 42| 0 0
Semi-humid Russia | Chernosem | 0 |45:0| 83 | 1:'5 |0
Mediterranean Palestine| Terra rossa| 0 58:5 | 1-1 | 1-4 | 4-4
Arid U.S.A. | Alkalisoils | 0 0 | 08| 17 |69

We see the injurious accumalation of H ions in a per-
humid climate, in which almost all the other cations are
suppressed. Both the Chernosem and the Terra rossa from
Palestine exhibit the desirable predominance of calcium.
In the American Alkali Soils almost all the cations have
been replaced by sodium ions—soda formation has taken
place.

In anticipation, it may be stated at this point that genuine
Alkali Soils—i.e., soils in which the Na-ion predominates—
do not occur in Palestine. As a result of the presence of
abundant quantities of calcium, the continued addition of
sodium chloride by faulty irrigation cannot produce Alkali
Soils; the soils can only become salinised.

TABLE 57

PERCENTAGE DISTRIBUTION OF SoiLs OF VARIOUS COUNTRIES
ACCORDING TO THEIR REACTION

pH value.

Climate. Country. |44 9559 6-6:9 7-7:9| 8-8:9| 9
% | %0 |1 0o Il e
Per-humid Finland 9 | el - 20 SEIg i g
Humid Denmark 1 15 67 - : 0
Semi-humid Ttaly 4 22 | 26 | 42 . 0
Mediterranean Palestine Ol 0 3 63 a4 16

Arid Egypt o eox | FHOR| 028 B
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soils of Palestine, naturally closely
base exchange, 18 primarily deter.-
£ calcium, and we find that it lies
The Red Sandy Soils of the

The reaction of the

related to the process of
mined by the presence O

between pH 75 and 8:5.

Coastal Plain form the only exception.'
Generally, the Palestine soils contain adequate amounts

of calcium in the soil complex to give the desirable crumb-
structure, and & hydrogen—ion concentration in the neigh-

bourhood of the neutral point.
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IV. SOILS AND AGRICULTURE

A. SELECTION OF S0o1Ls FOrR Crrrus CULTURE.

TgE economic importance of citrus culture for Palestine—
oranges and grapefruit are the principal exports, and their
value exceeds the total of all other crops—is responsible
for precedence having been given to the problems arising
from the utilisation of soils for citrus culture, and in the
following pages other crops will be considered only
incidentally.

It has already been stated that the main centre of citrus
culture is situated in the Maritime Plain. Quite apart from
the climate and the generally favourable conditions for
irrigation, this is'no accident, for the Red Sandy Soila‘of
the Maritime Plain in the absence of a Nazzaz pan provide
almost ideal conditions for this crop. The goils, which are
deep, contain about 80 to 90 per cent. of sand, whereby &
good root growth 1is ensured, for water movement takes
place freely and there is no lack of oxygen. At. the
same time the soils contain small quantities of a -hlgh_ly
disperse clay which renders possible the - adsorption s.:rf
the necessary nutrients and retards the all too ra.p_ld
downward percolation. These goils suffer fromf the dis-
advantage of a low calcium content (rarely t:axceec‘img 0'2_ pe;
cent. calcium carbonate), which, however, 18 eagily rectifie
by artificial liming; that such liming is absolutely necessary
is clear from the simple statement that each crop remowf::
about 100 kg. calcium carbonate per hectare (about § cwt.

er acre).
; We hzwe already pointed out thab in malil)’h ?ﬁ:z
Red Sandy Soils are underlaid by & pan whic a.;e e
impenetrable barrier to the roots and ?.t the s e
restricts the movement of water in the soil. After repea
106
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106 THE SOILS OF PALESTINE

irrigation the water rises in this “ Nazzaz ” layer, with tp,
result that the roots of the trees no longer obtain sufficjent
supplies of oxygen and putrefy. The adsorption compley
of these soils is decidedly deficient in calcium, and thjg
ia most marked in the layers situated immediately aboye
the Nazzaz stratum, for the roots can only obtain the
supplies of calcium necessary for the growth of the tree
from these layers (1). The description of these conditionsg
given on page 56 was not based on a single observation, for
we have found in a number of instances that the adsorption
complex of Nazzaz Soils had a similar composition. A
further example is given in illustration.

In the neighbourhood of Rehoboth, grapefruit trees,
about ten years old and growing on a Nazzaz soil, are poorly
developed. The roots penetrate the soil only to a depth
of 50 cm., and there they meet the Nazzaz layer (Table 58).

TABLE 58
Nazzaz Sorns AT REHOBOTH
A. B. C. s
0-25 Cm. | 25-50 Cm. | 50-90 Cm. | 90-110 Cm.
Dune Sand,| Orange- Hean
C Y Heavy
D"B*?S‘"d with Q”Z““"Ed Nazzaz with | Nazzaz with
Lvme and | with Some Many Con-| Many Con-
Organic Nazzaz cretions. cretions.
Manure. | Concretions.
% % % %
H,O 1-4 2-4 4-1 3-3
CEI,. e 7-20 0-31 0-01 0-03
pa .. 7-1 6:7 6:6 6-7
Water capacity 2:2 17-9 23-3 23-1
Colloidal clay 2:3 7-4 12-5 6:6

Mg. Equim!ents of Water-Soluble and Exchangeable Bases per
100 gm. Soil:

H

0-01 0-03 0-03 0-03
2 4-72 7-12 14-75 10-20
K 1:70 1-85 5-85 4-25
Na 0-43 0-33 0-36 0-33

444 274 3-48 443
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SOILS AND AGRICULTURE 107

Here again we see clearly that the roots have removed
o much calcium fro.m those layers in which they can grow
that an undesirable increase of sodium relatively to calcium
has been brought about. The few roots which have been
able to enter the Nazzaz layer are completely decayed.
The addition of lime to the surface of the soil has not
<o far resulted in any great change in the adsorption
complex.

Improvement is possible in all cases where the Nazzaz
layer is not 0o highly developed—i.e., where the layer is
neither too thick nor too deep. The soil must be ploughed
as deeply as possible and, at the same time if possible, be
dressed with quicklime. The object of the deep ploughing
is to loosen the Nazzaz layer, and the addition of lime will
aid in the production of a crumb-structure in place of the
original single-grain, puddled condition.

Our work has already shown that citrus groves require
soils with good drainage, so that light soils are generally to
be preferred. As a rule, grapefruit appears to be less
sensitive than oranges, and with careful irrigation grows
well on heavier soils, as, for example, on the alluvial loams
of the Plain of Esdraelon.

At many localities on the coastal plain are found heavy
black alluvial soils, locally called “ Salaga.” Here success
depends on the depth to which the deposit extel'lds and the
form assumed by the alluvium, A very instructlve. exa:nplz
was found in a grove near Tel-Aviv. At the locality ) A -
grapefruit was grafted on Khushkhash in 1927 and at “ B
in 1926. At “ A ” the trees have developed normilly, the
roots now extending to a depth of 80 cm. At “B all ;hﬁ
trees are badly developed, although planted a year ear e;
than at “ A.”” In an attempt to improve the soil, sand an
about 100 kg. of lime per dunam (about 8 cwt. P;r :‘;r:}
have been added artificially. The roots grow VOt e}? ol
about 70 cm. Commencing at a depth of 320 cm., the s

contains black concretions of iron (2).

: Digitized by Birzeit University Library



108 THE SOILS OF PALESTINE

TABLIS 69
So11, NEAR TEL-AVIV: LOCALITY ‘“ A"

SALAGA ALLUVIAL EXVRY
e (1oon DRAINAGE

wITH
A. B. C.
0-20 cm. 20-110 cm. 110 em.
Black Black Brownish
Loamy Sand. Loamy Sand. | Loamy Sand.
s a it ” 2% 7
aC S o 3:-31 27 1-89
:1?1( SON TR RS 7-8 7-2 7.3
Water Extract:
HGCO: & e 0:06 0-04 0-04
L e 0-002 0-010 0-005
Total salts 0-156 0-17 0-16
Water capacity 41 40 . 20
Water permeability 0-94 1-28 16-18
Mechanical Analysis
(Diameter, mnt.):
1-00-0-25 0-25 1-15 3.50
0-25-0:05 2 i 74-40 78-80 ]2-10
0-05-0:01 i - 21-50 10-45 5-81
Less than 0:01 2-85 9-56 8-59

As the analysis shows, in case © A »” the finest particles
diminish from the upper to the deeper layers. This pro-
gressive diminution of clay and silt results, naturally, in
o diminution of the water capacity, and at the same time
in a progressive improvement in the soil's permeability to
water. Although of a very heavy nature at the surface,
this soil is a good substratum for the growth of citrus trees,
as any excess water finds a natural drainage In the lower
layers, where there is adequate aeration for the roots.

Not so in case “ B.” Here the alluvial deposit is much
heavier and extends to a very considerable depth (bores
were made to a depth of 3} metres). The superfcial addition
of lime and sand is of no avail because is is precisely tie
deeper layers, which are not reached, thag requl
amelioration. At a depth of 1 metre we encounter 3 heavy
loam which is impervious, not only %o the ToCts hus even @
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110 THE SOILS OF PALESTINE

water; no aeration can take place In such a soil, and all the

analytical data confirm this. The permeability of the soi]
ith increasing depth and becomeg

to water diminishes W o
inappreciable at a depth of 1 metre, where it is about

1/1000th of that found in sandy soils. Only in the upper-
most layer is the water capacity foun_d_ to be not very h.igh,
which is probably a result of the addition 0? sand and lime,
the latter having flocculated the finer particles of the soil.
Owing to the large amount of clay in the deel?er layers, the
chloride content 18 much higher here than in the former
profile. Through the interaction of calcium carbonate
with the sodium present in the soil complex, sodium
bicarbonate and even traces of soda are found in the C
stratum, which produce Very harmful effects. The soil
becomes sticky as a result of the presence of bicarbonates
with their highly alkaline reaction (pH 8-9 in the C layer),
and for this reason, and also on account of its poor drainage
and stickiness, appears to be quite unsuitable for citrus
cultivation.

These conditions are also reflected in the composition of
the adsorption complex (Tables 61 and 62).

TABLE 61

COMPOSITION OF ADSORPTION COMPLEX OF SALAGA SOIL (ALLUVIAL
LoayM FrROM VICINITY OF TEL-Aviv), WITH GOOD DRAINAGE

(For description of profile see T'able 59, page 108.)

A. B. C.
0-20 ¢m. | 20-110 em.| 110 cm.

pH = o o | 7-8 7.3 7.3

Water-Soluble and Exchangeable Bases (mg. Equivalents per
100 gm. Soil)

C,Iu. e 9 o o 330 27-8 71
i&{g . e iy ¥ 0-7 1-1 1-6
: * ¥ ¥ . 0-4 0-2 0-4
Na = s s = 3.6 1-1 2:6
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TABLE 62

cmiposrrmN orF ADSORPTION COMPLEX OF SAraca Sorr (ALLUVIAL
~ LoAM FROM ViciNiTY OF TEL-AVIV), WITH BAD DRAINAGE

(For description of profile see T'able 60, page 109.)

e i |

| A fotE 5y

]| 0-20 cm. | 200-320 om.
e |

'! & .
= 7.7 8:3

per 100 gm. Soil) :

Water-Soluble and Ezxchangeable Bases (mg. Equivalents

C 22:6 12:0
Mﬂ 5:6 10-0
Kg 0-2 0:2
Na. 8-6 56

The comparatively large increase in sodium ions is clearly
perceptible—-th&t is, the commencement of alkalinisation—

which still further aggrava

impermeable nature of the substratum.

TABLE 63

C'OMPOSITION OF WATER OF RIVER JORDAN ABOVE AND BELOW
LAKE TIBERIAS

tes the undesirably compact and

to| At Exit from River J orda.ﬂ- at

& EE‘JEL’“ Lak£ Allenby Bridge
(mg. per litre). | (mg. per Latre). | (mg. per Latre).

Cl 9-6 | 240 :Hg

Na 10-0 133 17

Mg 7.8 28-5 o2

Ca 46-0 480 3

S0, 56 38-0 a8

€O, 80-0 3.4 3

i o 2 10

U.. 2.0 7
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poor drainage are, naturally, most,
marked where the irrigation water has a high salt content,
This does not apply to the case described above, where
the irrigation water had the low salt content of 88 mg. ()

The ill-effects due to

per litre. _ :
The neighbouring settlements of Kinnereth (Kibbuz)

and Deganya in the Valley of the Jordan serve as good
examples. The River Jordan becomes ?alty wh’lle flowing
through Lake Tiberias, the salt being derived from
springs. The analyses given in Table 63 by Blake (3) show

this clearly.

TABLE 64
SALT ACCUMULATION CAUSED BY DEFICIENT DRAINAGE
A. B. C.
0-30 em. 30-70 cm. 70-100 cm.
Black Alluvial| Black Alluvial| Light Grey
Loam with Loam with | Alluvial Loam
Salt Efflores- | Ferruginous with Wadi
cences. Concretions. Gravel.
%0 % %0
pH .. e 2 7-4 7-5 7-5
CaCO, < < 18:5 24-1 23-0
HCO;. . o S 0-05 0-04 0-05
Gl . % 1-44 0-91 0-64
Water capacity v 46 49 30
Water permeability 288 5-85 20-57
Silt and clay 5 53 33-3 22-8

The irrigation water, derived from the River Jordan and
used by both settlements, was found to have a rather higher
Cl content—viz., 323 mg. Cl per litre. A high sodium
chloride content gives occasion for great anxiety whenever
it is a question of the irrigation of heavy soils with impeded
drainage. This applies to most of the soils of Kibbuz
Kinnereth, consisting mainly of a basaltic alluvium, with
which are mixed, to a greater or lesser extent, Pliocene Lime-
stone, Lisan Marl, Wadi Gravel, etc. An additional com-
plication is that the irrigation practice in Kinnereth 18
extraordinarily intensive. According to statements made
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to the author, each dunam (% a,crfa) receives about 3,000 cubjoe
metres annuelly. Since 1 c.ubm metre of water containg
393 gm. Cl, each dunam receives 96.9 kg. Cl, or each square
metre about 1 kg. Cl, corresponding .1;-0 1-65 k. sodium
chloride. As & result of the p'ermea.blhty‘ to water being
low—=a condition j:)ften found ‘111 these sogsfand in con-
sequence of the impeded dra.}na,ge, the initial stages of
injury 8re unmistakable. It is, of course, the low-lying
ground which is affected first of all, as will be seen from
the analyses given in Table 64.

The ground-water contains over 25 gm. Cl per litre, and
g comparison with_ earlier analyses shows that the salt
content has increased tenfold within a period of about four
years (4)- This salinisation in the Sink, the so-called Old
Channel of the Jordan at Chirbeh el Kerak, is thus, at le?,sjs
partially, recent, and is to be ascribed to the intense irrigation
practised, which has not only caused an increase in. th'e salt
content, but at the same time has brought about a rise in the
level of the water-table. In brief, a saline swamp has
developed. The vegetation serves as an exﬁternal indicator.
Bananas planted here have, of course, perlshed;. a wood of
eucalyptus which formerly ﬂourished. has fallen into decay,
and its place has been filled by tama;rlsk.s, but these also are
beginning to succumb. Even on the higher ground, 'vega-
tables and bananas suffer from the inadequate drainage,
although salinisation has not yet taken place to any greab
extent. .

In complete contrast to the conditions descnbei a-bt;:le,
the light Lisan Marl Soils near Deg?.nya, do not s owwate};
signs of injury as a result of irrigation by the same o
from the River Jordan, as will be seen from the analy
given in Tables 65 and 66. _ o

The Deganya soils carry citrus groves (gmpefru;i;])ﬁﬁ:é;i :
are in extraordinarily good condition, whereas, 11311 oo
hand, the crops (mainly bananas and feget&lshe-‘;)r eiruently
on the badly drained, heavy soils of Kinnere

display ill-effects. -
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TABLE 65

EFFECT OF SALINE [RRIGATION WATER OXN PooRrLY DRAINED
Heavy SOILS (KINNERETH}

A. B. C.

0-30 cm. 30-60 cm. 60-100 cm.
. Gre yish-Brown
Gr;ytsf I EBEE;U; Alluvial Loam)| Light Grey
2 :;f Salt with Ferru- | Loam with
| ginous Concre-| Wadi Gravel.
Efflorescence. ong.

T % % %

H 74 7-8 7.8
Caco, 219 267 04-4
HEO 0-05 0-06 0-06
Il o 20 0-19 0-13 0-08
Water capacity 40 4% ) 36
Water permeability 288 é 59 36
Silt and clay 28+ 29-6 19-8

TABLE 66

EFFECT OF SALINE IRRIGATION WATER O

Marr SoiLs (DEGANYA)

N WELL-DRAINED

A. B. C. D.
0-30 em. 30-75 ¢em. | 75-115 cm. | 115-150 cm.
Yellow-Grey Yellow
Marly Marly Lisan Marl.| Lican Manrl.
Loam. Loam.
% % % %
pH .. {3 84 83 8-3
CaCO, 44-2 44-2 545 55-4
HCO, 0-06 0-05 0:05 0-05
(] S e 0-03 0:02 0:03 0-04
Water capacity 34 31 35 30
Water perme- 288 480 360 480
ability
Silt and clay 28-5 36-0 33:8 27-8

At this point attention must be drawn to the fact that,
under the conditions prevailing in Palestine, irrigation with
water having a high chloride content does not bring about
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auga,linisa.tion of the soil in the true meaning of the word
i soda formation), but, rather, salinisation of the soil
by sodium chloride. 01;'1 account of the great importance
of this problem in Palest{ne., a s:pecial section will be devoted
to the dangers of faulty irrigation.

However, it must first of all be pointed out that according,
to Ravikovitch and Bidner (5), vines may also suffer as a
result of faulty irrigation. The following table is quoted

their paper:
from 5 TABLE 67

CrLORIDES AND TOTAL WATER-SOLUBLE SALTS IN THE SOIL

=

Vines Healthy. | Vines Injured. | Vines Kalled.

| Total Total Total
Cl. Salts. Cl. Salts. Cl. Salts.

% | % | oo ol B

: : : 049 | 0-478

 0.30 cm. .. | 0023 | 0-185 | 0-022 | 0:227 | 0
g 30.60 om. .. | 0:011 | 0:070 | 0-018 | 0-100 | 0-012 | 0-117
G 60.90 om. .. | 0-014 | 0:074 | 0:031 | 0:130 | 0:018 | 0:091
D 90.120 cra. | 0-024 | 0-102 | 0:031 | 0:130, | 0:031 | 0-133

|

At the same time the injured vines were’found to have
a higher sodium chloride content than the healthy qnes%
whereby sugar formation was check-ed. As a result o
drainage the salt content of the soil was reduced con-
siderably. ¥

We re};apitula,te the results of this work, a.}though it is not
clear whether the injury suffered by the vines Was due 80
much to the salt content.of the soil as to the unsatisfactory
drainage conditions. Experience in P&lesi'iine 80 far aee:;:z
to indicate that vines are comparatively 1flsenslbleJtoicho
presence of sodium chloride. A marl soil -nea;r 'Bli e(i
for instance, on which an orange grove -ha,d dleéc}, ?ll:f ﬂn-
a perfectly satisfactory growth of vines. 11}“115 A
ditions were found at Migdal in the Northern Distr o
also at Beisan. - Another interesting Paper ot: the. a:t e
mentioned authors deals with the effect of soil-salinity

clover (54).
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must be made to the fact that
there must always be 2 sufficient depth .of soil for the root
sthem if trees are to grow satisfactorily. In the neigh-

! : lantation was found
_Aviv a dead orangé p
bourhood of Tel-Avl was only 50 cm. below the

In conclusion, reference

where the calcareous sandstone

of the soil !
Bugiieeven where ¢ Kurkar ** occurs (pp- 51-52) the roots of

the trees cannot penetrate. A satisfactory gxl*owth of trees
is only possible where & thoroughly weaifhered ager (};lf actual
soil provides sufficient support a.n'd nourishment for the roots.
In no case will the roots of a citrus tree_penetra,te ty‘plcg?l
Kurkar; they always stop short above 1ts'surfa,ce.. :l‘hm
:s due to the unfavourable mechanical-ph.yswal conditions,
which prevent the roots from penetrating such a hard
material. It should, of course, be clearly understood that
these observations refer only to ty pical Kurkar and not to
the disintegrated sandy soil derived from it. In some cases
where shallow Kurkar is underlaid by sand it is, of course,
possible to break the Kurkar pan before planting the tree.
The following typical example has been selected from a
large number of Kurkar profiles (Tables 68 and 69) (2):

<« Shamouti ” Oranges on Kurkar of Different Depths.—
The trees at which the profiles were taken, standing about
60 metres apart, were planted about twenty years ago.
Tree A is not well developed, and the fruit is poor in size.
The yield of the tree has averaged about 2 boxes annually
during the last five years. The roots grow down to a depth
of 70 cm., where they meet the Kurkar pan.

Tree B is well developed and its fruit is Jarge and of good
size. The yield has averaged about 3 } boxes annually
during the last five years. The roots grow down to a depth
of 125 cm., where they meet the Kurkar pan.

The essential difference between the two profiles is the
fact that the Kurkar is much more weathered in case B,
where the pan is overlaid by a soil layer, 125 cm. in thickness,
and containing about 10 per cent. of silt and clay.

In case A the thickness of the soil is only 70 cm., and it
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TABLE 68
LoAMY SAND WITH KUREKAR PAN (PROFILE “ A )
S 1 |
s B.. c.
0-15 cm. 156-70 cm. 70 em.
Loamy Sand. Sand. Kurkar.
e
(%) (%) (%)
‘wCO 11-47 8:31 876
o 7.8 34 2
P
Water Extract :
cO 0-04 0-04 2
E‘; B 0-008 0-005 o
Total salt . 33 334 =
Water capacity . - ' =
Water permeability 75-8 75-8
Mechanical Analyss
(Diameter, mm.) : ;
1:62 1-4 _od
-00-0:26
t-gg—g-ﬂﬁ 91-30 95-76 =
0-05-0-01 4-36 0:00 —
Less than 0-01 1-71 2-80 —
TABLE 69
Loamy SAND wiTH KURKAR PAN (Pnnru{ S Bity) ¥o
| A. B. g.
0-6b cm. 56-12b cm. 126 cm.
Loamy Sand. | Loamy Sand.| Kurkar. >
%
% % )
CaCO 7-88 842 lg.,sfﬁ
pH 7-5 86
Water Extract.: 5
0:04 0-:04 o
A, 0-007 0008 =
Total salts 0-07 > &t
Water capacity . . 11 = Al
Water permeability 84-7
Mechanical Analysis
(Diameter, mm.) : / -
1-00-0-25 1-61 Sg.gg i
0-25-0-05 88:12 192 R
0-05-0-01 247 0 Z ik
Less than 0-01 i-80 L =
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consists merely of sand showing no &dsorptive capacity,
Such a soil 1s too shallow for a tree to grow satlsfa,?torlly; the-
roots cannot obtain sufficient anchorage and r{elther nutri.
tion nor water supply 18 adequate. It may z‘mg&m be pointed
out that, not in this instance alone, but in many others,
it has been found that the roots never penei.;ra,te typical
Kurkar. This should be taken into consideration wherever
Kurkar is encountered, and on no account B}'lollld trees be
planted where 1t comes close to the surface—u.e., where the
actual soil is too shallow—unless, as mentioned above, it ig
possible to break through the shallow Kurkar pan which ig

underlaid by sand. ‘
In this connection it may be remarked that in the hijll

country orchards (apples, pears, plums, etc.) also require
a sufficient depth of soil. The success of some orchards
(e.g., Kiryath Anawim) is to be ascribed to the occurrence
of a deep red soil in those localities, and this enables the
trees to develop a root system extending to a sufficient depth.
Whilst in this respect figs and olives are quite insensible,
this is not true of stone-fruits. With regard to olives, our
experience so far indicates that they grow well only on
calcareous soils.

B. IRRIGATION AND ITS ATTENDANT PERILS.

The chemical composition of water used for irrigation is
of the greatest importance, because water of bad quality
not only affects the vegetation but, in the course of time,
will also bring about a deterioration of the soil. A short
description of the water resources of Palestine has already
been given (p. 17), and their effects on soil and tree will
now be discussed.

The quality of irrigation water in Palestine is mostly
assessed by the chloride content or by the total salt content.
The injurious effects, however, should probably be attributed
not only to the high content of sodium chloride but also to
the fact that the proportion of sodium to calcium rises with
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. inorease in the chloride content, thus causing a readier

apsorption of sodium by the plant (6). The following
figures, chosen from a large number of analyses, show this

TABLE 70

CHEANGES (N THE MOLECULAR RaTtio Ca/NA anxp CA-+Mc/NA wWiTH
AN INCREASING AMOUNT OF CL IN IRRIGATION WATERS

[EE—

T |
Locality. ok Ca/Na. |Ca-+Mg|Na.|TotalSalis

PPN n.pm.

e = X

Rehoboth o 47 9-1 14-3 9290

Ascalon oo 51 2:0 2-6 226

Yarcon . - o 158 1-1 19 571

Gaza - Yo 221 0-7 1-3 962

Jordan . - 25 316 0-7 1-7 812

Migdal S.D. .- 369 0-4 11 1,204

Migdal N.D. .. 1,784 0-3 | 0:5 3,804

——

Magistad and Christiansen (27) rightly point out that,
especially ab concentrations less than 9-3 atmospheres, the
nature of the salt and ratio of one ion %0 another may
affect plant growth more than does the total concen-
tration.

It will be seen from the above table that when the chloride
content is greater than about 200 mg. per litre the number of
Na ions present exceeds the number of Ca ions. This fact
should also not be overlooked when dealing, for example,
with the problem of calcium nutrition (9).

Comparative experiments with sodium chloride and
sodium nitrate have shown that much smaller concentra-

tions of sodium chloride are required t0 produce injury (7)-

Further, it has been proved thab citrus seedlings can with-
hloride than

stand much higher concentrations of calcium ©

of sodium chloride. . Bl
We have to deal, therefore, not only with the physiologie

action of sodium ion or of chloride 101 alone, bub with the

combined effects of both 1008, each of ?hich} 2 inlEI:zuz;'
Moreover, it has been proved that the injurious acy:
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sodium chloride could be counteracted, to some extent,
by the addition of calcium ion (7, 8, 9, 10, 11,: 12). Hence,
in the presence of chloride ions, the pr?portaon of .s?djum
to calcium is a very important factor in the nutrition of
plants, since a large quantity of easily soluble sodium
chloride prevents the intake of calcium b?r the pla..nt to a
considerable extent. (In opposition to this, Menchikovsky
and Puffeles (13), on the basis of soil and leaf analyses,
believe that, on the contrary, & high proportion of mono-
valent bases to divalent bases is desirable !)

At the same time, according to McGeorge (14), an
alkalinity of over pH 83 will greatly reduce the absorptive
capacity of the plant so far as calcium is concerned. It
may also be mentioned that the antagonism between
calcium and potassium is well known (15, 28, pp. 164
et seq., 57).

Whereas, therefore, the antagonistic effect of sodium and
calcium and potassium and calcium has been well established,
this is not the case with the reciprocal effect of sodium and
potassium. Available information is furthermore particu-
larly sparse as regards the intake of anions.

It is for this reason that the author and his collaborators
have undertaken the investigations to be described below.

1. SALINE IRRIGATION WATER AND ITS EFFECT ON THE
INTAEKE OF NUTRIENTS.

In order to study this effect barley seedlings were grown in
saline natural irrigation water at different dilutions and
varying addition of nutrients. The intake of ions from the
culture media and the outgo of ions from the plant were
measured. For details and technical procedure the reader
must be referred to the original paper (29). It may only be
mentioned that one hundred seeds of barley were, after
germination, transplanted to glass tumblers with a capacity
of half a litre and grown in the respective solutions for 18
days. The irrigation water employed was the one described
on page 37, and had the following composition :
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TABLE 71

ANALYSIS OF IRRIGATION WATER EMPLOYED
R

Na. | K. | Ca. | Mg. |HPO,.| ClL | S0, |HCO,.
— 3027 | 54 | 353 | 2500 | en:S{Ws5san|MGIR Y
Eipf;m')ér a37 | 13 | 176 | 206 | Tr. | 100 | 19| 27
litre ¥
g

In order to study the influence of concentration the water
was diluted with distilled water t{'l obtain: 35, 350, 1,750 and
5 000 p.p-m. of chlorine. As will be seen from the table

;ven above, the amount of monovalent cations present was
more than double the amount of bivalent cations. The
absence of phosphates and nitrates anc'i t.ha r'elation of Cl to
SO, (about 5 : 1) are characteristic for 1rr1.gat10n water O.f the
type employed. In order to study the intake of nutrients
under these conditions KNOs; and KH2PO, were gdded to
dilutions of irrigation water to give the following final
concentrations:

TABLE 72
AppITioN OF NUTRIENTS (M.E. 10 pER 600 c.C.)

K. HPO,. N.
1. Weak addition of nutrients 31-7 9-2 22:6
NPK I i =
2. Mffdium .slddition of nutrients 158:6 45-8 112-5
NPK II : . %

3. Stz(';ng ﬂ,d)ditinn of nutrients 317-0 91:6 225

(NPK III)

By these means it has been possible to study the intake of
' ' itions.
nutrients under a wide range of condl :
The barley used for our experiments was & local variety
of the following composition:

TABLE 73
10 GR.)
AMoUNT o¥ IonNs PRESENT IN BARLEY SEEDS (M.E. IN 0 [
- 0.. | NOs.
Na. | K. | Ce. ‘ Myg. | HPOs oL | 9 i

030 | 111 l 0-45 1-10| 231 | 021 | 0:30 Fout
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SRIAL
10! pER 1 GR. OF DRIED MATERIAL)

AMOUNT OF JONS ABSORBED BY PranTts (M.E.:
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Before considering the possible physiological eﬁ.e,-gt, of salt
accumulation in the experiments repf)rted here .11-, may be
pointed out that i view of the brief vegetation period
(approximately three weeks) damage caused t;? growth and
yield was not very considerable. Net_rertheless 1t 18 clear that,
over prolonged vegetation periods the damage due to the
sum-total of concentration of salts employed would have
been detrimental if not actually lethal.

Table 74 shows the results obtained in our experiments,

It will be seen from these figures that the plants possess
f exclusion, since there is no parallelism

between salt concentration In the solution and salt accu-
mulation in the plant: With increased concentration the
absorption of ions becomes relatively depressed, & fact which
is of course well known (28). Jon absorption by the plant
depends, not only on the ion concentration but also on their
quality and on the presence and quality of other accompany-
ing ions (27, 28, 30, 48). Because of the incapacity of the
plant to exclude even detrimental ions, the concentration in
which such ions occur in the vicinity of the roots is of utmost
importance. A one-sided predominance of certain ions may
impede the intake of vital ions. Apart from the hindrance
of nutrient intake, the one-sided predominance and con-
sequent intake of certain ions may also cause considerable
disturbance in the colloido-chemical structure of the proto-
plasm. It is generally assumed that certain ions—e.g., Na, K
—augment the swelling properties of the protoplasm and so
impede its vital activities. Other ions such as Ca appear to
exert an opposite effect and lead to a detoxication of the
plasma (15).

The ions present in one-sided predominance in our case
are sodium chloride, and, in nutrient-enriched media of low
Cl concentration, also potash, phosphoric acid and nitrates.

The undesirable effect of a sodium predominance In
irrigation water has been stressed by various authors, but
probably more because of its effect on the soil than becauseé
of its direct effect on the plant. An impeding influence of

a certain power O
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Na on the intake of K was found by Lundegard (15, p. 143).
I—Iel]LI'il'r"/gf‘“Bl (3_1)= on the other lila.nd, states that Na hag a
Promﬂting mﬂum'lce o t’h? intake of K. Breazale (32)
observed but & slight impediment of the K intake by Na(l,
whereas Hoagland (33) reports a definite impeding influence.
In other experiments carried out by Hoagland (34), however,
an impeding influence was only found at NaCl concentrations
greater than 3,000 p.p.m. Heinrich (35), and likewise
Terlikowsky, Byczkowsky and Sozansky (36), also found an
antagonistic influence by Na in respect of K.

A number of recent publications likewise stress the im-
peding .fluence of Na on the intake of K (37-40). Van
Itallie (41) found an impeding influence with a number of
plants, whereas in other cases the K intake was not affected.
Gauch and Wadleigh (42, 43) showed that there was practi-
cally no influence of sodium chloride on potassium intake
with beans.

In our experiments Na and Cl were the ions most readily
absorbed. As pointed out before, their intake was, how-
ever, not proportional to the amount of NaCl presentin the
culture solution.

In no case and even ab the highest concentration of Na
employed was an impeding influence by Na on the inta.ke‘ of
K observed. With solutions ranging in NaCl concentration
from ca. 50 to 4,000 p.p.m. and varying within a wide ra:nge
in K concentration, the results obtained under the conditions
of our experiment fully corroborate those authors who found
no impediment of K absorption in the presence of Na.

The intake of sodium is most distinctly 1mpef18d: or the
other hand, by the presence of potassuum, the 1mPed‘m;I;2
being apparently directly proportional t0 the amount O =
present. The depression effect is much weaker of zo;:fﬂﬁest
the higher Na concentration. At the Jowest Na an lgf =
K concentration the intake of Na is only 10 per cent.- (1} Na
amount taken up in the absence of 1.{. Ajo a hl'glon]y
concentration, on the other hand, the 1111P5d1me_m lﬂ_ |

} v been obtained in the
about 70 per cent. Similar results have
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case of beets and hay (44) and with six plant species out of
eight in the experiments of Van Itallie (41). If this result is

corroborated in further experiments it may prove to be of

practical significance and alaplication wherever salty irri-

gation water is used.
Calcium was absorbed to & most marked degree when

present in the lowest concentration, but was absorbed only
to 25 per cent. at 10 times and to only 4 per cent. at 50 times

the amount. Similar figures were recorded for the intake

of magnesium. Because of the short veget&tion pe.riod em-
ployed the total intake of both these bwaalel}t cations was
very small and the figures obtained are subject to experi-
mental error.

With regard to the intake of anions it may be pointed out
firstly that relatively and absolutely the strongest absorption
oceurred in the case of chlorine. Nutrients being absent its
intake is parallel more or less with that of Na. As in the
other cases, intake of Cl becomes relatively weaker as the
concentration in the culture solution is increased. In all
cases the intake of sulphates was much smaller both relatively
and absolutely, a finding which has previously been recorded
by several authors (15, Pp. 76-77, 33, 34, 43).

The intake of phosphoric acid was high and only impeded
in the presence of the highest chloride amount employed.
Relatively less P ion was found to be absorbed at higher
concentrations. The finding that no depression of phos-
phate intake by chlorine occurred, except in the case of the
highest Cl concentration, may be compared with the results
of Breazale (32), who found no influence of NaCl on the
absorption of phosphoric acid by wheat seedlings. Similar
results were obtained by Gauch and Wadleigh (42, 43) with
beans and by Gauch and Eton (40) with barley.

It is manifest, on the other hand, that the intake of
chlorides is very much impeded, except in the case of the
highest Cl concentration, by the presence of phosphoric acid.
With the highest amount of phosphates the intake of Cl was
diminished by about 50 per cent., a result noteworthy for its
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possible pl-a,ctical signiﬁca}lce if the observed phenomenon
roves 1o be generally valid.

The intake of mitrates was not influenced at all by the

resence of chlorides and sulphates, the difference in
NOs int,-ta,ke lying within experimental error. The same
observation has been made by Breazale (32), by Gauch
and Eaton (40), and the same conclusion can be derived,
we believe, from the figures given by Hoagland and
Martin (34)-

It is evident from the difference in the intake of cations
and anions recorded that a general tendency for preferential
anion intake existed in our experiments. A slight alkalin-
jsation observed in almost all cases where nutrients were
added gives further support to this view, since it is known
that a preferential absorption of anions is accompanied by an
outgo of bicarbonates whereby the electrostatic equilibrium
is preserved. The preferential intake of NO, has of course
long been known (22, 33, 46).

The inundation of the plant by Na and Cl ions harmful to
the protoplasma causes the severe damage so often observed
in nature such as poor crop, stunted growth and the withering
of leaves in the case of citrus trees. In some cases the leaves
show only yellow spots (mottled leaves), and in others they
become entirely yellow. Such leaves have an abnormally
high content of sodium and chlorine (8-11, 16, 51).

In so far as one can generalise from our experiments the
effect of sodium chloride can to & certain degree, apart from
Ca, also be counteracted by the addition of potassium and
phosphates, which tend to impede the intake of Na &Tld. CL.
In many cases where farmers are dependent on sal'me. 1rr1g4.:l--
tion water, the fear is expressed that strong fertili.s&tlon ‘.Wlu
only harmfully increase the salt content of the soil solut_lon-
Since, however, not salt accumulation &8 such, but one-sided
predominance of NaCl, 18 the main factor for dﬂmﬂg.es 93
served, this view seems to be ill founded. Qur e:q:h%”’m.lm.ltS
tend to show that under moderate conditions of s&hnltl};
addition of potassium and phosphoric acid, elthout

: Digitized by Birzeit University Library



128 THE SOILS OF PALESTINE

slightly augmenting the total intake of _iona, has a markeg
depressing effect on the harmful intake of sodiypy

chloride.

9 THE MAXIMUM CHLORIDE CONTENT TOLERABLE IN
IRRIGATION WATER.

It will be easily understood that very great difficulty is
experienced in attempting tc give general mles as to the
amount of chloride that may be tolerated in irrigation water.
Not only is the sodium chloride content of the water of
importance, but so, too, is the presence or absence of other
salts, as well as their sum total. Furthermore, the nature of
the soil, its drainage conditions, and the stock and variety of
citrus all have to be taken into consideration. Jordan water,
for example, may prove injurious to some plants on the
heavy soils of Kinnereth, but not on the light soils of De-
ganya; on the other hand, Citrus aurantium (Khushkhash)
appears to be more resistant than other stocks. Neverthe-
less, when the sodium chloride content is the predominant
factor, the following observations may be of some help for
practical purposes;

The author has found only two references to the amount
of chlorides tolerable in irrigation water under the con-
ditions prevailing in Palestine. Menchikovsky (17) con-
siders water containing more than 100 mg. Cl per litre to be
unfit for irrigation purposes, while Picard (18) sets the figure
at 200 mg. Cl per litre. Both statements seem to be over-
cautious.

Table 75 records a number of observations made by the
author, supplemented especially from observations made
by Mr. G. W. Baker, of the Government Laboratory.

In recording the injury, no distinction has been made
between mottled leaves and chlorosis, etc., since both often
oceur simultaneously. In No. 11 the damage is probably
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SOILS AND AGRICULTURE 129

4ue 1ot SO much to t}1e action of chloride ions as to that of
the sulphate ijons, which aI:e present to the extent of 128 mg.
per litre: The poor quality of the soil is probably a con-
tributory factor.

Nos. 5, 6 g, 9, and 14-16 are observations made by
Mr. G. W. Baker, and Nos. 12 and 23 are observations made
by Dr. Menchikovsky (17). 1t may be pointed out that
American authors found that injury was caused by irrigation
water containing from 480.to 630 parts Cl per million (22).
Recent American publications consider a Cl content of over
945 p.p.m. 88 unsuitable (46) and a total salt content of
2,000 p.p.m. 88 injurious to unsatisfactory for most crops
(27).

These observations clearly show that injurious effects are
only app&rent when the chloride content rises to 350 mg. Cl
per litre (equivalent t0 584 mg. NaCl per litre) or more.
It should be emphasised that, although injury is perceptible
:n the presence of this amount of chloride ion, much higher
concentrations are necessary to cause complete infertiliby
or death of the tree. At the same time 1t must be remem-
bered that the injuries observed are not always due directly
to the chloride ions but may be the result of secondary
actions. (It is interesting to note that the limib of 350 mg.
Cl per litre coincides with the value of the ratio Ca +Mg/Na
becoming unity.)

‘The obvious symptoms of the injurious action of sodium
chloride are: a poor crop, & stunted growth of the tree, and
especially the withering of the leaves. In some cases the
leaves show only yellow spots (mottled leaves), and in others
they become entirely yellow. Quch leaves have an .&b-
normally high content of sodium, potassium and chlorine,
and a low calcium content (8-11, 16).
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SOILS AND AGRICULTURE 131

3. CHANGES I[N THE SORPTION COMPLEX AS A RESULT OF
' FAULTY IRRIGATION.

Qoils which are rich in lime, when irrigated with water
having & low chloride content, do not raise any special

oblems (see Gesher soil in Table 76), but when the irrigation
3 ter has a high chloride content conditions change.
W&Ae continued irrigation with water containing common
qalt not only enriches the soil solution in sodium chloride
(cf., for instance, the Jericho soil described on page 22),
but': may, under certain conditions, (?ompletel.y change the
composition of the sorption complex in the soil. Th.e place
of the calcium adsorbed by the c‘l.a;}t may be:s .ta.ken, in part,
by sodium, which, theoretically, is 1n B pOSIijOIl to dlspla,cie
all the calcium, gradually. The following series of schematic
formulze explain the well-known process:

e ————
————

1. | clay =Cﬂ+2NﬂCL_..___\ clay l i N&-i—(.'n('.‘l,

o A -H
- Na e I , 4+ 2NaOH
2. | clay | _ NIL-%-EHOH'## clay | T

3. oNaOH +C0,—N8,C0,+H,0

con-
Jome scholars have asserted that even unc'llir 'TZ S
ditions prevailing in Palestine this process rem; S la.tion i
alkalinisation Or, what 18 tantamount, the 'orn; e
sodium carbonate (19, 20). It is true thatelint of 50ds
dividual cases there are signs of & cf}mmenc ic equilibria.
formation, for we have to deal here with d}’n&mt e
But we de;.ire to contradict the gene:rail1 st&tilélegeal w{th o
A '1ing we ave
ditions here prevallls, . of soda,
gfmz?o; of “black alkali”—?.€. the forma.“:; Obser-
such as is experienced in califorfll&’.ﬂun'gar{fle laboratory
tion in the field and examination 11
vatio =
furnish no ground for e atSSUI(J;f t;‘{c}lrmation under our
] SO ey
in argument 8gAIEY T oils, which 1n
co:;liii;?l: i8 thge abundance of lime 1t OT Sea.rs, the total
itself is sufficient tO impede, for seores O3l
1
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132 THE SOILS OF PALESTINE

displacement of calcium. But a.not.her theoret.ica.l argument
likewise contradicts that assumption. The investigationg
of de Sigmond, Gedroiz, Kelley and Oth‘:{rs have proved thag
the sodium-clay formed undergoes a slight hydrolytic djs.
sociation, in the course of which sodium hydroxide is formeq
The latter is converted into carbonate in the presence of
carbonic acid. However, such hydrolytic dissociation takeg
place to a considerable extent only when sodium chloride
is not present in excess. This is due to the fact that sodium
chloride itself is very strongly dissociated, whereby the
dissociation of the sodium-clay is greatly impeded. Only
after the removal of sodium chloride by leaching will
alkalinisation or the formation of soda be possible, with all
its injurious consequences (peptisation, stickiness, etc.).
Under our conditions irrigation does not cause the removal
of sodium chloride from the soil; on the contrary, it causes
a constant increase of sodium chloride (1).

We have, therefore, not so much a process of alkali
formation, with all its accompanying features, but rather
a salinisation of the soil. The following examples will
illustrate this (Table 76):

First let us examine an alkali soil in California (9). The
pH value is extremely high and the soil contains con-
siderable quantities of sodium carbonate but only trifling
quantities of neutral salts (chlorides, sulphates). Calcium
and magnesium have been replaced to a large extent by
sodium, which constitutes 70 per cent. of the exchangeable
bases.

As a contrast, let us now examine some Palestine soils.
The Gesher soil shows an absolute preponderance of calcium
and magnesium in the sorption complex, whilst the amounts
of chlorides and sulphates present indicate that almost half
of the small sodium content is to be found, not in the sorp-
tio‘n complex, but in the form of soluble salts. The soil at
Beisan is very similar, though the chloride content is higher
and all varieties of citrus suffer from chlorosis. However,
here, too, calcium preponderates and the sodium is to be
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134 THE SOILS OF PALESTINE

found not so much in the form of exchangeable }?ase in the
colloid complex as in the form of soluble salts 111_ the soj]
solution, as is manifest from the figures for chlorides apq
sulphates. An extreme example is afforded by Kinnereth,
where all plants perish, not merely orange trees. Tpe
quantity of sodium present is enormous,'&nd yet a large
proportion of this occurs, not in the SOI‘ptl'OIl complex; but
in the soil solution as sodium chloride, as is proved by the
figure for chlorides. The only instance of even a commence.
ment of true soda formation is afforded by the soil from
Gaza (6). This soil contains traces of carbonate, while the
pH value is higher than in other soils; but even here sodium
amounts to only 33 per cent. of the total exchangeable base
content.

Whilst only a few examples have been cited, neverthe-
less the soil at Beisan, and even that of Kinnereth, is
evidence that there is no question of soda formation. The
investigations carried out up to the present show that, first
and foremost, we have to deal with the directly injurious
action of the irrigation water, or with the salinisation of the
soil by sodium chloride, which, as shown above, actually
arrests the formation of soda.

We have stated that the maximum chloride content which
18 permissible in irrigation water is about 350 mg. Cl per
litre. Of course, the limit is fixed only approximately, and
this calls for renewed emphasis. It is clear that the value
of the limit is liable to extensive variations in accordance
with changes in other factors—viz., the variety of citrus,
the amount of irrigation water applied, the age of the
plantation, the presence of other salts, and, especially, the
nature of the soil. In a light, sandy soil sodium chloride
will never accumulate to a great extent, and in such cases
the sodium chloride content of the irrigation water itself is
directly responsible for any damage inflicted on the growing
plants. On the other hand, in a loamy or clayey soil, in
w_h]'Ch sodium chloride can accumulate, the conditions are
different; here the Possibility of an increasing content of

: Digitized by Birzeit University Library



SOILS AND AGRICULTURE 135
5

common salt is ever present, in spite of the nature of the
rigation watber, which, in itself, may be quite suitable
Unfortunately, the old rule ““No irrigation without drainage )
has been only t00 often neglected.

Generally speaking, we have found that, parallel with the
use of irrigation water having too high a chloride content,
the amount of common salt in the soil also increases, the
content ranging from 40 to 620 mg. Cl per 100 gm. soil,
ond that this was invariably accompanied by injury to
the trees. These results resemble those obtained in
California, where the use of saline irrigation water brought
about an accumulation of chlorides (large quantities) in
the soil, amounting to 30-96 mg. Cl per 100 gm. soil; at
the same time, here also plantations were injured in all

cases (22).

C. MANURING.

The manuring problem in the non-irrigated districts of
Palestine, in which ““dry farming ” is the usual practice,
is closely bound up with that of the correct control of the
soil moisture (26). As a result of the irregular distribution of
the rainfall, the farmer’s chief task is the collection and
storage of the water underground and the reduction of the
loss of moisture by evaporation. An over-abundant supply
of nutrients intensifies the transpiration of plants; nitrogen,
for instance, increases the leaf-surface and consequently
increases the water consumption. On the other hand, it
must be remembered that Juxuriant growth increases the
shade, reduces the evaporation, and consequently con;
serves the water supply. An inadequate supply of nutr}eflts
causes the plant to use water In extravagant qu&ntli;{es.
Again, we can hasten blossoming and maturity by &P]?ly Ing
heavy dressings of phosphatic fertilisers, and s0 avoid the
premature ripening caused by lack of water. :

Plants obtain their nutrient salts from the moist upper
layer of the soil, which must, for optimum gmwth,.alw&gﬂ
contain sufficient water t0 supply the plant with the
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136 THE SOILS OF PALESTINE

necessary nutrients. It 1s possi}'Jle that th{f.! soil may dry
out, although there is still sufficient water in the sub-goj]
Under these conditions, it is really the lack of nutriep
salts and not a lack of water which causes the plant t,
perish. We have, therefore, to d]ff'erentlate between twg
types of drought according to the soil or the sgb—soil being
short of water. If the soil is too dry, a lack of nutrientg
results and fertilisers must be applied; here it is advanta.
geous to grow plants which give much shade, such as beets,
turnips, potatoes, etc. On the other hand, if the sub-goj]
is too dry but little manure may be applied, lest a too
Juxuriant plant-growth will bring about too great an
increase in the transpiration current. It is the task of the
practical agriculturist to adopt the correct middle course
between these two extremes.

In arid regions, such as Palestine, it is necessary that
artificial fertilisers be applied at as great a depth as possible,
and not on the surface, because the dominant direction in
which the movement of water takes place in the soil is
upwards from below. If the fertiliser be applied at too
slight a depth beneath the surface, there will not be sufficient
water to convey the nutrients to the plant. As far as
possible artificial fertilisers must always lie in a layer which
remains moist.

Organic manures, such as dung, etc., have a rather different
effect. In a dry soil, they may seriously affect the move-
ment of water between soil and sub-soil by the creation of
pore space, and on this account organic manures should be
only lightly covered; the rise of water by capillarity is thus
Interrupted, and the loss by evaporation is reduced. AS
a general rule in non-irrigated areas slow-acting, long-lasting
fertilisers are to be preferred, because, with the com-
bination of luxuriant growth and a drought, there is a
far greater likelihood of the occurrence of crises in the water
supply.

(1) Soils—The soils of arid and semi-arid countries are
generally assumed to be deficient in nitrogen but rich in
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coluble salts and lime. The summary given in Table 77 sh
the amount of exchangeable bases present in typical PaT:S
tinian soils. Apart from the red sandy soils of the coast:
plain, they are all rich in lime. Small amounts of potash
are present, but the percentage of sodium is & much higher
one.

TABLE 77

EXCHANGEABLE BaseSs 1IN TyPICAL PALESTINIAN So1LS (MG. EQUIVA-
LENTS PER 100 M. SoiL)

____.———__'___

Ca. Mg. K. Na.
Red sandy soils .. En 2:5 0-9 0-3 9.6
Terra rossa .. i S 58-5 1-1 1-4 4.4
Mediterranean steppe soils 11:3 5-4 0+ 8-6
Lisan marls A 1 588 1-2 2-0 40
Alluvial soils o ‘la 33-0 07 0-4 3.6

Some experiments tend to show that Palestinian soils do
not as a rule respond 8O much to potash fertilisers as to
nitrogenous and phosphatic fertilizers (47). Such practical
experience may hold good to & certain extent in some Cases,
but it would be disastrous if applied to citrus orchards
(23, 25, 51, 52), which provide the main cash-crop of the
country. The chief centre of citrus culture 18 situated in the
coastal plain, where the soil is mostly formed by & red loamy
sand, extremely deficient not only in nitrogen a,n.d phos-
phoric acid but also in potash and lime. The data in Table
78 bear out this contention.

Thus only the terra rossa soils contain & mcfderate a.mo'unt;
of nitrogen, and, apart from the loess, all smls. are deﬁc;enf
in phosphoric acid. Most soils contain & fair amt;un ;
available potash, exceptions being the alluvial m}d re( ssll.jn g
soils. The latter soils are also extremely deficient 1D m‘:i
The lack of nutrients in the red sandy soils was also prove
by the results of pot experiments not yet pub

1] ) ' Jantations
(if) M anuring.—Only the citrus P ) ot
ficial fortilisers on a large scale- All other agricultural 80!
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not as a rule receive any, and are ?herefore exhausted, Which
explains the extraordinarily low yields geniara,lly obtained o
them. The average yield per hectare is about 480 kg,
(3-8 cwt. per acre) in the case of wheat and 63? kg. (5 owt,
per acre) in the case of barley. (In many instances, of
course, lack of water is the limiting factor.) The value of
chemical fertilisers imported into Palestine has increageq
fourfold since 1931, and was about £130,000 in 1937. Since
only citrus plantations (30,000 ha. in 1938) are systematically
fertilised, the remainder of the agricultural land (about
800,000 ha.) suffers continuous impoverishment.

TABLE 78

NouTriENTS IN AND PH VALUuEs OF TyPICAL PALESTINIAN SorLs
(AVERAGE FIGURES OF SEVERAL SAMPLES)

Avazlable nutrients
according to Neu- |
bauer N CaCO, pH
POy K,0
% %
Red sandy soils 0-0 0-0 0-04 qTr. 7-2
Terra rossa 52 383 0-12 9-50 7-6
Mediterranean Tr. 26-9 0-01 23:72 81
steppe soils
Lisan marls 4-5 14-8 0-07 58-11 7-6
Alluvial soils 0-1 6-1 0-07 12-70 7-9
Loess soils 8-5 25-2 0-07 26-50 7-9
|

(i) Phosphoric acid.—Double superphosphate is mostly
applied in the plantations at the rate of about 500 gm. per
tree. Experiments carried out with finely ground local raw
phosphate proved to be a failure because of the neutral or
slightly alkaline reaction of the soil. Transjordan raw
phosphates, as they contain about 80 per cent. of tricalcium
phosphate (49), are now converted locally into super-
phosphate (approximately 6,000 tons of raw phosphate were
imported from Transjordan into Palestine in 1944-45).
Palestinian raw phosphates contain only about 50 per cent.
of tricaleium phosphate, the remainder being calcium
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carbonate, SO that they cannot profitably be converted into
superphosphate. It may, however, be possible to increas

the phosphoricaa,cid content by igniting the material a.n;
washing out the quicklime formed. Although it was found
that such 2 treatment raised the content of tricalcium phos-
phate up to 80-85 per cent., there is no proof as yet of its
economic feasibility.

(iv) Pota oh.—Potassium chloride is produced from the Dead
Qea: in 1937 over 99,000 tons, and in 1944 some 97,000 tons,
were exported. This fertiliser was, however, not used in
Palestine before the war, imported potassium sulphate being
used instead (at the rate of 300 gm. per citrus tree). This
strange state of offairs is due to the fact that the farmer is
afraid to increase the chloride content of the soil, a fear, how-
ever, which is baseless, especially so far as the light red sandy
soils of citrus groves are concerned. By irrigation alone
much more chloride i8 added to the soil than by manuring
with potassium chloride. Assuming the irrigation water to
contain only 100 mg. of chlorine per litre, and its amount to
be 5,000 cu. m. per hectare, about 500 kg. of chlorine are
annually added to one hectare by the irrigation water alone.
By treating one hectare with 150 kg. of potassium chloride,
less than 75 kg. of chlorine are added per hectare. Further,
injuries observed from the use of irrigation water containing
over 350 mg. of chlorine per litre are not so much 0 be
ascribed to the chlorine content of the water &s to the
corresponding amount of sodium, becauseé sodium and 1ot

chlorine enters the soil adsorption-complex. Moreover,

where good drainage 18 provided, chlorides do nov accumulate

in the soil. The sums wasted by the unnecessa.r.y a.pplication
of the much more expensi
run into thousands of pounds per annum. ‘ ;

(v) Nitrogen and organic manure,—?-Nitrogﬁn is ap
the form of sulphate of ammonia, Nl
soda, and about 1 Kg. of nitr

All Palestinian soils, - ncluding the terre 10889, L
moderate amounts of nitrogen, respond first and 10T
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nitrogen. As the vegetation period is short, a sufficient
amount of readily available nitrogen must be present in thq
soil. A certain economy in the application of nitrogengyg
fertilisers could be achieved by better preservation of manure,
by composting, green-manuring, and the use of town refyge

Organic manure 18 often very badly handled in Pa,lestine,
the heaps being exposed not only to the intense sun, but alg
to the torrential winter rains. The dung 1s very often left
for weeks in small heaps on the field instead of being plougheq
in as quickly as possible. On almost all farms the very
valuable chicken manure is allowed to dry in the sun, thereby
losing most of its easily soluble nitrogen. The following
analyses confirm this statement:

TABLE 79

ANALyvsisS oF CHICKEN MANURE (PERCENTAGES CALCULATED ON
A WATER-FREE DBASIS)

Organic N (easil
Ash. | matter. | N (total). solubla).y NH,-N.
Fresh manure 57-8 42-4 4-1 3-1 0-9
Sun-dried manure 49-6 50-4 2-4 0-8 0-1

These figures, as well as other observations, show the
necessity for instructing the agricultural population in regard
to the preservation and composting of manure.

The problem of providing sufficient quantities of organic
manure of good quality is closely linked up with the nitrogen
problem. Although nmtrogen can of course be supplied by
artificial fertilisers, the use of organic manure for the im-
prov?ment of soil structure, stimulation of bacterial activity,
etc., 1s in many cases imperative. The easily permeable, red
sandy soils in the citrus-belt are deficient in a material that
can a.lf)sorb nutrients and water. Because of the scarcity of
organic material in the country, great quantities of manure
are 1mported from neighbouring countries, the price being
20s. to‘ 30s. per ton (pre-war). Possibly the low-moor peat
found in the north of Palestine (Huleh region) may prove a
substitute for organic manure. Qur preliminary investiga'
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tjons have shown that an application of 10 tons per hecta
of this peat 18 quite sufficient to absorb all the nutrienz
gdded to the soil. The peat contains about 1:0-1:5 per cent
pitrogen; which, although it was without effect in a po’;
experiment, may become slowly available.

Whereas the author agrees with Keen (66) that the
fertiliser-value of organic matter under Mediterranean con-
ditions is more than doubtful, the peasant’s custom of
using dung for fuel should, nevertheless, be discouraged.
The improvement of soil-structure and the stimulation of
bacterial activity by organic manure should not be under-
estimated. Keen rightly stresses the importance of making
controlled experiments with town refuse and farmyard
compost and manure under Middle East conditions.

(vi) Lime.—As mentioned above, most Palestinian soils are
rich in lime, the only exception being the red sandy soils of
the coastal plain. On these, liming 18 absolutely necessary,

TABLE 80
NUTRIENTS REMOVED py THE CHIEF CROPS OF PALESTINE (1935)
S ; Nit;}gan Phosphates Potash
Utes: Yield. (). (P.0). | KO
million kg. M. tons M. tons M. tons
Wheat . . 104 3,026 1,297 2,161
Barley .. 68 1,373 687 1,373
Sorghum 46 1,109 512 1,386
Grapes . . 29 232 817 : igg
Citrus .. | [20,000 ha.] 1,260 380 , =
G| e SRR St
Totals .. | 6,999 2,963 8,680

o TRIENTS TO PALESTINE So1Ls (1935)

ESTIMATED ADDITION OF Nvu /

R e
' tash
Nitrogen Phosphates Po
(N )' I (Plol') (Klo)'
R R T
& M. tons M. tons M. tﬁuszga
5 36
Artificial fertilisers (13,000 tons) 1’222 ljg{}{} o
Organic manures (150,000 tons)
gaaamaa = RSO E
2,341 1,980 1,486
, 5,196
' 4,658 977 .
Deficit .. o s o
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since every citrus crop removes about 100 kg. CaQ per
hectare. For example, at the governmental horticulturg)
stations (50), when the pH is under 7, not less _than 600 kg. of
quicklime (slaked before application) are applied per hectare.
A dressing of lime is of course needed.not onl'y because of jtg
physiological effect (53), bub also for improving the physico.-
chemical qualities of the soil. |

(vii) Fertiliser Balance.—By calculating the quantities of
nutrients removed annually from the soil and those added to
it in fertilisers a fertiliser balance-sheet is attained.

TABLE 81

ArTiFiciAL FErRTILISERS (NPK) PER HECTARE OF
AGRICULTURAL LaAND (KG.)

N. P505. K.O. Total.
Palestine (1935) 3-0 25 19 7-4
Holland (1929) 32:5 540 44-1 130-6
Germany (1929) .. 12-8 17-1 25-0 54-9
Great Britain (1929) 2:6 8-1 3-b 14-2
Italy (1929) .. o = 4-7 21-5 1-9 28-1
Egypt (1929) 1 o 12-0 3-2 0-1 15-3
Algeria (1929) 0-4 0-8 0-7 1-9

From Tables 78 and 80 it will be seen that nitrogen is the
element of which Palestine soils are in the greatest need. The
situation is aggravated by the fact that, as a result of the
arid conditions, the soils are inherently deficient in nitrogen,
whereas, as a result of the climatic conditions, they are not
80 deficient, relatively, in potash and phosphates. In any
case, there is no doubt that these soils have suffered for
years from continuous impoverishment, and this is con-
firmed by the excessively low yields (see page 161).

Although the imports of artificial fertilisers have increased
fivefold during the last ten years as a result of the activities
of the Zionist colonisation, Table 80 shows that the rates
at which plant nutrients are applied to the soil in Palestine
are still far below those customary in Europe, though

1"‘ Digitized by Birzeit University Library
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1 this connection our views regarding soil moisture and
panuring must be taken into account.

Although & VB:I'.y big increase is called for in the utilisation
of artificial fertilisers, and this can only be brought about
by the education of the farming population, the fact

remains that the chief problem is the creation of a supply of
organic manure.
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xVIII.—THE ENCROACHMENT OF SAND-DUNES
AT CASAREA.

(By courtesy of the Air Ministry. Crown Copyright Reserved.)
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XVIII.—THE ENCROACHMENT OF SAND-DUNES AT C/ESAREA.

(By courtesy of the Air Ministry. Crown Copyright Reserved.)

This aerial photograph reveals the steady progress of dunes at the Palestinian
coast. The remains of the ancient city (1) are now fully covered by sand. (The
town has been finally destroyed in the 13th century.) The Crusader City (2) and
surroundings are still free from sand. Remains of the ancient harbour, constructed
by Herod, are clearly visible. The silt carried by the Wadi Mefjir (3) into the sea
is moved in a 8.-N. direction along the coast. No. 4 shows the remains of the
Herodian theatre and No. 5 the ruined hippodrome of the same period. The oval
(6) represents a Roman amphitheatre which has only been discovered with the help
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V. SOIL EROSION IN PALESTINE

WHEREAS in some countries soil erosion often proceeds in
sudden upheavals, this is not usually the case in Palestine,
where its effect is slower and more gradual; although due to
the neglect of centuries, its devastating effect is by no means
less serious. The Palestine we see to-day is but the ruin of
a once flourishing country (1).

(i) Destruction of Vegetation.—In Palestine as everywhere
in the world the progress of erosion is linked up with the
destruction of vegetation. There is no doubt that Palestine
was far better wooded in antiquity than it is-to-day. We
read, e.g., inthe Book of Joshua (xvii. 18): “But the mountain
shall be thine; for it is a wood, and thou shalt cut it down.”

Whereas in this case the Hebrew word for “ wood” may
possibly refer rather to shrubs and bushes than to forests in
the European sense of the word, there were undoubtedly
also groves of oaks, terebinths, carobs, pines, cypresses and
sycamores. Concerning the last-mentioned tree we know
that it was tended in forests specially planted for timber
(1 Chron. xxvii. 28). Remains of oak forests are found even
to-day at various places, especially so in Jaulan. But even
the Plain of Sharon was covered with bush-wood to such an
extent that it derived its name from it in Roman times.
Josephus describes the Sharon as the place called ‘ forest,”
and so does Strabo. Part of this forest must still have been
extant in the time of the Crusaders, and notable remnants
of it are found even to-day (2, 3). We also know with cer-
tainty that wide areas were covered with vines and with
fruit trees such as figs and olives.

The destruction of vegetation and forests cannot have been
due only to the wars which ravaged the country, although of
course much damage was caused in that way, especially
during the last war. Far more important is the fact that the

146
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SOIL EROSION IN PALESTINE i

type of Palﬂfmﬁn agriculture 1:-133 changed fundamentally
gince the downia of the Byzantine régime. Since then the
desert has ?rept over the country. Whereas it was the ideal
of the J ewish fa,?:mer that every man should sit peacefully
under his own vine and fig tree, the agriculture of the con-
quering nomads consisted mainly of the rearing of flocks. It
is this fundamental change in the type of agriculture which
has caused the change we see to-day. In the first centuries
of the Christian era there were laws against the rearing of
sheep and goats. Rabbi Akiba, for example, said that
¢« Thogse who rear small cattle and cut down good trees . . .
will see no sign of blessing.”” The fact that the ban on the
rearing of flocks is coupled with that of cutting down trees
indicates that the inner connection between the two was very
well understood. And indeed, not only do the goats eat the
young shoots of trees and thereby impede every attempt ab
reforestation, but they also destroy the last remnants of
vegetation by appropriating vast areas for grazing. This
pasture gives WOIS® grazing from year to year and therefore
extends farther and farther. The cumulative effect of de-
forestation and grazing :a also stressed by Keen (9).
Another reason for the destruction of bushes and shrubs
s the use of this vegetation for the manufacture of charcoal
and the burning of lime. There ¢ o village, Umm el Fahm
( mother of coal ™), which derives its name from charcoal

burning. To-day all trace of bushes and shrubs has dis-
from the vicinity oWing to this lucrative

d letel
appeared completely only has Government

industry. Within the last two years =y =~
succeeded in introdueing oil burners for lime kllnB o
(ii) The Decay of Terrace Culture.—Contributing to the

loss of vegetation and to soil erosion is the decay of the old

] jvation I ible on
' ] ountalins. Cultivation 18 POSSIO™E.
e hillsides only if small plains

sloping land and especially on £
are artificially created DY the construction =
These soil strips protec
the cultivation of crops &

unterraced slopes with too 8
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148 THE SOILS OF PALESTINE

washed away and the rain water causes deep rills and gullieg.
The value of terraces was well known in ancient times, ang
ancient Jewish writings of the first few centuries of ¢y,
Christian area give detailed instructions for their construction

To-day most of the ancient terraces are in ruins, apg
instead of fertile slopes we meet with nothing but barren rocj
It is fantastic to see how age-long custom induces the fella},
to plough slopes, which are almost bare of any soil. Such
slopes do not of course yield any return to the cultivator,
Moreover the plough loosens the sparse soil-cover and makeg
it still more liable to erosion. But it is far worse if the
plough is not drawn in the direction of the smallest gradient,
but, as is done quite frequently, in the direction of the slope.
In this case the ridges of the furrows afford no protection
whatsoever against the descending masses of water, which
then rush down through the furrows, carrying away the
valuable soil. It cannot be emphasised too strongly that
even on moderate slopes all ploughing should be done on the
contour—i.e., the furrows should be ploughed at right angles
to the direction of the slope at the same level throughout and
as far as possible at close intervals. The furrows, together
with the ridges produced when they are made, intercept
and retain run-off water, thereby preventing erosion and
facilitating the distribution, penetration and retention of
moisture (4).

A good example in this respect is given by a report on
conditions in the Nablus-Tulkarm Valley (5). Here 97 per
cent. of the whole area (approximately 140,000 dunams) has
steep or precipitous slopes. But only 8 per cent. of the
precipitous slopes and 14 per cent. of the steep slopes have
any terracing which might be really effective in preventing
soil wash-off. No less than approximately 50 per cent. of
the steep and precipitous slopes represent areas of neglected
terraces; yet 76 per cent. of the former and 44 per cent.
of the latter slopes are intensively cultivated. Moreover, 62
per cent. of the steep slopes and 80 per cent. of the
precipitous slopes are primarily growing ground crops,
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thereby requiring ploughing. Small wonder that, hait
the steep slopes and practically all the precipit
« gre eroded annually, losing in the aggregate p1 Ougl; slopes
: , | & considerabl
tonnage of soil, which finds its way on to public K 8
ways or road drains, is deposited on &nPd ¢ high-
. : ; probably

damages fertile plains or is lost altogether into the sea.” All
the slopes show abundant or very abundant rock it

| Well constructed: terr&t:aes are rarely found nowadays in 3{3
hills, & r'ar-e. BXCBP-tIC:’;n bfﬂng: e.g., the village of Bittir, where
the possibility of irrigation has induced the peasants to build
terraces of the finest type.

(iii) T"he Results of Erosion.—The destruction of vegetation
and the decay of terraces have prepared the ruin of the land.
Rainfall in Palestine, especially in the mountain region, is
comparatively heavy, most of the year’s rain falling in the
course of a few months. Violent rainstorms of a cloud-burst
type scour the loose earth from the barren slopes down into
the gorges. The “wadis,” which are dry in summer, in
winter frequently fill up with muddy, dark-coloured, roaring
torrents, which can cause great devastation. No proteoting
vegetation cover protects the soil and no water can trickle
into the barren rock. For this reason the ground-water
level is much lower and springs flow much more scantily
than in ancient times. To-day it is difficult to understand
why the Kidron is described as a torrent. When the slopes
were still terraced, the winter rains Aowed much more gently
and steadily. This is proved, ab least to & certain extent, by
the many deserted water-mills which we find, for example,
in the wadi between Nablus and Tulkarm. The higher 'fhﬂ
gradient of the slope, the greater the force of the descending
water-flow, and this force 18 increased still further l:ty the
silt-masses carried down by the water. Not only 1§d3h3
sparse vegetation carried away, but also s:tones and I:mu‘ze BI:t,'
and even large pieces of rock. The roaring Water-masses

: i Jater be transformed
first form rills on the slopes, which may S
into deep gullies in the plain. AS the g;l terf':es My
seriously with the work of the agriculturist, 10
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them by overploughing, butin this way only loses much more
soil in the next year’s rain. Once formed, such gullies are
extremely liable to additional erosion. The banks of the
gully are then damaged still more and many valuable
plantations are harmed in this way. At the same time the
torrents very often cause damage to highways, bridges, etc.,
and once even a whole train was derailed. Floods occur at
Tiberias almost every year, causing loss of life and property
and depositing masses of mud and boulders in the streets.
(The township is put to considerable expense for the remova]
of these obstructions.)

On their way down the hills the torrents deposit the
boulders and stones in the wadi, while most of the silt is
carried far away into the plains, where it is not needed, and
may even do harm to seeds and agricultural lands.

The silt deposited in the plains is also detrimental in
another respect, since it chokes up the outlets of the wadis
into the sea. This process leads to the formation of swamps,
which are not only harmful to agriculture, but also turn the
land into malaria-ridden districts. Some of these swamps
have now been drained by Jewish institutions (cf. p. 155).

The destruction of vegetation, on the other hand, also
exposes the soil to wind erosion. In Palestine wind erosion
i8 most pronounced in the Beersheba area, where dust storms
are a frequent occurrence. Far greater, however, is the
danger to agriculture in the coastal zone, where moving sand
dunes threaten fertile stretches and highways in many
localities, as for example in the Gaza district and in the
vicinity of Cewmsarea. The magnitude of the processes
involved may be measured at Ascalon, where the city wall,
which was 12 metres high in the time of the Crusades, is now
almost completely covered over by dune sand. The yearly
movement of sand dunes since Roman times has been
estimated by Guy (7) to be about 5-6 metres; at other
places near the coast it is estimated to be about two metres.

The effect of soil erosion in Palestine can best be gauged
from figures prepared by the Government Irrigation Officer.
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The run-off of storm-wagter d}lring an average year is from
gbout 500 to 600 million cubic metres, showing a mean silt
content of 1-4 per cent. This means that the quantity of
gilt carried down the wadis by the flood is from 11 to 14
million tons every year.

If t]t_lis s(.:;il were evenly distributed over the whole area of
Palestine, it would have a thickness of about 2 millimetres,
which means that a soil layer of about 2 metres in thickness
has been eroded during the last 1,000 years. It goes without
saying that soil formation through weathering proceeds at a
much slower rate.

A comparison between the density of settlement in ancient
and modern times likewise reveals & most saddening picture.
In the south of Palestine, say approximately the Hebron
Sub-District, there were (Joshua xv. 48-57) about 30 towns
with their villages, which correspond to about 90 ruined
sites in our day. Amongst all these ruins there are
to-day only 5 miserable villages—i.e., 5 gettlements in an
area of about 1,000 square kilometres (6). Similar results
were obtained by Colonel P. L. Guy, who examined the catch-
ment area of the Wadi Musrara, which drains the western
slopes of Jerusalem to the sea. There are now 32 settlements
and only 4 ruined sites in the plain up to a height of 326 feet.
At an altitude of 326-975 feet there are, however, only 31
villages apart from 65 ruined sites and on the mountain tops
37 villages apart from 124 ruined sites. The percentages

of deserted sites are therefore in the proportion of 11:67:77,
a most significant indication of the devastating results of
erosion in the hills.

(iv) Soil Conservation Remedies.—1b is clear from the ft;re-
going that certain measures should and could be ?at'an
against this terrible menace. First and forem‘.ost: the exrtsf.dmi
vegetation has to be prote oted and afforestationin the Wlt esf
sense of the term undertaken. A tremendous aimm;n djzs
useful work in this respect has been done by Jemshb owﬂe
and by the Government. Bub this is not .enough:, Zc e
on the one hand the area in Jewish hands 18 restricted,
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on the other hand because the funds put hitherto gt the
disposal of the Government Department o;r" Forests have been
quite inadequate. It is here that the artificial restrictiop of
land transfers has an important effect on soil conservation
since a community holding lands in the plain can do nothing
to prevent floods caused by the bare condition of the hillg.

Obviously no useful work can be undertaken withoyt
proper legislative measures. The “ Soil Conservation
Board,” appointed by the Government, is confronted wity
tremendous difficulties if only because the existing legislation
seems in some cases almost to encourage the trespassing ang
the destruction of existing forests. On the other hand, op
the recommendation of this Board an Ordinance was enacted
on the strength of which the High Commissioner may declare
any land to be a * special area.”” Insuch an area the passage
and pasture of all domestic animals may be prohibited or
regulated. Besides the cultivation of such an area, and the
cutting, breaking, burning or removal of any vegetation,
whether planted or of natural growth, may be prohibited.
One such “special area ” is the badly eroded countryside
near Tiberias, where the Government Department of Forests
has effectively treated the steepest slopes by terracing and
tree-planting. Another notable success of this Department
18 the afforestation of approximately 5,000 dunams of sand
dunes near Gaza (8). The activities of various Jewish
organisations are described in the chapter dealing with
Zionist Colonisation.

It should not be forgotten that many problems, as for
example restrictions on the grazing of goats, are closely
linked up with economic questions. Much can, however, be
done in the meantime in the way of education, and a re-
cently formed ‘ Public Committee for Soil Conservation ”
has already done much useful work in urging settlers to
plough on the contour or to build terraces where necessary.
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VvI. THE ZIONIST COLONISATION.

A. Tge HiSTORY OF ZIONIST COLONISATION.

It cannot be our duty to give an exhaustive account here
of the results of the Colonisation Movement, but this book
would be incomplete if we omitted to describe the influence
on the agricultural colonisation of the country of the naturg]
conditions (climate, soils and possibilities of irrigation) with
which we are primarily concerned.

If we disregard the foundation of the Jewish Farm Schoo]
at Mikveh-Israel near Jaffa with the object of preparing
Jews for the adoption of agriculture as a means of livelihood,
the first period of Jewish colonisation dates from the
foundation of Petah-Tiqva in 1878, which is to-day the
largest and most prosperous colony in the orange-growing
district. Other colonies, such as Rishon-le-Zion, Zichron-
Jacob, Ness Ziona, were founded at about this time, and,
at a later date, taken over by Baron Edmond de Rothschild.
Because of the early difficulties encountered by these
colonies, which to-day are exceptionally prosperous, Baron
Rothschild took under his protection the four colonies whose
situation was most embarrassing, placed them on a sound
economic basis, and “ the father of Jewish colonisation ”
afterwards handed them over to the Jewish Colonisation
Association for reorganisation and administration. This
association had been founded by Baron Hirsch in 1891 with
the object of promoting the settlement of Jews on the land.
After -the War the association was converted into the
Palestine Jewish Colonisation Association (P.J.C.A.), which

Bf:l']l carries on its activities to-day, independently of the
Zionist Organisation.

The second colonisation

period comprises the first ten
years of the present century,

and is notable for the extensive
154
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gr&in_growing settlem.tants iIn Lower Galiles, for which the
p.J.C.A. was responsible.

The third I?er:'iod starts "E'E:"ith the commencement of the
colonising actijvlty of the Zionist Organisation, which had
been f01}nci‘ed in 1897 by Theodor Herzl with the object of
«“ establishing for- the Jewish people a home in Palestine
secured by public law.” A few years later (1902) the
Jewish National Fund was formed for the acquisition of
Jand in Palestine to be held as the inalienable property of
the Jewish people, and to convey it to the settlers solely
on hereditary lease. The expenditure of the J.N.F.,
derived from the voluntary contributions made by Jews in
all parts of the world, amounts up to the present to about
£13,000,000, with the aid of which about 75,000 hectares of
land have been purchased. Much of this land, situated
chiefly in the northern portion of the Jordan Basin, in the
Plain of Jezreel, at Akka Bay and in the Wadi Hawareth,
had first of all to be reclaimed and drained. In addition,
12,000 hectares of marshland were drained, the necessary
facilities provided for irrigation, and approximately 3,600,000
trees planted. Altogether about 48,000 hectares were re-
claimed by Jews at an expenditure of £400,000.

The Zionist efforts during this period (roughly from 1908
till 1920) were conducted with the object of replacing the
former one-crop holdings (vines or cereals) by smaller hold-
ings under mixed farming. After the end of Wm:ld _War I
and the assumption of the Mandate by G{‘e&t‘- Britain, {:,he
Zionist Organisation (later transformed into the J aw?:;l
Agency) was recognised as & public body to _"*O'OPemt? L -
the Government for ‘ the gstablishment in Palestine 0
a national home for the Jewish people ™ '(Ba.%four Declara'.-
tion of 2nd November, 1917). Of especial ;mporta-lit‘c i

: : ds as follows: “The
Article 6 of the Mandate, which rea .

ThaA : hile ensuring that the rights

Administration of Palestine, W Al ¢

cps ' of the population are no

and position of other sections O B R

prejudiced, shall facilitate Jowish MMIMEREE © o Cie

able conditions snd shall encourage, in co-0p
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the Jewish Agency referred to in Article 4, cloge Settlement
by Jews on the land, including State lands, ang Waste
lands not required for public purposes.” It may be Wen.
tioned that, for reasons which cannot be discusseg here
practically no State land was a,]loca.ted,_ and that the &rea:
of the land in Jewish possession, amounting to about 60,000
hectares before World War I, was increased to about
173,000 hectares by further purchases, corresponding ¢
18 per cent. of the land cultivable under present conditiong,
or 6:5 per cent. of the total area.

The fourth period begins with the year 1921, when a start
was made with the settlement of the land purchased by the
Jewish National Fund, as described above. To meet the
heavy financial burden of this immense colonisation scheme,
the Palestine Foundation Fund (Keren Hayesod) wag
created. This, like the Jewish National Fund, was baged
on free-will offerings, and to-day has invested more than
£20 million in the land. Of this, about 30 per cent. was
spent on agricultural colonisation, the remainder having
been applied to education, public health, public works, ete.
At the same time the Jewish Agency maintains an agri-
cultural experimental station at Rehoboth, which receives
& grant-in-aid from the Government for research in citrus
culture. Mention must also be made of investigations in
various branches of agriculture which are conducted, quite
independently, in the Hebrew University at Jerusalem, and
also of the fact that both these institutions have joined in
the creation of an agricultural college.

The chief forms of settlement, under the Zionist Organisa-
tion are the ““ Kvuzah *’ and the Moshav.” In ‘ Kwvuzah”
the revenue and possession of the settlement are the common
property of the colonists, and their requirements are met
from_ this common fund. The colonist in ‘* Moshav ”
obtains the land on hereditary lease, is supported financially
at the start if fiecessary, manages his affairs independently,
a,nc.l onl%r combines with other colonists in a co-operative
soclety for the sale of his produce and for the purchase of
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pis supplies, and also for the provision of implements, Ap
important principle of tl.le “ Moshav ” is the definition
which has arisen for social reasons, that only under ex.
ceptional circumsta,nct_es can hired labour be employed.

The Zionist colonies have successfully adopted the
principles of mixed farming, and are now completely
stabilised—i.e., they are mostly self-supporting. At the
same time most of the settlements are repaying, in the form
of liquidation shares, the capital which had been invested in
them. In this connection it may be noted that, on the
average, about 40 per cent. of the invested capital was
written off on account of the initial difficulties.

From about the year 1930 onwards colonisation by private
enterprise has made extraordinary progress and is primarily
responsible for the rapid expansion of citrus culture, now
providing the principal article of export. It may be taken
that since the Balfour Declaration Jewish capital invest-
ments amount to £100 million, of which, naturally, most
has been placed in industry. Of concerns which are of
agricultural interest first place must be given to tl'le Ruthen-
berg Power Station on the Jordan, the ‘Palestme Potash
Company, which recovers potash and bromine from the Dfaa,d
Sea, and the Shemen Oil Factory. Much non-Jewish,
British capital is invested in all these concerns. :

The results of the Jewish colonisation policy are to be
seen in the 250 or so flourishing farming settlements, whose

agricultural and political structure could not l;eﬂ :;1?1;23
even by so severe a crisis as the 1936 troubllf. 1f by
about 400,000 Jews have immigrated who have

assured economic existence. The total number : ieg;:g
amounts to 600,000, of whom about 24 per o ai];,tiOn has
on the land. At the same time the AIﬂ'bhpopclllouble that
increased from) 630;0008ins1919RtORESSS : inare living on
number in 1945. Of these about 64 per cent:

the land. nly been
It iI; self-evident that all these res?if:h h;l:?ldoateyiﬂtm‘
achieved because the power of the Brl
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duced orderly administration in place of Turkish misrule
has built up a network of roads and communicationg, &Ilci
has promoted the development of the country. With regard
to agriculture, the Government has tried in many ways ¢,
help the distressed Arab farmer. The agricultural taxes.
formerly the chief source of the State’s revenue, have begp
greatly reduced—indeed, often completely remitted—so that
they now form but 2 per cent. of the revenue. Simy].
taneously cheap credits have been given to the farming
population, seeds and plants made available, and a network
of practical agrioultural experiment stations established. A
splendidly organised Department of Agriculture attends to
the instruction of the rural populace, the Department of
Forests supervises the maintenance of the forests and puts
out new plantations. A particularly valuable service
rendered by the Government is the successful control of
animal disease.

The Government’s income of £18 million, for the most part
derived from taxes paid by the Jewish community, in the
first place benefits the Arab population.

B. THE NATURAL CONDITIONS IN PALESTINE IN
RELATION TO AGRICULTURAL COLONISATION.

As unoccupied land, in the narrow sense, does not exist
in Palestine, the success of Jewish agricultural colonisation
depends entirely on the possibility of intensifying the
present primitive farming practice. The following account
will show that not only is this possible, but that successful
progress has already been made along these lines.

The distribution of cultivable and uncultivable land is
shown in Table 82 (2).

Of the total land ares of 2,600,000 hectares, only 937,000

hectares, or 35-6 per cent., are cultivable.* This figure of

* Government estimate: 87 6,000 Ha. excluding forests and

_ built-on areas (1). Accordin : .
' ) to_est the
Jewish Agency the cultivablo area is 1 34 Estoss :Elb(?)l.t’ted by
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937,000 hectares agrees closely with the areg of land in
actual cultivation—viz., 797,000 hectares (according to infor-
mation kindly supplied by the Director of the Department of
Agriculture); thus 15 per cent. of the land ig cultivable but
not cultivated.

TABLE 82

COMPOSITION OF AREAS IN THOUSANDS OF HEoTARES

gégﬁ ©
P S, +—
Total | Sand 3 8 [
Area. | Dunes. | Marsh. |Forest.* §§t§:§? %'g
PR :;3 3 3
sR3IS |
M
Coastal Plain 322 34 2 25 19 266
Acre Plain .. 55 3 1 (1) 3 48
Plain of Es- 40| — — 3 37
draelon ..
Huleh Plain .. 19 — 4 — 3 13
Plain of the 107 - 2:5 — 495 55
Jordan
Inhabited hills 612 — —_ 17 241 354
Uninhabited 219 — — — 219 -
hill wilder-
ness
Beersheba area 320 — — — 156 164
Southern desert | 938 | (?) — - 938 —
2,632 37 9:5 17 1,631-6 937

The non-productive area, including the Southern ].)ese-rt,
amounts to almost 65 per cent., which 18 extraordinarily
high, and it appears to us very probable that & la,.f:ga p:*i:;
portion of the ‘ unclassified and undefined land ”’ shot
be included in the ¢ cultivable ” area. Ta:ble 83 slsfows Fhe
proportion of productive and non-productive land in & 16w

countries. i

uch
Of the total cultivable area of 937,000 hectares as m

* Forest Reserve area: 74,5600 Ha. (1).
t Excluding marsh and forest.

- corrected according t0

The fi for the Hill Country WoB ', according to the
Grﬁnuv?ak)g %?Band those of the Beersheba Region

Government Memoranda (1)
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as 242,000 hectares are considered irrigable ang the

THE SOILS OF PALESTINE

reforg

suitable for intensive cultivation according to the 8uthorg
of the J.V.A. project (pp. 170 ef seq.).

TABLE 83
PrODUCTIVE AND NON-PRODUCTIVE AREAS IN VaRrroupsg
COUNTRIES
Total Productive Area. Non-p roductive
T Area,
(1,000 Ha-)- 1 000 Ha| 9 | 1,000 Hal o
--l_____'—\—-—__
Palestine % 2,632 937 35-6 1,695 64-4
Great Britain 22,746 19,267 84-7 3,479 15-3
Italy 28,661 26,398 92-1 2,263 7.9
Greece 6,321 2,837 44-9 3,485 55-1
Algeria 50,578 20,578 40-7 30,000 59-3
|
TABLE 84
UTILISATION OF AGRICULTURAL LAND IN VARIOUS COUNTRIES
Moorland,
Heaths
| e Orchards.| Forest, |20COther
. = / charas. OTESL. Pruductive
asture. Wass
land.
; 1,000 Ha. (1,000 Ha. |1,000 Ha. 1,000 Ha. (1,000 Ha.
Palestine 667 10 120 19 9:5
_ % % % % %
Palestine .. 80-9 1-2 14:6 2-1 1-1
Great Britain 32-2 620 0-1 57 ===
Ita.ly 48-7 234 55 17-7 4.7
Greecja 33-3 243 9.7 29-6 31-3
Algeria, 22:5 4.1 1-9 13-8 57-7

The irrigable area forms about 25 per cent. of the cultiv-

able land, but actuall
under irrigation—that i
—whilst the remainder
fact that the cultivatio

y only about 40,000 hectares are
8, 16 per cent. of the irrigable area
18 under extensive cultivation. The

n of the land is extensive rather than
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i1t will be
Ppallingly high

intensive is brought out in Table 84, from which
seen that the proportion of arable land is g
for a Mediterranean country like Palestine.
The large proportion of orchard land in Palestine ig mainly
due to plantations of olives, vines and figs, which are to be
regarded as extensive cultures. Citrus plantations do not
yet com prise & quarter of this area. Further, it will be seen
from the table that the preponderance of arable land ig really
due to the absence of grassland, for the spring vegetation
and the parched stubble residues, which are given up to the
herds after harvest, can scarcely be reckoned as such. The
growing of green fodder crops has only begun, but is already
having a perceptible effect on animal husbandry. Their
cultivation under irrigation, so far practised in only a few of
the Jewish settlements, could promote the keeping of stock
in a great measure and would benefit agriculture generally.

TABLE 86
AVERAGE YIELDS OF CEREAL Crops IN 100 KG. PER HECTARE
Wheat. Barley.

Palestine (average) .. % 4-8 6-3
Palestine (Jewish colonies) .. 7-2 J1-1
Great Britain (1928-32) Sle 219 ﬁlg
Italy (1928-32) ot o 13-7 o
Greece (1923) .. cle 5t 8-4 o
Algeria (1926) .. ate it 4-2 o
Syria (1924) .. e i 4:9 o
Cyprus (1926) .. o S ﬁ'g Tels
Egypt (1926) .. o o 16-

Now if we are to deplore the disproportion&te Rrepondzxi--
ance of the area under the plough, this plea-recelvsz:_vd d-
tional emphasis when we consider the low }ﬂelf?s & lm? s'

It must, however, be noted that in BOI%& Je’fmhfc;e{:;l:ell
particularly on the alluvial loams of the Pl&];:; 3 i con:
careful manuring and cultivation have ;em; zbtained in
siderably higher yields, which approach thos the principal
Great Britain. As will be seen below, wheat 18 816 D

yid 1ef
_ . and it is our belie
crop in the extensive type of farming, of time to Increase

that it would not be difficult in the course 11
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the yield obtained by the Arab farmers so as tq at
equal the standard of the Jewish settlers.

The extensive type of Palestine farming is rendereg stil]
more obvious when we examine the actual values of the
agricultural products.

It will be seen that the total value of citrus Production
of £3,657,000 exceeds the value of all other productg
(£4,400,000 in 1938, the last normal pre-war year). Actually
the yield of citrus per hectare is higher than that show;],
because areas which had not yet come into bearing &rej
included.

The table indicates the manner in which the intensification
of agriculture should indubitably be brought about. Tt is
obviously ina,dvisa,ble that all the potential plantation lang
should now be planted with oranges—for economic reasong
alone that would be a mistake—but it is absolutely necessary
that the extensive grain farming should be gradually
replaced by intensive, irrigated cropping, in which fodder
crops should receive special- attention. At the same time
the yields of corn should also be increased by more intensive
manuring and by selection of varieties.

The “viable lot ” (defined hereafter, p. 168) of the
Arab farmer depends on all these factors, and, with that,
the possibility of the acquisition of land and the further
settlen.lent of Jews on the land. It will be seen in the
following pages that the intensification of agriculture, here
:S:Jztﬁzdé ha? n?adef great progress since the beginning of
o cre&tisonczfomsatlon. Cltrus. growing, in particular, by
R :1 mat..r];et&bl-e artlclfa for export, has revolu-

e i ; 0 : alestm-e a,grlculture_. | :
ek e ex&moris rate this process of intensification we

Ples—namely, (i) the growth of the citrus

fndustry ' and (ii) the progressive annual increase in the
Importation of artificia] fertilisers.

least
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TABLE 88
ESTIMATED PRrODUCTION oF Crops, 1935+
Area in 1,000 Production in | y alue in
Hectares. Million Kg. £1,000.

Wheat .. .o ool SRS 104 861
Barley' . . o i 262-7 69 904
Lentils .. i P 8:2 3 98
Kersenneh : 19-3 9 61
Maize 7:0 0:5 (grain) —

8 (fodder 42
Beans 3-3 15 11
Peas 0-3 0-2 9
Dura 100-4 46 188
Sesame .. 27-0 7 107
Tobacco 2:2 1 D
Tomatoes 3:2 17 101
Cucumbers 1-7 8 50
Potatoes s 0-6 3 20
Other vegetables : 6:0 28 (1)
Citrus .. 4 e 29-8 8:3 million 3,657

cases
Olives .. o Ve 475 45 474
Melons .. o o 12:6 69 126
Grapes .. e S 14:9 29 156
Almonds S i 2-6 4 128
Figs A& oe e 9-8 11 63
Apricots o oA 1-2 3 43
Apples, peaches, pears, 1-0 2 (7)
plums and pomegran-
ates
Bananas ore 5o 0-4 4 ()
Fodder o e 10-0 (2) (7)
796-8

O. Tae INTENSIFICATION OF AGRICULTURE IN PALESTINE
AND THE FUTURE OF THE ZIONIST COLONISATION.

We have already shown that the yields per hectare of the

principal field crops are exceptionally Jow, and, on the other

hand, have recorded our experience that the yields obtained

in the Jewish settlements are significantly higher, partly

vati i te., but partly,
owing to better cultivation, seed selection, €

* LLow harvest due t0 drought.

11*
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also, to the application of artificial fertilisers. 'VThe enormoyg
increase in the importation of artificial fertilisers is, of course,
connected with the development of citrus cultivation, which
has made it possible to obtain twenty times the monetary
return from the land as was possible with wheat.

TABLE 87

[MPORTATION OF ARTIFICIAL FERTILISERS, 1922-39
Quantity Value

Year. (T'ons). (£).
1922 .. se 1,077 12,156
]923 B it 1,644 11,156
1924 .. S 2,275 21,346
1926 .. . 2,761 28,957
1926 .. S e 2,617 25,368
1927 e - 2,849 28,606
1928 .. 2 3,361 28,400
1929 .. - 5,986 49,379
1930 .. 3% 7,328 64,073
1931 .. o 4,463 38,858
1932 .. 5t 7,498 50,211
1933 10,324 94,170
1934 12,852 104,724
1935 13,000 107,000
1936 9,687 71,815
1937 .. S 14,698 128,719
1938 .. . 10,243 86,619
1939 .. 5 10,191 88,615

These figures show that Palestine is gradually effecting
a considerable reduction of the deficiency of nitrogen, phos-
phate and potash (p. 138 et seq.).. The reduction in imports
In the last few years may partly be explained by the import
of more concentrated fertilisers and partly by the greater use
of locally produced potash.

The intensification is revealed in a still more striking
manner by the growth of the citrus industry, the value of
whose products exceeds that of all other crops (Table 86).
Both Jews and Arabs have participated in the develop-
ment of citrus plantations, but statistics show that it was
only with the Jewish colonisation that an opportunity was
given for the Arabs to change over to this highly intensive
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form of crop production, whoge products to-day form th
e

country’s chief export.
It was really the Arabs who firgt made citrus cultivation

possible. They sold superfluous land, often
to the J fawiah societies; by the sale of this l&:; t:;loig:j;
community acquired the necessary capital for the intensi-

fication of their agriculture. The Government estimates

36

3oL - —«— Import of Fertilizers (in 10,000£)
x x—%—x Export of Citrus (in 100,000 £)
28} &—-o—o—¢ Extension of Plantations (in 1,000 ha)

24|

20F

16

12

1919 1521 15;23 1025 1927 1929 1931 1933 1935
Year

F1c. 4.—IMPORT OF FERTILISERS, EXPORT OF CITRUS AND
ExTeENsION oF CITRUS.

that since the year 1920 about 68,200 hectares of .Arab
land has passed into the hands of the Jews at & price of
£7,731,000. This fact shows that, even though there 18 no
unoccupied land, there was, nevertheless, a surplus of land
which benefited the Jewish colonisation.

In demonstrating the progress made in the int,ensifti:::;zz
of agriculture in Palestine we have confined our &
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to the above two aspects. As might be expected, many
others might be cited—e.g., egg production has risen in the
Jewish coloniesfrom 39 millions in 1937 to 74 millions in 1944
milk production from 33 million litres to 61 million litreg,
and potatoes from 821 tons in 1926 to 35,000 tons in 1944,
In comparison with a milk yield of 500-700 litres (100-150

TABLE 88

ExTeENSION OF CITRUS PLANTATIONS: QUANTITY AND VALUE
oF THE CiTrUus EXPORTS

Area in |Quantity Exported|
Year. 1,000 wn Mrllions Vag:flﬂlffoﬂap o1t
Hectares. of Chests. gt

1918519 ... 35 0-307

1919-20 .. " 2-8 0-647

1920-21 .. s : 0-831 206
1921-22 .. 5 3-2 1-234 334
1922-23 .. » 1:365 426
1923-24 .. b 1-589 431
1924-25 .. L 3-4 2-146 621
1925-26 .. % 1-515 467
1926-27 .. 3 2,659 825
1927-28 .. . 6-1 2:220 655
1928-29 .. s 1-800 539
1929-30 .. = 7-0 2-884 " 861
19303 S A 11-0 2-469 745
1931539 - 3-735 1,796
1932533 5 16-0 4-499 2,101
1933-34 .. o 20-4 5-549 2,650
1934-35 .. 8, i 26-5 7-768 3,607
1935-36 .. e 295 5-397 2,278
1936-37 .. " | 29-9 10-796 3,873
1937-38 29-9 11-444 3,880
1938-39 I 29-9 15-265 4,355

|

gallona) per annum of the native cow, careful crossing with
imported stock has resulted in an average yield of 3,475
htre.s (770 gallons) per cow per annum being attained in the
Je-wmh holdings, though there are many holdings, in which
milk recording is conducted, in which the yields equal
those of European cows. It may also be mentioned that
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in the settlements of the Jewigh Agency already 64 per cen
nt.

of the fodder requirements are supplied from their
holdings, partly by silage made from majze and partl D:H
clover, lucerne, etc., grown under irrigation. Thusg a zta.ri
has been made here in the desired expansion of ‘“ meadow
and pasture land™ (p. 160). Attention must also be
directed to the successful trials in growing profitable orchard
fruits in the Hill Country without irrigation.

The scope for the expansion of agriculture in Palestine
so as to satisfy the country’s own requirements in agricul-

tural produce is best seen from an examination of the figures
of the agricultural imports.

TABLE 89

IMPORTED AGRICULTURAL PRODUCE

—_—

1938. 1944,

(£.) (£.)

Grain and flour o 068,857 | 7,907,043

Feeding stuffs for animals .. 5 5 40,975 397,254
Meat .. ki » e 1 i 60,231 66,778
Animals, living, for food .. p .. | 418,857 | 1,571,901
Dairy produce . s A .. | 487,327 619,254
Fresh fruits, nuts and vegetables .. .. | 353,101 916,474
Other foodstufis 53 5 T .. | 779,647 | 2,357,647

It is highly desirable, in the interests of the farming

community of Palestine, that locally grown produce ahouldi
replace these and similar imports, whose value excee

£1,500,000.
The great controversy of

centre the absorptive capacity
depends on the viable lot ”’ or the smallest area of land

. Un-
which affords a family the means c:_f Eu?t:;a?;iot yet
fortunately, the compilation of the lan refl; e
complete, and, as the last consus Waﬂ-ﬂimuliies The un-
calculations are beset with: great diffic -

the last few years has had as its
of the land, which, in turn,
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168 THE SOILS OF PALESTINE

certainty of the statistical data resulted in the whole
problem becoming & controversial subject with politicg]
parties, and this certainly did not assist in the impartig)
assessment of all the factors. After the unrest of the year
1929, for instance, the number of Arabs rendered landlegg
by the sale of their land to the Jews was alleged to be opg
of the principal problems of the Government—till it wag
established on the basis of statistics that 664 Arab familjes
could be designated as having been rendered landless in this
way. In the meantime 347 of these families had been
gettled by the Government, while 317 individually declined
to take up land.

In the first edition of this book we tried to arrive at
estimates with regard to the number of Jewish immigrants
who may in future be settled on the land. So much de-
pends, however, on the coming political settlement of the
Zionist question that no such attempt is made this time.
The land sale restrictions enacted shortly before the war
have put a temporary stoppage on colonisation activities in
the greater part of Palestine. Under these land sale
restrictions there is a zone of 5,159 square miles to which the
restrictions do not apply. In a zone comprising approxi-
mately 3,200 square miles all land sales are restricted and in
a further zone of approximately 6,600 square miles they are
absolutely forbidden. This latter zone comprises all the
hilly districts of Palestine, a most regrettable fact, since
people living in the plains have to depend on anti-erosion
measures to be taken in the highlands. For the time being,
therefore, no reclamation of land and intensification of
agriculture is possible in the greater part of the country,

since all these activities depend practically on Jewish
enterprise.

The “ viable lot,”

: : & holding, five or ten
s this amountis necessary on non.-irrigated Iand. Oftho
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present under irrigation. Accordip

Authority,” a description
chapter.
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VII. THE JORDAN VALLEY AUTHORITY

In his book ¢ Palestine, Land of Promise ’ (1) Walter Clay
Lowdermilk has put forward a plan for the simultaneous
creation of power and irrigation possibilities. In the mean-
time more technical details have been released and a proposed
general plan for theirrigation of Palestine by James B. Hayes,
of the Commission on Palestine Surveys (New York), hag
been published (2, 3, 4).

The main aims of ““ J.V.A.” are the diversion of the sweet
waters of the Jordan and its tributaries for the purpose of
irrigation and the utilisation of the deep incline of the Jordan
Rift Valley for purposes of power development. The annual
amount of irrigation water carried through the canals would
come to over two million cubic metres, an amount sufficient
to nrrigate 242,000 hectares of agricultural land as against
40,000 hectares under irrigation at the present time. This
estimate does not include irrigable areas at a higher situation
than the proposed canal system, nor does it take into account
land irrigated by wells or storage possibilities of flood waters.
The totallength of the proposed main feeder canals are stated
to have a length of approximately 450 miles. Three of the
largest dams would be from 80 to 300 feet in height and
from 1,200 to 8,500 feet in length. The sum-total of power
development schemes would amount to roughly 660 million
kilowatt-hours per year. This capacity exceeds that of
the Noris Dam and will be sufficient to serve the needs of
well over a million of additional population.

The co-ordinated programme of power and irrigation
development is envisaged in eight stages. In the first stage
underground water resources in the coastal plain and else-
where are to be developed by drilling and it is expected that

170
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172 THE SOILS OF PALESTINE

enough water will thus be yielded to irrigate 70,000 hectareg
At the same time a power system will be constructed,
consisting of a 90-metre dam on the Hasbani River fropm,
which a tunnel and a canal will lead the water into Palestine
near Metullah and to a power station near Tel Haj.

In the second stage the summer flow of the Jordan triby.
taries will be picked up by a canal which will run north ang
west of the Huleh Basin, receive the water from the power
station at Tel Hai and pass through another small power
station near Nazareth. From there the water will be cop-
veyed gravitationally to the Valley of Jezreel, 1rrigating the
Upper Huleh Basin and Lower Galilee on the way. Thig
canal will also receive the stored waters of certain wadis and
the water of springs in the Huleh Basin.

In the third stage the diversion of half the flow of the
Yarmuk into Lake Tiberias is contemplated. This diversion
will counteract the drop in level of the Lake, likely to be
caused by the diversion of the Jordan tributaries. Part of
this Yarmuk flow will be used to irrigate neighbouring areas.

It is only in the fourth stage that the main power develop-
ment scheme through construction of a Mediterranean-Dead
Sea Canal will be started. The canal will originate in the
Haifa Bay, where the mouth of the Kishon will be widened,
allowing the Mediterranean waters to flow in. They will
then be pumped up 42 metres to a canal passing through the
Jezreel Valley, flow to a regulating reservoir near the rim of
the Jordan Valley and thence dropping about 300 metres to
the first of two power stations. From here a low-level canal
will lead to the second power station discharging into the
Dead Sea. Both plants are estimated to yield approximately
75,000 kw., a figure arrived at after deduction of the power
used for pumping the sea water to the first power station.
The amount of sea water (about 1,000 cubic feet per second)
brought to the Jordan Valley would be equivalent to the
annual diversion of fresh water from the Jordan for irrigation.

In this way the present Dead Sea water-level is being
maintained.

W8 Digitized by Birzeit University Library
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In the fifth stage the Upper Jordan’ a

stored in a central reservoir near N
and used for the irrigation of add;
and the coastal plain as far south
will be carried by a canal reachi
through a tunnel.

The drainage and irrigation of the Huleh swamps and the
construction of storage reservoirs on wadis in Upper Galilee
are contemplated in the sixth Stage. At the same time the
Kurdaneh springs will be utilised and the Yarkon springs
will be pumped into the main canal running south. The
next stage provides for a dam to be built on the Jordan about
15 kilometres south of Beisan for the irrigation of the Lower
Jordan Valley, a canal taking the water from this dam to the
higher-lying section of the Jericho plain. In the final stage
all the main wadi discharges on the western watershed will
be conveyed by the main canal running south to the Negeb.
Local storage in the Negeb will serve to irrigate higher-lying

winter flows are to be
a‘z&reth (Sahl el Battauf )
tional areag in the Emek
as Rehoboth. The water

g the western watershed

areas.

The following is a summary of the different stages of the
irrigation scheme (4):

TABLE 90
SUMMARY OF IRRIGATION SCHEMES
' 1 | Power con-
Irrigated | Capital | Water con- a‘ﬁ;’;ﬁ g | sumption
Stage area Costs gumption i million
(1,000 Ha.) | £P. (Mill.cu.m.) ¢P. KWH
1 70-3 5,645,500 518 871,260 2{3
2 52-1 9,457,250 343:3 478,000 =
3 11:0 1,989,250 1255 146,776 £
4 =N Ak e e
5 29-2 8,207,500 | 2072 469.323 133
6 29°3 5,378,000  229°3 {:10,825 o
7 165 3,838,000| 2475 | 210,05 %
8 34-2 13,470,500 319:7 | 730208
o | 468
Total 942:6  |47,986,000| 1,090°5 34111'3%%
Per Ha. 197,800 | 82 cu.m. S
Per cu.m. s

* Approxunat-el}' 0+4d.
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174 THE SOILS OF PALESTINE

It may be mentioned that the J.V.A. is not only an agri-
cultural but also an industrial project. The electric power
to be created can be used for a fuller utilisation of the Deag
Sea chemicals and other schemes. The total cost of the
project is estimated at somewhat less than £50 million ang
is stated to pay out at a 3 per cent. rate of interest in a period
not exceeding 50 years. According to the author of J.V.A.
(1, p. 227) his plan will in time make possible the absorption
of at least four million new immigrants.

Whatever the political future of Palestine, there is no
question that the water and soil reserve, if only properly
handled, is big enough to accommodate many hundred
thousand additional settlers on the land.
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