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INTRODUCTION
Salty lands, nearly barren but potentially fertile, occur here and
there along the seacoast and more widely in low parts of regions which
are mainly hot and dry. They can, in most cases, be reclaimed within
an economic cost if drainage can be established and if water is available for irrigation.
There is a wide range in the means used to reclaim salty land,
and this publication gives examples from different parts of the world.
The methods are alike, however, in that they are designed to remove
salts from the soil and to promote chemical change in the soil, building up exchangeable calcium. This is a desirable process in many
areas that are not salty. In cool temperate regions the change is achieved
by liming, that is, by adding ground limestone or some similar
material, and the chemical process is then a removal of exchangeable
hydrogen. In salty lands there is more commonly an undesired amount
of soluble salts and the soil is usually alkaline rather than acid. The
removal of the excess salts is facilitated by the use of water of good
quality, by the use of larger quantities of water, by establishment of
vegetative cover to improve soil structure, and by improvement of
drainage. In certain areas there is an additional problem of a large
percentage of sodium in the base exchange complex of the soil. Under
these conditions calcium can be substituted for sodium by the use of
such amendments as gypsum. The lowering of ground water by drainage or pumping is often an essential part of the reclamation. The
same principles are involved whether the area of salty land is a small
patch or of wide extent.
Because reclamation depends largely on movements of water, it
has more chance of success if attention is given not only to the area
needing reclamation, but to the wider region around and above it.
This wider region receives the rainfall which ultimately flows into
the lower land by means of rivers and irrigation channels or by seepage. It is often possible and profitable to control the movement of
water both within the wider region and within the area to be reclaimed.
[1]

OCCURRENCE OF SALTY SOIL
Land used for crops usually supports many plants, and their partly
decomposed leaves and roots often give a dark color to the upper
part of the soil. In most cases stones, sand, silt, and clay are present
in the soil and the smaller particles commonly stick together, forming
aggregates that are distinctive in shape, size, and feel. If a pit is dug
in the soil, remarkable changes are revealed as the depth increases.
Layers, called "horizons," can be distinguished by color, content of
organic matter, hardness, and other features. The whole sequence
from the surface to the underlying parent material constitutes the
"soil profile."
The profile is sometimes recognizable as one of the well-known
major kinds of soil such as podzol, which supports the coniferous
forests of moist cool climates, or chernozem, the black fertile soil of
grasslands with a warmer and drier climate. In hot arid climates the
soil is. mostly bare and contains little organic matter, but at shallow
depth it is likely to contain calcium carbonate in white streaks and
patches, or forming a conspicuous horizontal layer. The distinctive
features of podzol, chernozem, and desert soils result from the longcontinued . action of climate and vegetation on the parent materials of
the soils.
These soils occur in broad climatic zones, but other soils occur
in association with them. This is because low-lying areas receive not
only their share of rainfall but also an inflow of surface water and
seepage water. In cool regions, the low spots are swampy and have
distinctive vegetation. The soil also differs notably from that on the
better-drained land near-by. In hot regions, the low spots contain
salts carried by the inflowing water and left behind when it evaporates.
* Salty soils are therefore commonly found near present or former streams
or in depressions of regions which are on the whole rather hot and
dry. The water that flows into these low-lying areas carries with it
small solid particles from the higher land, which are deposited lower
down. Some of the deposits are quite shallow but others are thousands of feet deep. Within the top few feet the deposit may be uniform or it may show sharp changes — layers of sand or gravel alternating with silt or clay. Such layers often occur where a stream fans
out or meanders across a plain since the speed of the current at any
one point alters from time to time and there are corresponding changes
in the size of particles successively deposited.
The soils with which we are concerned consist for the most part
of fairly level, moderately extensive sheets of sands, silts, and clays
lying one above the other. During the laying-down of this material,
[2]

ground water at shallow depth may have been present throughout
the plain, in some parts of the plain, or in no part. Evaporation takes
place only where water is at or near the ground surface, and consequently notable amounts of salt may occur widely throughout the
plain, in some parts only, or hardly at all. For example, ground'
water in the Nile delta rises within a few feet of the soil surface, sinking again after the flood has passed. This has been going on for
thousands of years and, in consequence, much of the area consists
of salty soil. On the other hand, in the Anglo-Egyptian Sudan, some
minor tributaries to the Nile cross wide plains which, for the most
part, have no ground water at shallow depth, and accordingly salty
soils occur only in patches near past or present streams. Salty soils
have a spotty distribution which has been described as a kind of smallpox on the soil. The salty spots may be isolated barren patches within
a field that is mainly fertile, or they may be so numerous and extensive that the field is mostly barren, with just a few spots in which
plants make good or moderate growth. Diagram I shows the patchy
distribution of soils in an area of about 1.5 hectares in the arid southern
part of the Ukraine.
The ground water that carries dissolved salts into an area of
deposition varies greatly in composition. In some cases the ground
water has passed through former marine sediments. In that case it
may have a rather high content of sodium chloride, but, as a rule,
its main constituent is calcium bicarbonate, together with some dissolved silica and some sodium salts. As water of this kind evaporates,
calcium carbonate separates from solution, forming white lumps or
veins within the soil ; the residual solution thus acquires a higher
proportion of sodium salts, with sodium sulfate as a common constituent.
The fine clay particles that are deposited in a low part of a hot
dry region usually contain a large proportion of calcium and a small
proportion of other bases. This material, which for brevity we can
call "calcium clay," readily forms aggregates with spaces between,
permitting movement of water and air. The material is permeable
and only moderately alkaline. When material of this kind comes in
contact with a solution containing sodium salts, a change occurs :
Calcium Clay + Sodium Salt S—>•
•<—e Sodium Clay + Calcium Salt
The opposed arrows mean that the change is reversible.
If calcium clay is shaken with a solution of common salt (sodium
chloride) and is then separated and analyzed, it is found to contain
a high proportion of sodium and a small proportion of other bases.
[3]

MODERATELY SOLONIZED
CHESTNUT SOIL

FERTILE SOIL
RESEMBLING CHERNOZEM

INFERTILE SOLONETZ

\
\
Its original content of calcium has been exchanged for sodium ; thé
material can now be described as "sodium clay." While it is in contact with the salt solution, the exchange does not seem to have made
much difference, but the difference is strikingly revealed when the salt
solution is removed.. The material is then impermeable to water. The.
fine particles do not unite to form aggregates in loose contact ; on
the contrary, each absorbs a little water, and together they form a
jelly-like mass. On drying, this shrinks into large angular clods too
hard for a plow to break. When moist, the material is strongly alkaline : the sodium does not remain attached to the clay particle but
passes into solution, forming sodium hydroxide, a strong alkali, which
absorbs carbon dioxide from the air and changes into sodium carbonate or bicarbonate. The change from calcium clay to sodium clay
is harmful to plants because of the high alkalinity (high hydroxyl ion
concentration) and because water and air cannot move through thé
soil.
The reverse change from sodium clay to calcium clay is brought
about by treating the sodium clay with a calcium salt, gypsum (calcium sulfate) being commonly used for this purpose. The material
then again acquires a high content of calcium and, after drying by
exposure to air, or after alternate freezing and thawing (R. Gardner,
1945), it recovers its advantageous physical properties.
These changes are readily demonstrated in a laboratory. What
happens in the field is illustrated by the following examples.
SOIL RECLAMATION IN EGYPT
At Birket el Hagg in Egypt, the rise of ground water due to
seepage from a canal in winter created a lake frequented by wild
ducks. In spring and summer the water sank, leaving a white coating
DIAGRAM I. Patchy distribution of salty soils in an area of about
1.5 hectares in the southern Ukraine.
It consists mainly of moderately solonized chestnut soil having 18
cms. depth of gray soil, platy near the surface and with vertical grass
roots. Beneath this is a more compact, chestnut-brown horizon 10 cms.
deep, which changes gradually to a light-colored calcareous loess subsoil.
Numerous small depressions within the area have a darker, deeper, more
fertile, and more permeable soil resembling chernozem. There are also
numerous small patches of a notably less permeable and less fertile soil.
These become conspicuous when the land is plowed, for a solonetz horizon is then turned up. This falls into small angular blocks ; when undisturbed, the fragments are in contact, and form a well-defined layer just
below the soil surface.
(A. M. Mozheiko, 1936)

[5]

of salt on the soil surface. These up-and-down movements of water
continued for some time and presumably caused displacement of exchangeable calcium by sodium. About 1937, surplus water was removed
by drainage and the land was flooded to remove soluble salts. It
was then found that the soil is strongly alkaline, in such bad physical
condition, and so impermeable that none of the drains worked. As
shown in Table 1, some of the plots into which the area was divided
gave very low yields of rice ; tests showed that this was due to high
contents of exchangeable sodium. To reverse this change, applications
of gypsum amounting in some places to 50 metric tons per hectare
were required in the top 30 cm. or so of soil. It was found best
to apply the heavy dressing in two or three doses, stirring and watering the soil at intervals. By this means a notable improvement was
achieved within a few months. The drains began to run, and additional irrigation was needed. The effluent from the drains contained
sodium sulfate, showing that gypsum (calcium sulfate) had reacted as
desired with the sodium clay :
Sodium Clay + Calcium Sulfate S — > Calcium Clay + Sodium Sulfate

TABLE 1. PROGRESS OF RECLAMATION AT BIRKET EL HAGG
Yi ï 1 d s p e r hectare

Plot
number

3

4
5
6

7
8
9
10
11
12
13
14
15

Gypsum
applied .
per

Before
application
of gypsum

After application of gypsum 1

hectare

Rice,
1937

Rice,
1939

Rice,
1940

Cotton,*
1940

Cotton,*
1942

(Metric
tons)

(Metric
quintals)

(Metric
quintals)

(Metric
quintals)

Kg.

Kg.

5
5
2
2
1
2
1
25
20

22
30
26

22
27
33
15
22

33
50
2.5
2.5
2.5
1
1
1

4

330
390
340
300

7

Cotton,»
1943
Kg.

890

740
590
500

25
37

15
21
29
36
23
25

37
23

540
650
360
390

26
25
24

SOURCE: A. Mahmoud (1944).
1 After application of gypsum, good yields of Trifolium alexandrinum were also
obtained in 1940.
2
Ashmouni cotton. Approximate yield in lint.
3
Karnak cotton.
Approximate yield in lint.

[6]

In Egypt the soil is usually fairly permeable and can in many
cases be reclaimed without gypsum if the land is leveled, drained, and
flooded, and if rice or any other kind of vegetation can be grown. A.
Lucas (1903), for example, reports the reclamation of Wadi Tumilat
basin, which had become salty from the rise of ground water due
to seepage from a canal. There Cyperus laevigatus, a reed used for
basket-making, was grown in the early stages. The rotations were
as follows :
On very salty land:
1st year, leaching ; 2nd, Cyperus ; 3rd,
cotton with return to Cyperus if reclamation was incomplete.
On moderately salty land:
1st year, Cyperus ; 2nd, rice ; 3rd cotton ; or 1st year, rice ; 2nd, Cyperus ;
3rd, cotton.
On slightly salty land:
1st year, Cyperus; 2nd, cotton; 3rd,
maize.
Even on well-improved land a crop of rice or Cyperus was taken
every three or four years to wash down any salts that might have risen.
M. Hilmy (1944) has described the reclamation of salty lands at
the north fringe of the Nile delta. The ground water at shallow
depth resembles sea water and the soils contain 6 to 8 percent of
salts, mainly sodium chloride, together with sulfates of sodium and
magnesium. An adequate supply of irrigation water is essential for
reclamation. The drainage system must be such that the smallest
field drains (about 80 cm. deep) remain practically dry. For this
purpose the outfall of the collector drain is maintained by pumping
at 180 cm. depth. An area between a main canal and drain is selected
and divided into units of 80 to 160 hectares. These are leveled
and are subdivided into fields of about 25 hectares, each having one
first-class field drain and canal. The field is again divided into eight
parts by second-class field drains and canals at a distance of, say, 105
meters apart, running alternately and perpendicularly to the first-class
field drain and canal. Each part is releveled in a more precise manner
and then divided into 15 plots by third-class field drains. The plot
is a rectangle 105 m. x 20 m., enclosed on three sides by field drains
and on the fourth, in the 20 m. direction, by the field canal, as shown
in Diagram II. The plots are again leveled.
After this preliminary work, the land is flooded. At the first
flooding, water is admitted both by canals and by drains and is held
on the land for two or three days. Then the drains are allowed to
empty into the collector, leaving the water in the canals and over the
land. This procedure prevents damage to the newly formed drains
[7]
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Layout of drains used while reclaiming salty land in Egypt,
(M. Hilmy, 1944)

and banks. The level of water on the land is maintained against
losses by evaporation and percolation. To remove any remaining irregularities of surface, the land, while still under 7 to 10 cm. of water,
is leveled by means of cattle. Thereafter the plots are allowed to
drain and dry. Drying is followed by plowing and washing until the
percentage of salts is so reduced that the land can be cultivated. This
may take 18 months. The land is then classified and cropped :
a. Reclaimed lands are put under rice. If the crop is reasonably
good, the land is put under Trifolium alexandrinum and the rotation
is repeated for another year, after which other plants can be safely
cultivated.
b. Lands moderately improved are planted with Panicum stagminum, a good summer fodder for cattle. The land is washed again in
the winter, and if improvement is shown the rotation of category (a.)
is followed.
c. There may remain small patches of land showing little improvement. The soil is tested. If salts are still present, the number
of third-class field drains is doubled ; if the soils are alkaline, they
are treated with gypsum.
In the system described, 10 percent or more of the land is occupied by third-class drains. As the land improves, some of the open
ditches can be filled in or replaced by tile drains, which are less liable
to damage than open ditches. They cost two or three times as much
to install, but upkeep is lower. Tile drains are not yet widely used
in Egypt, but they are receiving careful attention. Accounts of
A. Khairy (1944) and G. H. Dempster (1944) may be consulted. An
important point is that after one or two years of drainage, the effluent
is of low salt content and can be used for irrigation. Lowering of
ground-water tables by pumping from wells might in a similar way
produce additional water for irrigation and, in effect, increase the area
of cultivable land.
The improvement of salty land that takes place simply by flooding
a.nd cropping, without application of gypsum, may be ascribed to two
causes : The water of the Nile is of good quality in that it contains
some calcium but only a small proportion of sodium. In contact with
such water, a sodium clay absorbs calcium and releases sodium. If
drainage permits removal of the sodium, the soil is quickly improved.
Secondly, the soils often contain calcium carbonate in the form of
small lumps or bits of shell. These are nearly insoluble in even slightly alkaline water, but, if plants of any kind will grow, their roots
give off carbon dioxide, which makes the immediate surroundings less
alkaline and permits calcium to go into solution as calcium bicarbonate.
[9]

This then reacts with sodium clay and behaves in much the same
way as gypsüm.
The readiness with which salts are removed from soil by flooding depends partly on the texture of the soil and partly on the composition of the salts. Sands in general are more permeable than clays
and allow better drainage. If the salts contain a moderate proportion
of calcium, this will lead to the formation of a permeable calcium clay,
- whereas an impermeable sodium clay will be formed if the salts contain mainly sodium and very little calcium. This was apparently the
• case at Birket el Hagg.
RECLAMATION EXPERIMENTS IN THE SUDAN GEZIRA
The soils of a large irrigated area 50 to 250 kilometers south óf
Khartoum contain about 60 percent clay and are feebly permeable to
water. For the most part the topsoil is free from salts. They are
present in the subsoil, however, with gypsum, at depths of 30 to 120
cm., the depth to which average annual rainfall (250 to 500 millimeters)
penetrates the soil. Light irrigation moistens the soil to about the
Gypsum

Calcium chlorjde

Fvrreut sulphate

Sulphur

Control

90

180

10

Î0

30

10 30 30

10

70

30

10 20

30

10 20

30

Moisture Content Percent
DIAGRAM III. Effect of gypsum and other soil improvers on water
penetration in heavy clay soil of the Sudan Gezira. The curves show moisture content of the soil before and after irrigation. Gypsum (2,500 kg/ha)
and equivalent dressings of other soil improvers increased water penetration and cotton yield but the improvement was insignificant three years
later. In a comparable experiment potassium sulfate (2,500 kg/ha) was
substituted for the calcium chloride treatment. It gave similar results.
It is thought that the soil gradually improves under irrigation without
application of soil improvers.
(H. Greene and O. W. Snow, 1939)
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same depths, and water-storage capacity is accordingly insufficient in
those soils having salts at shallow depth. The soils are alkaline, the
exchangeable sodium rising from about 8 percent near the surface to
about twice as much just above the salty horizon. As shown in Diagram III, application of gypsum or other amendments increased the
depth of water penetration and there were corresponding increases in
the yield of cotton. 'The improvement was not permanent, however,
partly because the applications were light and partly for lack of free
drainage.
Much heavier applications were made and covered drains were~
installed on an experimental scale, but at a prohibitive cost. It was
4'lso ascertained that growing and removing an occasional crop of
saltbush (Atriplex) would counter the introduction of sodium salts by
irrigation water. The main conclusion reached after long and careful
studies, however, was that none of these measures was necessary.
Blue Nile water used for irrigation was of good quality and apparently
the land slowly improved under intermittent irrigation ; salts present
in the subsoil were washed to slightly lower depths even though there
was no through-drainage. Part of this area has been under irrigation,
interrupted by fallow periods, since 1911, and shows no sign of injury
resulting from the absence of subsoil drainage.
This arid region provides an exception to the common experience
that subsoil drainage is essential where irrigation is practiced. On the
other hand, to permit good growth of cotton, it is necessary to remove
by means of drainage ditches the excess water which' can form wide
shallow sheets after heavy rain.
TEMPORARY RECLAMATION NEAR TIENTSIN,
NORTH CHINA
H. T. Yieh has given the following account of the temporary reclamation of low-lying, saline alluvial soils near Tientsin in North China.
The soil, clay loam to loamy clay, is generally wet from 10 cm. down.
Ground water, containing more than 1 percent sodium chloride, lies
about one meter below the soil surface, this being the mean level of
river water, which rises and falls twice daily with the tide.
After the native vegetation has been removed, ditches are dug
'for drainage and irrigation. The drainage ditches, which empty into
the river, are about 70 to 100 cm. in depth and about 20 meters
apart. In the spring, about ten successive floodings are given by water
pumped from the river. The water drains away fairly quickly. Water
remaining after one day is let off through the drains and fresh water
[11]

is applied. After the first year, from two to four preliminary floodings
are sufficient. Salts are removed from the surface soii, and paddy rice
is grown in the soil kept continuously under water. The rice crop
in the first year may not be good, but the yield is normal after three
years (about 45 metric quintals per hectare of hulled rice if amply
fertilized). The land may then be used for dry-land crops such as
maize or soybeans, but it tends to become salty again. The rice crop
is preferred, but the growing of dry-land crops is necessitated by the
limited amount of fresh water available. Table 2 shows the return
of salts into the soil after cessation of rice culture.
TABLE 2. SALT CONTENT OF ALLUVIAL SOIL
Depth
(cm.)

Ricefield
(Percentage)

Dryland
(4 years)
(Percentage)

Dryland
(7-10 years)
(Percentage)

0-15
15-30
30-60
60-90

0.18
0.10
0.10
0.12

1.24
0.28
0.30
0.48

2.40
0.95
0.85
0.96

SOURCE: H. T. Yieh.

The improvement of this soil is maintained as long as fresh water
is available for spring washing and irrigation, but for permanent improvement the water table would have to be lowered by continuous
pumping.
RECLAMATION I N THE SAN JOAQUIN VALLEY,
CALIFORNIA, U. S. A.
On the basis of experiments in California, W. P. Kelley (1937)
concludes that it is economically feasible to reclaim almost any alkali
soil provided it can be effectively drained and an adequate supply of
irrigation water is available.
He observes that alkali soils, that is, soils containing an excess
of soluble salts or exchangeable sodium, are usually formed as a result
of a high water table. The accumulation depends on the rate of
capillary movement of water through the soil, on the rate of evaporation,
and on the salt content of the ground water. The trouble is more
common in arid regions because ground water is more saline, evaporation is greater, and rainfall is less. The use of saline water for irrigation is less commonly a cause of injury to soil. Saline water may,
however, be injurious to crops which are very sensitive to salts or alkali.
In California, about one hundred thousand hectares have been injured
by rise of the ground-water table due to seepage from canals and
to excessive irrigation. On the other hand, within recent years many
[12]

pumps have been installed, lifting ground water from considerable
depths for use in irrigation. In many aress a high ground-water table,
which formerly made the soil salty, has been lowered by pumping and
the soils could now be reclaimed without much trouble or expense.
In California, however, as in many other places, agriculture is limited
by lack of water rather than by lack of land, and farmers prefer to
irrigate good land rather than reclaim poor or bad land.
The name "black alkali" has been given to soils having so high a
content of exchangeable sodium as to be strongly alkaline. Decomposed organic matter is soluble in strong alkali and forms a dark brown
liquid. This evaporates near the soil surface and forms a black crust,
often associated with a white powdery incrustation of sodium salts
such as the carbonate, nitrate, sulfate, and chloride. As these conditions develop, the soil becomes incapable of supporting any crop.
. In Kelley's experiments a black alkali soil at Fresno was reclaimed
by the use of gypsum (22 followed by 12 m.t./ha), or by sulfur (1,100
kg/ha), or by iron sulfate (22 or 12 m.t./ha), or by alum (27 m.t./ha).
Sulfur was the least expensive of these amendments. . In moist soil
it is oxidized by micro-organisms, and, if calcium carbonate is present
in the soil, it forms gypsum, which then reacts with the sodium clay.
The behavior of iron sulfate and alum is similar in that they produce
gypsum if calcium carbonate is present in the soil. If calcium carbonate
is absent, the effects are less satisfactory for, although sodium is displaced from the soil, its place is.taken, not by calcium but by hydrogen.
The material is then to some degree changed into "hydrogen clay,"
which does not have the good physical properties of calcium clay. An
excessive application of sulfur can make soil far tco acid for plant
growth. Kelley found that the black alkali soil at Fresno was improved
simply by growing Bermuda grass • (Cynodon dactylon) and irrigating frequently for two summers. Forage was thus obtained and the
exchangeable sodium content of the soil was greatly reduced, as shown
by Table 3.
At the same time, the exchangeable calcium of the soil was increased. This effect was not produced by irrigation alone, which left
TABLE 3. EXCHANGEABLE SODIUM IN FRESNO SOIL
Depth
(cm.)

1930
'
1937
Percentage of total exchangeable bases

0-30
30-60
60-90
90-120....

57
97
90
43

SOURCE: W; P: Kelley.
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1
4
13
4

the soil hard end cloddy, whereas the grass produced a granular condition. Kelley also gives figures comparing the quick improvement
of black alkali soil by the use of sulfur and the delayed improvement
. brought about by irrigation and cropping. He notes (Table 4) that
the cost of the sulfur was covered by increased yields obtained in the
years 1926-28.
TABLE 4. YIELDS PER HECTARE OBTAINED FROM BLACK
ALKALI SOIL
Date

1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936

Plot 23
Untreated
(Kilograms)

Crop

Melilotus alba
Alfalfa hay.
. "
"
"
"
"
"
Barley hay
Alfalfa hay
" . "
"
"
•"
"
Oat hay
" "

.

Plot 24
Sulfur
(Kilograms)

Plowed under Plowed under
90
12,500
700
20.400
1,900
22,100
5,800
16,800
2,300
6,300
10,800 •
16,000
16,300
.
20,300
19,000
20,800
20,000
20,600
4,300
5,100
.7,400
7,600

SOURCE: W. P. Kelley.

E. Cole (1940) found in the Montgomeiy district of the Punjab
that land having a salt efflorescence was not satisfactorily reclaimed by
growing rice, with heavy watering. Good results weie obtained, however, by scraping off the efflorescence, watering and plowing the land,
and turning in cuttings of Bermuda grass (Cynodon dactylon), which
takes root and requires watering eveiy three months or so. The grass
is grazed by sheep or cattle for three ye;rs and is then killed by plowing and leaving the land dry during the hot season. The land is then
used for two cereal crops followed by lucerne or cotton.
W. P. Kelley (1937) states that reclamation at reasonable cost is
possible only when good drainage can be established. He is supported
in this by R. S. Snyder and co-workers (1940), who found, in the case
of alkaline bottom lands in Idaho (U.S.A.), that the porous soils were
improved by drainage and irrigation, whereas the impervious soils
could not be drained and thus were little improved by gypsum, calcium chloride, sulfuric acid, and sulfur, though these were used in
large amounts (42, 15, 27, and 15 m.t./ha). Similarly, E. E. Thomas
(1936) found in the Imperial Valley, California, that "white alkalj"
soils (calcareous alluvial soils made salty by rise of ground water)
could be improved by irrigation where they were sufficiently permeable
to be drained. The name "white alkali" refers, to a white salty crust
[14]

the soil not being alkaline enough to develop the black crust containing dissolved organic matter. Thomas gives the figures condensed in
Table 5 for exchangeable sodium.
TABLE 5. EXCHANGEABLE SODIUM IN ALLUVIAL SOILS OF
THE IMPERIAL VALLEY
Depth]
(cm.)
0-30
30-60
60-90
90-120

With animal manure,
gypsum, or sulfur
With no amendment
1929
1931
1929
1931
(
m.e. 100g soil
)
34
1
38
1
16
3
14
3
11
4
11
4
11
7
10
6

S O U R C E : É . B . Thomas (1936).

As previously noted, reclamation by irrigation without gypsum or
other amendment is possible only if the soil or the water contains
calcium in considerable amount. Reclamation is achieved when soluble
salts are washed out of the topsoil and when, if necessary, its content
of exchangeable sodium is reduced by replacement with calcium. The
washing away of salts is not in itself an adequate remedy if much exchangeable sodium is present, as was the case at Birket el Hagg, because
the soil may then be impermeable and strongly alkaline.
SOIL RECLAMATION IN NORTHERN INDIA
The full use of vast areas of alluvial soil in the basins of the Indus
and Ganges depends on irrigation, on control of ground-water levels, and
on control of soil salinity and alkalinity. Irrigation enginneers have gained
much practical experience in northern India ; men trained there initiated
the impressive and successful projects for control of Nile waters. India
is second only to the United-States in the use of subsoil waters for irrigation. Pumping from tube wells has the double merit of providing irrigation water and lowering the water table, and is the basis on which the
prosperity of northern India will increasingly depend. High profits are
not expected, for the cost of installation and maintenance is heavy, but
to the industrious Indian peasant a more secure livelihood is being made
available. Relief from the constant menace of famine is afirststep toward
the betterment of living conditions. It is perhaps fortunate that the
technical .problems involved in the control of the turbulent waters pouring down from the Himalayas are so formidable since they are likely to
promote co-operation and understanding between men who differ widely,
or indeed violently, in their beliefs and customs.
As would be expected, there is great local variation in the alluvial
soils of north India. Successive spates have thrown down beds of gravel
[15]

and layer upon layer of sand, silt, and clay; in the drier regions,
evaporation of water has led to accumulations of salt. Climatic conditions range from desert in the Sind and half-desert in much of the
Punjab to the mainly dry climate of the United Provinces, through
Bihar to Bengal, parts of which have a humid tropical climate for
about half the year. In consequence, a good deal of the soil in the
Punjab and the United Provinces is salty, calcareous, and alkaline.
Irrigation is essential, but has in places been accompanied by rapid
rise of ground-water levels, causing land to be abandoned. In Bengal,
on the other hand, many of the soils are leached and lateritic, and the
lower areas are flooded each year for considerable periods.
The native vegetation of a predominantly arid region does not as a
rule clearly indicate the local peculiarities of the soil or its possible development by irrigation and reclamation. Here and there some salt-tolerant
plant may be closely associated with a particular kind of soil, but the
chances are that the same species grows near by on a different kind cf
soil. There are, however, some regularities. Examples are given by
R. C. Hoon and M. L. Mehta (1937), who examined alluvial soils of the
Punjab plain, their sample pits being chosen according to the natural
vegetation. Tables 6 to 9 give data for four of the profiles they examined
and are a fair sample of what is found in such areas.
TABLE 6. COMPOSITION OF ALLUVIAL SOIL AT KOT JAKHPAT IN THE PUNJAB, INDIA
Depth

Clay

CaCO 3

(cm.)

%

%

0- 5
5- 13
13- 49
49- 93
93-122
SOURCE: R.

17
14
19
18

Salts Alkalinity
%

.06
.06
.04
.13
.64

pH

8.2
8.4
8.1
8.3

19
2
10.0
C. Hoon and M. L. Mehta.

Exchangeable base: m.e./lOOg soil
Sodium

.3
.3
.2
.4
4.6

Potassium

1.4

Calcium Miignesium

7.6
7.6
9.8
8.9
.4

2.1
1.0
.8
1.0
.7

Table 6 refers to soil at Kot Jakhpat under scrubby woodland
(Prosopis spicigera), with annual rainfall of about 50 cm., mostly occurring within two months. Plant roots descended to 93 cm., below
which the soil was compact, calcareous, and.strongly alkaline. Trie
analytical data show a sharp change at this depth ; evidently, a good
soil was deposited on top of a bad one. There was a high proportion
of exchangeable sodium in the bottom horizon. Of eight profiles under
this kind of vegetation, two had a high salt content in the topsoil.
A somewhat similar soil was found at Haveli under Capparis aphylla
(C. Cecidua), a green-stemmed, usually leafless shrub. In this case
(Tfble 7) the alluvial nature of the soil is revealed by sharp changes
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in clay content; the other features show a more gradual change. Total
rainfall is about 18 cm. The topsoil is platy, the subsoil compact
except where sandy. The topsoil is more alkaline than in the Kot
Jakhpat profile, but the subsoil is similar in being strongly alkaline
and in having a high proportion of exchangeable sodium and a considerable content of salt. In these soils the salts are mainly mixtures
of sodium chloride and sodium sulfate, with the latter usually predominating.
TABLE 7. COMPOSITION OF ALLUVIAL SOIL AT HAVELI
(DHORA SIALANWALA JUNGLE) IN THE PUNJAB, INDIA
Depth
(cms.)

Clay

CaCO 3

Salts

%

%

%

0- 8
8- 20
20-48
48- 89
89-100
100-107
107-1Z2

14
14
20
9
8
13
19

8.9
9.0
9.0
9.0

•. «

.09
.05
.35
.71
.75

.67

9.5
9.5

.61

Alkalinity
pH

9.0'

Exchangeable

bases

m.e./lOOg soil

Sodium Potassium Calcium + Magnesiur

1.0
1.2
2.0
2.0
1.8
4.9
5.1

tr.
tr.
tr.

4.9

.

5.2
4.7
4.7
2.4
2.3
3.1

SOURCE: R. C. Hoon and M. I,. Mehta.

Another soil form near Haveli (annual rainfall about 18 cm.) is
heavily impregnated with salts (Table 8) ; as the salt content decreases,
the pH values, which express alkalinity, increase. This indicates a
certain uniformity in the soil in spite of the sharp changes in clay
content. One might suppose that this material was deposited under
fairly uniform conditions. By contrast, there was in the Kot Jakhpat,
profile evidence of a marked change in the conditions of deposition.
The soil represented in Table 8 is one of ten profiles under Tamarix
articulata and Suaeda fruticosa, plants tolerant of salty soil and found
where salts accumulate, that is, near stream beds and where ground
water is near the surface. Nine of the ten soils had a high salt content in the topsoil and to the depth of sampling ; surface efflorescence
of salt was also noted. The example cited here had a honeycomb
structure in the surface horizon, 0-5 cm. The next three horizons
were compact and brown or reddish-brown. The 71-122 cm. horizon
was black and contained calcium carbonate concretions and shells.
The high exchangeable potassium of the top horizon is ascribed to
le?f fall.
Hoon and Mehta examined nine profiles under shrubs (Salvadora
oleoides) and grass. All resembled that represented in Table 9 in being
of low salt content and not excessively alkaline. In this example (annual rainfall about 20 cm.) the topsoil was platy and the subsoil com[17]

TABLE 8. COMPOSITION OF ALLUVIAL SOIL AT HAVELI
(GAGHWALA JUNGLE) IN THE PUNJAB, INDIA
Depth
(cm.)

0- 5
5- 9
9- 15
15- 71
71-122

Clay
%

11
3
2
25
24

CaCO 3
%

Salts
%

8.54
6.23
tr.

.-Ï.09
2.55
1.91

Alkalinity
pH

8.5
8.4
8.5
9.0
9.1

Exclîangeable bases m.e./lOOg soil

Sodium

2.2
3.2
1.4
2.0
2.2

Potassium Calcium 4- Magnesium

2.0
fr.

4.0
2.1
4.4
8.7

7.8

SOURCE: K. C. Hoon and M. I,. Mehta.

pact. The soil resembles the upper part of the Kot Jakhpat profile
and, if irrigated, would permit satisfactory crop growth without any
other reclamation.
TABLE 9. COMPOSITION OF ALLUVIAL SOIL IN THE BARALI
BRANCH EXTENSION AREA, PUNJAB, INDIA
Depth

Clay

(cm:)

%
19
19
22

0- 4
4 - 36
36- 75
75-122

13

CaCO»

Salts

Alkalinity

Exchangeable bases m.e./lOOg soil

%

pH

Sodium

.06
.13
.06
.02

8.5
8.8
8.7
8.7

.3
.5
.3
.3

Potassium

1.3
.9
.9
.1

Calcium

9.1
9.3
9.3
9.6

Magnesium

.2

.7
.9
.3

SOURCE: R. C. Hoon and M. I,. Mehta.

At the Punjab Irrigation Research Institute, A. N. Puri (1934)
and E. M. Taylor, A. N. Puri, and A. G. Ashgar (1934) showed that
yields of wheat are negatively correlated with the proportion of exchangeable sodium in the clay and that there is a corresponding but
less close correlation with alkalinity (pH).
M. L. Mehta (1937), examining top 15 cm. and second 15 cm.
samples of soil, found that rice yields of about 1,800 kg/ha could be
expected where the salt content does not exceed 0.24 percent and pH
does not exceed 8.8. Mehta (1940) reported that the area of land damaged by salt was increasing by about 10,000 hectares a year. The
damage occurs even where the water table is deep (12 meters) ; it is
then due to moderate irrigation of salty land. Heavy irrigation, as
for rice, washes salts out of the soil, permitting economic reclamation,
in most cases. Very light irrigation from open wells, where the cultivator extends his cultivation to the utmost, moistens only a shallow
depth of soil and does no harm. With a more plentiful supply of
water, a greater depth of soil is moistened and, during the dry winter
months, salts rise from the subsoil to the surface and prevent plant
[18]

growth. The rise of ground water is nevertheless an urgent problem ;
it does most harm where sandy soil occurs fairly near the surface. Ex^
perience in California and Arizona gives confidence that these difficulties can be overcome in most cases by installation of tube wells.
Their value has also been demonstrated in the Punjab and the United
Provinces.
Mehta (1940) classifies the alluvial soils of the Punjab as in Table 10.
TABLE 10. CLASSIFICATION OF ALLUVIAL LAND IN THE
PUNJAB
Type 1. Good land capable of carrying normal crops : Salt content below
0.2 percent; pH 8.5 or less.
Type 2. Land giving rather lower yields, reclaimed by a single rice crop :
Salt content below 0.2 percent ; pH between 8.5 and 9.0.
Type 3. Land requiring reclamation by two years under rice : Salt content below 0.5 percent ; pH between 9.0 and 9.5.
Type 4. Salt land that can be economically reclaimed (thur soils) : Salt
content above 0.2 percent ; pH below 9.0.
Type 5. Land difficult and costly to reclaim (rakkar soils) : May or may
not have a high salt content ; pH above 9.5.
SOURCE: M. I,. Mehta (1940).

Rice-growing as a means of reclamation resembles the practice
in Egypt. Its success depends in part on the coarseness or heaviness
of the soil. In the Punjab the first rice crop requires 150-170 cm.
of water ; if the soil is readily permeable, upland rice can be grown,
which requires less water. Mehta records reclamation of Type 4 land
having ground water from 15 cm. to 150 cm. below the surface.
Open drains did not lower the water table but nevertheless permitted
some leaching of salt and economic reclamation. Quicker and more
uniform reclamation can be expected by lowering the water table by
pumping from tube wells.
By far the most urgent consideration is the need to recognize that
wise and profitable use of land is à regional matter. Physical features
of the country determine the general flow of water over the surface
and within the soil. The regulation of these movements involves technical, administrative, and financial problems, all of which can be solved
by intelligent co-operation. On the other hand, wasted effort and failure are to be expected if regional co-operation is lacking.

SOLONCHAK, SOLONETZ, AND SOLODI
Russian scientists have made decisive contributions to our understanding of the way soils are formed from the original parent materials
by the long-continued action of climate and vegetation. Their studies
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of saline and alkaline soils are also of fundamental importance. The
following brief outline is based on the account of D. G. Vilensky (1928).
On passing from the hot, dry deserts in south Russia towards the
dense, shady, coniferous forests of the north, the traveler may observe
a regular transition in the climatic conditions, in the native vegetation,
and in the soils. Their arrangement may be shown in tabular form
(Table 11).
TABLE 11. NORTH-TO-SOUTH SUCCESSION OF VEGETATION
AND SOILS IN EUROPEAN RUSSIA
Native Vegetation

Coniferous forest
Deciduous forest
Grass
•
Grass
Desert plants
Desert plants

Main Saline Type

Main Saline Associate

Podzol
Gray forest soil and de- Solodi Band degraded
graded chernozem
blocky solonetz
Chernozem
Black columnar solonetz
Chestnut
Columnar solonetz
Brown desert
Crusty prismatic solonetz
Gray desert
Solonchak

In the driest, gray desert zone, soils affected by ground water
have the Russian name solonchak. They have, usually, a visible accumulation of salts at the surface and may be called wet saline soils
if the ground water is still near the surface, dry saline soils if the ground
water has receded.
Similar soils occur in low situations in the brown desert zone but,
where the accumulation of salt by upward movement and evaporation
of ground water has stopped, the slightly higher precipitation is sufficient
to leach a shallow surface crust and to produce the first representative
of the solonetz soils. The bare crust, 6 cm. or less in thickness, is
gray or yellowish-gray, a porous material with a platy structure, readily broken apart along numerous horizontal planes of weakness.
Immediately below it is the solonetz horizon, consisting of prismatic pieces with flat upper and lower facets. The whitish-brown or
pale brown prisms are generally 10-15 cm. high and 3-6 cm. wide.
They are extremely compact, sharply separated from the overlying and
underlying material, and are separated from each other by wide cracks.
Immediately below the prisms the soil is cemented by calcium carbonate. At a slightly greater depth there are veins and patches of soluble
salts. Salts are also present in the overlying material, since leaching
is not complete.
Along with the chestnut soils of the dry steppe, there are columnar
solonetz soils having a thin gray or dark gray top horizon (Ai) containing many small roots below which is a whitish horizon (A2) up to
30 cm. thick, somewhat platy and porous, firm but crumbling to
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flour when rubbed. Beneath this is the solonetz horizon, of which the
upper part (Bi) consists of columns 8-13 cm. high, 4-5 cm. thick,
flat at the base and slightly rounded at the top,'brown or chestnut
brown in color, the external surfaces having a varnished appearance.
These tough and impermeable columns are separated by vertical cracks
mostly filled with white floury material from above. The lower part
(Ba) of the solonetz horizon, 13-18 cm. thick, consists of angular fragments with brown, varnished surfaces. This changes gradually into
the calcareous, salty subsoil, horizon C. Chlorides and sulfates, the
latter predominating, are usually present in the Ba and upper part of
the C horizons. The rest of the profile is of low salt content.
In the black columnar solonetz of the chernozem zone the Ai horizon is black and several centimeters deep, and the As is reduced to
a thin whitish powdery film or may be absent. The columns of the
Bx horizon, glossy black on their outer surfaces, are broad and thick
with well-rounded tops. The small blocky fragments of the Ba horizon are also black on the exposed surfaces. Below this there is a
transition horizon consisting of angular fragments spotted with brown
and containing veins of calcium carbonate. Below this again is the
C horizon with calcareous spots and concretions. The lower horizons
contain sulfates with some carbonate and bicarbonate of sodium, the
proportion of sulfate decreasing and that of carbonate and bicarbonate increasing towards the north of the chernozem zone.
In the slightly more humid regions farther north, that is, in the
forest-steppe of European Russia and extending into the forest region
of Siberia, saline soils are represented almost exclusively by degraded
blocky solonetz. The Ai horizon, 10-20 cms. thick, is dark gray, structureless or slightly platy, rather friable. The A2 horizon is similar
but a little lighter in color. The B horizon, 50-60 cm. thick, is
dark gray or dark brown, blocky, and crumbles easily when dry. The
surfaces of the fragments are glossy but somewhat coated with gray
dust in the upper part of the horizon. With depth the fragments increase in size and are lighter in color, changing gradually into the
calcareous, structureless C horizon. When moistened with diluted
hydrochloric acid, the soil effervesces from a depth of 50 to 70 cm.
downwards. These soils contain much less soluble sulfates and carbonates than the black columnar solonetz of thé chernozem zone ; indeed, soluble salts are absent from the more northern representatives.
Finally, in the deciduous forest zone, there occur the solodi soils,
which are present also, though to a less extent, in the forest steppe
and chernozem zones. They strikingly resemble podzols. The A,
horizon, about 17 cm. thick, is dark gray near the surface, becom[21]

ing rather lighter below. The As horizon, 11-25 cm. thick, is compact, columnar, almost white, finely foliated in the upper part and containing small brown clods and small iron concretions in the lower
part. It passes abruptly into the B horizon, 25 cm. and more thick,
dense, dark gray and rusty brown, breaking into prismatic fragments
and containing rusty spots and small concretions. These are present
also in the C horizon. Calcium carbonate is absent. The solodi soils
occur in depressions where water accumulates and where there is an
addition of organic matter by leaf fall. Leaching takes place and the
A horizons are found to have a low content of bases and sesquioxides.
The solonchak and solonetz soils occupy, as a rule, low situations
within the associated zones of nonsaline soils. Some, however, which
were formerly in the valley floor, are now on terraces remaining after
the river has worked down to a lower level. Where there is a gradual slope from the bottom lands, a transition is observed from wet
saline soils to dry saline soils above which are found, in succession,
crusty prismatic solonetz, crusty columnar solonetz, and finally deep
columnar solonetz.
The impression is strong that all these soils were at one time structureless wet saline soils and that their present characters are due to
the different degrees of leaching to which they have since been exposed. Evidence supporting this view was obtained by applying sodium chloride to a chernozem soil in Kharkov. The soil became less
permeable to water ; a leached horizon 2 cm. thick developed within
a year and the underlying soil cracked into prismatic pieces quite unlike the original granular structure of the chernozem. Numerous analyses and observations suggest that when salts are leached out of the
top layer of a saline soil, its clay particles, now containing much exchangeable sodium, undergo decomposition. Sodium, soluble organic
matter, and some inorganic constituents are carried down, gradually
forming a B horizon which is alkaline, dark in color, relatively high
in clay content, tough and nearly impermeable to water. Although
clay is commonly washed from an upper A into a lower B horizon, it
can also be formed within the B horizon. C. C. Nikiforoff and M.
Drosdoff (1943) found evidence of this in a claypan soil or solodi from
Oregon. The release and removal of sodium from the upper part
of the soil is accompanied by a reduction in alkalinity. In some
cases the A horizon and the upper part of the B horizon become weakly acid so that, after leaching, the upper part of the soil is neither
saline nor alkaline. The soil, however, remains infertile, feebly permeable to water, and requires reclamation by introduction of calcium
into the clay. The-name solonetz.covers both the somewhat acid soils
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and those that are moderately to strongly alkaline. Their main feature
is a clay horizon, which is an obstacle to water penetration and to
root growth.
.
.
In both the saline and nonsaline soils there is à smooth transition
from unleached soils in south Russia to leached" soils.in the north.
Podzol is more leached than chernozem ; solodi is more leached than
solonetz ; solonetz is more leached than solonchak. Following the distinguished pioneer, K. K. .Gedroiz, some Russian scientists consider
that podzol was formerly chernozem, that solodi was formerly solonetz,
which at a still earlier, stage was solonchak, the less leached soils having been formed in a warmer and drier climate than the present. This
may be true.
The various soils, however, seem to be in equilibrium with the
present climatic conditions. An equilibrium can, in general, be reached
in more > than one way. It would accordingly seem possible for a
podzol to be formed without passing through a .stage that resembles
chernozem and for solodi or solonetz to be formed without passing through
a stage that resembles solonchak.
Of great practical importance is the fact that saline and nonsaline
soils form, as it were, two parallel series, each soil being readily distinguished in the field by features which reveal its position in the series.
Between the nonsaline and saline soils there are transitional forms, for
example, between chestnut soil and the associated columnar solonetz
are soils which the Russians describe in such terms as slightly, moderately, or strongly solonized. The various soils commonly occur in
an intricate pattern similar to that in Diagram I. To the practiced
observer, such an area appears as a complex or assembly of soils rendily identified by inspection, responding to established methods of
reclamation, and having fairly definite agricultural possibilities. Soils
like those described in Russia occur elsewhere in comparable topographic situations, under comparable climatic conditions and, usually,
with the same kind of geologic history.
RECLAMATION IN THE POLTAVA REGION, U.S.S.R.
A. N. Sokolovsky and fellow workers (1941) report'that practically the entire harvest in the Poltava region comes from chernozem
soils having weakly or moderately solonized or solodized features.
With these there occur deep columnar solonetz giving poor yields and
shallow "crusty" or "corky" solonetz which often produces no crop
at all. On old terraces of the Dnieper and its tributaries these infertile
soils occur in small patches within the areas of solonized chernozem,
forming an intricate pattern or soil complex such as is shown in Dia-
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gram I. This patchy distribution of soils is troublesome ; some parts
are wet when others are ready for cultivation ; the crop does not ripen
evenly, and there is delay or loss in harvesting. These difficulties
are reduced by the application of gypsum. For crusty 'solonetz the
authors recommend 7 to 10 tons per hectare applied in two doses
before plowing and cultivation, and for columnar solonetz 6 to 8 tons
per hectare in one dose plowed in to a depth of 24 cm. Farmyard
manure should be applied 50 tons per hectare ; superphosphate 150
kg/ha; and ammonium sulfate 100 kg/ha. The action of gypsum isassisted by irrigation where practicable ; elsewhere, by conserving'
snow. Yields obtained in a reclamation experiment are shown in
Table 12 ; the effect of gypsum became more evident after the first season. Data, not quoted here, gave no sign of a response to potassium.
Yields on the columnar and crusty solonetz were not brought up
to the level of the chernozem and it may be that heavier or repeated
application of gypsum was needed. The authors report some 200,000
ha. of solonetz in the Poltava region. Reclamation is a major problem
in that area.
RECLAMATION IN THE LOWER VOLGA REGION, U.S.S.R.
I. N. Antipov-Karataev and A. A. Zaitsev (1946) state that in the
Lower Volga region there are about 400,000 hectares of solonetz and
a rather larger area of soils closely resembling solonetz. They occur
mainly in the chestnut soil zone. Their poor qualities are due to a
high content of exchangeable sodium in the A horizon and to a compact B horizon. The soil swells on wetting,- is feebly permeable, forms
a hard crust on drying, and is difficult to plow. The soils are classified (Diagram IV) by the thickness of the A horizon as shallow, medium, or deep (less than 8 cm., 8-12 cm., and more than 12 cm.),
these differences being related to differences in content of subsoil salts
(roughly 2, 1, and 0.5 percent at depths below 30 cm.).
The shallow solonetz occurring in the Caspian region contains
much gypsum which can be incorporated with surface soil by deep
plowing ; irrigation improves the physical condition and productivity
of the soil. Medium solonetz is also improved within three or four years
by deep plowing combined with irrigation. Calcium carbonate present
'n the subsoil is thereby incorporated with the surface soil and is
brought into solution when the plant roots evolve carbon dioxide. The
improvement in physical properties and in yield of wheat or sugar
beets is accelerated if gypsum is applied in amounts equivalent to onehalf of the exchangeable sodium. Without deep plowing, three or
four times as much gypsum would be needed.
[24]
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DIAGRAM IV. Shallow, medium and deep solonetz soils in the
chestnut soil zone of the Lower Volga. The shallow solonetz contains much
gypsum which can be incorporated with the surface soil by deep plowing. Under irrigation the physical condition and productivity of the soil
are improved. The medium solonetz is also improved within three or
four years by deep plowing, combined with irrigation. The improvement
is hastened by applying gypsum in amounts equivalent to one-half of the
exchangeable sodium. Without deep plowing, three or four times as much
gypsum would be needed.
(After I. N. Antipov-Karataev and A. A. Zaitsev, 1946)
SOILS OF THE HUNGARIAN PLAIN
During the past two centuries, embankments and drains have progressively reduced flooding of the wide Hungarian plain by the Danube and its tributaries. Ground water still occurs at shallow depth
and about a tenth of the area is more or less impregnated with salts.
In the lowest parts of the plain, where flood water and seepage water
accumulate and evaporate, the soils correspond to the Russian solonchak.
[25]

TABLE 12. YIELDS, IN METRIC QUINTALS PER HECTARE, IN A RECLAMATION EXPERIMENT
ON SOLONETZ IN THE POLTAVA REGION, U. S. S. R.
Fertilization :x
Gypsum
Manure
N and P

13

Shallow Solonetz

0
0.
0

+ + +
+0 + 00 +0 +
+
+
0

0

Cropping :
1937 Barley
Millet

4
0

4
0

1938 Rye
Wheat
Barley

6
6
2

9
8
4

1939 Rye
Beet
Lucerne

4
0
6

4

8
0
15—18

1940 Wheat
Barley
Lucerne

5
1
0

9 —
4
5
1 —

—
_
10
—

0
0
0

0

0

6
1

6
5

10
1

11
4

9

11
15
4

15
11
—

11
10
—

14
15
—

5

10
74

9

9

118

+ +
+0 +
+

+

0
0

+0 +
+

8
1

4

Solonized

Deep Solonetz

11
—

13
5

_

14

17

19
—

—

—

11
154

_

11

_

_

4

5
17
18
—

0

0

0 +

o +

+

0

+

0

Chernozem

+

+

o +

+

0

+

0

15 21 — 18 23 26
11 . 1 4 15. 11 15 15
15 18 — 13
14 18 .26 —
14 20 — 14

19 21
16 25
16 —

I i

Summary of findings :

13
249
_ _

10 14 19 — — 19
154 — 190 — — 228
102 114 — 95 127 —

20 —
18 24 29
18 20 —
21 23
_ _ _ _ _ _

21 29 — 26 31 35
18 20 24 — 23 23
69 66 — 58 65 —

Gypsum effective. Appreciable response to farmyard
manure and a further increase when artificials were
applied with farmyard manure.

Gypsum not effective. Cereals benefited by farmyard
manure. Barley, wheat and
rye give further response to
artificials applied with farmyard manure.

16—
13
—
5

20 23
9 11
6—

Gypsum effective. Response
to farmyard manure and
to supplementary application of artificial fertilizers.

_
15
15

_

_

SOURCE: A. N. Sokolovsky
Symbols indicate that fertilizer was applied ( + ) or was not applied (0) on a given plot.
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These soils usually contain calcium carbonate in the surface soil,
and during the summer show patchy efflorescence of salts, including
sodium carbonate and bicarbonate. They may be clays, loams, or
sands, the latter often having a calcareous hard pan. There are, on
slightly higher land, soils resembling solonetz which A. A. J. de Sigmond
(1927) describes as having in A horizon up to 20 cm. thick, platy, porous, granular or structureless, with a dark-colored B horizon which
may be prismatic, columnar, or lumpy. In Hungary there may be
a Bs horizon showing accumulations of iron and below this the calcareous C horizon.
For one such soil, de Sigmond gives analyses (Table 13) of the
exchangeable bases, showing an interesting change with depth. This
distribution is not generally found, but is evidence of changes in chemical composition associated with the visible features of the soil profile.
TABLE 13. PERCENTAGE COMPOSITION OF EXCHANGEABLE
BASES IN A HUNGARIAN SOLÖNETZ
Horizon

Icium

A Eluvial horizon
B! Black horizon
Ba Iron horizon
C Calcareous horizon

26
12
33
77

Magnesium

Potassium
Perce n t age

13
43
54
20

4
29
2

Sex

56
16
11
3

SOURCE: A. A. J. de Sigmond.

Figures of this kind would be more satisfactory if there were an
additional column showing the percentage of exchangeable hydrogen,
but, unfortunately, somewhat discordant results are given by the various methods of analysis in use. When clay containing exchangeable
bases in such proportions as are shown for the A horizon in Table
13 is in contact with water, some of the exchangeable sodium goes
into solution and its place is taken by hydrogen. In humid-temperate
climates, a similar change occurs with clay originally rich in exchangeable calcium. Plant roots give off carbon dioxide, which makes the
water in contact with the clay sufficiently acid to displace calcium from
the clay, and its place is taken by hydrogen. In the course of time â
considerable proportion of the original basic material is thus removed,
and the clay becomes acid.
The decomposed organic matter or humus in the upper part of
a soil resembles clay in having an appreciable or considerable content
of exchangeable bases. The clay plus humus of a chernozem is practically saturated with calcium. The clay plus humus of a brown forest
soil contains a high proportion of exchangeable calcium and some ex-
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changeable hydrogen. But the clay plus humus of a podzol contains
very little calcium and a high proportion of exchangeable hydrogen;
this material accordingly behaves as an acid. There is thus a progressive change in the ratio of exchangeable calcium to exchangeable
hydrogen on passing from a warm dry climate to one that is cool and
moist.
A somewhat similar displacement of sodium by hydrogen occurs
in the solonetz soils. In Hungary these soils are classified by A. Arany
(1943) as leached or acid. The leached soils are neutral or weakly
acid in the A horizon, neutral or alkaline in the B horizon, and alkaline in the C horizon. The acid solonetz is acid in the A horizon,
acid or neutral in the B horizon, and alkaline in the C horizon. The
difference between the leached and acid solonetz is evidently one of
degree.
RECLAMATION OF HUNGARIAN SOILS
The solonchak soils, salty and calcareous, in' low parts of the Hungarian plain resemble the black alkali soils at Fresno, California, and
they may be reclaimed in a similar way.
A first requirement is lowering of the ground-water table. Sulfur,
sulfuric acid, iron sulfate, or aluminum sulfate may then be applied
in appropriate amounts to change calcium carbonate to the more soluble
sulfate which can then displace sodium from the clay. Alternatively,
the desired changes can be brought about by application of gypsum.
Finally, leaching is required to remove the sodium sulfate formed in
these reactions. In Hungary even the cheapest of these amendments
is too expensive. Satisfactory reclamation has been achieved, however,
by spreading salt-free sand, which is worked into the surface soil
by plowing and crossplowing. Heavy applications of sand permit the
growth of plants whose roots, giving off carbon dioxide, bring calcium
carbonate into solution as bicarbonate. This action may be promoted
also by carbon dioxide given off during decomposition of organic matter present in the buried surface material. Calcium can then displace
sodium from the clay and, if the soil drains freely, a permanent improvement is effected.
The solonetz soils of the Hungarian plain which are neutral, weakly
acid, or acid in the A horizon may also require lowering of the water
table. They benefit by treatment with calcareous materials such as
some kinds of marly subsoil, ground limestone, or sludge from beetsugar factories. These amendments are best used in conjunction with
farmyard manure. Here again calcium is brought into solution by the
carbon dioxide given off as the organic matter decomposes and by
[28]

the reaction between the acidic clay and limestone. The calcium displaces exchangeable sodium, which must be removed by leaching if
the reclamation is to be lasting. In the case of a permeable soil,
rainfall may remove the soluble sodium salts ; irrigation can be used
to hasten their removal.
A. Arany states that solonetz which is neutral or weakly acid in
the A horizon benefits more from application of marly subsoil, whereas
the other calcareous dressings are used with advantage on the more
acid kinds of solonetz. Unfortunately the right kind of marly subsoil
is not always within easy reach, and transport of the other calcareous
amendments is sometimes costly also. On treated, soil the recommended
rotation is sugar beets—wheat—lucerne or red clover. Under good
management there is a progressive increase in fertility after reclamation.
BASIC EXCHANGE COMPLEX OF SOME
SOLONETZ AND SOLODI
It has been shown that the geographical distribution of soils, their
topographical situation, geological history, physical properties, and
fertility are fairly closely related to the composition of their exchangeable bases. This applies both to the nonsaline soils, where hydrogen
to a greater or less degree displaces calcium, and to the saline soils,
where sodium to a greater or less degree displaces calcium.
There is also an intermediate kind of soil in which hydrogen and
sodium together form a high proportion of the exchangeable bases, the
content of exchangeable calcium being correspondingly reduced. Exchangeable bases are usually measured in milligram-equivalents per
100 grams of soil. When the relative proportions are being considered,
it is customary to use percentages ; for example, when exchangeable
sodium exceeds 15 percent of the total exchangeable bases, the soil
has the unfavorable physical properties and low fertility of an alkaline
soil. Conversely, an acid soil will contain something like 50 percent
of exchangeable hydrogen. In both cases the precise numerical values
depend upon how the analysis is carried out, somewhat conflicting results
being obtained by the various methods employed by different workers.
In a general way the relations between exchangeable calcium, sodium,
and hydrogen can be visualized as presented in Diagram V.
This scheme is unduly simplified because no mention is made of
exchangeable potassium and magnesium. In natural soils, exchangeable potassium amounts, usually, to about 2 percent of the total exchangeable bases except in the topsoil, which may be somewhat enriched in potassium by decay of fallen leaves. In Hungary, L. V. Kxebig
(1935) notes up to 30 percent exchangeable potassium in the soil of
[29]

MAINLY CALCIUM
WEAKLY ALKALINE
FERTILE

CALCIUM AND
HYDROGEN

CALCIUM AND
SODIUM

WEAKLY ACID
FERTILE

ALKALINE
LESS FERTILE

CALCIUM, HYDROGEN
AND SODIUM
ACID OR ALKALINE
LESS FERTILE
MAINLY

MAINLY

HYDROGEN

•

ACID
INFERTILE

SODIUM
STRONGLY ALKALINE
INFERTILE

DIAGRAM V. Relations between exchangeable calcium, sodium, and
hydrogen of the soil and its reaction and fertility. Most crop plants grow
best on soil that is weakly acid or alkaline. Some plants, however, prefer
acid soils, whereas others, such as alfalfa or sugar beets, do well on moderately alkaline soils.

cattle standings, a local concentration caused by animal urine. In
laboratory tests, clay saturated with potassium has the good physical
properties of calcium-saturated clay ; the small amounts of exchangeable
potassium normally present are insignificant in this respect but very
important in plant nutrition.
3
Whereas an unduly high percentage of exchangeable magnesium
in comparison to calcium in the soil base exchange complex reduces
the productivity of such soils, claims in some countries have been
made that the high magnesium content in the base exchange complex
also adversely influences soil structure. This last claim has not been
substantiated in all areas. Some of the work conducted by researchers
suggesting that magnesium adversely influences the physical properties
of soil is presented here.
Magnesium commonly amounts to 10 or 20 percent of the exchangeable bases as against 60 to 80 percent calcium, but occasionally
a much higher proportion of magnesium is present and the soil may
then have the unfavorable properties of an alkali soil. J. H. Ellis and
O. G. Caldwell (1935) found in Canada, among soils developed in
the bed of a former glacial lake, soils resembling chernozem and having
[30]

a preponderance of exchangeable calcium. They also found soils having the physical features and topographic location of solonetz and
solodi. ' Their physical characters were due to relatively high content of exchangeable magnesium in the solonetz, and to relatively
high content of exchangeable magnesium and hydrogen in the solodi.
None of the soils contained any appreciable amount of sodium. Relatively high proportions of exchangeable magnesium associated with
unfavorable physical' properties of the soil have been reported in Hungary by L. V. Krebig (1935) and in the U.S.S.R. by I. N. AntipovKarataev and V. N. Filipova (1936). They found, in the case of a
highly solonized chestnut soil in the Lower Volga region, that a light
application of gypsum, followed by irrigation, displaced some magnesium and sodium from the top 20 cm. of soil, as shown in Table
14, the figures being milligram-equivalents per 100 grams of soil.
TABLE 14. DISPLACEMENT OF EXCHANGEABLE MAGNESIUM
AND SODIUM BY USE OF GYPSUM
Ca

Untreated
Gypsum 5 m.t./ha

Horizon 0—7 cm
K • N:a
Mg

9.8 5.7
9.3 3.3

Horizon 10—20
Ca

1. ï
0.6
11.1
1.0
0. 5
15.9
SOURCE: I. N. Autipov-Karataev; V. N. Filipova (1936).

Mg

K

11.7

0.3
0.5

8.5

cm.
Na

2.5
1.7

The changes brought about in the composition of the exchangeable bases in this and similar experiments were accompanied by an
improvement in physical structure and by increased permeability to
water. The expression "highly solonized" is ordinarily applied to
soils containing about 25 percent of exchangeable sodium. Its use
in this instance for soil containing about 10 percent of sodium is explicable, since exchangeable magnesium was present in relatively large
amount.
Joffe and Zimmerman (1944) quote data showing relatively high
contents of exchangeable magnesium in the B horizon of solonetz (cf.
Table 13). They obtained, in pot experiments, poor growth of Sudan
grass where exchangeable magnesium and sodium were both relatively
high. This indicated that magnesium and sodium have somewhat
similar effects.
MARINE RECLAMATION
Tidal flats in New Zealand are usually covered with mangroves.
According to E. B. Glanville (1943, 1947) they are reclaimed by building stopbanks to exclude sea water and by digging drainage ditches
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which empty by free flow at low tide and by pumping. The flats
range from sands to heavy clays. The coarser deposits often contain
beds of shells and can be put under grass two or three years after
sea water has been shut out. The heavier deposits often occur in
low-lying areas and require six to ten years before being ready for
grass. As drainage takes effect, the mangroves die and the area is
invaded by sea-aster (Aster subulatus). When this is replaced by
fleabane (Erigeron canadensis), the soil is nearly free from salt and
may be plowed before the winter rains begin, and cultivated and harrowed during the following summer to make a seed bed. Strawberry
clover (Trifolium fragiferum) is essential in the seed mixture, which
also includes perennial rye grass.- Good pastures are thus produced,
which, as a rule, do not require fertilizers. The land can be used
for mangels, turnips, and maize, but cultivation may be difficult unless
the weather is favorable. Pasture is usually preferred. '
O. Borer (1938) records that the Romans reclaimed some fertile
wheat land in the Wash (East England) by making a bank that is
now up to 8 kilometers inland. The average gain since then has
been about 27 hectares a year. If not assisted by artificial means,
.accretion stops about 800 meters offshore. Mr. Wheeler's report (1876)
is quoted :
"The oldest salt marshes are about 800 meters (one-half mile) in
depth, beyond which there is nothing but bare sands. Directly the
marsh is enclosed by a bank, and the water is shut off, the accretion
becomes rapid and in the course of a few months the sand is covered
with warp (finer material) : then a growth of samphire follows, succeeded by grass, and in a few years a marsh is formed outside the recent
enclosure, which rapidly rises by the accession of warp, through which
the grass grows, until for a foot (30 cm.) or more in depth the soil
is a mass of the finest warp, mixed with roots of grass and decayed
vegetation. This process, repeated during several years, makes some
of the most valuable and fertile soil in the country."
Accretion does not extend more than about 800 meters, because
. as the tide falls and water runs off the deposit it acquires at that distance sufficient speed to carry off the deposited material. As a rule,
silt foreshores outside a recently erected bank will become grass marsh
in about ten years, but a further period of twenty to twenty-five years
should be allowed to elapse before enclosure takes place. The rate
of accretion varies greatly from place to place as determined by tides
and by training works.
Protective works in' northwest Germany, including dams between
low islands, have arrested marine erosion and led to speedy réclama[32]

tion of land. The water of the North Sea contains silt, which settles
where the flood water can come to rest. For this purpose, large rectangles of low dams prove most effective. Throughout the system of
dams, small drains are dug, permitting the deposited silt to dry in the
wind and sun. When the foreshore has risen to about 45 cm. below
mean high-water level, the first plant appears and spreads rapidly.
At higher levels this plant (Talicomea lierbacea) gives place to grass
(Poa maritimd). The grassland is later cropped by sheep and geese
and gradually rises to 45 cm. above mean high-water level, being subject to flood only at the higher tides. It is then ready for embanking. It takes some forty or fifty years before a reclaimed strip of foreshore can be embanked against the high winter floods. In Germany,
as in Holland, too early embankment has proved unsatisfactory.
In the Netherlands, it is estimated that about 400,000 hectares
have been lost since Roman times as a result of flooding, apparently
because the land is sinking. Reclamation there involves pumping,
which was done by windmills in the 17th century but later by steam
and diesel engines.
Tides deposit mud along the coast of Holland. When the muddy
deposits have accumulated sufficiently to rise above the normal summer
tides, the top 20-30 cm. is leached by rain, and the salt vegetation
is replaced by grass. Such a deposit, or kwelder, is subsequently
enclosed by a dike to keep out sea water ; then it is called a polder.
If the clay content is high, a polder quickly changes to fertile arable
land. This is shown in Table 15, giving percentage composition of
exchangeable bases after different periods of exposure.
TABLE 15. CHANGES IN EXCHANGEABLE BASES OF MARINE
CALCAREOUS CLAY FOLLOWING EXPOSURE TO TEMPERATE
HUMID CLIMATE OF HOLLAND
Exposure
(years)

0
6
70

Calcium
"

24

-

6

6
86

Magnesium
Potassium
(Percentage)

48
26
9

9
6
4

Sodium

19
2
1

SOURCE: D. J. Hissink (1938).

N. G. Cassidy (1944) observed an increase in exchangeable magnesium and sodium on leaching a Queensland soil with a solution resembling diluted sea water. The figures in Table 16 are given by him
for an alluvial soil.
The composition of the exchangeable bases in the leached soil
resembles that of the Dutch marine clay. Hissink states that, when
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TABLE 16. INCREASE IN EXCHANGEABLE MAGNESIUM AND
SODIUM BY TREATMENT WITH SOLUTIONS RESEMBLING
DILUTED SEA WATER
Exchangeable Bases, percentage
Ca

Untreated soil
Leached soil

70
34

Mg

16
42

K

8
5

Na

•

5
18

SOURCE; St. G. Cassidy (1944).

first exposed, a marine clay containing a high proportion of exchangeable magnesium and sodium retains much water (up to 350 g. per
100 g. dry material) and the initial change is drying, in which the grass
roots play an important part. The muddy mass shrinks, cracks, and
hardens. Rain and air penetrate the upper layer ; salts, mainly chlorides,
are washed out ; ferrous sulfide is oxidized to ferrous sulfate, which
reacts with the aboundant calcium carbonate to form gypsum ; this
removes ' exchangeable sodium and magnesium from the clay.
• Grass roots promote displacement of these bases by calcium, since
carbon dioxide evolved by the roots increases the solubility of calcium
carbonate. The roots also develop a granular structure in what was
a jelly-like material. This action is partly mechanical, but the decayed
roots have a further effect in providing material (calcium humate) which,
it is thought, binds the clay into aggregates as the mass dries and to
some degree maintains this structure when rains again wet the soil.
For these changes to proceed rapidly and smoothly, drains must be
provided to permit removal of sodium and magnesium sulfate formed
during the base exchange.
Several processes are at work. If the chlorides are washed out
too soon, reclamation is delayed ; the mud becomes highly impermeable and is not subjected to the desired reactions. The action of grass
roots during the kwelder period is thought to contribute greatly to the
future productivity of the soil.
If the kwelder period has been long enough (say 10-20 years), the
land can be cultivated as soon as the polder is enclosed, but great
care is needed to cultivate only the top layer of dry soil and to avoid
the use of heavy implements. In addition, surface water must be drained
off without delay, since the soil has not then acquired a resistant
structure.
During the polder period drying gradually extends to 1 meter depth,
and the soil becomes exceptionally permeable. After 70 years or so
the soil resembles normal cultivable soil. Hissink gives evidence of
a slow subsequent change.involving an increase in exchangeable magne-
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sium and sodium. He remarks that there is no change in the .acid
part of the clay, that is, there is no leaching of silica, alumina, or
iron oxide.
Parts of Belgium were flooded with sea water in 1944. Dèloffre
(1945) recommended that in the reclamation of these areas the soil
should not be touched for several months and then should be-worked
only to a shallow depth when the topsoil was dry. The drying is
hastened by drainage ditches. An initial application of calcium chloride
or gypsum should be followed by fertilizers containing calcium, organic
matter, or ammonium sulfate. Under similar conditions Decoux and
Simon (1945) recommend farmyard manure and green manure, with
early-ripening beets as the first crop, permitting harvesting while the
soil is dry. They record a rapid leaching of sodium chloride from the
soil that had been flooded.
PROBLEMS OF RECLAMATION
It is now clear that the problem of using salty lands involves :
1. Getting rid of excessive salts, and
2. Building- up a high content of exchangeable calcium.
Task 2 may involve the removal of excessive exchangeable sodium,
magnesium, or hydrogen from the depth of soil which plant roots
will occupy. Regions in which salty lands occur usually require irrigation, and there is the associated problem of preventing accumulation
of the undesired substances in the soil occupied by the roots of irrigated crops. Such accumulation may occur if the soil is already impermeable, or if irrigation makes it impermeable, or if the irrigation water
contains much salt, or if it causes deep-lying salts to rise into the
root zone.
In considering these problems there are three main points :
1. The soil has some kind of profile. If a hole is dug, changes
with depth will usually be seen. They may indicate accidents of
deposition, e.g., superimposed layers of sand and clay, or the effects
of climate and vegetation, which bring about a segregation of organic
matter or soluble salts.
2. The soil profile is not an isolated unit but has its place in ä
long series of soil profiles extending from the low land to the high
land. This long series is called a catena. Substances leached from
its high-lying members are to some degree deposited in its low-lying
members. The low-lying soils are, in this way, intimately related to
the high-lying soils. The whole catena is a physical unit ; if one part
is put to new uses, there often follow striking changes in another part.
[35]

3. Of outstanding importance in these relationships are movements
of ground water that drains downhill from the high land and, according to season, rises and falls in the low land. The character of the
low-lying soils is not adequately specified unless the origin and extent
of the ground-water movements are studied and described. When
a low-lying soil is drained or irrigated, the moisture regime óf that
soil is profoundly changed ; in effect, a quite different soil is formed.
This should not be surprising, for these operations bring about changes
that might otherwise require earth movements of vast extent and
duration.
Having these" three points in view, we may pass to the problems
that are met when making use of salty land. '
REMOVING EXCESSIVE SALTS
This task is made easier if the source of the salts has been cut
off, if the soil is permeable, and if the irrigation water is of good
quality. The washing-away of salts effects only a temporary improvement if saline ground water occurs at shallow depth ; in such case,
lowering of the water table is needed for permanent improvement. This
may be achieved by diverting inflow from higher ground or by drainage, which usually involves pumping. The cost of pumping is more
easily borne if the pumped water can be used for irrigation.
Movements of ground water within, say, five meters of the soil
surface are conveniently observed by making a number of small borings at selected points. Pumping at one point will lower the water
table and produce a "cone of depression." If this is extensive while
pumping continues and is quickly filled in when pumping stops, there
is evidently ready movement of ground water and good prospect that
drainage will remove salts. This, however, does not show whether the
soil above the present water table is also permeable. Direct examination of the soil profile, laboratory tests, and small tests in the field
may go some way towards supplying this information. It should be
possible to see any obvious obstacles to water penetration and to note
in the laboratory or the field whether water readily passes through the
soil. In such tests the water used should resemble that available for
large-scale reclamation.
The quality of the water available for large-scale reclamation
does not matter much while salts are present in excess or in moderate amount; it becomes important when most 'of the salts have been
removed. If at that time a layer of soil has a high content of exchangeable sodium, it will become impermeable and stop the process
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of reclamation. This condition is unlikely to occur if the salts originally present in the upper layers include less sodium than calcium, or
if this is true of. the irrigation water. On the other hand, if the. soil
salts contain much more sodium than calcium, and if the irrigation
water does not counterbalance this by supplying a good deal of calcium, it may be necessary to add gypsum or, in the case of calcareous
soil, to add sulfur, which on oxidation to sulfuric acid reacts with
lime to form gypsum. A similar effect may be achieved in a calcareous soil, though less quickly, by establishing grass, the roots of which
give off carbon dioxide and so bring calcium carbonate into solution.
Occasionally a deficiency of calcium in the topsoil, which makes it impermeable, may be corrected in part by bringing to the surface gypsum present in the subsoil.
The salts it is desired to remove may occur at some depth, as
was the case in the Sudan Gezira soil. There, practically none of
the irrigation water soaked through the salty layer, but apparently
some water got into the upper part of the salty layer. Evidently plants
were able to utilize this water. By subsequent irrigations the salts
present in the salty layer of the soil were washed to slightly lower depths
and the calcium content of the topsoil was increased. Thus an appreciable improvement of the land occurred. Whether this would be
the case with the Punjab soil illustrated in Table 6 may be doubted.
There, at 93 cm. depth, a sharp change occurs to a strongly alkaline
soil, probably impermeable to water and toxic to plant roots. To
improve such a soil, it might be necessary to drill in sulfur at 60 cm.
depth to establish locally less alkaline conditions and so permit the
entry of plant roots and gradual reclamation. The cost might prohibit
reclamation.
REMOVAL OF EXCHANGEABLE SODIUM,
MAGNESIUM, AND HYDROGEN
When salts have been removed from an upper layer of soil by
artificial drainage and irrigation or by natufal drainage and the normal
rainfall of the region, the upper layer may still require reclamation
because it contains too much exchangeable sodium, magnesium, or
hydrogen. To displace exchangeable sodium or magnesium it is usual
to apply a chemically equivalent dressing of gypsum or, in the case
of a calcareous soil, sulfur. Irrigation and drainage are then required to
remove the sodium sulfate or magnesium sulfate formed when the gypsum
reacts with the soil. To displace exchangeable hydrogen, it is sufficient
to apply ground limestone or some similar material and to omit provision for drainage unless this should be desirable for some other reason.
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IRRIGATION PROBLEMS
The second group of problems, that of preventing accumulation
of salts, exchangeable sodium, magnesium, or hydrogen, presents no
new features but permits a little closer examination of what happens
when irrigation is used.
Arrangements are made to distribute the water evenly over the
irrigated area. This is seldom an easy matter, but if it is not accomplished there is considerable waste, part of the crop suffering from
lack of water while another part is too heavily watered. If drainage
is poor, the soil receiving too much water may be injured by exclusion of air and may be made alkaline by reduction of sulfates to sulfides. In some parts of the area, subsoil salts may move into the root
zone. For these reasons successful irrigation requires careful work in
the initial leveling of land and in the layout of watering channels.
When even irrigation of water is secured, the object of irrigation
is to wet a depth of soil having water-storage capacity sufficient to
carry the crop through to the next irrigation. In permeable soil this
depth is limited by the amount of water applied. Usually, too much water is applied. The excess may give trouble
either by causing a local rise of the water table or by seepage which
leads to a rise of the water table in lower-lying land. When, by rise
of the water table, air is excluded from part of the soil, it becomes
unsuitable for plant roots, decreasing the usable depth of soil. Upward capillary movement of water may also carry subsoil salts toward
the surface and' prevent plant growth. In areas of permeable soil it
is desirable to conduct the water to the fields through cement channels
or iron pipes in order to avoid loss and injury due to seepage, or to
install drainage channels or pumps to remove excess water from the
subsoil.
In areas of less permeable soil it may be possible to find some
layer which more or less limits the penetration of water. There is
then less trouble from seepage but more chance of local waterlogging
and greater danger that salts will accumulate. The water supplied
to the soil contains some dissolved salts. When the water is withdrawn by plant roots and transpired through the leaves, or when the
water evaporates, the salts it contained are for the most part left behind in the soil. It is important to the success of the enterprise, therefore, that the total salt content of irrigation water be low ; it should
contain a high proportion of calcium and a low proportion of sodium
and magnesium. These requirements can be put in a more definite
form by assuming that soil conditions will be satisfactory if exchangeable sodium is less than 7.5 percent of the total exchangeable bases,
and unsatisfactory if exchangeable sodium exceeds 15 percent. The
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relation between exchangeable sodium in the soil and the concentration and composition of the irrigation water, is to our present knowledge, best given by-the equation of Gapon :
NaX
CaX + MgX

v

=

(Na+)

K x \J (Ca++ +—Mg++)
— —/2

The left side refers to the composition of the exchangeable bases and
the right side refers to the composition .of the irrigation water. The
figures in parentheses represent the concentration of the soluble cations expressed in m.e./l. NaX, CaX, and MgX represent exchangeable cations in m.e. per 100 g-. of soil. The figure K depends on the
nature of the soil and is usually in the range of 0.01 to 0.015. This
equation leads to the classification of irrigation water shown -in Diagram VI.
In this diagram the right-hand curve shows the concentration
and composition of water producing 15 percent exchangeable sodium
in the soil. Water of higher salt content or containing a larger percentage of sodium is unsatisfactory. The curve is drawn with a fringe
to show that differences between soils permit some latitude in respect
to these requirements. The left-hand curve shows the concentration
and composition of water producing 7.5 percent exchangeable sodium
in the soil. Water of lower salt content or containing a lower percentage of sodium is satisfactory.
In using these curves we have to bear in mind that when irrigation water has been applied, its salt concentration is steadily increased.
Plant roots withdraw water and some salts, but leave most of the
salts behind. We have then to consider not only the original, but
the final state of the irrigation water ; it is thought that the final
state may in some cases be as much as ten times more concentrated
than the initial state. For example, water containing less than 10 milligram-equivalents per liter1 (m.e./l.) is considered highly satisfactory
for irrigation. The diagram shows that such water might contain as
much as 80 percent sodium without adverse effect on the exchangeable
bases of the soil. This, however, is true only in the case of a permeable soil permitting ready downward movement of water.. If the soil
is but feebly permeable, the final concentration of the soil water may
be about 100 milligram-equivalents per liter. In that case, the sodium
in the water should not exceed 40 percent of the total bases if the water
1 For readers urfamiliar with these units it may be noted that sea water
contains about 6oo milligram-equivalents per liter. It is about 6o times more
salty than a water which is highly satisfactory for irrigation.
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is to be completely satisfactory'in its effect on the soil. The percentage of sodium might, however, be as high as 60 to 70 percent of
the total basic equivalents before having a definitely adverse effect
on the soil. Percentages between these limits, i.e., sodium percentage
of 40 to 60, would be "regarded with doubt, and consideration would
then be given to the magnesium content of the water. If this were
high, one would expect a bad effect on the soil ; but if it were low,
one would expect no bad effect.
Similarly, water containing more than 30 milligram-equivalents
per liter is generally unsatisfactory for irrigation. The diagram shows
that such water might contain sodium amounting to 52 to 64 percent
of the total bases without adverse effect on the soil if the soil were
freely permeable. If, on the other hand, the soil were but feebly
permeable, the final concentration of the water might be about 300
milligram-equivalents per liter. To have no adverse effect on the soil,
such water should contain less than 20 to 32 percent sodium, reckoned
on the total base content of the water.
The -final concentration of the water is of importance not only
in relation to the soil but also in relation to the plants. Plants have
to work to withdraw water from soil ; they get the water they need
in competition with the soil particles and with the salts present. The
way soil particles retain water can be illustrated by a wet sponge.
Water can be squeezed from the sponge at first by gentle pressure. As
more and more water is squeezed out, more force is needed. Even
when a man's full strength is used, the sponge remains perceptibly
moist. Plants wilt and die when their roots have reduced the moisture content of the soil to a fairly sharply defined level. At this stage
the water remaining in the soil is under tension equivalent to about
15 atmospheres.
Plants with their roots standing in water will wilt and die for
lack of water if soluble salts are added to the water in sufficient amount.

DIAGRAM VI. Quality of irrigation water in relation to total concentration and equivalent proportion of sodium. Water containing less
than 10 milligram-equivalents per liter is usually highly satisfactory for
irrigation. Water containing more than 30 milligram-equivalents per liter
is usually unsatisfactory. The water may become several times more con-,
centrated after application and its effect on the soil then largely depends
on its composition, a high proportion of sodium being undesirable.- The
arrows indicate possible initial and final concentrations of irrigation water.
The curves are based on the equation of E. N. Gapon (1933) and on
the observations of O. C. Magistad, M. Fireman, and Betty Mabry (1944).
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This occurs when water has about half'the concentration of sea water,
that is, about 300 milligram-equivalents per liter, and when its osmotic
pressure is about 10 atmospheres. It is evident therefore that water
containing 30 milligram-equivalents per liter would be of no use to
plants by the time it had become concentrated to 300 milligram-equivalents per liter, even though it had no adverse effect on the exchangeable bases of the soil.
We thus have a picture of three competitors for water present
in the soil : (1) the plant roots, (2) the absorbing surfaces of the soil
particles, and (3) the salts that were originally present or were introduced in more dilute solution. Preliminary results of research indicate
that competition for water by the absorbing surfaces of soil particles
and by salts is additive in its effect. Thus this extra competition for
water on the part of soluble salts adds to the difficulty of plants to
absorb water from saline soils.
Roots of different plants are somewhat alike in their ability to
withdraw water from soil, though there are important physiological
differences in the use of water by plants and in their ability to withstand drought. Soils of high clay content retain more water than soils
of low clay content. This is -because the clay particles, being smaller,
have a larger total area than an equal amount of sand particles. As
would be expected, a high salt content is more effective than a' low
salt content in hindering uptake of water in plant roots.
Water supply to the plants will accordingly be greater if salts
are washed out of the soil and if the irrigation water is of low salt
content. The kind of salt is important because of differences in solubility. Calcium carbonate' is only sparingly soluble and calcium
sulfate is only moderately soluble ; these substances accordingly separate
out as solids and do not effectively compete for water with the plant
roots. A somewhat similar process probably occurs with irrigation
water containing some sodium sulfate. As the water becomes more
concentrated the sodium sulfate reacts with exchangeable calcium to
form calcium sulfate, and on further concentration the calcium sulfate
separates in the solid form. It is probably for this reason that irrigation water containing sulfate- is preferred to water containing chloride.
Sodium chloride would also react with exchangeable calcium but the
product, calcium chloride, is readily soluble and would continue to
compete for water with the plant roots. A further reason for the
preference of sodium sulfate to sodium chloride in irrigation water,
is that sodium sulfate has a lower osmotic pressure for the same weight
of salt than the chloride.
[42]

THE SALT CONTENT OF SOIL
It is easy to determine the approximate salt content of soil, and
for most purposes such a determination is sufficient. It permits recognition of the salt profile and that, in conjunction with field observations, may give a clear indication of the readiness with which water will
enter the soil. Similar determinations may show quite adequately the
removal of salts by irrigation and drainage or their accumulation if
•drainage is poor. •
On the other hand it is very difficult to obtain strictly accurate
data. In nearly all cases there is great local variation in the salt profiles as regards the vertical distribution of salts, their amount, and
composition. There is the additional complication, that salts take part
in base-exchange reactions. There may be, for example, a layer of
soil in which clay containing exchangeable bases is in contact with
water in which some salts and carbon dioxide are dissolved ; there
may also be gypsum and-calcium carbonate in solid form. This is a
complex system. Its state changes with the change in moisture content and with the change in carbon dioxide content of the air with
which the moist soil is in equilibrium. Consequently, the phrase "the
salt content of the soil" has no definite meaning unless moisture content and carbon dioxide content are closely specified.
One way out of this difficulty is to add to the soil the least quantity of water which permits obtaining a small volume of clear extract,
at the same time avoiding exposure of the soil to air, which would
probably change its content of carbon dioxide. The latter precaution
is troublesome ; most investigators permit the soil to dry in air before
examination.
The procedure recommended by the U. S. Regional Salinity Laboratory at Riverside, California, is to add to air-dry soil enough distilled
water to form a saturated paste. In the case of a sandy soil, this
might be about 20 parts of water to 100 parts of soil, and in the case
of a clay soil it might be 60 to 80 parts of water to 100 parts of
soil. If extracts subsequently obtained from the saturated pastes are
equal in salt content, they are found to be equal also in their effect
on plant growth. The salt content is usually estimated by measuring the electrical conductivity- of the extract. It is possible in this
way to classify samples of soil irrespective of their mechanical composition. Thus, if the conductivity of the extract is below 4 milli-mhos/
cm., all crops thrive ; if the conductivity lies between 4 and 8 millimhos/cm., only salt-tolerant plants thrive; and if the conductivity exceeds 15 milli-mhos/cm., no crops survive.
[43]

By an examination of this kind the different layers or "horizons"
making up the soil profile can be graded as being more or less suited
to plant growth. This is equivalent to discovering in which layers
plant roots will be able to carry out their necessary function of obtaining water. Plants may thrive, for example, in spite of a salty surface
and a salty subsoil, if the intermediate soil is of low salt content. In
such cases there is sometimes difficulty in getting seedlings established.
The difficulty has been overcome by sowing beet seed at some 15 cm.
depth beneath the top of the ridge so that they germinate in fairly
salt-free soil. After a few days the top of the ridge is scraped off
and the plants then emerge and may make good growth. In Egypt,
cotton seed is sown about one-third of the way up the ridge and the
seedlings thus escape contact with salts which may accumulate at the
tops of the ridges. During-the next few weeks the land is hoed to
remove weeds, and in this process the soil is gradually drawn over
so that the established plants end up on the top of the ridge. By
this time they are less susceptible to injury from salt.
Many investigators find it sufficient when studying the salt content
of soil to shake one part of soil with five parts of water and determine the conductivity of the turbid suspension. This takes less time
than obtaining a clear extract from a saturated paste, but the figures
are less closely related to field conditions where the soil is in contact
with a much smaller volume of water. This, however, is in many
cases no serious disadvantage, for the figures permit satisfactory comparison of one salt profile with another and are readily interpreted, if
it is known that there is no difference in chemical composition of
the salts.
THE ALKALINITY OF SOIL
Many substances undergo change when in contact with water.
Grains of quartz sand do not ; quartz is practically insoluble. Calcium
carbonate is sparingly soluble ; the weak solution it produces has an
alkaline reaction because a strong base, calcium oxide, is combined
with a weak acid, carbonic acid. Various kinds of clay are present
in soil ; they consist mainly of an acidic part in combination with
exchangeable bases. The acidic part is composed mainly of silica, aluminum hydroxide, and iron hydroxide, united in complex structures
forming a kind of framework in which the exchangeable bases have
a place. When this material is in contact with water, part of the
exchangeable bases passes into solution and is replaced by hydrogen.
For example, if the clay contains exchangeable sodium, some of this
sodium passes into solution, which thereby becomes alkaline. A kind
[44]
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DIAGRAM VII: Curves illustrating release of soluble material
(mainly exchangeable sodium) from an alkaline clay soil when shaken with
different amounts of water. There is adequate agreement between results
obtained by. chemical analysis and by the rapid conductimetric test. The
latter was applied to mixtures of soil and water, whereas chemical analysis
requires preparation of a clear extract.
(H. Greene and O. W. Snow, 1935)

of equilibrium is set up between the amount of sodium remaining in
the clay and the amount going into solution. This behavior is illustrated in Diagram VII. As more water is added, more material passes
into solution. When the clear solution is evaporated in contact with
air, the residue is found to consist mainly of sodium bicarbonate, the
carbon dioxide having been derived from the air. On the other hand,
if such a mixture of soil and water were dried in absence of air, the
soluble sodium would gradually return to the clay as the water evaporated, and in the end there would be dry soil with a certain content of
exchangeable sodium. Exchangeable calcium, however, does not so
readily pass into solution in water, though it is fairly readily displaced
if carbon dioxide is present in the water.
[45]

The acidity or alkalinity of a liquid, or of a mixture of soil and
water, is usually expressed as pH and is easily estimated by adding
indicators or by use of certain instruments. G. Wiegner compared
this measurement to measuring the temperature of a cool room in
which people are present. The room is slightly warmed by heat given
off from the living bodies ; if the people crowd together, the temperature there will be rather higher than in the empty part of the room.
So, in the case of soil and water, the soil may give off some sodium,
making the solution more or less alkaline, but some sodium is retained by the clay ; in the immediate vicinity of the clay the alkalinity
may differ somewhat from that of the main body of liquid. If the
soil has a high content of exchangeable sodium, it releases relatively
much sodium to solution and the reaction is accordingly, strongly alkaline. A high pH measurement is thus indicative of the presence of
exchangeable sodium in the soil. On the other hand, if a neutral
salt such as sodium chloride is present in the water, it hinders the
release of sodium from the clay. The water is, as it were, already
crowded with sodium. In presence of salt, therefore, a soil has a less
alkaline reaction than when salt is absent. It is instructive to measure
both the pH and the salt content of samples representing a soil profile. The two measurements are easy to make and, in many cases,
they give a clear picture of soil conditions.

EXCHANGEABLE BASES AND EXCHANGEABLE
HYDROGEN
The classification of soils by salt content and pH breaks down
rather badly in the case of those soils in which exchangeable sodium
has been displaced by hydrogen so that the upper soil is leached of
salts and is neutral or weakly acid while retaining the unfavorable
physical features of a sodium soil. In such cases the investigator can
train himself to recognize in the field the morphological features studied
and described by Russian pedologists or he can determine by analysis
the composition of the exchangeable bases and the exchangeable hydrogen.
The field method, if supported by simple tests, is made less difficult because the soils in question occur in certain topographical situations, under certain climatic conditions, and in association. with other
soils which can also be recognized in the field. If there is any question of bringing soils under cultivation or of improving soils already
under cultivation, it is certainly desirable to carry out a field survey
to ascertain the distribution of different kinds of soil and to consider
the supply and disposal of irrigation water. If this is done, there is
ample opportunity to observe the morphological features described by
[46]

the Russians. To improve the physical condition of soil, it may be
decided to apply sulfur, sulfur and gypsum, gypsum, gypsum and calcium carbonate, or calcium carbonate alone, if the soil to be treated
is highly alkaline, alkaline, neutral, or weakly acid. To get a crop
started, it may also be advisable to apply fertilizers or farmyard manure.
Some chemical analysis is likely to be called for during the survey.
It may be desirable to ascertain the composition of the irrigation water,
of soil salts, or of drainage effluent. The plants or soils may be examined for nutrients, and various techniques are available to determine
the exchangeable bases and hydrogen. In all cases, judicious taking
of samples is essential.
There is unfortunately no clear guide as to the method of analysis;
the. various methods actually used give somewhat discordant results.
An attempt is made to displace all the exchangeable bases by using
a relatively large volume of some reagent, such as a solution of ammonium acetate. This, however, reacts to some extent with calcium carbonate if present, which introduces a complication. The extracting
solution also contains the soluble salts and some, or all, of the gypsum present in the soil. Here again corrections are needed. The
results eventually obtained are conventional, but there is sufficient
agreement among different workers for 15 percent of exchangeable
sodium to be recognized as a sort of boundary between satisfactory
and unsatisfactory soils. Assuming the exchangeable bases to have
been determined with moderate precision, it is sometimes necessary
to determine how much exchangeable base the soil can hold. This
is the "base saturation capacity," and the difference between it and
the total exchangeable bases gives the amount of exchangeable hydrogen.
The base saturation capacity, however, is rather like the capacity of
a motor tire for air : it depends on how hard one pumps. In spite
of these uncertainties, it is possible to obtain useful information and
to make comparisons between soils when using one method consistently.
It may be added that the acid part of the clay which accommodates the exchangeable bases is also liable to change, more particularly
if the water with which it is in contact becomes strongly acid or strongly alkaline. Many soils contain mineral particles still subject to change
under the action of water more or less charged with carbon dioxide,
and as a result of oxidation and reduction. The soil is a complex
mixture, the components of which are in general liable to change.
The detailed study of a single profile can demand a high degree
of skill and take a great deal of time. When a field project is under
investigation it is necessary to examine quickly a large number of soil
profiles, using less elaborate tests. The main objects are to ascertain
[47]

how readily water moves through .the soil, and how readily plant roots
can obtain water from the soil. .A valuable account of tests contributing to this information is given in the publication Diagnosis and Improvement of Saline and Alkaline Soils, issued by the U. S. .Regional
Salinity Laboratory, Riverside,. California. This publication contains
much matter of interest to the technical reader.
ORGANIZATION
Like other kinds of agricultural development, the reclamation of
saline or alkaline land is likely to be less costly and more successful
if planned on a wide regional basis.
It is well to know the lie of the land and the climatic conditions
in order to understand and perhaps control the movement of water,
which is of major importance in soil reclamation. In this review it
is convenient to regard certain operations, such as deforestation, irrigation, and drainage, as equivalent to altering the regional topography
or climate. They may greatly change moisture conditions in the lowlying salty land that is to be reclaimed. We have seen, for example,
that seepage from a newly constructed canal can change fertile soil
into a saline swamp and, conversely, that drainage can convert a saline
swamp into fertile soil. For such profound changes to occur under
natural conditions, progressive movements of the earth's crust extending over thousands of years would be required. The general survey
should therefore include the natural topography and climate of the
region and also those actual or projected human operations that are
likely to have equivalent effects.
The next step is a more detailed study of the area to be reclaimed. This should, include the soil, soil water, projected irrigation ard
drainage works, possible crops, cropping system, and markets. The
review may be made by the individual farmer who wishes to make
the best use of some salty land. If the area needing reclamation is
much more extensive, the review will be made by an administrative
authority and will include such matters as provision of roads, schools,
houses and hospitals, labor, and technical staff.
There are broadly two ways of undertaking a large-scale project.
The administrative authority may take over the whole task, providing
both the money needed for development and the technicians to carry
out all stages of the work. This method is used in the U.S.S.R.
and was notably successful in the Tennessee Valley, U. S. A.
On the other hand, it is possible in some cases to balance the
main items of capital expenditure against increased production from
[48]

the reclaimed land. It may be convenient for the administrative authority to entrust the main work of reclamation to a commercial corporation,- which would buy salty land at a low price, reclaim it, and
sell it at a higher price. The directors of the commercial corporation
can make the general and local surveys in sufficient detail to protect
their own interests, and the administrative authority can ensure that
the profit gained is not unreasonable. The administrative authority
will incur additional expenses of a recurrent kind and will be recouped
by the increased value of land adjoining that actually reclaimed and by
increased revenue from a number of sources.
These happy results do not follow if the project is unsuccessful.
Then the commercial corporation fails and the administration incurs
a financial burden.
It is desirable, therefore, when a reclamation project of considerable
size is envisaged, that the administrative authority carry out the general
and local survey with sufficient thoroughness to establish the feasibility
of the project. The administrative authority probably has in its existing services men who can obtain and set out the required information,
but it may be desirable to obtain some additional expert opinion. When
the information is obtained, the administration may enlist the help of
a commercial corporation and arrive at an agreement covering a longterm period. It is usually to the advantage of both parties for reclamation to be carried out on a small scale for a few years before the
major agreement is made. This system is appropriate to an economic
system in which individuals put money and labor into a project in
the hope of gaining profit ; it also has the advantage that the administration incurs less expense and is less burdened by supervision of details.
In any case, success depends on a just evaluation of the physical
conditions and on the effective and continued co-operation of people
having varied skills.
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'naissance "d?Egypte,'9-Sh. Adly Pasha,,Cairo. "— El Salvador: Manuel Navâs y Cfa., 1 a Avènida Sur 35, San Salvador. -— Finland : AkateeminenKirjakauppa, 2 Keskuskatu,
Helsinki. - ^ France : Les Editions A. Pedone, 1,3 rue. Soufflet, Paris 5e. — G e r m a n y :
Paul Parey, Lindenstràsse44-47,:Berlin SVV- 68./—-Greece : " Eleftheroudakis, " Place .
de la Constitution, Athens. ^ Guatemala: Gpübaud y' Cia., Ltdâ'.,5 a Avenida, Sur, •
, No. 28,'Guatemala. — Haiti : ".Max Boucheréàu, Librairie " A 'là Caravelle," P.O..
Box 1MB, Port-au-Prince. — Iceland Y Halldor Johsson, Mjostraeti 2,, Reykjavik ; jonsson
& Juljusson, Garöastraeti Zr„Reykjavik.v— India: The. Oxford Book', and .Stationery
Co!,..Scin'diä'House, New Delhi'; 17 Park Street, Calcutta"/The Mall, Simla.; Messrs.1.'
Higginbothams, Mount Road, P'. O. BQX-311, Madras ; Kitab-Mahal,Publishers,-235-237
Hornby Roid,.. Bombay. — Ireland : The Controller,- Stationery Office,-Dublin. —
Israel: Blumstein's Bookstore 'Ltd., P. O. Box ,415^', Tel Aviv. — I t a l y : Libreria \nternaziohale 'Ulrico Hoepli, Galleria, Piazza Colonnâ, Roma.;.Libreria" Interhaziohale:.
Dr. Romano Romani, Via Méravigli 16, Milano. —-Japan : Maruzen Company Ltd., 6
'^To.ri-Nicho.me,
Nibonbashi, Tókyo.v-^
.
y ^ Lebanon : Librairie Universelle, avenue Ides
Français, Beirut: — M'exico ;• Manuel Gómez Pezuela e Hijo, Donceles 12, Mexico,'
D;.F. ^ N e t h e r l a n d s : N.'V. Martïnus Nijhoff,'Lange Voorhout; 9, The Hague. .-^'New.
Zealand :-VVhitcombe&'Tombs Ltd., Auckland, Wellington", Hamilton, Christchurch,
Duhedin, InvercargiH, Timaru.'— Norway: johan Grundt- Tarium Forlag, Kr. Augustsgt.
7a, Oslo. — Pakistan : East: Farcos' Publications, 2: Ing I is' Road, .Post Box 13,
Rarhna, Dacca ; West: ,Ferozsons, 60; The Mall, Lahore ; Va.riawa Bldg.; McLepd Road,..'
.Karachi; 35 The. Mall,.Peshawar. ^ - Peril: Libreria Internacional' del Perû.'S.A., Ca'sillâ-1417, Ljma. —' Philippines :, D. P. Perez Company,-169 Riverside, San Juan; Ri-'
zal. —'Portugal: Livraria Bertrand; S. A. R. t..,,73-75.Rua .Garrett, Lisbon. — Spain:
Aguilar, S. A. Ediciones, "Juan Bravo 38, Madrid ; José Bosch Librero, Ronda
Uniyersidad 11, Barcelona; Salyàt Ëditorès, S.A., 41r49 Calle Mallorcâ, Barcelona.
.—:• Sweden': Ç E.- Fritze, Fredsgatan.'2, Stockholm 16 ;'Guniperts A B , Göteborg;
Henrik^Lindstahls Bokhandel,'Odengatan 22, Stockholm:,— Switzerland:.Librairie.
Payot.SiA. Lausanne, and ^.Geneva ; Hans' Raunhardt, Kirchgasse 17, Zurich' 1. '—~.
Syria: Librairie Universelle* avenue Fouad 1er, P. O., Box 336, Damascus. —- Taiwan:
The World Book Company Ltd.; 99 Chungking South. Road, Section X, Tai.peh.--—.
Thailand : Requests for FAO publications should'be addressed t o : FAO Regional
,Office for Asia and the Far East, Maliwin Mansion, Bangkok..— T u r k e y : Librairie
Hachette, 469 Istiklai.Caddesi, Beypglu, Istanbur.'-^ Union of South Africa : Van
Schaik's Book Store Pty. Ltd., P.O. Box 724, Pretoria. — United Kingdom : H. MStationery. Office, P: O. Box 569, London S.,E. I ; ^ - U n i t e d States of America-:
Columbia'University Press, International .Documents Service, 2960 Broadway, New:
York 27,'N, Y. — Uruguay: Hector d'Elii) Cjficiha de Represëiitaciónde Editoriàles,
18 de Juliö 1333,' Montevideo..— Venezuela: Surna S.A., •Sabana Grande 102,
".El Recreo, " Caracas. AT- Yugoslavia :'Drzavno Prediizece, 'Jugoslbvenska Knjiga, _
Belgrade. —• Other countries :.. Requests from countries where sales agents hive
not yet been appointed may'be sent t o : Documents Sales Service, Food and'Agriculture
Organization óf the-United Nations, Viale délie Terme di Caracal la, Rome, Italy. •••'
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FAQ publications are priced in U.Sl dollars and pounds sterling. Payment to FAO
sales agents may be made in local 'currencies; V-;
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