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SUMMARY

Many of the soils of Irag have salinity problems. The causes
of so0il salinity were considered. These are principally
evapontranspiration of irrigation water containing large
amounts of salts, and a rising ground water table through
saline soil profiles. A secondary cause is the effect of

large amounts of fertilizer.

The work reported in this thesis is concerned with an
examination of saline soils. The investigation set out to
measure the concentrations of the soluble ions and their
relationship with each other. Thus ions studied are those

involved in saline soils and which affect plant growth,

The s0il samples used in this work were taken from the banks
“of the Fortk‘éstuary, which is periodically flooded by
estuarine water. This is one of the few situations where
saline soils are found in temperate climates. The soils

were analysed, as was the plant cover and standing water.

It was found that Na and Cl were the dominant ions in these

soils, while Mg and SO, were present in lesser amounts,

4
Similar amounts of Ca were found in both the flooded (gleyed

.and mick s0il) and non flooded soils (brown earth soil). :In the

brown earth, Ca and Mg were the predominate cations with lesser
amounts of Na and X.
The analysis of standing water indicated that the predominate

!



ions were Cl1 and Na, and the order of cation concentrations

Were le=

Na > Mg > Ca > KX

The cation exchange capacity of the gleyed soil was higher

than mck and brown earth soils.

Physical analysis showed that these soils had a very fine
texture and had a very low permeability under saturation

conditions (less than 1.4 x 104 em/sec).

In experiments carried out to meesure the effects of different
’.sal'ts (wac1, Na2SO4, KC1, K,S0,, MgCl,, MgSO,, CaCl,, Ca,SO4)
on the solubility of soil cations two concentrations were
used = low concentration (0, 2,5, 10 meq/1 and high

~ concentration (20, 40, 60, 80 meg/1}.

It was found that with a few exceptions at dilute concentrations
the order of displacement of cations followed the lyotropic

series t=

Ca > M > K > XNa
while with anions the order was SO4 7 Ci,

However at high concentrations conflicing results were obtained
due to interferences,(such as insolubility, ion pairs etc. )
vhich changed the order of efficiency of displacement of the

cations,



-Since phosphate is an essential plant nutrient, the effect of
salts on its solubility was studied. Some experiments were

carried out on the native phosphate in the soil.

It was clearly shown that the type of salt had more effect
on decreasing the native phosphate in gleyed soil than in
brown soil, and also with the same soil the salt had a greater

effect on PO4 with top soil than with sub soil.

In most cases the addition of Clvreduced the solubility of
native phosphate more than SO4. The relative effect of
different cationson. the solubility of phosphate was not in
the same order as the lyotropic series, The effects differ

with the type of salt added and with soil depth,

In other experiments phosphate solution was added to the soil

in different amounts.

In general, the presence of salts reduced the solubility of
phosphate, Sulphate had a less marked effect on the solubility
of phosphate than chloride, while in the éase of salts with the
same énion, the decrease in the solubility of phosphate was

in the order :e

Na > X 7 Mg 7 Ca

This can be accounted for by interactions between salit solution
and soil. This work suggested that soil salinity restricts the
emount of soluble phosphate in soil solution. This could explain
why in saline soils the amount of phosphate available to the

plant might be lower than that available in a nom=saline soil.



The effect of salt on calcareous soil was also studied. To
simlate calcareous soils, powdered calcium carbonate was

added to soil samples. The solubility of cations when salt
solutions were applied was found to be lower in the treated

g0il than in the controls except in the case of calcium,

?he effect of salt on the dissociation of Ca from calcium
carbonate was found to be greater in the case of 804 than C1,

while with the same anion the difference between cations can

be explained by a valency effect.

. The effect of NaCl and MgCl, for individual and mixed samples
of these salts showed a marked increase in the solubility of
Ca in the case of the mixture, compared with the individual

salts,

This suggested that the leaching of calcareous soil is less
“effective in removing salts from the soil than the leaching

of a nor=calcareous soil,

The higher mobility of calcium carboﬁate under saline conditions
nay gi&e rise to problems if it is reprecipitated, e.g.

problems such as the blockage of drains and conduits where

an excess of non saline irrigation water is used to remove

the salt from the soil profile and also the soil structure

‘may be damaged. To remedy this may be very expensive,
Alternative solutions include addition of calcium sulphate

to the soil or to the irrigation water and the growing of crops



which can tolerate the salinity.

The addition of monovalent salts was found to increase
conductivity more than divalent, -thms indicating that
monovalent salts have a more important effect on soil
salinity., Thus the total concentration of the salts present

is not proportional to the conductivity.
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SUMMARY

Many of the soils of Iraq have salinity problems. The causes
of so0il salinity were considered. These are principally
evapontranspiration of irrigation water containing large
amounts of salts, and a rising grounc water table through
saline soil profiles. A secondary cause is the effect of

large amounts of fertilizer.

The work reported in this thesis is concerned wifh an -
examination of saline soils. The investigation set out io
measure the concentrations of the soluble ions and their
relationship with each other. Thus ions studied are those

involved in saline soils and which affect plant growth.

The soil samples used in this work were taken from the banks
of the Forth estuwary, which is periodically flooded by
estuarine water. This is one of the few situations where
saline soils are found in temperate climates. The soils

were analysed, as was the plant cover and standing water.

It was found that Na and Cl were the dominant ions in these
soils, while Mg and SO4 were present in 1ess§ar amounts.

Similar amounts of Ca were found in both.the flooded (gleyed
-and muck 80il) and non flooded soils (brown earth soil), -In the

brown earth, Ca and Mg were the predominate cations with lesser
amounts of Na and K.

The analysis of standing water indicated that the predominate

!



ions were Cl and Na, and the order of cation concentrations

were e

Na > Mg > Ca > X

The cation exchange capacity of the gleyed soil was higher

than mck and brown earth soils,

Physical analysis showed that these soils had a very fine
texture and had a very low permeazbility under saturation

conditions (less than 1.4 x 1074 cm/sec).

In experiments carried out to meesure the effects of different

‘salts (NaCl, Na KC1, K,S0,, MeCl,, MgS0,, CaCly, CaSO4)

| 2804,
on the solubility of soil cations two concentrations were
used = low concentration (0, 2,5, 10 meq/1 and high

. concentration (20, 40, 60, 80 meq/1}.

It was found that with a few exceptions at dilute concentrations
the order of displacement of cations followed the lyotropic

gseries te=

Ca > ¥ > K > Ka
while with anions the order was SO 1 7 C1,

However at high concentrations conflicing results were obtained
due to interferences,(such as insolubility, ion pairs etc.)
which changed the order of efficiency of displacement of the

cations.,



Since phosphate is an essential plant nutrient, the effect of
salts on its solubility was studied, Some experiments were

carried out on the native phosphate in the soil,

It was clearly shown that the type of salt had more effect
on decreasing the native phosphate in gleyed soil than in
brown soil, and also with the same soil the salt had a greater

effect on PO4 with top soil than with sub soil.

In most cases the addition of Cl reduced the solubility of
native phosphate more than 804' The relative effect of

different cationson. the solubility of phosphate was not in
the same order as the lyotropic series, The effects differ

with the type of salt added and with soil depth,

In other experiments phosphate solution was added to the soil

'4n different amounts.

In general, the presence of salfs reduced the solubility of
phosphate, Sulphate had a less marked effect on the solubility
of phosphate than chloride, while in the éase of salts with the
same énion, the decrease in the solubility of phosphate was

in the order :=

Na?K?Mg?Ca

“~

This can be accounted for by interactions between salt solution
and soil, This work suggested that soil salinity restricts the
emount of soluble phosphate in soil solution. This could explain
why in saline soils the amount of phosphate available to the

plant might be lower than that available in a nor—saline soil.



The effect of salt on calcareous soil was also studied, To
simlate calcareous soils, powdered calcium carbonate was

added to so0il samples, The solubility of cations when salt
.solutions were applied was found'{o be lower in the treated

soil than in the controls except in the case of calcium,

The effect of salt on the dissociation of Ca from calcium
carbonate was found to be greater in the case of SQ4 than C1,
while with the same anion the difference between cations can

be explained by a valency effect.

. The effect of NaCl and Mg612 for individual and mixed samples
of these salts showed a marked increase in the solubility of
Ca in the case of the mixture, compared with the individnal

salts.

This suggested that the leaching of calcareous soil is less
effective in removing salts from the soil than the leaching

of a non=calcareous soil,

The higher mobility of calcium carbonate under saline conditions
may give rise to problems if it is reprecipitated, e.g.

prbblems such as the blockage of drains and conduits where

an excess of non saline irrigation water is used to remove

the salt from the soil profile and also the so0il structure

‘may be damaged, To remedy this may be very expensive,
Alternative solutions include addition of calcium sulphate

1o the so0il or to the irrigation water and the growing of crops



vwhich can tolerate the salinity.

The addition of monovalent salts was found to increase
conductivity more than divalent, thms indicating that
monovalent salts have a more important effect on soil
salinity. Thus the total concentration of the salts present

is not proportional to the conductivity,



CHAPTER ONE

INTRODUCTION

Irrigation has been used successfully for a long time in

Egypt and China and their lands still produce good crop yields.

In Mesopotamia however irrigation failures occurred where an
early great civilization developed in the valley formed by the
Tigris and Euphrates rivers. This civilization has collapsed
for a variety of reasons, a decrease in the agricultural

- productivity occurred and Mesopotamia suffered from waterlogging

and salinity problems.

Methods of irrigation are concidered to be one of the most
important factors which affect salt distribution on agricultural

land,

Bernstein and Fireman (1957) described the distribution of

salts resulting from furrow irrigation. Goldberg et al (1971)
gave partial results on moisture depletion and salt distribution
pattérns using springlers for irrigating a vineyard.

Soil saiinity occurs in regions of arid and semi arid climates
mainly by precipitation of salts which ;an be recognised by

the white crust formed on the surface of some Iraqi soils.

These soils correspond to Hilgards (1906), "white alkali

soils", and to the "Solonchak" of the Russian soil scientists



(Russell 1961).

Saline and alkali soils had been studied by many workers

before the turn of the century,(Hayward and Wadleigh 1949).

The terminology and classification proposed by Magistad (1945)
and the U,S. Salinity Laboratory (1947) for saline and alkali
soils are :- |

Sal w\::_

1 Atkali soil

2 Non saline - alkali soil

3 Saline = alkali soil

MRealine

4 Saltine soil

In brief, tﬁe first three soils contain sufficient exchangeable

sodium to iﬂterfere with the growth of most plants. In addition,
| alkali soil may or may not cbntain sufficient quantities of

soluble salts. Nom saline soil does nof contain sufficient

quantities of soluble salts. The exchangeable sodium percentage

of this class (non saline - alkali soil) is greater than 15,

the electrical conductivity of saturation extract is less than

4 mmohs/cm at 25°C and the pH of the saturation soil usually

805 hand 1000.

.

In the saline-alkali soil the exchangeable sodium percentage
is greater than 15, the electrical conductivity is more than

4 mmhos/cm and the pH is usually less than 8.5.

Saline soil refers to a non alkali soil containing soluble



salts iﬁ such quantities that they interfere with the growth
of most plants. Its conductivity is greater than 4 mmhos/cm,
the exchangeable sodium percentage is less than 15 and the pH
is less than 8.5. The cations involved in saline soils are
usually Ca , Mg , XK' and Na', while the chief anions are
Cl and SO, . Small amounts of nitrate and bicarbonate may

4

occur but soluble carbonates are invariably absent~(Hesse 1971) .

The presence of salts however in soluble form produce high
salinity which is shown by high conductivity. The solubility

of salts are shown in Table (2.1) {. Hodgman et al

- 1960).

The standards of evaluating soil salinity differ from country

to country.

According to the U,S. system, saline soils of Iraq,for example,
are grouped according to their content of total soluble salts
into five classes, as shown in Table (1.5). This classification

in Algeria is based on the soil chloride content,(Bonlaine

1956).

Salinization of soils may be increased by agricultural
mismanagemént. One of the important factors in this respect
is the use of excess watg? in irrigation which leads to a
rise in the ground water t;%ge. Under high potential

\
evapotranspiration, salts accumulate on the soil surface and

| ks

. - i\ . ) \., .
interfere with plant growth. g\xw“” N
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The use of high fertilizer dosage where the fertilizer has

a high salt index may increase soil salinity,(Jackson 1962),
which does occur with the Iragi soils. Thié is éspecially
true with phosphorus on mineral soils and potassium on organic

soils.(Cook and Davis 1957).

Most of the Iraqi éoils have suffered from salinity problems

due to mismanagement of irrigation over the years. Consequently
much of the land can be used for cropping only in alternate
years. The productivity of such land is considered to be

very low. Thus a systematic planned removal of salts is
required . from an irrigation scheme., A proper leaching,
drainage and good management scheme should bring about a

great improvement.

1.1 Classification of irrigation water quality

It was recommended {U.S. Salinity LaBoratory staff, 1954
and Wilcox 1955) that irrigation water quality should be

classified as follows :-

1 Total salinity
2 . Sodium content
3 Boron content °
A\
4 Bicarbonate content
1 The most iﬁportant criterion of irrigation water quality

is probably the total salt concentration. Waters are divided



into four different classes on the basis of electrical

conductivity measurements as :=

(1) Low salinity < 250 mhos/cm (01)
(ii) Medium salinity 250 = 750 jmhos/cm (02)
(1ii) High salinity 750 = 2250 pmhos/cm (c3)

(iv)  Very high salinity 2250 gmhos/cm (c 4)

2 Waters are divided into four classes with respect to

the sodium hazard based on sodium adsorption ratio

Soluble sodium in meq/l

S.A.R. =

\/Sol&&he (calcium + magnesium) in meq/1
2

At an electrical conductivity value of 100//(mhos/cm at

‘2500 they are =~

(1) Low S.A.R. < 10 (s
(ii)  Medium S.A.R. 10 - 18 (s2)
(iii) High S.A.R. 18 = 26 (s5)
(iv)  Very high S.A.R. > 26 (s 4)

These S.A.R. values are inversally proportional to the

electrical conductivity values.

-

3 Boron has been considered as a vefy toxic element to
plants at low concentration., The permissible levels for
several classes of irrigation waters are tabulated in

Table (1.1),(Scofield 1936).



4 The bicarbonafe hazard is expressed in terms of the

residual sodium carbonate = ReS.,Ce =

'(co;" + HCO-B) - > + M2 (Batom  1950)

The bicarbonate tends to precipitate calcium and magnesium,
80 the relative proportion of sodium remaining in the water

is increased and the sodium hazard is also increased.



1.2 The effect of salts on plant growth

Plant growth responses to salinity have been discussed ( Hayward

and Wadleigh 1949 § Grillot 1956; Bernstein and Hayward
(1958,).

Salts affect plant growth by :=

1 Increasing the osmotic pressure of soil solution
2 Accumulation of certain ions in toxic concentrations
in plant tissue

3 Altering the plant mineral nutrition

1 Growth reductions associated with increasing osmotic
pressure of the root medium has been attributed to decreasing

water entry or availability (Hayward and Spurr 1943 and 1944).

The valency and amount of salts present such as NaCl, Na2804,
KC1, K2$04, MgCl2, MgSO4, CaCl2 and CaSO4 control the osmotic

pressure of soil solution which in turn affects the

physiological availabilityof water (Eaton 1941 and Long 1943).

Howéver, Bernstein (1961) indicates that water absorption
capacity which is relatively unaffected by salinity and growth
reduction associated with osmotic stress, is attributed to ‘
the build up of osmotic pressure of developing cells to meet

~ the increasing osmotic pressure of the rooting medium.

2. Certain ions can depress plant growth and yield

independent of osmotic effects. These specific ion effects



may be toxic(or beneficial)in nature. The toxic effect
results in direct damage to the plants. Injury is usually
associated with the accumulation of harmful concentrations

of the toxic ions in the plant tissues.

3 Salinity may reduce plant growth because of its effect

on plant nutrition. This effzct however differs from species
to species as plants vary widely in their autrient requirements
and in their ability to absorb specific nutrients. Hayward
and Wadleigh (1949) reported that high concentrations of
sulphate generally decrease the uptake of the calcium while

promoting the uptake of sodium.

Plants however have different tolerances for soil salinity.

This is shown in Table (1.6),(Allison 1964).



1.3 Soil reclamation

Saline soils continue to be a problem until the excess of both
salts and exchangeable sodium are removed from the root zone,

and a favourable physical condition in {he goil is established:

The amount and kind of chemical amendment used for replacement
of exchangeable sodium in soils depends upon the soil

characteristics.

The chemical reaction of various amendments with soils are

as follows := (U.S. Salinity Laboratory Staff 1954)

1 In presence of carbonate :-—

a) Gypsum :—
cla, Na + CasSO0, ——$ cla Ca + Na qd
Y| Na 4 ¥y 2°Yy

b) Sulphur :-

25 + 30é—* 250 oxidation by micro-organism

3
a—
SO3 + H20 -~ H2804
' —_—
H2804 + CaCO3 Ca.SO4 + 002 + H20

or H2804 + 2CaC0, —» (CaSo

3 g+ Ca (HCO3)2

cla;J g: + CaS0, ——s claa Ca + NayS0,

c) Iron sulphate :-

+ HO o— H,S0 + Fe0

2 274

<~—= ¢CaS0

FeSO

+ CO + H,O0

H,S0 4 2 2

4
oS0, + CaCOy

cla%] ﬁ: + Ca.SO4 :;::ﬁ: cla%} Ca + Na.2504



10

2 In the absence of carbonate 3=

a) Gypsum =
Na et
claa Na * Caso0 g ~— claa Ca + Na.280 4

b) Sulphur :-

e s
28 + 30, —= 2503 oxidation

S0, + H20 _—— H,50

3 4

Na H
clig Na + H250 4 —_— cla.ﬂ H + Na.280 4
c) Iron sulphate :—

FeSO

4 + Fe0

+ H20 — H2804

cla;r] g: + 80, ——== clay g + Na,S0,

As mentioned previously the kind and amount of chemical
amendment for soil reclamation is dependent on many factors
such as, the soil pH and its alkali earth carbonate content

as well as their reactions.

The addition of acid or acid formers have been used under

alkali conditions to reduce the alkalinity.

Under acid conditions, or when the amenslmen:b makes the conditions
‘excessively acid, limestone must be added to restrict the
acidity such as in Hungary. These acid soils have special
characteristics; they contain both excess exchangeable sodium

and appreciable amounts of exchangeable hydrogen ions.



11

Two possibilities exist with regard to the reaction of limestone

(CaCO3) (Kelley and Brown 1934). These are as follows :—

- ’ Na — !
1 clay Na + Caco3..r_. clay Ca + N32003
Na H |
2 cla%] Na + HOH —/— cla%] H + Z2NaOH

an excess of exchangeable hydrogen.
H - :
claﬂ H + Ca.CO3 ~— clay| Ca + 002 + H20

Generally Na2003 was not still in the soil as a salt

but as NaHCOS, 002 and OH .

The effect of lime on different soils is related to the effect
of the solubility of CaCO3 which is controlled by the pH value

(Sigmond 1938), as follows :-

pH value of saturated CaCO

Solubility of CaCQ, in meq/l
~

3
6,21 ’ T , 19.3
6.5 Cé.CO3 was more 14.4
effective in
7.12 reclamation 7.1
7.85 ' N 2.7
8.6 ' CaCO3 was less 1.1
9;2 effective in —

reclamation

LY

- 10.12 0.3
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144 Physical properties of soil

Physical properties of the soil depend on the soil
structure. It was éoncluded that the soil structure is the
arrangement of the soil particles and the pore space between

them. (Russell 1971).

The crganic fraction has a marked effect ont*the physical and
chemical properties of the soil. Its effect is. equally
desirable on heavy and on light soil. Thus the aggregates

are formed from fine textured soils containing high percentages

of silt and clay.

Sélts affect soil structure by their effects on flocculation
and dispersion of soil particles. These two phenomena
depend almost exclusively on the concentration and valency
of these salts. The thresholds for flocculation fall in the

ranges:- (Van Olphen 1963)

25 = 150 mmole/1 monovalent ions
0.50 - 2.0 " divalent ions
0.01 - 0.1 " trivalent ions

When the soil particles are dispersed the structure is damaged .
and the soil becomes unfavourable for the entry and movement
of water (permeability )

The tillage of such soil becomes very difficult due to the

alteration in soil consistency( Baver 1956).
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1.5 Purpose of this study

This study was carried out in order to evaluate the effect of

salts on the solubility of ions in the soil.

The soils used in this study were taken from Higgins Neuck on
~ the south bank of the Forth estuary at Kincardine Road bridge.
The Forth area was selected in this study because of its soil
properties, which were considered to be more or less saline,

The Forth soils are flooded by estuarine water.

Saline soils are not usually found in humid regions except around
estuaries when the land has been flooded by estuarine waters

or on other low lying land near the sea.

The Higgins Neuck soils do perhaps resemble one type of Iraqi
soil (Hydomorphic Soil) (Buringh 1960, Buringh.and Kadry 1956)
which is - either waterlogged or has a high ground water table
and . is characterised by a grey colour or iron moitled stainé.
This is found in combination with other soils in the marsh

regions in the south of Iraq., The physiological and climatological

properties of Iraqi soils are shown in the map, Fig (I).
Most soils in mid and southern Irag are saline, as shown in the

map (Fig. II) and two types are common, shuria (the dominant
salts are NaCl and NaéSO4), and Subakh (the dominant salts are

CaCl, and MgCl,) (Al-Nakshabandi et al T971).

In addition most Ifaqi soils have a high amount of gypsum as

shown in the map (Fig. III).
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Solublesalt levels are usually reduced by dissolution and
transportation by downward movement of water through the soil
(leaching). Thus the soluble salt content of irrigation water

is an important factor in the cohéept of soil improvement.

" The quantity and quality of solublé salts in Iraqi rivers
(Tigris, Euphrates, Shatt A1-ARAB and Diyala) have been
investigated (Hanna et al 1970), as shown in Tables (1.2), .(1.3)
and (1.4). Samples were taken from 25 places as shown in the
map. (Fig. :IV). It can be concluded from these Tables that
high concentrations of sodium ions increase the ability of
water to dissolve more calcium and magnesium as carbonate

which increases the temporary hardness (CO3 and HCO, expressed

3
as CaCOB) and total hardness (Ca + Mg  expressed as CaCOB).

By irrigation with hard water the concentration of calcium and
magnesium carbonate will be increased in the soil, due to the
evapotranspiration. This will increase the alkalinity of the
s0il and decrease the ability of water to penetrate through
the soil (impermeable) due to clogging of the soil pores by

CaC0, and ug003.

3
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CHAPTER TWO:

The experimental work was carried out to investigate the

characteristica of the so0il sampies, which were used in this

study.
CHAPTER THREE:

This study was vndertaken to increase the understanding of the
solubility of essential ions for plant growth in séline soils
éuch as phosphate. The dependence of some of the results on
the concentration of salt added could be explained by the

Donnan equilibrium theory.
CHAPTER FQOUR:

The effect of salts on ¢a1careous.soil was studied. To simulate
‘calcareous soils,powdered CaC0, was added to soil samples.

The higher mobility of CaCO, under saline conditions may give

3

rise to problems if it is reprecipitated.
CHAPTER FIVE:

Experiments were performed on the solubility of native cations
in the soil by displacement by added salts. This study was
undertaken to find out the relationship‘petﬁeen the degree

of ion displacement and the concentrations of added salt, in
addition to studying the differencein the influence of
univalent and divalent ions over two concentration ranges

(low and high concentration).
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The displacement of different cations from the soil should show
the importance of considering the interactions which occur in

the soil when chooging the composition and level of fertilizer

for a particular soil.

Appendix 1

\
Conductivity measurements were made to estimate qualitatively
the fraction of salt ionized. The addition of monovalent and
divalent salt to increase the conductivity and to find out
which one has the most important affect on soil salinity.

was also included.
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Table S1.62

Relative tolerance of crops to salinity arranzed according

to decreasing tolerance within aroupz£ﬂ;lison 1364)
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]

Crop Tolerant Moderately Tolerant Sensitive
Field 12-8 mmho/cm 8—4 mmho/cm 3-2 mmhq /em
Barley Rye Broadbean Field beans
Sugar beet Wheat Corn R
Rape Oats Rice E
Cotton Sorghum Flax ;
Sorgo Sunflower i
Soybeans Castorbean %
Sesbania ‘ |
Pasture 85 mmho/cm ‘5m3 mmho/cm 32 mmho/cm
Garden beets Tomato Yam Radish
Kale - Broccoli Bell pepper Celery
Asparagus Cabbage Carrot Green beans
Spinach Cauliflower Onion
Lettuce Peas
' Sweet corn Cantaloupe
Potatoes Squash
Sweet potato Cucumber
Forage 12-.6 mmho/cm 6~3 mmho/cm 3.2 mmho/cm
Saltgrass Sweetclover Oats (hay) White dutch
Bermidagrass Perennial rye- Orchardgrass clover
Tall wheatgrass grass Blue grama Meadow foxtail
Rhodesgrass Mountain brome NMeadow fescue  Alsike clover

Canada wildrye

Harding grass Reed canary

Red clover

Almond

Western wheatgrass Beardless Big trefoil Ladino clover
Tall fescue wildrye Smooth brome Burnet :
Barley (hay) Strawberry Tall meadow !
Birdsfoot trefoil clover oatgrass '
Dallisgrass Milkvetch ;
Sudangrass Sourclover ;
Hubam clover ?
Alfalfa ;
Rye (hay)
Wheat (hay) ’
Fruit 8 mmho/cm =3 mmho/cm 3-1,5 mmho/cm
Date palm Pomegranate Orange Peach
Fig Grapefruit Apricot
Olive Lemon Boysenberries
Grape Apple Blackherries
Pear Raspberries
Plum Avocado
Prune Strawberry
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Fig. II Schematic map of salinization in soils of Iraq, 1, soils

without salinization; 2, deserts and soils with some
salinization locally; 3. soils with moderate salinization;

4, soils with severe salinization: 5, (and black dots) sgils.
with salinization and solonization, (9.9)-area in 1000 km®,
Solodization processes have only been noticed in some small
areas on Tigris terraces east of. Samarra, y

Scale 1: 1 000 000.

Buringh (1960)
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N

Fig, IV Map of Iraq showing water sampling sites

Scale 1: 1 000 000

Hanna et al (1970) . y
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CHAPTER TWO

LABORATORY METHODS AND INVESTIGATION

2.1 Soil chemical methods

2.1.1 Preparation of the samples:

The samples were collected at Higgins Neuck on the Forth estuary

from three different sites :-

(1) River Forth, Pit No (1) beside the river, Two samples were
taken, one from the top soil and one from the sub soil (12 inch

d.epth) .

iver Fo it No (2) abouw yards from the river,
2 Ri Forth, Pit N bout 40 yards f the ri

Samples were taken from the top soil and sub soil (12 inck depth).

(3) River Forth, Pit No (3) about 150 yards from the river on
arable land above the flood plane level., Samples were taken
from the top soil and from the sub soil (at a depth of only

6 inches, because of the stoney nature of the soil).
The characteristics of the soils were :=

Forth Pit (1) Heavily mottled clay soil (gleyed soil)
Forth Pit (2) Muck soil

Forth Pit (3) Brown earth

The soil samples were taken from the field in July 1972, Then

the samples were sieved wet through a 2 mm B.S.S. sieve and air-



28

dried in the oven at 32°C.
2¢1+2 Determination of moisture content:

-The moisture content was determined according to the methods of

analysis of the Association of Official Agricultural Chemists

(1955).
2.1¢3 Loss on ignition:

Loss on ignition was determined by igniting the soil at 70000
for 30 min., according to the methods of analysis of the Association

of Official Agricultural Chemists(1955).
2.1.4 Water saturation percentage:

Water saturation percentage was determined according to  Hesse.

(971).

2¢1.5 Determination of pH:

pH was aetennined according to Hesse (1971).
2.1.6 Sodium fluoride test:

The sodium fluoride test was carried out according to Fieldes

and Perrot (1966).

2e1+7 - Determination of soluble salts by saturation paste:

PThe saturation paste was carried out according to Allison (1973).
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2.148 Determination of sulphate as barium sulphate:
This was carried out according to Vogel (1961),

2¢149 Determination of chlorides

‘Chloride was determined according to Hgsse (1971).
2+1¢10 Determination of carbonate and bicarbonate:

Carbonate and bicarbonate were determined according to Hesse

(1971).
2.1.11 Determination of gypsum:

Gypsum was determined by precipitation with acetone, according

to Hesse.(1971). Three different methods were used 2w

. (1) Extraction from saturation soil paste and precipitation

by acetone. (U,S. Salinity Lab. Staff (1954).

(2) Extraction from soil using a 1/20 soil/water ratio and

precipitation by acetone, Hesse (1971).

(3) From the amount of calcium ion and sulphate ion, Hesse

(1971).

2.1412 Determination of cation exchange capacity and
exchangeable bases: :

<

:Cation exchange capacity,was determined.according 10 UeSe Salinity
‘Lab, Staff (1954) by shaking =soil samples with M potassium acetate
" at pH 7 for 10 min.  and then centrifuging until clear and the

supernatant discarded, These steps were repeated three times,

@



30

then the soil sample was shaken with 90% ethanol three times
and the supernatant discarded as before, It was then extracted with
M ammonium acetate at pH 7 three times and the leachate was

collected and the volume made t6 100 ml.

Exchangeable bases were determined according to UsS, Salinity Lab,

Staff (1954) by extraction with M ammonium acetate at pH 7,
Phe individual elements were determined as follows :=

(1) Calcium and magnesium by atomic absorption spectrophotometry

(Unican SP90).

(2) sSodium and potassium were measured by the E.E,L. flame

photometer.
2¢1.1241 Standard curves -

Standard curves were prepared for X, Na, Ca and Mg covering
the range for sodium and potassium from 1 ppm to 10 ppm
while for calcium the range was from 5 ppm t6 20 ppm

and for magnesium the range was from 0.5 ppm to'2 ppm.

5% La was used for calcium and magnesium to prevent interference

from phosphate.
2.1.13 Organic matter: ' .

Organic carbon was determined by the wet oxidation method.
(Walkley 1947).
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2¢1.14 Determination of lime:

CaCO, was determined by titration with 1 M NaOH after

3 |
acidifying with 1 M HC1 and boiling according to Jackson

(1962).
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2.2 Physical methods

2.2.1 Mechanical analysis (particle size distribution):

Samples. were dispersed by‘ultrasonic treatment for 20 ming‘
after oxidising the organic matter with 30% H202. The pipette
method recommended by Edwards and Bremner (1967) was used for

this determination.
2.2.2 PFlocculation and dispersion experiment:

According to Van Olphan (1953), 1.0 gm of air dry soil sample
was weighed and put into a 100 ml cylinder, Then 100 ml from
& series of concentrations of salts, such as NaCl, Na280 '

' CaCl2, CaSO4, KCl, X SO4, MgCl2 and MgSO4 were added and the

2
suspension observed at intervals. This experiment was repeated

with HC1l, NaOH and CaCO, at 0.1 N concentration.

3

2¢2+3 Permeability measurements:

Falling head permeameter was constructed according to Jumikis
- (1962) as shown in the diagram on page 60 . The permeability

coefficient was calculated according to the same author,
2.2.4 Mineralogical analysis (optical examination):

Fractions of both coarse and fine sand were taken from each

soil and the grains examined under a.stereoscopic microscope.
2.2.5 Clay fraction (X-ray analysis):

Powder X-ray diffractometry was used to distinguish the



different clays, Brown (1961).

The Fink A,S.T.M. index was used in the identification of

the minerals.
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2.3 Methods of plant analysis

2.3e1 Preparation of plant samples:

i

Plant samples were taken from the soil sites. These were
exposed - geparately for four days in the laboratory to dry,

then the samples were cut up and ground down to a fine powder.
2¢3¢2 Moisture content:
Moisture content was determined according to Piper(1950).

2¢3¢3 Total ash:

"Plant samples were heated over a bunsen in a fume cupboard
until they ceased smoking, The residue was transferred to a
furnace at 450°C and heating continued for sixteen hours

according to Piper(1950).
24344 Determination of silica in plants:

Nitric acid was used to dissolve the ash, and after filtering

made up to volume (250 ml),K 4 Na y P, Mg and Ca were determined
in this solution. Phosphorus content was determined by the

King's method (1932). K and Na were determined by flame
photometry, and Mg was determined by atomic absorption

spectrophotometry (SP90).
2¢3¢5 Determination of calcium:

Calcium was precipitated as calcium oxalate and the oxalate

titrated with permanganate, Piper (1950).
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2.3.6 Chlorine in plants,

The method of Husband and Godden (1927) was used for chlorine

determination.
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2,4 RESULTS AND DISCUSSION

2.4.1 The position and location of the soil samples taken
for analysis were described in Chapter Two, Section 2,1,1,

These samples had been flooded by estuarine water.
2.4.2 Physical properties of the soil (Field observation):

The soils which were flcoded by the river were soggy under
foot and when dried out in the laboratory they cracked. This

could be related to a relatively high salt content.

Some permanent mottling was noted, both in the top and sub soil
samples. On drying, the red mottles became more intense and the
'grey mottles became a deeper shade or black, which may be due
to organic matter, or perhaps to some form of magnetite or

.manganese. dioxide,
2¢4.3 Consistency:

The samples which were flooded with sea water, i.e. gleyed
soil samples, had a sticky consistency when wet, plastic when
moist and firm when dry, while the consistency of the non-saline

soil (brown earth soil sample) was friable.

24444 TFlocculation and dispersion:

These phenomena were studied by adding different concentrations
of salts to the soil and observing the rate of precipitation.

It was clear that in the case of the brown earth, which had a

!
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low initial monovalent salt concentration, coagulation took
place on the addition of 15 meq/],of divalent cations, whereas
flocculation did not occur with other soils which had higher
initial honovalent salt concentrations, until a concentration
of 40 meq/1 of divalent cation had been é.dded. This difference
in the threshold limit for flocculation was due to the saline
nature of the muck and gleyed soils, which were dispersed by

the monovalent cations.

With increased salt concentration the suspension
cleared more quickly, but with diluted salts more time was required for

flocculation,

When NaOH wasadded to the soil the particles were dispersed.
However, with the addition of ECl and CalO, the solution

3

became' flocculated. The order of flocculation was as follows :-—
HC1 3> CaCO, 7 control > NaOH

When these effects occur the net results,as revealed by
mechanical analysis,are high figures for silt and low figures
for clay. This is related to the aggregates of clay which

have been fractionated as silt.

Colloidal substances such as silica and humus which occur
in the soils are precipitated from their~solution or sols by
calcium and other alkaline earth compounds, when the medium

is alkaline, but not when the medium is neutral or acid.
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2.4.5 Optical examination:

The grains of soil were examined; the light material was
believed to be dominated by Quartz and Feldspar while the dark

minerals were probably iron oxide or iron rich silicates.
.2.4.6 Permeabilitys

The permeability of gleyed soil after saturation was lower than
that of the brown earth soil, despite having greater amounts of
organic matter., This effect was probably due to the higher
percentage of exchangeable sodium in the saline soils, which
dispersed the soil particles, and allowed the fine particles to
clog the pores between the larger aggregates as shown in

Table (2.2).

2.4,7 % loss of moisture:

The percentage moisture loss of the muck and gleyed soil was
lower than of the brown earth. This may have been due to
oxidation of metals in the muck and gleyed soil partly

compensating for the moisture loss.

The percentage loss in moisture increased with depth for all the

. samples as shown in Table (2.3).

2.4.8 Mechanical analysis:

~

The particle size distribution of these soils indicate a high

content of silt with a very small sand fraction,

The results show that both top and sub soils of the brown earth

hawa glightly higher percentage of silt and sand, and a lower
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percentage of clay than gleyed top and sub soils.

Brown earth top and sub soils havea greater percentage of sand
and a similar or slightly lower percentage of silt and clay

compared to muck soil.

It clearly appeared from the results that for all the soils

the clay content increased with depth as shown in Table (2.12).

The gilt fraction was found to be inversely proportional to
the clay content in both gleyed and brown earth soil, but in

muck soil it increased along with the clay content.

The sand fraction decreased with increasing depth except in
brown earth. It was concluded from the above that the soils
of these samples were characterised by a high content of clay

and silt and a low sand content.
2.4.9 Clay fraction (X-ray analysis):

The X-ray diffraction films indicated that in all of the Forth
s0il samples Kaolinite and expanding clay at 14.46'3 were

identified,

The expanding clay could be chlorite or montmorillonite

When the clay fraction was heated to 550°C-the presence of
il;ite . in the soil was confirmed. I% seemed to be the
dominant clayvmineral. Kaolinite was identified by the
disappearance of the 7.1_3 on heating to 55000. This suggests

that almost certainly, there was Kaolinite in the soils,
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. o
- The X-ray diffraction films also indicated that the 3,35 A line
o -
for Quartz was present,The 2,56 A 1line suggested the presence of

illite as shown in Table (2.13).
2.4.10 Samples of the standing water:

Samples of the standing water on the soil samples in this
area were taken and the chemical composition of this water

was investigated.

Sodium was the most abundant cation, it was very high, as

shown in Table (2.5). It was 200.2 meq/L.

Chloride was the predominant anion, it was also very high,
as shown from results. It was 120,2 meqg/l. Potassium was
usually the least abundant. Divalent cations were present
to a lesser . extent than sodium. Magnesium concentration

was 8.6 meq/l and 0.8 for calcium.

Magnesium was more important than calcium (see Table (2.5)

for full details). The order of cation concentration was :=
Na > Mg > Ca > K

The water had a high salinity and low alkalinity. The high
water salinity was due to the presence of NaCl and Mg012 in
high concentrations, but the low alkalinity was mgy be due to

the contact with the CO, from the atmosphere which could

2
" reduce the pH to 6,8,
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Gypsum was present in significant amounts and the phosphate level
was high. It was 3.7 meqP/1OO ml. This may be because of the
presence of untreated sewage dumped into the Porth estuary,

e.g. detergents,
2+.4.11 Chemical analysis of plants:

The marsh plants grown on the muck and gleyed soil contained small
amounts of Ca and XK but high amounts of Na, Mg and Cl , compared

with plants grown on the brown earth, as shown in Table (2.6).

A calculation of 0.2%, 0.3% for Ca and 1.0%, 1.3% for ¥ based on
dry matter in gleyed soil and muck soil respectively was
- obtained, but contents of 0.%Ca and 2. %K were obtained in

plants grown on the brown earth.

Negligible amounts of Na were found in plants grown on the
brown earth (0.4%), while substantial amounts were found in
plants grown on marshy soil (gleyed and muck soil) (3.5% and

3.7%), Table (2.6).

The plants from muck and brown earth soils have
approximately the same amount of phosphate. The plants from these
soils contain higher amounts of phosphate than the plants for

gleyed soil, as shown in Table (2.6).

A

The plants from gleyed and muck soils have 2.,0% and 7.0% silicate
in the dry matter respectively; the plants from brown earth soil

contain 20.0% silicate in their dry matter.

The plants from gleyed and brown earth soils have about the same

amount of ash but greater amounts than plants grown on muck soil.
2.4.,12 Chemical properties of soils:

A number of chemical parameters of the soil samples were
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measured at different soil/water ratios. Saturated soil paste,

1:5 and 1:10.

The different ratios were used to give more information on the
salt content of the soils and to investigate the effect of

different soil/water ratios on the mobilization of ions.
2.4.12.1 Determination of pH :=

The pH of the soils and extracts in different soil/water ratios
were measured and the extracts were found to be less acidie
than the suspension., This is an example of acid suspension
effect which may be explained by Donnan equilibrium theory.

One explanation of this effect has been given by Mattson (1931).

The saline soils had higher pH than the non saline soils as
shown in Table (2.7). This may be due to the presence or

abgsence of 003 which will give greater variation in pH.

2¢4412,2 Pércentage organic matter :-

The organic content of the gleyed soil was higher.than that
of the muck soil, and brown earth. In sieving the soil the
roots and most of the associated organic matter was removed
from the muck soil which explained why it had a lower content
of organic matter than gleyed soil, as showg in Table (2.3).
It was 9.6% to 13.5% organic matter for the gleyed soil, but

it was 5.5% to 8.3% for the muck soil and 5.5% to T.6% for the

brown earth.



43

2¢4.12.3 Sodium fluoride test =

The change in the pH of the soil suspegsiop was not significant.
The slight increase in the pH was due to the free OH ions

which are gradually released as the fluoride comes into contact
with the alumina silicate. The NaF test showed that very
little non-crystalline alumina.silicate was present, pH values
more than 10,0 suggest the presence of amorphous alumina

silicate, but no such pH changes were ncted.
2.4.12.4 Conductivity :=

The conductivity of the saline soils was higher than for brown
earth soil sample (control), as expected, while the top soils
had lower conductivity than sub soils. This may be related
to the organic matter in the top soil immobolizing ions, and

to the higher concentration of cations in the sub soil,
2.4412.5 Determination of soluble salis :=-

The sub soil was found to have higher contents of soluble salt
than thé top soil. This is possibly due to the same reason |
given previously which is related to the organic matter, In
both the muck and gleyed soils, which had been flooded with

gea water, Na and C1 were the dominant ions.

The range found was 38.3-41.7 meq Na/100 gm oven dry soil,

36,0 - 41.0 meq C1/100 gm oven dry soil for gleyed. soil, while
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the range was 20.4 = 20.6 meg Na /100 gm oven dry soil,

23,0 = 24.0 meg C1/100 gm oven~dry soil for mick soil,

However Mg 'and_ 80, were present.in lower amounts. The range found
was 1.5-4’.0 meq Mg/1OO gm oven dry sbil, 166-4.9 meq SO4/

100 gm oven dry soil for gleyed soil, while the range was
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