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ABSTRACT

This work aims to survey and evaluate the reclamation efficiency of
local resources of calcic formations (gypscous and calcarcous) amongst El-
Fayoum region. Five sample areas comprised 15 sites were studied, and were
represented by 27 gypseous and calcarcous samples. All of these samples were
chemically analysed. Five gypseous and five calcareous samples were subjecled
to test the release of calcinm ions through two experiments: (1) water extraction
in ten successive portions for the release of Ca ion. (2) After mixing the
caleulated gypsum requirements of each sample to saline sodic clay soil in
cofumns and estimate the chemical analysis of 9 successive leachates, beside to
achieving the exchangeable cations through two depths (0-10 and 10-20 cm.
Sulfur was used at 500 mg/s/kg soil with calcareous samples only.

There are a variation of gypsum and calcarcous deposits amongst El-
Fayoum region in their purity and so, efficiency in agricultural sector. The
solubility of the used gypsum samples had ncarly the same trend as the using of
only 500 ml water, released more than 90% of their initial Ca conient on
controversy for calcareous samples the use of 500 ml water released only about
55% of their contents of Ca. The use of such local deposits improved the
undesired soil propertics but in different rates. ESP values were decreased from
24,08% to less than 6% at using gypsum samples, and 8% with using calcareous
samples, either with or without sulfur.

Key words: Calcic formation-gypsum-calcium carbonate- solubility-salt affected
soils-leaching.

INTRODUCTION

Calcic formations (i.e.. calcareous and gypsic formations) are common
deposits in arid and semi- arid regions which precipitated among many
geomorphic landscapes. and forms Gypsum is recommended for reclamation and
improvement sodic and saline- sodic soils, as a source of calcium ions. In Egvpt,
gypsum is the mostly used amendment, due to ils occurrence as natural deposits
and its relatively high dissolution rate. On the other hand, the deteriorated sodic
and saline- sodic areas are in increase. Due (o inadequate local gypsum deposits
in El-Fayoum, attention is to test some aiternatives resources of calcium jons, (El-
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Shakweer ef al. 2001). Calcareous formations are focused to meet diminishing
amounts of gypsum as calcium sources.

Geological studies of El-Fayoum fringes show that the outcropping rock
lypes are mainly sedimentary of Quaternary and Tertiary ages (Said, 1962) Fig
(1). The calcareous formations were recorded in many assemblages and forms,
namely, clays, shale and mudstones. It is reported that nearly all limestones are
marine originated where sea water is slightly alkaline and favorable for CaCOy,
precipitation (Hatch and Rastall, 1975 and Spock, 1962),

Precipitation of gypsum. forms and their mechanisms have been
discussed by Van Alphin (1971), Charlotte ( 1975) Devid (1975), Dregene (1976),
Robert (1979), FAO (1990) and Norair of al (2001). Gypsic formations are
originated mainly due to precipitation and evaporation processes from saturated
or sub -saturated waters under shallow subaqueocus conditions. The least soluble
salts (carbonates) are precipitated first, followed by the more soluble salts
(sulfates) and finally the most soluble salts (Chlorides) are precipitated.

The calcic formations are widely spread within the vicinity of the
cultivated lands and along the fringes of the depression boundarics, The Egyptian
Authority of Geological Survey, EA.G.S (1980) reported the carbonate rocks in
different forms; i.c., limestone, marls and dolomites in upper and middie Eocene
ages. While as, the gypsic formations extended in a sheet-like form of Pleistocene
age, overlying uncomfortably the older rocks tacking the slope of topographic
features. The amorphous gypsum precipitates occupy the upper parts of deposits,
(friable to moderately hard) with CaS0y. 2H:0 from 9.26% to 53.01%. The
crystalline gypsum type generally occupies the lower parts (cracked, porous and
moderately hard) with CaSOy .2H,0 ranges 47.97 to 77.27 %,

The present study aims to identify and evaluate the local resources of
calcic formations and their capability as source of Ca ion to reclaim sodic soils.

MATERIALS AND METHODS

On basis of governmental reports (E.A.GS., 1980) a field work was
carried out along El-Fayoum depression and its fringes to examine the locale
calcic formations, Five sample arcas comprised fifleen sites were examined and
twenly- seven samples were collected, Fig (2), Samples were prepared and
subjected to the analysis of:

1- Total soluble salts 2-pH
3- Calcium carbonate content 4= Gypsum content

Testing the release of calcium ions were done in two experiments, [ ¢,
using distilled water and under mixing with saline alkali clay soil. Five gypsic
and five calcareous samples were selected representing the highest content of
compaonent, purity and relative occurrence in the site to test the release of calcium
ions,
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a) Release of calcium in distilled water was done on the selected samples. Two
grams of each sample were pul in a flask and subjected to shacking with portion
of 100 m! distilled water for 30 minutes at consiant speed and repeted for ten
successive portions. The filtered portions were analyzed for calcium ions.
Release of calcium through mixing with a saline- sodic clay soil, Table
(lab.c), the gypsum requircments of the used soil were calculated and
converted to proportional weight for each of the gypsic and calcarcous
selected samples. The treated soil was uniformly packed in plastic column
(80 cm height and 10 cm inside diameter) after mixing with aforementioned
weights to bulk density of 1.34 g/em’ in three replicates, The columns of
testing calcarcous samples received powder sulfur in constant rate of 500 mg
S/Kg soil, which also mixed with the total soil. Moreover, two other
reatments were prepared, the first comprised the soil wilhout any
amendments and the other contained soil mixed with sulfur,
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Table (1 a): Initial properties of the studied soil
( Properties
Physical properties
1- Particle size distribution
Coarse sand %
Fine sand %
Silt %
Clay %
Texture class
Chemical properties
1- PH (in soil paste)
2- ECe (in soil paste extract, dS/m)
3- Soluble cations, m.e./1:
Ca™

I 5- Gypsum %
G- CBCOJ Yo
7- Gypsum requirements (ton/fed)
| 8-CEC (m.e./100g soil)
j 9-Exchangeable cations (m.e./100g soil)
| Ca™ 19.05
[ Mg"™ 11,08

Na* 14.87
K 2.85
ESP 30.99%
| Chemical analysis of compost used
H (in I: 2.5 extract) 7.16
6.87
Q_n_’ganic matter, % 47.17
C/N ratio 21.17
| Total Nitrogen, % 1.31
| Total Phosphorus, % 0.57
| Total potassium, % 0.93
| Chemical analysis of sewage sludge used
| pH (in 1; 2.5 extract)
EC, dS/m (in 1: 2.5 extract)
Total Nitrogen, %
| Organic matter. %
| C/N ratio
i Available Phosphorus.mg/kg
| Available K, mg
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The leaching was carried out using 90 cm head of tap water divided into
§ portions in intermittent leaching. Fach portion equal 10 cm head, which nearly
maintain the irrigation regime. Balba (1983) stated that 90 ¢m water head would
leach about 80% of salts out to a depth 1.0 m of Nile alluvium soils. The lotal
effluent was collected and analysed for pH, EC and soluble ions. At the end of
leaching soil samples at depths of 0 - 10 and 10 - 20 cm for each columns were
analyzed for exchangeable cations. Soil analysis for physical and chemical
properties were applied using the methods described by Klute (1986) and Page ef
al. (1982). Gypsum requiremenis were determined according to Schoonover
method (Jackson, 1973).

RESULTS AND DISCUSSION

I- Field work and sampling description:

Five sample areas were checked and sampled on basis of E.A.G.S (1980)
along El-Fayoum region, Fig (1). These areas and the included sites are presented
in Table (2). The detailed morphological description of sample areas, different
sampling sites and the collected samples were described else where, Abdel-

Hafeez (2004).

Table (2): Locations of samples areas, sampling sites and collected samples
_along El-Fayoum region.

Sample area

Site

Sample No.

Northern castern parts
(Gable El-Roose)

Demo
El-Nassaria
El-Roose

| and 2
3

4,56,7and §

Northern parts(Koom
Oshem)

Ezbt Ali Abd El-Moniem
Koom Oshem
Qasr El Sagha

910 and 11
12
13

North-Western parts

Quta
Qast Qarun

14
15,16 and 17

El-Khawagat
Hanna Habib
El Hamole
El Hosicnia
Ezbt El Brince

18
19
20
21
22

Kalamshah
Shakalufa
Demshkeen

2- Chemical properties of the studied samples:

23 and 24
25

26and27

The collected samples mostly represent the outcropping rocks of El-
Fayoum depression fringes which belong to Quaternary and Tertiary ages,
(Geological map, Fig (1). These vast formations “orm the basement rock and bed
rock of the depression soils and its surrounding .ringes,
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The pre-chemical analysis, table (3), declares that fourteen samples (1, 6,
9, 11, 13, 14, 15 16, 20, 21, 22, 24, 25 and 27) represent calcarepus sediments,
nine samples (3, 4, 7, 8, 12, 18, 19, 23, and 26) represent gypsferious sediments
and four samples (2, 5, 7 and 10) represent calcarcous- gypsferious nature.

The pH values measured in 1. 2.5 show slightly to highly alkaline
nature, as their values varied from 7.45 in highly calcarcous sediment (sample
No. 20) to 8.33 in moderate calcarcous ungypsic one (sample No. 13). El-Gabaly
(1973) reported that calcarcous soils have pH greater than 8 and may reach 8.6,
While as, it seams that the pH valucs came to be greater coinciding with soluble
salts and become closer to 7.8 with gypsum accumulations. These findings are in
agreement with that of Wiklander (1984).

The total scluble salts varied between 0.15 to 7.32% clarifying a highly
seline nature for most of these sediments. These precipitates wer: accumulated
through geological humid periods, so their proportional distribution depends upon
the mature of pnimary sediment and local elevation of the fissures and cracks of
the hosted rocks.

With respect to calcium carbonate content, their values varied from 1.18
to 95.9%. The studied sediments imply 10 Quaternary and Tertiary outcropping
rocks of the old shorcline of Qarun lake comprised of limestone and marl
formations. (Samples 1, 5, 9, 10, 11, 24, 25 and 27). On the other hand, the
calcareous deposits of samples 13, 15, 16. 20, 21 and 22 are Nummulitic
limestone formations,

Regarding the gypsic content, their values varied from zero to 73.62% The
amorphous form gypsum of is chiefly near the uppermost band of the deposit, in pure
nature o mixed with salt crystals (Samples 2, 3, 4, 7 and 12), While, the crystalline
form gypsum of occupies the deepest bands of the deposits intercalating with shale of
clay deposits (Sample 8, 17, 19, 23 and 26), Abdel-Hafeez (2004),

3 - Release of calcium iony from the studied samples.

Through further studies, five gypsic samples (4,7,8,19 and 23) and other
calcareous samples (9, 11, 22, 24, and 25) were selected (o represent different
forms of precipitates components that are more spreaded through the sites. The
release of calcium ions was examined in two stages, i.¢, in free distilled water and
after mixang with saline-sodic soils

a) In free distilled water:

Two grams of each dry selected samples was shaken with repeated
successive ten portions of distilled water each of them 100 ml Electrical
conductivity and calcium ions (m.c./1) of the leachales wére measured and were
counted as cumulative caleium and as percent of total calcium released.
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Table (3): Chemical analysis of the representative samples of calcic formations
selected from different fringes of Li- Fayoum d i
] - TSS. | CaCOy,
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Data of gypsom samples (4, 7, 8, 19 and 23) are presented in Table (4) and
Fig (3), The gypsum dissociation rate could be recognized from EC, values and
calciumn release, For sampie 4, the rate had nearly the same value through the first four
portions. On the other hand. more than 91 % of disselved -Ca was dispelled with the
addition of prior 600 ml water. The sharp decrease in EC, values after frist portion
accompanied with stéady refatively high Ca release while the gradually denotes the
relatively high content of primary soluble salts (samples 8, i9 and 23). The gradual
decrease in BC; valnes coincided with decrease in Ca-release which denotes
dissalution of the majority of gypswm content. The addition of the first 500 ml
distilled waier pulled out 871, 13.07, 10, 8.71 and 9.27) e Ca™ which coupled with
their gypsum percent of samples 4 (36.45%), 7 (73.62%), 8 (46.40%), 19 (39.9%) and
27 (37.47%), respectively. This point varied from sample to other accarding to purity
and to seme extent sample hardness. The erystalline gypsum samples (8, 19 and 23)
were more easily dissociated, as more than 90% of their calcium was released by
application of first 500 - 600 ml water. About 90 % of dissolved Ca” were released
afler application of 600-700 ml water for the amorphous form of gypsum samples (4
and 7). These rosults are nearly i agreement with Balba (1983) who reported that 25
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to 26 m.e. of pure CaSO,H-O dissolved in distilled boiled water and Lagerweff er
al., (1963) who reported that 2.65 g of pure gypsum were dissolved in a liter of water.

Table (4): Electrical conductivity (EC, dS/m) and cumulative values of Ca™
released (as m.e.Ca™/L and % of total Ca™ released(by successive
psic material samples

Calcium released, with each portion
Cumulative values
me Ca*/ L % of total Ca™ |
released
1- Sample No. 4 (gypsum formations) of 36.46 % gypsum
1.78 1.57 1.57 16.60
1.66 1.57 3.14 33.09
1.66 1.57 4.71 49.59
1.66 1.52 6.2} 65.64
1.27 1.20 7.43 78.37
1.27 1.17 8.60 91.09
0.76 0.51 9.11 96.45
0.36 0.23 9.34 58.74
0.05 0,06 9.40 9956
0.01 (.05 9.45 100.00
2- Sample No. 7 (gypsum formations) of 73.62 % gvpsum
1.66 2.79 279 15.23
1.53 2.64 543 29.63
1.53 261 B.04 43 88
1.53 2.58 10.62 57.79
1.40 2.45 13.067 7134
1.40 2.05 15,09 82.39
1.02 1.61 16.70 21.17
0.76 119 17.89 97.12
0.41 0.32 18.21 9945
0.10 0.11 18.32 100.00
3- Sample No. 8 (gypsum formations) of 44.4 % gypsum
1.91 2.24 2.24 18.90
1.53 2.19 4.43 37.38
1.15 2.16 6.59 55.63
1.15 2,12 871 73.49
0,76 1.29 10.00 84.42
0.64 1.06 11.06 93.38
0.38 0.43 11.49 97.01
0.18 0.20 11.69 98.66
0,06 0.12 11.81 99.68
0.03 { 11.85

dS/m m.e.Ca'/ L

LA s | a3 | N |
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=
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Table (4): cont,

Portion

No.

EC
dS/m

Calcium released, with each portion

m.e.Ca’/L

Cumulative values

m.e, Ca™'/L

% of total Ca™
released

4- Sample No

. 19 (gypsum formations) of 39.90 % gypsum

2.80

1.96

1.96

18.01

2.53

1.87

3.83

35027

L.53

1.83

5.66

32.08

40

1.81

7.47

68.78

.02

1.24

871

80.21

0.89

1.23

9.94

91.53

0.71

0.70

10.64

96.79

0.29

0.12

10.76

99.08

0.06

0.08

10.84

99.77

ot
=

0.03

0.03

10.87

100.00

5- Sample No. 23 (gypsum formations) of 37.47 % gypsum

1.78

2.27

2.27

22.31

1.40

2.26

4.53

41.46

L.15

2.18

6.71

65.79

1.02

1.74

8.45

82,78

0.51

0.82

027

90,86

0.45

0.45

9.72

95.21

0.18

0.19

9.91

97.08

0.10

0.11

10,02

98.20

et = e B = B e S e e

0.06

0.10

10.12

99.17

curmuiative calcium ions released, m.e, Ca/l

0.05

0.09

—+—sample Nn.23
---m--- sampie No.8
- =2 — sAampio No.7
- m--sampie No.19
—=— sampie No.4

10.21

100.00

T L2

7

Portion of water added

Figure @) : Effect of portions of watsr added on cumulative
caleium ions released from gypseous samples

asm.eJ/fL.
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The chosen calcargous samples (9, 11, 22, 24 and 25) have nearly the
same trend of dissolution (Table 5 and Fig, 4). This rale varied in narrow range
from 0.08 to 0.17 m.e. for all samples, except for the first portion which ranged
from 0.12 to 0.33 m.e./L. The high values of first portion may be rendered to the
primary salinity as it coincided with relatively high EC values of leachates. Also,
the total cumuiative amounts of Ca- released were in low range (1.02 (o 1.32
m.e.) for the tested 2 g of the studied samples, Extraction with [ree distilled water
under the atmospheric CO, pressure pulled out 45 to 70% of the total counted Ca-
content of the studied samples (1.45 - 2.94 m.e.Ca™ /2g) as the total CaCOs % of
the studied samples varied between 36,23, 73.5%.

The dissecialion rate of carbonates may be enhanced with a rising pressure
of COL (FAQ, 1990, or increasing H' lon donors (Doner and Lynn, 1977), Nettelton
et al.. (1982) found that both mobility of dissolved Ca™, temperature and presence of
gvpsum and other salts affect the solubility of carbonates.

b) After mixing with saline-sadic clay soil

The previous selected five gypsic samples (4,7.8,19 and 23) and the five
calcareous ones (9,11,22,24 and 25) were used in column experiment. The calculated
Ca-requirements from the gypsic and calcareous samples were mixed with the saline-
sodic clay soil (Table, 1). Distilled water was used in intermittent leaching in nine
stages, cach of them about 10 cm head. The leachates of each stage were analyzed for
diffcrent fons. As well as, soil exchangeable cations of soil afler completion of
leaching were determined in two depths (0 - 10 and 10-20 cm).

Table (5): Electrical conductivity (EC, dSm™) and Cumulative values of Ca™
released (as me.Ca™/ L and % of total Ca™ (by successive
extraction of calcareous material samples.

Calctum released, with each portion
EC, Cumulative values

Portion i
N dSm! - -+ % of total Ca™
ND. L m.e. Ca” /L me Ca /L Yeledsed

6- Sample No. 9 (calcarepus formationy) of 36.23 % CaCO;

1.23 0.29 0.29 21.97
0.18 0,15 0.44 33.33
0.09 0.15 0.59 4470
0.09 0.12 0.71 53.79
0.08 0.12 0.83 62.88
0.08 0.11 0.94 7i.21
0,08 0,11 1,05 79.55
0.08 0.08 1.13 8561
0.09 0.08 1.21 91.67
0.11 1.32

e B - T N P N R

=i

—
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Tabile (5): cont.
~ Calcium released, with each portion

Portion EC Cumaulative values
[ % of total Ca~ |

>
No. dSm™* m.e. Ca™ 7L | me Ca™/L relessed

7- Sample No. 11 (calcarequs formations) of 73.50 % CaCO;
1,82 0.17 0.17 16.1Y
0,32 0.12 0.29 27.62
0.08 .08 0.37 35.24
0.09 0.1l 0.48 45.71
0.08 0.11 0.59 56.19
0.09 0.11 070 66.66
0.09 0.08 0,78 74.29
0.08 0.1l 0.89 84.76
0.08 0.08 (.97 02.3%
0.07 008 1.05 100.00

Sample No. 22 (calcareous formations) of 70,88 %% CaCO,
1.65 0.25 .25 19.08
0.34 0.17 0.42 32.06
0:19 0.12 0.54 41.22
0.08 0.11 0.63 4962
0.10 011 0.76 58.02
0.10 0.11 087 66,41
0.09 011 0.98 74 81
0.09 01l 1.09 R3.21
(.08 0.11 1.20 91.60
1.08 0.11 1.31 100.00

Sample No. 24 (calcarsous formations) of 67.38 % CaCOs
1.91 . 0.33 2538
(.22 . .48 36.92
0.13 . (.60 46,15
0,08 . 0.2 3538
0.09 . (.84 fd 62
0.09 0 0.95 73.08
0.08 } 1.06 BI.54
0.08 . 1.14 87.69
0.06 { .22 93,85
0.06 0.08 1.30 100.00

10- Sample No. 25 (calcareous formations) of 62.65 % CaCQO,

1.02 0.12 0.12 11.76
(.22 0.11 0.23 22.55
0.11 0.11 0.34 33.23
0.09 0.11 0.45 44 12
0.09 0.11 0.56 34,90
0.09 0.11 0.67 65.69
0,08 0,11 0.78 76.47
0.08 0.08 0.86 8431
0.08 0.08 0.94 92.16
0.06 0.08 102 100.00

=] caf 3| o ua | oo 1) —
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Fligura (4) EfMoact of portons of water added on cumulative
calcium ions releassad rom calcareous samples as
mea.J/L

Table (6). Leachates- pH values were alkaline a long all stages of leaching
reflecting the nature of the removal ions from soil column. The gradual increase in
leachate- pH values at the beginning of leaching processes crop to lechcate 4 or 5
reflects the primary salinity. The increase of pH values could be attributed to the
hydrolysis of the Na<clay in water, replaced by another cation, especially divalent
cations. If divalent cations were not equivalent, hydrogen ions mostly retained in
place of sodium. Consequently, sodium ions were leached as NaHCO; or Na;CO; in
the presence of CO-: of water. While, the decrease of lecheate- pH values from
lechcate 5 or 6 may be rendered to a dissolution of gypsum. The amonnt of released
Ca"™ can rive and replace adsorbed Na®, The released Na-ions lecached as neutral salts,
which depressed the leachate pH-values. The stage at which the dual between increase
and decrease must explain the dissolution rate of non-soluble salts, i.¢., initial CaCO;
for control treatment and gypseous for other treatments.

With respect to soluble salts of leachates, Table (6), indicates a gradual
decrease in EC) values with successive stages of leaching. However, the values for
control treatment remained higher along all stages of leaching. The rate of salt
removal was accelerated with gypscous treatments as EC, of 9% stage for control
(4.01) was rather similar to that of 3" stage for other treatments, Thereby, significant
amounts of soluble salts were removed during the first stages of leaching
Consequently, the dissolution of less soluble substances (initial CaCO; and added
gypseous) increased gradually. The highest rate of salt removal was coincided with
the addition of sample No. 7 which contain the highest content of gypsum (73.62).

The propartion distribution of individual ions denotes the liability of
faster monovalent ions as found by Balba and El-Liethy, (1968) and so,
comprised high concentrations of leachates. Values of SAR were high in the
beginning of leaching reflecting aconsiderable monovalent ions (Na+) liberation.
The values of SAR were slightly decreassd for control treatments till the last
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stage of leaching (22.37). They showed a sharp decrease in the ptcsence of
gypseous samples. So, the leaching processes could be set out after the 5 " stage
which coincides with about 4 dS/m and 10 SAR in (eachates.

The values of CEC, of the subsurface layer were higher than that of
surface layer for all treatments Table (7). This may be expiained as the icaching
processes with 90 cm head cnhanced the migration of fine particles and the
exchange complex. By leaching soluble salts, Na- clay may be replaced by other
properties cations, especially divalent cations The changes in the chemical were
accompanied with the unprovement of soil physical properties, Gypsun, caused
desirable declines in exchangeable sodium, which appear as ESP values, (Table
7). The recovery of Ca ions in gypsum treatments were done via the solubility of
gypsum. While, the leaching of sodium ions, (Table 6) reduced it rivaly on the
exchange sites,

Table (6): Effect of using gypsic sampies to the tested xaline- sodic soil on the
chemical composition of 9 succeusive leachates,

G Solhle cutlons, mee. /1, Salutde anbyos, e/
dm | Ce | Mg | No | K |00 [HCO, | O |s$0, | SAR
r&mtol{:mlbe-udkmlonly),
1741 | 050 | B69 | 1535 | Lag | 474
1048 | 627 | 520 | 0251 | 070 | 2208
5AU | IHX | SO0 | ATS] | 048 | 1343
724 | 070 | 352 | 6767 | 041|294
748 | 131 | 267 | o720 | a4r ] 272
635 | 155 | 100 | 6034 | 052 ] 2503 035 | 732 | 344
ai? | s | 112 | 4563 1 055! 1831 1.4 72 |41
425 | oo | 383 | 3340 | 047 | 1850 | 425 | 138
5 | 404 | 057 [ 373 [ 3363 [045]| 1788 | 1354 [ 185 |
2- salipe=sodic aoil + smpls Mo, 4 (of 26,46 ¥s myjsum)
15,63 | 1507 | 3585 | 19370 | L1 | 267 | JUS0 | 10270 | 12
1066 | 103 ] 2040 | BA00 | 004 | 233 | 1400 RY |
1146 | 947 | 2220 [ 5133 [ 087 [ 133 [ 183
659 | 800 | v7on | axgz | oa7 | 200 | 160m
485 | asg [ 1320 | 3028 Ins1| 207 | 17465
< | %59 | 430 | 10171 006 |otsi 200 | am |
a6 | an0 | 31 | 1245 | 2100 | nm | 266 | a2 |
450 | 400 [ 1300 | 2707 | 090 | 197 | 568 |
1257 | ag | a0 | 519 [oT3 | b66 | 300 |
3- salinesodic soil +sample N, 7 (0f 72,62 % gypeomm)
2000 | 1710 | 2537 | 1635 | 18t | 550 | 2025 | 13501 | 2047 | 2668
15.23 | 1698 | 3416 | o287 092 350 | 1850 | 122353 | lo40 | 207
40 | 530 | 17460 | 5008 | G| 340 | 1806 2.90
437 | o0 | 6x3 | 3547 | D40 ] 488 | 1000 | 348
08 | a7 | e 045 | 367 | ss3 | 281
490 | 445 [ 1622 099 | 4 431 | 081
144 | 211 | 1089 N D) i | 765 | 0a48
130 | a7 07| 7 11,50 | 290

140 | 13,80 07 s66 | 225

(0206 | 2055 | S0.99
2290 | 201 | 3da8
531 | 7545 | 3142
ss) 1638 | 4059
0.6 | - 4172

k-
ok |0l [ 40

L
1

.-_-,E
ot |

okt
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Tuble (6): cont.
Lenchmates EC, Solnble catioas, me. /L Sohuble snline, me/L
No, il |asm | Ca | Mg | Ne | K | CO |HCO | a | so,
| 3- miline-sodic aoil + semple No.8 (of 44.40 % gypsum)
031 ] 1720 ] 37.54 | 12669 | 158 | 3.06 | 1833 | 13235 | 3939
1188 | 1057 | 2004 | 8400 | 106 [ 133 | 1683 | 8422 | 1638
;35 | 533 | 2367 | 558 |oBo | 533 [ 1480 [ 291 |Bad0
736 | 1023 | 2020 | 4243 | 063 | 207 | 1436 | 406 | 4959
558 | 660 | 1527 3339 |0s1| roo | 840 | 290 | 4240
350 | 417 | 1570 | 1806 |ost| 100 | 430 | 260 | 3000
o1 | 6@ | 1imaa | 1524 [oma| 222 | 444 | 037 |3303
125 | 278 | 1444 | 1748 o3| 197 | 518 | 033 | 2888
218 | 267 | 1540 | 302 | 067 | 100 217 118 1641 | Lo
5- saline—sodic soil = smiple Na. 19 (of39.90 %4 gypaum) '
198 | 1857 | ab.is | 15438 | 160 | 233 | 21,67 | 152.38 | 37.35 | 28.73
U166 | 1057 12055 | Bea7 (098 | 200 | 1767 gaad | 1ase | 2144
10.20 | 9,03 | 2267 | 6921 | oot | 1e3 [ 1879 | 397 (TR 1735
536 | 727 | t780 | 3647 (055 it | 1731 | 348 [38.69 | 1626
345 | 633 | 13.27 | 2469 |0#3 | 1.78 | 1687 | 261 |2145) 7.8%
5236 | 533 | 1283 | 17,05 [0s1] 100 | 480 | 2.1 | 2761 | 5,68
vs0 | 522 | 13.44 | 1545 |08 222 | 444 | 03T | 2886 | 4.9
335 | 333 | 1222 | teor (o8| 206 | 493 | 033 12421 ) 296
207 | 327 | 1353 | 381 loe7]| 100 | 400 | 118 [1447]) LIO
f- yalinesodic sl + sample Np23 (ol 3747 3 gypouum)
2117 11963 | 3749 | 15444 | 191 | 6.15 | 1650 | 13034 | 39.58 | 28.91
R<7 | 1618 | 1720 | 3525 | 10753 | 145 | 400 | 1650 | 10633 | 36.50 | 2099
sa2 | 931 | 6.5 | 1940 | 66.43 [a7 | 237 [ 1725 | 200 |70.55 | 184
504 ) 468 | 1,87 | 10,33 | 3408 [04d| 522 | 1354 | 348 |23.48 11350
<97 | 310 | 200 | 923 | 1275 |nBy| 296 | 864 | D35S | 1895 [ 100
936 | 274 | 113 | 5.40 | 2052 [0.26] 651 [ 16se | 260 ) L&5 | 1135
200 | 270 | 150 | 5.00 | 19.06 |036| 3.67 | 383 | 261 [13.81} 934
550 | 280 | 1.68 | 855 | 17.24 |o63| sa8 | 615 | 033 [ 1640 ] 7.62
583 | 123 | 107 | 643 | 433 [os0] 333 ) 550 | 123 [ 247|239

SAE RIS T R L

K

e

= | S |G | |-

oz

<

o PV S P [ (PSS ) S

The superiority of usad gypseous samples can be arvanged ag 7> 23> § >4
und 19, This may be due to the fineness of particies and the crystallization forms.

Regarding treatments which received calcareous materials are shown
data of leachate analysis in Table (8). Sulfure was used in rate of 500 mg/kg soil
fo maintain biological acidity, This acidic nature is proposed lo enhance
dissolution of CaCO; according the following reactions (Starky, 1966).
295+ 30; — 250, (biolagically)

280, + H20 — H2S0,
H.S0,+ CaCOy — CaS0, + Ha0 + CO,
CaS0Oy + Nas-clay — Ca-clay + NasSOq
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With respect to pH of leachates, Table (8) values show 2 gradual increase
with leaching stages, either in prescnce of sulfur or without. This alkaline reaction
may be assumed 1o dissolution of initial CaCO; either for the control or the treatments
to produce Na;COs;, Gupta &t al. (1981) showed that in sodic soils containing CaCO3,
soil sodicity and pH values were closely related to Na+ ions which was casily
dissociated from adsorption complex and salts. The slight decrease in pH values
through the last stages of leaching may be rendered (0 liberation of salts from soil
column, beside to the possibility of neutral reactions and biological anaerobic
conditions forming NaHCO3 and H28.(Kovda, 1938),

Table (7): Exchangeable cations, C.EC and ESP of saline-sodic soil mixed with
sic material samples after 9 sta of leaching with tap walcr.

Exchangeable Cations, C.E.C. |improvin
Sa];nph: Depth, m. e, /100¢g sol} E,,S'P /100 tfll'lcit:ncf
0. cm Yo ; "
Ca” | Mg | N2 | K geoil |inESP%
Control {‘J_ - 10 19.76 |24.97]11.86| 2.67 2497 4748 -
m-20] 2010 [24.08]|12.72| 280 2408 | 48.86 =
4 0-10 | 2790 | 817 | 3.85 | 2.51 | 8,17 | 47.10 67.28
0-20, 2882 | 8.60 [ 4.19 | 290 8.60 | 48.72 64.29
1 0-10] 2859 [4.60 | 218 | 2.63 4.60 | 4730 8158
10-20] 2895 |473 229|288 473 | 4841 80.36
0-10 | 28.07 [ 813 | 3.85| 281 | 813 | 4733 67.44
10-20] 2966 | 8.01 | 3.89 [ 2.87 8.01 4860 6674
0-10 | 2864 | 646 | 3.05 287 | 646 | 4721 74.13
10-20| 2864 | 553|267 | 287 353 | 4826 77.03
0-10 | 27.67 | 7.14 | 138 | 2.64 7.14 | 47.28 7141
10-20| 28.98 | 724 [3.52 {280 | 7.24 48.56 69,93

The successive leaching accelerated the removal of soluble salts, which
gcttled at less than 4.0 dS/m. The seltlzment of leachate EC values coincided with
last stages of leaching for control freatments while it accompaind the mid slages
of leaching with other treatments,

Carboriates and bicarbonates show high values throughout the differcnt
stages of leaching in the control treaumnent w hich accompanied high alkalinity vaiues.
The othet treatments, which have Ca-resource revealed a decling in the free carbonate
which reflected in Iower pH in the leachates. Tt could be stated that soil amendments
led to liberation of chlorides from soil which leached more rapidly than other anions.
The gradual increase of SAR valugs, Table (8), in (he control treatment wis coupted
with a pronounced decrease for the calcarcous amended reatments, especially in the
last stages of leaching, This may be due to leaching of dissolved Na out and renewed
source of Ca ions from dissociation of Ca-bearing material (CaCOs). The gradual
increass in Ca’ ions in the stages of leaching could be attributed to the formation of
sulfuric acid biologically which would affect the added calcareous samples forming
gypsum, (Oster and Frenkel 1980).
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Table (8); cont,

pif | EC Soluble cations, m.e. /L, Soluble anions, me/l,
d%m [Ca Mg | Na [ K [CO, JHCO, | & |[SO,
5 sallne-sadic soil + sumple No. 24 {of 6738 % calclum carbousles) + Salfur
418 11921 973 [ 1827 [ 16154 [ 146 [ 427 1192 7130012 [ 44.64
gi6 1271 [ 807 (1136 | 10534 [ 138 | 5.83 | 1237 | 76.69
933 | &08 | S8 | 569 | 6751 | 122 6,49 | 1341 | 3482
938 | 671 | 461 ] 663 | S675 [1.01 [ £08 [ 1292 | 30689
9.68 | 285 [ 528 ] 592 [ 62 (a0 [ 782 15.07 | 34T
BI3 [ 504 | 366 631 | 9823 080537 | 422 | 2632
844 | 401 [ z82] 262 ] 3202 (064328 | 947 | 1756
B4 | 365 | 239 276 | 2837 [n48 ] 217 | 652 | 1864
808 | 308 | 202] 217 | 2441 040 L0Z | 492 | 1633
0= zaiine-sodic solf + sample No. 15 (of 62.65 % calelum curboaute<) + Sullur
849 | 1250 [ 900 [ 1431 [ 16854 [ 164 [ 457 | 1622 [ 12619 [ 47.22
978 | 12391822 | 1036 | 1068 | 1.24 | 5,19 | 1427 | 72.19 | 3135
2.60 | 883 | 6.33 | 6.76 | 73.65 | 126 T.02 | 1198 | 4a.78 | 20.24
D50 | 646 | 424 | 484 | 5275 | 117 692 | 1033 | 3081 | 1494
394 | 583|307 3.02 | 40099 [ro2[orl | 923 | 2814 | 12.52
B30 | 4.61 | 388 [ 2.63 | 37.62 | 086 | &02 | 7.08 | 2337 | 10.43
R26 | 501 [307] 340 | 4168 [0.76] 428 | 706 | 2316 | 1460
837 | 486 [299 | 3.77 | 3974 |ndn| 227 | 435 | 2087 | 1901
246 [ 370 [ 267 2 | 2520 140 | vo7 | 447 | zo22 | 734

=R B - N LY [0 ) ) S

e B = B L S

=

Data aof exchangeable cations, (Table 8), indicates fluctuation of the
individual cations in concomitant ceincidence with soluble lons, during leaching
process, (Table 8). This is in agreement with Oster, (1982), Exchangeable
calcium values increased on the expense of sodium, a decrease in this is may be
rendered to H ims in solution by leaching and the renewed sonrce for calcium,
This criterion was emphasized by ESP values which reflect explicit desirable
declines by using sulfur only or after mixing with calcareous natenials.

The efficiency of using the calcareous matenials in retaining sodic soifs
could be examined through their effects on ESP. Thereby, the higher efficient
treatment was that of adding the calcarcous material No 11 with sulfur which
restricted ESP valucs to 6.8 and 6.11 % for the successive twe soil layers,

respectively,
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