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ABSTRACT |

A leaching column experiment techmiques was carried out to
evaluate the optimal combination of gypsum, sulfuric acid, lime-
stone, and organic compost as soil reclamation amendments for a
saline-sodic soil taken from Sahl El Tina, Egypt. After termination of
leaching, the soil columns were planted with the halophyte plant,
Atriplex halimus. Leaclung as well as irrigation was done using El-
Salam canal water of 1.72 dSm™. All of the amendments, singly or in
combination decreased EC, pH, SAR and ESP soil propertles and
increased exchangeable calcium. Initial values being 28.8 dSm’, 8.40,
12.96 and 38.01 for soil EC, pH, SAR and ESP, respectwely,
decreased upon leaching to 5.80, 7.99, 6.05 and 12.40; then to 2.10,
7.7, 4.06 and 8.80 after harvesting, respectively, as general means.
The obtained data showed that there is no one combination fitting
for all soil properties of EC, pH, SAR, ESP and bulk density
although using a mixture of the 4 amendments instead of one kind
may be recommended. Growing the halophyte plant increased the
effectiveness of amendments.

Keywords: Reclamation, Gypsum, Sulfuric acid, Limestone,
' Compost, Computer model.

INTRODUCTI _ 80% of the soluble salt from the
R CTION same depth of the soil. Early,

Reclaiming saline and Carter and Robbins (1978)
particularly sodic soil is a reported that essentially all of the
recurring and challenging problem. rcsidual salt could be removed
A general rule was to apply a from soil profiles by passing 30
given depth of water to remove cm of water per meter depth of soil
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profile. - However,. removal of

exchangeable sodium necessitates

application of chemical
amendments to remove the sodium
from the soil’s cation exchange
sites. Sahin er al. (2002) proved
that reclamation of saline sodic
and sodic soils generally starts by
increasing calcium on  the
exchange complex at the expense
of sodium. Calcium ions required
for the exchange reaction could be
obtained either from the added
calcium amendments or from the
native calcium carbonate which
could be mobilized through the
addition of acids or acid formers
(Kamphorst and Aolt, 1976; Singh
et al., 1981; Bresler et al., 1982;
Loveday, 1984 and Abou Yuossef
2001), Loveday (1984) and Yahia
et al, (1975) demonstrated the
effectiveness of surface-applied
sulfuric acid for reclaiming sodic
soils and reported that applications
of 5 to 15 Mg/ha proved superior
to surface-applied gypsum for

calcarcous sodic soils. Prather er

al. (1978) summarized the
advantages of sulfuric acid,
gypsum, and CaCl, singly or in
combination for sodic soil
reclamation. Their results indicate
that a combination of amendments
may provide  effective in
reclamation at low costs. On the
other hand various organic
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amendments such as mulch,
manures, and compost have been
investigated for their effectiveness
on remediation of saline-sodic
soils (Diez and Krauss 1997;
Wahid et al., 1998). In general, -
organic amendments have a very
little effect on improving soil
salinity and sodicity when they are
applied alone (Madejon et al.,
2001). However their effectiveness
in improving many soil properties
is well documented in literature
(Cheny and Swift, 1984; Hanay et

‘al., 1992; Gao and Chang, 1996;

Prihar et al., 1996; Entry et al.,
1997, Giusquiani et al, 1995;
Tbrahim and Shindo, 1999; Mamo
et al., 2000; Naeini and Cook, -
2000). Al-Khateeb et al., (2001)
concluded that planting halophyte
plants in saline soils would help in
accumulating sodium in leaves and
reclamation of saline soils. The
current work was undertaken to
predict the optimal combination of
some soil amendments for saline
sodic reclamation using a tetra
factorial computer model.

- MATERIALS AND
- METHODS

A tetra factorial computer
model by Moussa and Youssef
(1992) was applied to assess the
effect of using gypsum "G", lime-
stone "L", sulfuric acid "S" and
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organic compost "C", on chemical
properties of the soil as shown in
Tables 1 and 2. The mathematical
approach and elevation model
could be found in Chung (2002).
Application of gypsum based on
the gypsum requirements (GR)
equation (USDA, 1954) taking in
consideration a required final value
of exchangeable sodium percent
(ESPp) to be 10%, the actual
exchangeable sodium  percent
(ESP;) is equal 38.01% (Table 1).
The gypsum was of 98.81% purity
and its addition rate was 13.5
Mgfed™” (which costs 2029.53 LE).
The investigated materials in the
experiment (G, L, S, and C) were
designated as X1, X2, X3, and X4
respectively. However the levels of
amendment ranging from zero to a
maximum. The maximum dose of
each amendment is chosen to so as
to cost (i.e. in terms of cost rather
than gypsum requirement) 2029.53
LE / feddan, consequently values
for the maximum dose for G, L, S
and C in terms of material quantity
are 13.5, 5.80, 0.25 and 8.12
Mgfed™, respectively.

There were 19 treatments,
which cover all the possible
combination of the amendments
(Table 3). Following the above
mentioned Tetra-factorial model,
the four amendments G, 1., S and
C were allocated the four heads of
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the tetrahedron on each top site
they were equal to maximum
100% or 8 points graduated to be
0% on the opposite base.
Treatments 1 to 4 and 6 to 11 lic
on the surface of the tetrahedron
while treatments 12 to 19 lie inside
it, whereas treatment 5 lies exactly
on the tetrahedron center which
consists of the four amendments
(25% each) or 2 units each (the
sum of any treatment is 100% or 8
units, with equal the fixed cost of
2029.53 LE/fed.. Treatments were
done in 3 replicate each in plastic
cylinder columns of 75 cm height
and 16 cm inside diameter. The
bottom of each column was sealed
with perforated mesh nylon screen
and glass wool. Acid washed inert
sand (pre-washed with HCl and
water) was placed on the tube
bottom to make a 5 cm layer of the
column to regulate the flow of
water and to prevent plugging the
lower part of column by the
immigrating fine materials. Soil
was packed in the tubes so as to a
soil column 60 cm height and bulk
density of 1.65 Mgm™. This
required a quantity of soil of 20 kg
of air-dried soil per column. Such
arrangement allowed for 10 cm on
top of soil column to give
sufficient space for addition of
water for irrigation and leaching
process. Treatments were prepared
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according to Table 3. Amendments
were mixed homogeneously within
the top 30 cm to be ready for
starting the leaching process.

Water taken from El-Sallam
Canal (used irrigate Sahl El-Tina)
was used for the leaching and
irrigation process (Table 1). The
leaching procedure using the
intermittent method was done so as
to add water portions to the already
saturated soil columns; and obtain
leachates which are equal to the
added portions. The amount of
added water was thirty centimeters
depth of water. Such water was
divided into two equal doses 15
cm each and allowed to pass
through  the  soil  column.
Termination of leaching was done
after passing the two equal doses.
The leachates were. collected and
analyzed and soil sample were taken
from each column at three layers 0 -
20, 20 - 40 and 40 - 60 cm depth
using cylindroids tube of 2 cm
inside diameter, Each sample was
air dried, crushed, mixed and passed
through a 2 mm sieves and
analyzed for salinity, soluble ions,
pH and exchangeable cations. The
2 c¢m hole was filled with a
mixture of sand and hot wax. A
halophyte plant (Atriplex halimus)
was planted in each column after
termination of leaching and
received all necessary practices. At
the end of six month growing
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period plants were harvested and

some plant - morphological and

chemical characters were recorded.
Then soil columns were separated
into 3 segments 0-20, 20-40 and
40-60 cm. Soil of each segment
was air dried, crushed, mixed and
passed through a 2 mm sieves and
analyzed for salinity, soluble ions,
pH and exchangeable cations.
Each. of the determined
parameters either in leachates or
soil was passed through the tetra
factorial computer programmed
model of Moussa and Youssef
(1992) in which the results of all
the - possible - combination were
printed either on the surface or
inside the tetrahedron; each value
refers to specific combination
according to its position on or
inside the tetrahedron. The total
numbers of the output values are
165. The values located on the
surface area of the principle
tetrahedron amount to 130
corresponding to 4 single, 21 -
double and 105 . triple-factor
treatments. The other 35 located
inside the principle onc and refer:
to guadruple-factor. It is worthy to
mention that any of the 165
intersections have the same cost of
the amendments, which considered
highly important when comparing
the effect and inter effect of the
materials  from the economical
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Tablel 1. Physical and chemical propertics of the stadied soil and
chemical properties of water used for irrigation (El-Salam
canal water) : .

Property Soil Water
Particle size distribution [%4} :
#@  Clay ' C 38,54
@A Silt 10.14
B Fige sand : 35.80
8 Coarse sand : 15.52
Texture class {According to USDA triangle] Sandy Clay
Soil monsture characteristics [%%] :
B Saturation percent 33.76
@ Field capacity 16.39
@ Wilting point 8.44
density (Mg.m'™")
B Bulk density : 1.65
#  Particle density .56
Organic matter [g kg'] 530
CaS0, (g kg’ 15,00
CaCo; [g ke 41.40
Soluble ions, EC and pH '
e EC (dSm™) [Soil extract 1:2.5] 28.80 1.72
B  Soil reaction (pH) [Soil suspension 1:2.5} 840 7.60
g  Soluble ions (mmol, L") [Soil extract 1:2.5]
» Na* : 135.72 10.47
- K 6.09 0.25
»  Ca*™t 96.00 3.69
= Mg" 123.20 2.79
= CI 259.54 13.62
» CO;5 00.00 60.00
= HCOy 2.24 1.06
= S0, 99.23 2.52
= SAR 12,96 5.82
Exchangeab:e cations and CEC (cmol, kg’ 1)
B Na* 10.54
K 2.83
8 Ca” 5.89
s Mg 8.46
B CEC (cmole kg™) 27,75
Exchangeable sodium percentage (ESP) 38.00

Note: Converting EC dSm™* to mmol, L? solubie salts (or cations) agrees with the equation
of Gupta (1990), getting a facter of 12 to 13 for EC > 5; alse Tanji (1990) gives an
equation predicting mmolcL! from EC dSm™ for EC > 5.
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. Table 2. Properties of amendments used for reclamation |

Property : : Value
1- Sulphuric acid ’ :
. Concentration [%s] 95
= Specific gravity o ' . 13834
2- Gypsum [CaS04.2H,0] . . )
«  Purity [%] : . 98.81
*  pH (1:5 water} _ 7.80
" EC[1:5 water] 256
" Calgkg _ 225.8
* Sgkgl _ 1750
3- Limestone fCaCO;)
«  Purity [%)] : 97.50
«  Moisture [%] ‘ : - 020
= pH : 8.10
*  Calgkg'] ' 3900
*  CaO[gkgl) 550.0
4- Compost [made from plant]
*  Moisture [%] 23.00
«  pH[L:10] 7.00
»  ECdS/m [1:10] 2.56
*  Total N[z kel 2150 -
*  TofalP {g kg) _ 10.90
*  TotalK [gkg'] . 110
*  Organic mater [g k'] 672.0
. C/N Ratio 1:18

Table 3. Treatment codes and ratios of amendments along with their rates
in each treatment Feddan™ in the current study

Treat. Amendments codes and ratios - . Amendments codes and rates [ME.Fed-li
No. X1 X2 x3 X4 : x1 X2 X3 X4
1G] [L] [S] Lo I e [L) {5) €]
1 8 0 0 0 . 13.50 00.00 00.00 0¢0.00
2 0 8 0 0 00.00 5.80 00.00 00.00
3 0 0 8 0 00.00 00.00 0.25 00.00
4 0 0 0 8 00.00 . 00.00 00.00 8.12
5 2 2 2 2 338 145 006 203
6 4 4 0 0 6.75 290 040.00 00.60
T 4 ] 4 0 6.75 .00 0.13  00.00
8 4 o -0 4 6.75 00.00 00.00 4.06
9 0 4 4 0 £0.00 2.90 0.13 00.00
10 0 4 0 4 00.00 2.90 00.00 4.06
11 0 0 4 4 00.00 00.00 0.13 4.06
12 5 1 1 1 84 073 203 1.02
13 1 5 1 1 1.69 3.63 0.03 102
14 1 1 5 1 1.69 0.73 0.16 1.02
15 1 1 1 5 1.69 0.73 003 - 506
16 25 25 25 0.5 4.22 1.81 0.08 0.51
17 25 25 05 25 . 4.22 181 0.02 2.54
18 2.5 0.5 25 2.5 4,22 0.36 0.08 254
19 0.5 25 2.5 2.5 0.84 1.81 0.08 254

Notes: X1: Gypsum "G", X2: Lime-stone "L", X3: Snlfuric Acid 5" and X4: Compost "C"
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point of view. Moreover the
average value, general mean error,
correlation  coefficient, fisher,
criterion, optimum combination
and adequacy test of the model
through the treatments 16-19 are of
the programmed output. Physical
and chemical analyses were done
according to Baruah and barthakur
(1997), Page (1991) and Chapman
and Pratt (1961).

RESULTS AND
DISCUSSION

Effect of the Leaching

Most of the reclamation
indicators at the end of both,
leaching process and harvesting of
halophyte plant as affected by all
the possible combination of
gypsum "G", lime "L", sulfuric
acid "S" and compost "C" were
significantly decreased comparing
with the original soil (Table 4).
However, the response fook the
same trend.

The effect of EC dSm™, SAR,
and ESP soil properties have the
same trend. There was a high
prohibitive significant correlation
between EC and each of SAR and
ESP r = 099 and 0.98,
respectively. Soil electrical
conductivity (EC, dSm”) was
chosen to represent this group of
soil parameters. '
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Soil salinity and sodicity

Data of Table 4 and Fig. 1 show
that the EC ranged between 7.07
and 16.77 dSm™ with a general
mean 10.95 dSm™. However the
located values of the four single
treatments were 15.67, 16.77,
16.43 and 14.93 dSm™ for G, L, S
and C, respectively. These results
suggest that C gave the promotion
effect compared with the other
amendments, the order where C > G
> § > L. These results could explain

" that C has pronounced rele in

decreasing soil salinity.

Scanning the different values of
Fig. 1A shows 8.6 dSm™ as the
minimum value, corresponding to
an interpolated four combined
treatments consisting of [0: 2: 3: 3]
(of the 8 points score) of [G, L, S
& (), respectively. This result
indicates the significant effect of -
G, L, S and C at the rate [0.00,
145, 0.09 & 3.05] Mgfed’,
respectively. Scanning the
different values of Fig. 1B shows
that the value 5.80 dSm™ is the
minimum one, corresponding to an
interpolated - four combined

‘treatments consisting of [1.0: 2.0:

3.0: 2.0] (of the 8 points score),
respectively of [G, L, S and C],

respectively. This result reflects

the marked effect of the
combination of G, L, S and C at
the rate [1.69, 1.45, 0.09 & 2.03]

Mgfed”. Fig. 1C indicate that the
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center point of the tetrahedron has
an EC value 14.10 dSm’
corresponding to treatment of [2:
2: 2: 2] i.e. equivalent mixture of
the four amendments. The original
soil was saline sodic and very
compact. Addition of organic must
have loosened the soil and
increased its porosity (Ahmed et
al., 1988). Addition of gypsum
and/or FYM must have enhanced
the chemical reaction and
exchanged the sodium ions with
Ca2+ on the soil exchange
complex. The Na' ions in soluble
form would leach down due to
improved soil physical conditions.
Generally, Fig. 1 shows that the
optimum combination for
decreasing EC was obtained by the
mixture of G, L, S and C at the
ratio of [1.0: 2.0: 3.0: 2.0] (of the 8
points score) [G, I, S and C],
respectively. This result reflects
significant effect of G, L, S and C
at the rate [1.69, 1.45, 0.09 and
2.03] Mgfed”’, respectively. The
pattern of EC was similar to each
of the soluble cations and soluble

anions where data reveal highly -

significant correlation between EC
and each of the cations and anions.
Niazi et al., (2001), confirmed in
field study that gypsum (100%
GR) added with FYM and gypsum
75% and H,SO4 increased the
yield for the first year of rice crop.
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'Regarding the effect on SAR,
the optimum combination for
decreasing it, was obtained by a
mixture of G, L, S and C at the
ratio of [1.0: 2.0: 3.0: 2.0] (of the 8
points score), respectively. This
result reflects the marked effect of
G, L, S and C at the rate [1.69,
145, 0.09 & 2.03] Mgfed’,
respectively. Regarding ESP the
optimum combination for its
decrease was obtained by a
mixture of G, L, S and C at the
ratio of {2.0: 1.0: 3.0: 2.0] (of the 8
peints score) of [G, L, S and C],
respectively. This reflects the
marked effect of G, L, S and C at
the rate [3.38, 0.73, 0.09 & 2.03]
Mgfed?, respectively. Chaganti,
(2008) examined the effect of
"gypsum, sulfur, and poultry
manure" on EC, SAR and ESP in
soils and found significant
decreases in soil SAR and ESP in
the 0 - 5 cm depth.

Soil reaction (soil pH)

Regarding soil pH (Table 4 and
Fig. 2). Results (Fig. 2A) show
that a pH value of 7.99 was the
minimum one, corresponding to an
interpolated - four combined
treatments consisting of {0: 0: 0: 8]
(of the 8 points score) of [G, L, S
and C], respectively. This reflects
the positive effect of G, L, S and C
at the rate [0.00, 0.00, 0.00 & 8.12]
Mgfed™, respectively in decreasing
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soil pH. Fig, 2B shows a pH value
of 8.02 as the minimum one,
corresponding to an interpolated
treatments consisting of [5: 1: 1: 1]
(of the 8 points score) of [G, L, S
and C}, respectively. This is the
effect of G, L, S and C at the rate
[8.44, 0.73, 0.03 & 1.02] Mgfed?,
respectively.

Fig. 2C indicates that the center
point of the tetrahedron has a pH
value 8.12 comesponding to
treatment [2: 2: 2: 2] of the four
amendments.

Fig. 2 shows the optimum
combination for decreasing pH
was obtained by a mixture of G, L,
S and C at the ratio of [0: 0: 0: 8]
(of the 8 points score) respectively
of [G, L, S and C], respectively.
This shows the significant effect of
G, L, S and C at the rate [0.00,
0.00, 000 & 8.12] Mgfed?,
respectively.  Avinelech et al.,
(1990) concluded that applying
organic composts to saline sodic
soils would help in chelating
calcium and reduced pH leading to
an increase in solubilify of CaCO;
and preventing Ca'" precipitation.
Anand (1992) stated that organic
amendments decreased soil
sodicity and increased pCO2 and
exchangeable Ca’* and Mg™,
Benz et al., (1987) reported that
straw mulches effectively used for
saline sodic reclamation.
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Effect after Growth

Regarding to soil parameters
after harvesting of the halophyte
plant Table 4 shows considerable
positive effects of amendments
compared with the effect after
leaching; data after plant harvest
shows more improvement of soil
properties. Leaching and halophyte
growing decreased soil salinity by
about two thirds. These results are
in harmony with those of Al-
Khateeb et al., (2001).

Salinity and SAR

. Values of EC and SAR have the
same ftrend there was a high
correlation between SAR and EC r
= 0.99. Hence, the different soil
reclamation characters (i.e. pH,
ESP and bulk density) can be
illustrated by one of them. Soil
electrical conductivity (EC, dSm™)
was chosen to represent this group
of soil parameters.

Data of Table 4 and Fig. 3
indicate that EC ranged between
13.14 and 3.60 dSm" with a
general mean 7.27 dSm™. Values
for the four single treatments were
12,07, 13.14, 12.75 and 11.18
dSm™ for of G, L, S and C,
respectively. Thus C gave the most
effect compared with the others,
the order being C >G> S > L.

Scanning the different values,
Fig 3A shows that 4.80 dSm™ this
minimum one, regarding the
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inferpolated combined treatment of
[0: 2: 3: 3] (of the 8 points score)
of [G, L, S & C], respectively.
This is a treatment of G, L, S and
C at the rate [0.00, 1.45, 0.09 &
3.05] Mgfed”', respectively. Fig,
3B shows 2.10 dSm" as the
minimum one, regarding the
interpolated treatment of {1.0: 2.0:
3.0: 2.0] {of the 8 points score),
respectively of [G, L, S and C],
respectively. Thus G, L, S and C at
the rate [1.69, 1.45, 0.09 & 2.03]
Mgfed!, was very effective. Fig.
3C indicates that the center point
of the tetrahedron has an EC 5.84
dSm’  corresponding to the
treatment of [2: 2: 2: 2].The
pattern of each of the soluble
cations [Le. Na', K, Ca™ and
Mg"™] and soluble anions [i.e. CI,
HCO; and SO4 ] was similar to
that of EC. '

Fig. 3 shows the optimum
combination for decreasing EC as
well as SAR is a mixfure of G, L,
S and C at the rate of [1.0: 2.0: 3.0:
2.0} (of the 8 points score),
respectively, This is treatment of
[1.69, 1.45, 0.09 and 2.03] Mg/fed,
respectively.

Soil pH and ESP

Regarding to soil pH after
harvesting data of Table 4 and Fig.
4 show that soil pH was decreased
by the different combinations of G,
L, S and C. Fig. 4A shows a pH
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value 7.70 as  regarding an
interpolated -~ four = combined
treatments consisting of [0: 0: 8: 0]
{of the 8 points score) of [G, L, S
and C], respectively, while Fig. 4B
shows a value of 7.84 as the
minimum one. Fig. 4C shows that
the center point of the tetrahedron
has a pH 7.92 for the treatment of
[2: 2. 2: 2]. Fig. 4 shows the
optimum combination for
decreasing pH was obtained by a
mixture of G, L, S and C at the
ratio of [0: 0: 8: 0] (of the 8 points
score) of [G, L, S and C],
respectively, This shows a marked
effect of applying sulfuric acid at a
rate of 0.25 Mgfed'. The general
mean of pH decreased from 8.40 to
7.99 to 7.70 at the end of the
leaching process followed by
halophyte planting.

Regarding ESP after harvesting,
data of Table 4 and Fig. 5 show

that - ESP  was affected by

application  of  amendments.
Scanning the different values of
Fig. 5A show that ESP 8.80 as the
minimum one as interpolated for
the treatment of [5: 3: 0: 0] (of the
8 points score) of [G, L, S and C],
respectively, while Fig. 5B shows
that ESP 9.10 as the minimum one.
Fig. 5C indicates that the center
point of the tetrahedron has an
ESP of 9.70 cormresponding to
treatment of [2: 2: 2: 2]. Fig. 5
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Table 4. Some soil chemical and physical indicators at the end of both,
leaching process and harvesting of halophyte plant as affected
by different combination gypsum, lime stune, sulfuric acid and
organic compost

- .
' '
Treatments ! Atthe end of leaching process After harvesting
; :
x1 ox2 x x| EC B SAR  ESP ' FEC. LH  sAR  ESP ED WP
i A
3 v 0 0 1867 807 556 2043 1207 801 839 %44 128 5120
0 8 0 0 1677 802 %39 2206 1314 784 876 1085 130 5.7
" 0 8 0 1643 a0 879 2033 I278 170 863 58T 1aT 5190
¢ 0 0 £ 1493 799 033 1975  IL1s 785 R0 982 126 5246
2 2 2 7 1413 Biz 808 1922 1048 782 71 967 129 St
s 4 o 0 1347 314  BS6 1836 069 796 752 889 135 SR3
4 0 4 0 1255 %26 855 1786 B8} £01 72 R8T 128 SLm
a 0 o 4 1107 29 883 1736 729 T8 652 980 13T Sad
0 4 4 0 1100 830 881 1767 IS5 787 - 646 1l4d 130 5093
0 4 ¢ 4 1653 £33 T84 1684 694 B4 636 iles 127 5205
o 0 4 4 953 812 761 1652 612 798 58T 99 128 5L
5 1 1 1 743 ML 688 1349 364 783 460 %12 125 5266
1 ) i 1 833 A10. 697 1581 476 791 527 1L 125 5266
1 1 5 1 707 807 64T 1308 337 795 444 1004 130 5076
1 1 1 5 773 807 §7r 1401 414 788 431 981 126 5355
15 25 25 05 727 808 651 {422 360 798 458 BB 126 5227
25 28 05 26 38 811 718 1682 531 . 78§ - &5 927 L35 5288
315 05 15 25 722 ANl 648 1246 333 T80 . 44l 942 126 she2

0.5 2.5 2.5 1.5 1.73 .12 6.72 15,60 4,24 797 4.97 9.43 1.27 52.09
L e N — - I R
Correlation coefficient with EC

H o131 099 097 | i
Correlation coefficient with BC | ! 023 0.9% .12 |
Correlation coefficient with BD ! !

} -0.98

Notes: X1: Gypsum, X2: Lime-stone, X3: Sulfuric Acid and X4: Compost

Table 5. Optimal combination for the different soil character (of the 8
point score and Mgfed") from gypsum, limestone, sulfuric acid
and compost

'
Opti bination {After leaching process] 1 Optimum combination {Afer harvesting]

i 1
' '
Soif property :: l:::r: E N
| :r Ratios Mg fod© Value : Ratos Mg fed” Value
| | XL:X2:X3:X4) mauzxs:xg | XA X2:X3:X4] [XI:XZ:XB:XAI
EC [95m™] 28.50 Re2: 32| 1.69:1.45:0,09:2.03 5.80 T [1s2:3:Y 1.49:1.45:0.09:2.03 210
pH 840 [0=0:0:8] 0.00:0,04:0.00:8.12 199 10:0:8:0] 0.00:0.00:0.25:0.00 770
SAR 12,99 [1:1:4:2] 1.68:0.73:0.13:2.03 6.05 [1:2:3:2) 1.69:1.45:0.09:2.03 4.96
ESP B9 [2:1:3:2] 3.38:0.73:0.09:2.03 124 [5:3:0:0] $.44:2,18:0.00:0,00 8.30
B.D [Mpm’} 168 [P Not Determined = ———=r—o [3:3:1:1) 5.06:2.18:0.03:1.02 124
mﬁ:;d [1:1:2.5:3.5] 1.70:0.73:0.68:3.60 [2:23:1] 3.38:1.45:0.08:1.02

Notes: B.D: Bulk Density, X1: Gypsum, X2: Limestone, X3: Sulfuric Acid
and X4: Compost.
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NUMBER OF TREATMENTS = 1%; NUMBER OF REPLICATES = 3

EXPREMENTAL DATA AND (MEAN)
1.1566 1562 1572 (15.67) 21684 1637 1659 (16.77)
3.16.41 1636 1653 (1643} 4.14.95 1494 1496 (1493)
514,08 1412 1419 (14.13) 6.13.85 1344 1341 (1347

71552 1241 1266 (12.53} SALI0 1108 1103 (11.07)

21107 11480 1093 (1L.00) 101651 1051 1438 (10.53)
1591 9.97.997 (493} 12749 741 728 (743
13833 459 803 (B33 14708 708 704 (747 )
15766 T4 W (075 16727 730 723 (13
17881 &% 875 (8.50) RIS 123 A8 (Ta2)
1774 76 17T (ITH

GENERAL MEAN =10.9514 MEAN EREOR EHDOT“E“
CORRELATION COEFFICIENT = 0.9997072
KERETRION FISHER Fi 18 38) = 3332.657

REALITY ADEQUATE TEST OF THE MODEL THROUGH THE LAST

Abd El-Fattah, et al.

NUMBER OF TREATMENTS -‘l'J;N'!IMBEROFREPLICATES-S

EXPRIMENTAL DATA AND (MEAN)

1802 806 812 807 797 800 £09 (B0
3797 8O0 ROT (5.05) 4796 796 04 (7.99)
5812 13 812 12) 6816 816 Bl B19)
1827 228 837 (R26) 8R24 827 $.3¢ (B19)
9816 BIX 8§37 (B30} 10329 838 R19 (B33}
1LE6S 815 RIS (@12 12797 800 8.09 (R02)
13840 810 RIS (310 14804 845 BI1 {807}
15802 809 810 (R07) 168402 807 .14 (3.08)
17407 810 816 (R11) IBEOY B14 812 (BI2)
19808 813 £17 (B12)

GENERAL MEAN =%122982 MEAN ERROR ~ 24763045
CORRELATH)N COEFFICIENT= 19175124
WERETRION FISHER F{ 18 38}~ 11239

REALITY ADEQUATE TEST OF THE MODEL TEROUGH THE LAST
FOUR TREA'

FOUR TREATMENTS
TMENTAL TREAT, - TABT] BRZ 5] UBENT T IRPRIMENTAL TREAT. - TABULAR — DUFFRENCE  KERSTUDERT
15 727~ .08~ a.18 .18 16 808 82¢m -0.12 R
17 BR3. £86= 1.88 3247 7 Bli- 821 = -0.1¢ -3.44
i3 1221- £.X= 092 15908 18 812- Bifi= -0.07 -2.26
14 7.73- 587 = 1.87 32.27 19 £.12- _E..T."l - .14 -3.52

THE SIGNIFICANT ADEQUATE SECTOR OF THE SQUARE TEST FOR
THRE CALCULATED VALUE, MULTIPLY BY 10

THE SIGNIFICANT ADEQUATE SECTOR GF THE, SQUARE, TEST FOR
THE. CALCULATED VALUE, MULTIFLY BY 100

LT %

X1
X4
149 132 T19 112 101 114 t23 137 157 337 123 124 110 112 119 132 148
128 115 107 164 107 115 178 146 142 124 111 104 161 104 112 126
114 105 101 103 109 121 139 132 132 115104 97 $6 100 140
106 162 102 168 119 135 125 122 127 111 100 95 96 161
165 105 109 119 135 132 116 117 125 11E 102 98 99
131115 124 138 £22 113 §13 116 128 115 147 105
123 131 144 125 114 109 111 120 136 124 117
142 154 132 147 £10 109 115128 148 137
X2 168143135 114110113 123140164 X3  Fip. (1A)
142 120106 58 97 104 117137
123105 9389 91 101117
11 %6 57 [ o2 s
10593353509
106 98 96181
Ti4 108 110
128126
149
X4

=1

TETRAHYDRON WITH =0;

X1

X =125 X-maxioum = .625

TETRAHYDRON WITH
X4
7T 63 65 67 T4 67 65 68 77
% 64 65 71 6T 61 6D 85
67 67 72 64 64 59 60
T2 76 65 E2 65 62
X WG EBTN
72 &1 il §2
&7 60 60
5 65

X3 Fgom

=35

TETRAHYDRON WITH
Fig. (1)
MINIMUM VALUE YR =580

OPTIMUM COMBINATION: (1.0;2,0: 3.0: 2.0)

Fig. 1. Computer output of EC [dSm™'] at the end of
leaching process as affected by different
combination gypsum, limestone, sulfuric acld

X-mini X

X1

X4 X4
(8511 20 f26 209 w2 w24 817 807 817 24828 629 26 420411
813 $23 829 %32 £31 323 821 810 816 824 829 ¥31 529 824 316 304
24 B30 §33 833 B30 £23 B13 81% 822 B28 B31 §30 82§ ¥19 $08
30 534 K34 801 824 814 322 625 826 829 830827 $20 811
33 31 830 524 814 823 827 825 826 828826 B11 112
H31 28 822 23 03 25 831 879 824 423 19 W12
825 820 B11 21T 228 831 834 827819 S16 510
816 507 218 226 31 831 828822 $12 306
XT £02 ¥i4 323 825 B30 528 £23 814 381
#16 $25 531 833 832 827 B18 806
§25 832 835 334 29 821 81
3T 534 834 830 23 €12
833833 830 223 812
80827 821 811
24518808
813 34

X4

=1

TETRARYDRON WITH e

X3 Fgom

TETRAHVDRONWITE  X-miuimun =125 X-casimum = 625
o x1 -
807 811 811 593 0B =08 811 311 807
814 514 812 BG 607 B1F 12809
316 814 B8 £11 310 §12 818
815316 913 813 816509
X2 BIOBMRISRIINT X3 Fig QB
15817 815 809
B1§ 815 310
814 809

MINIMUM VALUE YR=T799
OFTIMUM COMBINATION: (i 0: 0: 8y

Fig. 2. Computer output of pH at the eud of leaching
process as affected by different combination
gypsum, limestone, sulfuric acid and orgamic

and organic compost

compost
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NUMBER OF TREATMENTS = 19; NUMBER OF REPLICATES = 3
EXFRIMENTAL DATA AND (MEAN)

LIZE1 1211 1199 (1267) 21318 1315 1310 (13.14)
3237 1217 1272 (1278 41117 1125 1L13 (1118)
51049 1034 1038 (10.40) $5.73 973 961 {9.69)
T893 894 B3 (393 £735 734 I8 {1.29)
9216 745 Td (715 10695 635 &9F {654}
1615 614 606 (612 123,63 345 163 {369
13476 475 476 (476 14337 339 33T (338)
15407 457 408 (414 16364 366 352 (36D)
17538 53% 515 (530 18336 341 322 (333)
19430 445 425 (423)

GENERAL MEAN = 7.266492 MEAN ERROR = 2.987955E"
CORRELATION COLFFICIENT= 09998784
KERETRION FISHER F{ 18 38 )~ 8635.298

REALITY ADEQUATE TEST OF THE MODEIL- THROUGH THE LAST
FOUR TREATMENTS

EXPRIMENTAL TREAT. - TABULAR DIFFERENCE KERSTUDERT
1% 361 3.34= 027 745
17 531- 3= 204 56.96
18 333~ L57= 076 2L
19 423. 219= 245 57.12
e — — e ——r—

THE SIGNIFICANT AIFRQUATE SECTOR OF THE SQUARE TEST FOR
THE CALCULATED VALUE, MULTIPLY BY 14

937

NUMBER OF TREATMENTS = 19; NUMBER OF BEFLICATES =3
EXPRIMENTAL DATA AND (MEAN)

1740 BAD 803 (51} LTB0 788 T.85 (.84
LI 161 TIT (LI0). 4780 785 790 (1.85)
5752 756 795 (192) 6758 756 752 (1.95)
7.R00 RES 79R (ROD %187 783 TTT (LE9)
9.79: RO0 7R (757) 10,806 207 880 (804
1L788 796 B.OO (138 12,17 787 187 (783
13.784 758 .92 (131} U791 796 797 (9%
15.7.76 793 795 (1.88) 16,799 796 200 (795}
17.785 178 793 (1.85) 18788 797 751 (7.00)
19.757 798 795 (197)

GENERAL MEAN =7.91907 MEAN ERROR = 1367601 E®
CORRELATION COEFFICIENT =0.8726434
KERETRION FISBER F{ 18 33 ) = 6.T4(74%

REALITY ADEQUATE TEST OF THE MODEL THROUGE THE LAST
FOUR TREATMENTS

EXPRIMENTAL TREAT. - TABULAR BIFFERENCE KERSTIDENT
% 798- 797= 0.0 .37
17 785- 1.93= 2.0 -2.34
18 780 7.95= 8.5 «1.53
19 787. B.02= .05 -1.68
s = T —

THE SIGNTFTCANT ADEQUATE SECTOR OF THE SQUARE TEST FOR
THE CALCULATED VALUE, MULTIPLY BY 108

TETRAHYDRON WITH X-mi
X1
X4 X4
1L %4 82 75 73 77 86 101121 £8T B6 77T 73 75 82 4112
%1 7B 69 67 69 77 DO 109 106 87 74 66 63 66 75 ¥
78 68 64 65 72 84102 55 96 T9 66 60 5B 62 72
70 65 63 70 81 97 BR 36 91 T4 63 58 58 63
69 63 72 82 57 84 79 80 B9 74 &4 60 61
75 78 B6 104 84 75 74 T 91 78 7O 67
87 94 107 88 76 71 73 B3 100 BT 80
106117 95 79 71 784 77 51111 1)
XZ 131106 B7 76 7% 75 35103128
506 84 68 60 50 65 79100
87 68 56 SE 53 63 BA
75 59 50 EEN 54 67
&9 56 51 52 41
70 61 58 €3
BN
o1 88
nz

X4 .
Xeminhown =125 X-madiwum = §25
Xi
X4 X4
41 32 1% 29 36 19 2B 31 41

329IBM 42 29
332N

36 39 28 24 29 25
X2 4833262634 X3 Nig(IB)

35 2s(fff 25

=0; % -1

X3 Fp i34

TETRAHYTRON WITH

312423
n®
]
X4
TETRAHYDRON WITH X o -5 X =35
X1
Fig. (3C)

MINIMUMVALUE YR=110
OPTRMUM COMBINATION: {1: 2: 3:2)

Fig. 3. Computer output of EC {dSm™] after harvesting
of halophyte plant as affected by different
combination gypsun, limestone, sulfuric acid
and organic compost

TETRAHYDRON WITH X-mini
X1

X4 X4
78S 78S 785 787 789 791 794 797 801 797 794 791 789 767 786 785 YRS

T94 T3 793 793 794 796 THE BO0 304 S01 798 TOE 794 7RI 7H2 792
80D 78 757 797 79T 798 99 243 BO5 B2 BOO 799 197 THT 797
B03 801 799 798 TS7 797 802 804 §04 802 80D 799 799 799

804 301 799 747 795 00 803 803 B41 800 799 798 798
03 799 796 3 799 802 B2 500 196 793 195 795
799 795 791 7% SO0 Bt 800 TI6 789 TS TS

793 798 794 758 799 798 795 749 TR0 781
X2 78‘79179519779779“188130 X3  Fig(4A)
793 7949 802 BU2 801 796 TH) 781
799 B04 BOE BOS BU2 797 749
£03 BOG 847 805 301 795
£O4 506 885 803 M8
B3 B4 B3 799
836 798 197
94 152
785

=9;  Xmasioem=1

= 525

TETRAHYDRONWITR  Xemi
X1
x4 x4
78 786 785 [ 7% [RF) 708 726 788
793790 788 786 789 790 792794
795791 198 792 93 194 197
94750 TH 96 135 97
K2 ITIBIENS K3 Wig 4B
794 798 758 797
795797757
793794
8

TETRAHYDRON WITH

MINIMUM VALUE ~ YR=77
OFTIMUM COMBINATION: 0z 8; B: 0}

Fig. 4. Computer output of pH after harvesting of
halophyte plamt as affected by different
combination gypsum, limestone, sulfurie aeid
and organic compost
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NUMMER OF TREATMENTS = 19; NUMBER, OF REPLICATES =3

LRd45 966 1022 (944)
3.10.2% 1041 9.2% (997 )
5.5.67 1014 921 {967
7404 946 BO9  (886)
9. 1154 (037 (241 {1144}
11.109% B77 1022 {299 )
13.11.72 1128 10.62 {LL21)
15.950 1037 956 (9.81)
I7.951 9719 BSE (317

EXFPRIMENTAL DATA AND (MEAN)

2. 7147 932 1117 (1085)
4.1168 %24 885 (992)
6.949 946 77X (B89 )
3.380 IG.50 100 (%.80)
M.11.78 [0.87 1038 (1L06)
iz 921 %@ %13 (%a2)
14.9.49 147 1017 (10,64
16.885 8BS BRY (B86)
i8.8.36 10.1 080 (942)

19,39 1014 919 (943)

GENERAL MEAN =9.B46841 MEAN ERRUR  =0.3774801
CORRELATION COEFFECIENT = 0.7621150
KERETRION FISHER F( 13 38 } = 2.925146

REALITY ADEQUATE TEST OF THE MODEL THROUGH THE LAST FOUR TREATMENTS

EXPRIMENTAL TREA TMENT - TABULAR BIFERENCE " KERSTUDENT
16 436~ 990~ 104 228
17 927- 959 - 3% -1.59
18 9.42- 9.53= 011 .24
19 9,43 - 1084~ 1.4t -3.11
B

THE SIGNIFICANT ADEQUATE SECTOR OF THE SQUARE TEST FOR THE CALCULATED VALUE, MULTZPLY BY 100

Kminuom=4; X 1

TETRANYDRON WITH
X4 X X4
990 990 990 990 480 970 970 560 940 960 970 97 980 990 9D 990 990
1030 120 1010 990 970 95 930 $1¢ 910 530 940 960 970 980 990 990
1075 1040 1010 980 950 520 B9 900 §90 520 930 950 970 980 1000
1090 1050 1010 570 920 [NJ) 20 900 390 910 930 960 98a 1089
110 1060 1800 958 890 910 910 910 390 520 950 970 1060
1119 1950 9580 910 940 958 $40 930 900 930 970 1808
1110 1440 950 280 1000 1490 930 960 520 968 100D
1100 1016 1040 1060 1060 3060 1039 1600 950 2600
X2 1090 1120 1140 1150 D40 1136 1100 1050 1000 X3 Fig {SA)
1160 1130 1140 5240 1120 1699 1056 1600
£114 1130 1130. 1110 £090 1050 1600
1210 £120 1118 1080 1050 1000
L0 1200 1080 1050 100
1090 1076 1040 1000
1070 1640 1000
1030 990
%0
X4

TETRAHYDRON WITH x w12 X =625
. “ X xs
mmammﬂmmmm
1030 108G 970 94§ 926 340 570 990
1070 1630 950 970 940 70 99¢
L100 1040 030 LB 970 [000
X2 1201101090 1056 1004 X3 Fig (SB)
1100 1860 1050 1060 '
1070 1040 990
1039 #90
950
X4

TETRAHYDRON WITH X =.25; X =.25
X1

X4 X4
[ ] Fig {50)
X3
p.73

MAXIMUM VALUE YR =888
OFTIMUM COMBINATION: (5:3: 0:0)

Fig. 5. Computer output of ESP after harvesting of halophyte plant as affected by different
combination gypsum, limestone, sulfuric acid and organic compost
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NUMBER OF TREATMENTS = 19; NUMBER OF REPLICATES = 3

FXPRIMENTAL DATA AND (MEAN}
1129 128 131 (129 212 1.3 134 {L30)
3125 127 139 (.27) 4138 124 135 (126)
5128 129 139 (129 6119 L4 122 (125
7.127 125 131 (128 B 125 132 124 (127)
8,130 131 130 (1.30) Wi 2t 131 (127
11.1.238 130 125 (1.2%) 14135 126 125 (1.25)
13139 1.2 124 (L36) 14.125 132 135 (1.31)
15121 128 127 (125) 16138 122 135 (L2
- 1121 125 128 (1.25) 18. 128 125 124 (126)
14,130 127 125 (12D

GENERAL MEAR + 16,95754 MEAN EXROR =~ 0.4964015
CORRELATION COXFFICIENT= 0.95493¢
KERETRION FISHER ¥ 1818 »- 2185232

REALITY ADEQUATE TEST OF THE MODEL THROUGH THE LAST
FOUR TREATMENTS
EXFRIMER [Al, TREAT - TABULAR DIFFERENCE RKEREFUDENT
~0.80 .04
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NUMBER, OF TREATMENTS = I%; NUMBER OF REPLICATES =3
EXPRIMENTAL DATA AND (MEAN)

1.51.43 5153 50.65 {51.20) L5143 5243 49,36 (5L.0T)
3.52.66 5194 5L1I {(5150) 4.51.56 53.15 S51.66 (5L46)
5.5L.60 S1.26 5095 (512T) 6.51.44 53,07 53.97 (52.93)
T.5186 53.00 5046 (SLE1) 8.5275 SA.01 5335 (52.04)
5 5696 50,71 5L11 (3093) 10.53.86 51.60 50.6% (52.05)
11.51.73 5091 5065 (51.76) 12.5297 5236 5LEB6 (5165
13. 5142 53.23 5332 (52.66) 145197 5024 49.07 (50.76)
15, 54.18 51,56 51.90 (52.35) 16. 4986 34.04 5290 (5227)
17. 5434 5268 5065 (52.89) 18,5150 S2.B8 53.38 (52.62)
19, 51,67 5135 SLM (52.09)
GENERAL MEAN = 5198911 MEAN ERROR =« 05874369

CORRELATION COEFFICIENT ~ 0.540446
KERETRION FISHER F(1838)= 08710291

REALITY ADEQUATE TEST OF THE MODEL THROUGH THE LAST
FOUR
T EXFRIMERTAL TRFAT. TABULAR . DIFFFRRNCE  KERSTUBERT

I& 1.27- 127= 16 52.27- 5223 = .04 0.05
17 125- 125= 1.08 442 17 5188- 5294 = -0.06 £.09
18 126- 17 = 4.0 072 8 52.62- S04 = 958 082
| £ 1.27- 1.18= -0.00 -020 1% 52.09- 5184 = 825 .35
—— ——: e e

THE SIGNTFICANT ADEQUATE SECTOR OF THE SQUARE TEST FOR
THE CALCULATED VALUE, MULTIFLY BY 160

TRE SIGNIFICANT ADEQUATE SECTOR OF THE SQUARE TEST FOR
THE CALCULATED VALUE, MULTIPLYBY W .

TETRAHYDRON WITH X-rnd ;X =1

X1
x4 X4
126126 126 127 127 127 128129 129 129 128 127 127 127 126 126 126
126 126 126 126 126 127 127 127 129 128 138127 127 127 127 126
124 126 126 126 126 126 126 127 128 128 128 127 127 127 127
127 126 126 126 R0 () 126 127 128128 126 137 1271
127 125 126 124 muﬂl&lmlulmlu
128127 126 126 127 127 127127128 178 128
128127 126 127 126 128 128 123 127 128 128
129 124 128 129 129 129 129 128 127 118
X2 10130130 11030918127 X3 Fig (6A)

129 129 130 130 130 129 129128
128129 179 129 129 129 128
126128 128 28 138 178
127 128 128 128 128
127 12T 12T 127
126127 127
126 1%
126

X4
TETRABYDRON WITH X-roin
’ X1

=125 X.

=625

115 £25 125 125 125 125 125 125 128 x
125 125 125 1258 127 127 127327
12s 125 [B) 126 128 23 128
125125126 128 129 130
X2 1261271291301
125 127 128 130
125127 128
115127

X3 Fig (6B)

X4

Fig. (60
x2
x4

MINIMUM VALUE ~ YR=124
OFTIMUM COMBINATION; (3:3:1: 1)

Fig. 6. Computer oniput of bulk density after
harvesting of halophyte plant as affected by
different combination gypsum, limestone,
sulfuric acid and organic corepost

TETRAHYDRON WITH Ko
Xi

=0; X dmum =1

34525 524 573 522 50 519 517515 512 515517 519 520 522 523 524 5?5)“
524 524 524 524 SI3 532 521 519 5E4 516 518 519 520 531 522 522
523 524 525 525 525 523 524 540 516 517 518 519 520 520 520
512 524 52X 526 527 5¥7 523 520 547 518 518519 519 519
521 523 525 577 B 525 521 520 318 518 518 518 81y
519 571 514 527 524 522 520 519 519 519 S1R 517
316 520 524 521 519 518 518519 519 SIB 517
514 518 516 515 514 515 515517 519 5318
XX 511509 509 509 589 511513516519 X3 Flg (FA)
514 512 511 511 512 313 515518
516 515 514 $14 514 515 557
519 517 516 516 516 517
521 519 528 517 518
522 520 519 519
523 521 520
524 522
525
X4

TETRAHYDRON WATH X =625

w35 Xomed
x1
x4
525 526 S27 52T 527 527 527 526 ;25
526 578 529 §30 522 522 21520 -
527 529 BN 524 518 517 515
$27 530 573 518 53 511
AL S27SZISI6SHSIE X3 Fig(TB)
§27 521 516 511
527521 515

X4
MAXIMUM VALUF YR =558
OPTIMUM COMBINATION: (1.%: 25: 0.5: 2.5)

Fig. 7. Computer output of soll porosity [%)] after
harvesting of balophyte plant as affected by
different combination gypsum, limestone,

sulfuric acid and organic compost
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shows the optimum combination
for decreasing ESP was obtained
by a rate the treatment of [5: 3: 0:
0] (of the 8 points score) [G, L, S
and C], respectively. This reflects
the marked affect of the [8.44,
2.18, 000 & 0.00] Mgfed’,
respectively. The general mean of
ESP decreased from 38.01 to 12.40
to 8.80 from at the end of leaching
process and  after  harvest,
respectively.

Bulk density and porosity

Regarding bulk density "BD"
and soil porosity  "P" after
harvesting data of Table 4 and Figs
6 and 7 shows a marked effect due
to application of amendments. The
optimum combination  for
decreasing BD and increasing P
occurred with the mixture of G, L,
S and C at the ratio of [3: 3: 1: 1],
as well as [2.5, 2.5, 0.5, 2.5] (of
the 8 points score), respectively.

CONCLUSION
It could be concluded that
treating the saline soil with

combination of gypsum, sulfuric
acid, lime-stone, and organic
compost followed by growing the
halophyte plant 4.  halimus
decreased EC, pH, SAR, ESP.
Scanning the results illustrated in
Table 5 show that the halophyte
plant increased the effect of
amendments. However no one

Abd El-Fattah, et al.

combination was most effective for
all soil properties. To improve a
specific - character, it is easy to
apply a mixture of gypsum, lime-
stone, sulfuric acid and compost.
The recommended combination to
improve Sahl El-Tina saline sodic
at the end of leaching process
could be 1.0, 1.0, 2.5, and 3.5 (of
the 8 points score) G, L, S and C,
respectively i.e. the rate of 1.7,
0.73, 0.08, 3.6 Mg.fed-l
respectively. - The recommended
combination after harvesting of
halophyte plant could be 2.0, 2.0,
3.0, 1.0 (of the 8 points score) i.e.
3.38, 1.45, 0.09 & 1.02 Mgfed™,
respectively.
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