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ABSTRACT: A leaching experiment was conducted to asses efficiency of gypsum solely or in
combination with sulfuric acid and/or botanical compost on saline-sodic soils reclamation. Soil
samples were collected from El-Hossainia plain, El-Sharkia Governorate, Egypt. The following
treatments were designed in a randomized complete block design and performed in 8 replicates:T1:
non-treated soil “NTS”, T2: full gypsum requirements “FGR”, T3: FGR + sulfuric acid “SA”, T4: FGR +
SA + botanical compost 1% “BC-1%”, T5: FGR + SA + botanical compost 2% “BC-2%”, T6: FGR + BC-
1%, T7: FGR + BC-2%, T8: 2 gypsum requirements “/2 GR”, T9: %2 GR + SA, T10: 2 GR + SA + BC-1%,
T11: %2 GR + SA + BC-2%, T12: %4 GR + BC-1% and T13: %2 GR + BC-2%. Leaching was done using
the intermittent method so as to add portions to the already saturated soil columns, and obtain
leachates equal to the added portions. Amounts of water were calculated to reduce the initial EC, from
66 to 4-dSm™ for 20-cm soil according to Reeve equation. All treatments decreased soil EC, soil pH
and soil sodicity expressed as SAR and ESP. Results showed that %2 GR + SA + BC-2% treatment was
more effective in decreasing the pH, EC and soil sodicity than the other treatments. Efficiency of
treatments were T11 <T5<T4<T3<TIO<T7<T9<T6<T2<T8<TI3<TI2<TI. This study
suggests that leaching using gypsum in combination with sulfuric acid and/or botanical compost on
saline-sodic soils reclamation is reliable on ameliorating salinity and sodicity or such soils.
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INTRODUCTION

Soil degradation, which can be caused by
salinity and sodicity, is considered an
environmental impairment problem causing
severe adverse effects on  agricultural
productivity, particularly in arid and semi-arid
regions (Qadir es al., 2006). Salt-affected soils
have become a serious problem of land
degradation all around the world (Vanessa et al.,
2004). The total global area of salt-affected soils
including saline soudic, saline and sodic soils
was 831 M ha (Martinez-Beltran and Manzur,
2005). Soil salinity and/or sodicity is a global
problem posing major threat to sustainable
agriculture in the world. Globally, > 8 x 10° ha
of land are affected, either by salinity (3.97 x
10® ha) or sodicity (4.34 x 10® ha) (FAO, 2000),
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both constitutes about 6% of the world’s total
land area. Salinity or sodicity in profile layers
are major abiotic environmental stresses to crop
production (Grewal, 2010). Degradation of soil
caused by salinity/sodicity is problematic in
modern world (Sadiq et al., 2007).

Salinization is the increase of the total
soluble salts in the root zone of a soil profile
whereas; sodication or alkalization is the
increase of exchangeable sodium percentage in
the root zone of a soil profile. Both processes
occur naturally but they may be accelerated by
adverse human activities. Furthermore, the two
processes may operate simultaneously and form
saline sodic soils. The three types of soils occur
in all continents and under almost all climatic
conditions. There are many procedures and
strategies that can be used to improve salt
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affected cropland. The chemical remediation is
one of these reclamation strategies (Sharma and
Minhas, 2005). The application of Ca®

amendments can improve different properties of

soil and act as soil modifiers that can prevent
development of sodicity which is directly related
to plant growth, crop productivity and crop
yields (Wong et al., 2009; Chintala et al., 2010).

Saline-sodic and sodic soils need a source of
soluble calcium (Ca®") to replace excess Na*
from cation exchange sites. Chemical amendments
have a long history of usage for soil amelioration
(Qadir et al., 2001). Gypsum is the most
extensively used amendment for the reclamation
of saline-sodic soils because of its low cost,
general availability, and rich supply of (Ca®")
Ghafoor and Muhammad, 198!; Hanay et al.,
2004; Ardakani and Zahirnia, 2006,Tuna et al.,
2007; Murtaza et al., 2009; Wong et al., 2009).
Gypsum plays a significant role in the
reclamation of saline-sodic soils by providing a
Ca® cation to replace the exchangeable Na+
from the colloid's cation exchange positions and
leaching it out from the root zone into
groundwater (Oster, 2002; Sharma and Minhas,
2005; Qadir and Homeck et al, 2007).
Efficiency of gypsum in the reclamation of
saline-sodic and sodic soils varies considerably
depending upon the type of the soil to be
reclaimed, the method of gypsum application,
the fineness of the gypsum particles,
combination of gypsum with other amendments
and breaking of the soil hard pan, if exists
(Chaudhry, 2001).

However, although gypsum amendment has a
marled impact on the chemical properties of the
soil yet it has minimum impact on the soil
biological properties (Clark et al., 2009).

Addition of gypsum at different rates to
saline sodic soils then leaching led to increase
sodium, chloride, zinc and manganese
concentrations in leached water and at the same
time soil salinity, soil pH, dissolved and
exchangeable sodium and dissolved chloride
decreased with increase in gypsum applied rate
(Sahin et al., 2003; Makoi and Ndakidemi,
2007).

Khan et al. (2010) found a positive significant
improvement in saline-sodic soil properties, i.e.,
EC, SAR and pH in response to applied gypsum.
Abdel-Fattah (2011 and 2012) detected

pronounced decreases in EC, pH, SAR, ESP and
bulk density and, on the other hand, increases in
hydraulic conductivity and infiltration rate in
saline-sodic soil due to the application of
gypsum and two types of compost either applied
solely or in combination, compared with the
control and added that the combined treatments
were more efficient. These results are similar to
those obtained by Abou Youssef (2001) and
Manzoor et al. (2001).The main objective of this
study was evalution of the efficiency of leaching
using gypsum soley or in combinations with
sulfuric acid and/or botanical compost at
different rates on saline-sodic soils reclamation.

MATERIALS AND METHODS

Soil Location, Preparation of Pots and
Application of Soil Amendments

Soil samples were collected from the surface
layers (0-30 cm) of El-Hossainia plain, El-
Sharkia Governorate, Egypt; air-dried, crushed,
mixed thoroughly passed through a 2-mm sieve
and analyzed for their physical and chemical
properties. Table 1 shows the physical and
chemical properties of the soil.

Polyvinyl chloride cubic pots of 30-cm
height, 25-cm length and 25-cm width were
used. The bottom of each pot was pierced and
sealed with a perforated nylon screen and glass
wool. Acid-washed inert sand (pre-washed with
HCI then water) was placed on the pot bottom to
make a 5-cm layer of sand. Soil was packed
uniformly in pots to a hight of 20-cm to
maintain a soil bulk density of 1.35-Mgm™, this
required a quantity of soil of 16.88-kg of
crushed air-dried soil per pot. The top 5-cm of
the pot was left to give a sufficient space for
addition of water used for leaching process.

The soil amendments used in this experiment
were, gypsum (85% purity), sulfuric acid and
compost of plant residues. Gypsum “G” amount
(28.11 Mg ha') was calculated based on the
gypsum requirement (GR) equation (USDA,
1954) taking into consideration reducing the
exchangeable sodium percentage (ESP;) of soil
to a final exchangeable sodium percentage
(ESPy) of 10% using the equation:

_ ESPi- ESPr
100

GR xCECx1.14
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Table 1. Physical and chemical properties of studied soil
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Soil property Value
- Particle size distribution (%)
- Clay 53.79
- Silt 29.56
- Sand 16.52
- Textural class Clay
- Saturation percent 43.75
- Bulk density, Mgm™ 1.35
- Total porosity [%] 52.83
Organic matter [gkg™] 3.80
CaCOs [gkg'] 52.5
- EC (dSm™) [Soil paste extract] 66.00
- pH [Soil suspension 1:2.5] 8.36
- Soluble ions (mmol, 1)
= Na’ 587.88
= K 3.81
= Ca” 63.46
= Mg 137.40
» CI 526.00
= HCO;y 26.00
= SO, 240.55
= SAR 58.66
Exchangeable cations, CEC and ESP
* Na' (cmol kg") 12.21
= K' (cmol kg") 5.56
= Ca¥ (cmol kg") 7.87
= Mg* (cmol. kg") 8.93
* CEC (cmol. kg™ 34.57
= ESP 35.32
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Where:

GR: gypsum requirement (Mg fad'.), ESP;
initial ESP of the soil (actual ESP of the soil),

ESPs: final ESP of the soil (ESP required to be-

reached by reclamation) and CEC: cation

exchange capacity (cmol, kg’ soil).

The equivalent amount for sulfuric acid “SA”
was calculated according to FAO (1988) as
follows: amount of sulfuric acid = GR x 0.57
(16.03 Mg ha™). Botanical compost “BC” was
added at a rate of 1% or 2% by weight. All
former amendments and their combinations
were mixed homogeneously with soil before
being packed in pots. The G was of 85% purity
and its addition rate was 175.74-g per pot. The
SA (concentratlon 98%, specific weight 1.84
Mg m> and normality 36.7N) was added at a
rate of 0.06-ml per pot (8.89 liter per ha). The
BC was added at a rate of 156 or 312 g. pot™.
Table 2 shows some properties of the BC. The
following treatments were designed in a
randomized complete block design and
performed in 8 replicates:T1: non-treated soil
“NTS”, T2: full gypsum requirements “FGR”,
T3: FGR + sulfuric acid “SA”, T4: FGR + SA +
botanical compost 1% “BC-1%", T5: FGR + SA
+ botanical compost 2% “BC-2%”, T6: FGR +
BC-1%, T7: FGR + BC-2%, T8: Y2 gypsum
requirements “% GR”, T9: %2 GR + SA, T10: %4
GR + SA + BC-1%, T11: %2 GR + SA + BC-2%,
T12: %2 GR + BC-1% and T13: %2 GR + BC-2%.

Experiment Execution

After mixing amendments with soil, the soils
were leached with water having EC 1.00-dSm™.
Leaching was done using intermittent method so
as to add water portions to the already saturated
soil; and obtain leachates equal to the added
portions. Amounts of water (43.12 liter per pot)
were calculated to reduce the initial EC, from 66
to 4-dSm™ for 20-cm soil according to Reeve
equation (Reeve, 1975). as follows:

Diw = (Ece)l
D; 5(ECe)e

+0.15
Where:

D;, is the depth of the applied leaching water
(cm), Ds is the depth of soil (cm), (EC,); is the
soil salinity(dSm™) before leaching and (EC,); is
the soil salinity (dSm™) after leaching.
Calculated D,,, (equal to 69-cm water depth) was

divided into about 14 leachates; each one was 5-
cm water depth (3.03.125 L of water leaching).
Leachates were collected and analyzed for EC,
pH, Soluble cations and anions.

At end of the experiment, soil was analyzed
according to the methods described by the
USDA (1954), Jackson (1967), Page et al
(1982) and Baruah and Barthakur (1997).

RESULTS AND DISCUSSION

Chemical Composition of Leachates

Salt and ion removal as affected by leaching
and different treatments are shown in Fig. 1.
Generally, results show that all treatments
resulted in greater salt removal compared with
untreated soil (i.e., leaching alone). The main
effect shows that T5 treatment “FGR + SA +
BC-Z%” gave the highest salt removal (170.68
dS.m™") whereas the control (i.e., leaching alone)
treatment resulted in the lowest (135.83dS.m™).
This shows the superiority of gypsum as full
requirements combined with both sulfuric acid
and botanical compost at a rate of 2% (i.e.,, FGR
+ SA + BC-2%) in salt removal from the studied
soil. Treating soil with amendments resulted in
salt removal efficiencies of by 21.19, 22.49,
25.56, 25.66, 21.37, 21.66, 20.70, 21.97, 25.21,
25.00, 17.60 and 19.87 for T2, T3, T4, TS, T6,
T7, T8, T9, TI10, TIl, TI2 and TI3,
respectively. Salt removal by treatments was in
the following order: TS > T4 > T10 > T11 > T3
>T9>T7>T6>T2>T8>TI3>TI12 > Tl,
respectively.

The main effect shows that the 1¥ leachate
was of the highest salinity (319.20 dS.m™)
whereas 14" leachate gave the lowest (34.57
dS.m). Soluble salts removed in leachates
depended on the number of leachates. There was
a considerable decrease in EC partlcularly
following the 1 leachate. From the 8" leachate
(152.06 dSm™") onwards, the decrease was rather
moderate. This shows that the amount of added
water leaching portion was capable of removing
the majority of the readily soluble salts and
mobile ions such as Cl" and Na®, whether the
soils were amended or not.

Dissolution of the slightly soluble salts (such
as CaSO, and CaCQ;) and desorption of the
exchangeble ions from the exchange complex
would further supply the soil solution with soluble
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Table 2. Physical and chemical properties of botanical compost

Property Value
Moisture (%) , 27
EC, dSm" 2.1
Organic matter, gkg 321
Organic carbon, gkg™ 187
Total nitrogen, gkg™ 13
C:N ratio 14:1
N-NOs, mgkg 113
N-NH4, mgkg™ 558
Total phosphorus, gkg™ 0.5
Total potassium, gkg™ 2.4
400,00
350,00
~Tl T2 ~+T3 —+Té —~T5
300.00 » \ vt TG —=T7 —T8 T8 -—TID
2\
250.00 N\ ~+TI1 TR -=T13
3 o0
.
n]
150.00
100.00
50.00
0.00

] 1 2 3 4 5 6 e ) 9 10 1 » 13 14 15
Leachates

Fig 1. EC values in fourteen leachates as affected by different treatments
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ions especially, Ca*, SO,2, HCO5 and CO;.
During the first period of leaching, the soluble
salts leached from the soil column were mainly
NaCl and Na,SO, causing a high EC values
while during the second period, the leached salts

would include NaHCO, and finally Na,COs;.-

The decreasing salinity was less considerable
from the 8" leachate onwards. Amended
treatments caused greater rates of decrease in
salinity than non-amended ones. This indicates a
favorable effect of amendments on the leach
ability through improving the physical
properties of the soil.

Soil pH

Concerning soil pH as affected by soil depth,
as shown in Table 3, soil pH was significantly
affected by soil depths (p < 0.05), where the
soil pH values decreased in all soil depths
compared with initial value (8.36). The highest
soil pH value (8.06) was obtained in the first
depth (0-10-cm), while the lowest one (8.04)
was recorded with the second depth (10-20-cm).
The relative decreases in soil pH compared to
the initial soil pH was 3.59 and 3.83% for the
first and the second depths, respectively.

Regarding to soil pH as affected by the
different treatments, results in Table 3 clearly
show that soil pH was significantly affected by
the different treatments (p < 0.05), where the
soil pH values decreased due to all the tested
treatments compared with initial value (8.36).
The highest soil pH (8.33) of leached soil was
attained for the untreated soil (i.e. leaching
alone), while the lowermost one (7.93) was
recorded with the T11 (i.e, 2 GR + SA + BC-
2%). In addition, data show that there were no
significant differences between T7 (i.e. FGR +
BC-2%) and T9 (i.e, 2GR + SA) as well as
between T3 (i.e., FGR + SA) and T10 (i.e., %
GR + SA + BC-1%). The results presented in
Table 3 cleared also that the tested treatments
could be arranged ascendingly in the following
order according to their effects on soil pH, T11
<T5<T4<T3<TIO<T7<TI<T6<T2<
T8 < T13 < T12 < T1. The relative decreases in
soil pH compared to the initial soil one were
0.36, 3.71, 4.19, 4.31, 4.67, 3.83, 4.07, 3.59,
4.07, 4.19, 5.14, 2.63 and 3.23% due to T1, T2,
T3 T4, T5, T6, T7, T8, T9, T10, T11, T12 and
T13, respectively.

Results presented in Table 3 shows that the
interaction between treatment and depth of soil
negatively and significantly decreased soil pH as
compared to the initial soil pH (8.36). The
highest value of soil pH was 8.35 achived due to
T1 (untreated soil) at the first depth of soil (0-10
cm), while the lowest one was 7.92. achived due
to T11 (/2 GR + SA + BC-2%) at second depth
(10-20 cm). In addition, results show that there
were no significant differences between the first
and second depths of soil with T2, T3, T4, T8
and T13. On the other hand, there were no
significant differences between T2 at 1% depth
and T8 at 2™ depth, T2 at 2™ depth and T6 at 1*
depth, T6 at 2™ depth and T7 at 1* depth, T7 at
2" depth and T9 1* depth, T9 at 2™ depth and
T10 at 1* depth and T4 at 1* depth and T10 at
2" depth.

The reduction in pH value in sodic or saline
sodic soil due to use of gypsum as inorganic
amendment has been reported by many
researchers (Mahmoud er al.,, 1969; Sunar and
Chohan, 1971). FYM improves the efficiency of
gypsum and releases organic acids and CO,,
both help reduce soil pH. Similar findings were
also reported by Mehta (1986). According to
(Udayasoorian et al.,, 2009; Pagaria and
Totawat, 2011; Prapagar et al, 2012). This
reduction in pH soil could be due to acidifying
effect of organic and inorganic acids produced
during the process of decomposition of organic
amendments and solubilized native calcium
carbonate (Rai et al.,, 2010; Behzad, 2011;
Abdel-Fattah 2012) reported that ameliorative
role of organic matter amendments is due to
releas of CO, and organic and acids during
decomposition process which solubilize CaCO,
and neutralize sodicity. Marked effect of
gypsum and FYM as a combination with
H,SO,was detected because addition of H,SO,
with that of gypsum and/or FYM might
enhancing the solubilization process (Chaudhry
and Ullah, 1982). Niazi et al. (2001) reported
that the lowest pH was recorded with gypsum
and FYM. Worku et al. (2016) observed a
significant decrease in pH with the application
of 50% gypsum and 50% H,SO.acid where a
maximum of 9.4% decrease in pH was detected
by application 50% gypsum and 50% H,SO,
acid.



Zagazig J. Agric. Res., Vol. 44 No. (2) 2017 525
Table 3. Soil reaction, salinity and soluble ions of soil at the end of leaching process as affected

by different treatments
Factor of study pH EC Soluble cations Soluble anions SAR
dSm™ (mmolc I'") (mmolcl)
Ca” Mg“ Na- K HCO;y Cr SO,
Effect of soil depth

0-10 cm (1* depth) 8.06 6.26 2413 1391 2280 176 0.78 9.71 52.11 5.03
10-20 cm (2nd depth) 804 6.70 23.70 15.85 25.57 185 085 1073 5538 542
Effect of treatments

T1 833 1643 21.80 48.75 89.29 447 1.80 25.70 136.81 15.05
T2 805 596 2331 1298 2158 170 064 874 5019 5.07
T3 8.01 532 2406 1134 1626 150 050 7.83 4483 3.87
T4 8.00 4.82 2490 10.83 11.06 139 040 730 4047 262
TS5 7.97 474 2526 1048 1030 133 040 7.10 3987 244
Té6 804 582 2346 1258 2048 164 060 843 49.14 482
T7 8.02 567 2361 1203 1947 159 0.60 8.11 47.99 461
T8 8.06 6.17 23.10 1351 2333 177 126 925 5121 545
T9 8.02 5.57 2387 11.71 18.55 154 060 8.00 47.07 4.40
T10 801 495 2448 1105 1258 144 040 754 4161 2098
T11 793 463 2746 963 8.07 118 040 6.69 3924 1.88
T12 814 770 2269 14.65 37.64 205 159 1796 5746 8.71
T13 8.09 645 2291 1393 2577 186 140 10.26 52.80 6.00
Effect of interaction

0-10 cm T1 835 1455 2238 37.89 81.04 4.15 1.60 23.79 120.06 14.76
T2 806 592 2340 1283 2126 168 060 865 4992 500
T3 801 520 2413 1123 1512 149 040 773 43.84 3.60
T4 800 480 2500 10.78 1088 137 040 720 4043 257
TS 799 471 2542 1038 1003 131 040 7.00 3974 237
T6 8.04 578 23.53 1248 20.19 1.63 060 840 4883 4.76
T7 803 5.63 2363 1188 1926 158 060 800 47.74 4.57
T8 807 6.11 2320 1340 2280 175 117 905 5093 533
T9 802 553 2394 1163 18.19 153 Q.60 8.00 46.69 431
T10 801 489 2455 11.00 1195 143 040 748 41.05 2.83
T11 794 458 2879 930 666 1.08 040 658 38.86 1.53
T12 816 7.31 22.80 1428 34.03 199 1.59 14.58 56.93 7.90
T13 810 6.36 2300 1383 2496 183 140 980 5242 582
10-20 cm T1 830 1832 2123 5961 9754 479 2.00 27.61 153.56 15.34
T2 8.05 6.00 2323 13.13 21.89 172 068 883 5046 5.14
T3 801 544 2400 1145 1740 151 060 793 4583 4.13
T4 800 4.83 2480 1088 1123 141 040 740 4052 266
TS5 796 4.76 25.10 1058 1058 1.35 040 7.20 40.00 2.50
Té6 8.03 585 2340 1268 2077 1.65 060 845 4944 4189
T7 8.02 5.71 2360 12.18 1967 1.61 0.60 823 48.23 465
T8 8.06 6.23 23.00 13.63 2387 1.79 134 945 5149 5.58
T9 8.02 561 2380 11.80 1891 1.55 060 8.00 4745 448
T10 8.00 5.02 2440 11.10 13.21 145 040 7.60 42.16 3.13
T11 792 4,68 26.13 995 948 127 040 6.80 39.63 2.23
Ti12 8.12 8.09 2258 1503 4124 210 1.60 21.34 5799 9.5}
T13 8.09 6.53 2283 14.03 26.58 1.88 1.41 10.73 53.18 6.19
LSD5% SD 0.002 0.07 0.12 033 047 002 0.01 031 0.65 0.07
TRT 0.005 0.18 029 0.85 121 0.06 0.03 031 1.65 0.19
SDxTRT 0.008 026 041 121 1.71 0.08 0.05 0.55 234 0.26
Notes: SD and TRT refer to soil depth and treatments, respectively. T1 to T13 refer to non-treated soil, full
gypsum requirements “FGR”, FGR + SA, FGR + SA + botanical compost 1% “BC-1%", FGR + SA + botanical
compost 2% “BC-2%", FGR + BC-1%, FGR + BC-2%, % gypsum requirements “% GR”, %4 GR + SA, % GR +
SA + BC-1%, 2 GR + SA + BC-2%, % GR + BC-1% and 42 GR + BC-2%, respectively.
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Soil electric conductivity (EC)

As shown in Table 3, soil EC was
significantly affected by soil depths (p < 0.05),
where the soil EC values decreased at all soil

depths compared with initial value (66.00 dSm™). .

The highest soil EC value (6.70 dSm™) was
obtained in the lowest depths of soil (10-20 cm),
while the lowest one (6.26 dSm™") was recorded
with the surface layer (0-10 cm). Efficiencies of
first and second depths of soil in decreasing soil
EC in comparison with initial soil EC were
90.52 and 89.85% for the first and the second
depths of soil, respectively.

Concerning effect of different treatments on
soil EC, results in Table 3 clearly show that soil
EC was significantly affected by the different
treatments (p < 0.05), where the soil EC values
were decreased in all tested treatments
compared with initial value (66.00 dSm™). The
highest soil EC (16.43 dSm) was gained by
non-treated soil (i.e., leaching alone), while the
lowest one (4.63 dSm™') was recorded with the
T11 (ie, ¥ GR + SA + BC-2%) with non-
significant differences between T11 and T4 (i.e.,
FGR + SA + BC-1%) and T5 (i.e, FGR + SA +
BC-2%). In addition, results show that there
were no significant differences between the T2
(i.e., FGR) and T6 (i.e., FGR + BC-1%) as well
as between T6 (i.e. FGR + BC-1%) and T7 (i.e.,
FGR + BC-2%), T7 (i.e, FGR + BC-2%) and
T9 (i.e., %2 GR + SA) and T4 (i.e, FGR + SA +
BC-1%) and T10 (i.e., 2 GR + SA + BC-1%).
The results presented in Table 3 clear also that
the tested treatments could be arranged in the
following order according to their effects on soil
EC,TI1 <T5<T4<TI0O<T3<T9<T7<T6
< T2 < T8 < T13 < T12 < T1. The relative
decreases in soil EC compared to the initial soil
were 75.11, 90.97, 91.94, 92.70, 92.82, 91.18,
91.41, 90.65, 91.56, 92.50, 92.98, 88.33 and
90.23% for the T1, T2, T3 T4, TS5, T6, T7, T8,
T9, T10, T11, T12 and T13, respectively.

The results presented in Table 3 show that
application different treatments at different
depths of soil significantly decreased soil EC in
comparison with initial soil EC (66.00 dSm™).
The highest value of soil EC was 18.32 dSm"
due to T1 (untreated soil) in second depth of soil
(10-20 cm), while the lowest one (4.58 dSm™)
was observed with T11 (2 GR + SA + BC-2%)
in first depth (0-10 cm). In addition, results

show that there were no significant differences
between the first and second depths of soil with
T2, T3, T4, T5, T6, T7, T8, T9, T10, T!1 and
T13.

However, results of Table 3 shows a highly
significant correlation coefficient of EC, with
soluble ions (i.e. Na’, K, Ca™", Mg"™, CI,
HCO;™ and SOy). (r = 0.62, 0.98, 0.99, 0.996,
0.76, 0.94 and 0.997) for Ca™", Mg, Na’, K,
HCOs, CI', SOy, respectively.

Sodium adsorption ratio (SAR) and
exchangeable sodium percentage (ESP)

Tables 3 and 4 shows that SAR and ESP
were significantly affected by soil depths (p <
0.05), where the SAR and ESP values were
decreased in all soil depths compared with initial
values (58.66 and 35.32), respectively. The
highest SAR and ESP values (5.42 and 11.05%)
were obtained at (10-20 cm) soil depth, while
the lowest values (5.03 and 10.46%) were
recorded for the first depth (0-10 cm).
Superiorities of first and second depths of soil in
decreasing SAR in comparison with initial soil
were (91.43, 80.76% and 70.39, 68.71%) for the
first and the second soil, respectively.

Results in Tables 3 and 4 clearly show that
SAR and ESP were significantly affected by the
different treatments (p<0.05), where the SAR
and ESP values were decreased due to all the
tested treatments compared with initial value
(58.66 and 35.320%, respectively). The highest
SAR (15.05) was gained by untreated soil (i.e.,
leaching alone), while the lowest one (1.88 and
7.92%) was recorded with the T11 (i.e., 2 GR +
SA + BC-2%). Moreover there were no
significant differences between the T4 (i.e., FGR
+ SA + BC-1%) and TS5 (i.e,, FGR + SA + BC-
2%). However, the tested treatments could be
arranged in the following order according to
their effects on soil SAR and ESP, T11 < TS5 <
T4<TIO<T3I<TI<T7<T6<T2<T8<TI3
< T12 < TI1. The relative decreases in SAR
compared to the initial soil were 74.34, 91.36,
93.40, 95.53, 95.84, 91.78, 92.14, 90.71, 92.50,
94.92, 96.80, 85.15 and 89.77%. Mean while the
relative decreases in ESP compared with initial
soil were 55.75, 69.20, 70.64, 72.17, 73.73,
69.25, 69.62, 68.69, 70.07, 71.07, 71.52, 77.58,
67.50 and 68.37 for the T1, T2, T3 T4, TS5, T6,
T7, T8, T9, Tl0, TIl, TI2 and TI3,
respectively.



Zagazig J. Agric. Res., Vol. 44 No. (2) 2017 527
Table 4. Exchangeable cations of soil at the end of leaching process as affected by different

treatments
Factor of study Exchangeable cations (cmolj_kg'1 soil) CEC ESP
Ca1+ M£Z+ R Na+ K+
Effect of soil depth
0-10 cm (1* depth) 13.58 9.10 6.32 3.63 34.62 10.46
10-20 cm (2™ depth) 13.36 9.43 6.53 3.89 35.05 11.05
Effect of treatments
T1 6.09 14.65 8.51 5.66 35.91 15.63
T2 13.42 9.37 648 3.82 35.09 10.88
T3 14.19 8.44 6.16 3.56 34.34 10.37
T4 14.89 8.13 5.95 3.38 34.35 9.83
TS 15.82 7.96 5.79 3.23 34.80 9.28
T6 13.55 9.03 6.35 3.77 34.70 10.86
T7 13.64 8.84 6.23 3.69 34.40 10.73
T8 13.14 9.54 6.60 3.89 35.16 11.06
T9 13.95 8.67 6.16 3.64 34.42 10.57
T10 14.61 8.24 6.06 345 34.35 10.06
T11 16.65 7.23 5.54 2.71 34.13 7.92
T12 12.35 10.48 6.94 412 35.88 11.48
T13 12.79 9.87 6.75 3.95 35.37 11.17
Effect of interaction
0-10-cm T1 6.30 13.65 7.69 4.47 34.11 13.10
T2 13.53 9.23 6.39 3.82 34.96 10.92
T3 14.26 8.39 6.16 3.53 34.34 10.29
T4 15.09 8.09 5.94 3.36 34.48 9.74
TS5 15.83 7.95 5.76 3.18 34.72 9.17
T6 13.55 8.94 6.31 3.73 34.53 10.80
T7 13.72 8.84 6.19 3.65 3441 10.61
T8 13.22 9.52 6.60 3.87 35.21 10.98
T9 14.06 8.57 6.16 3.64 34.43 10.56
T10 14.68 8.17 6.04 345 34.34 10.06
T11 16.94 6.93 5.36 2.47 33.70 7.33
T12 12.44 10.29 6.85 4.05 35.62 11.36
T13 12.90 9.74 6.71 391 35.26 11.09
10-20-cm T1 5.87 15.66 9.33 6.85 37.71 18.17
T2 13.31 9.51 6.58 3.82 35.22 10.84
T3 14.12 8.48 6.16 3.59 34.35 10.45
T4 14.70 8.16 5.97 3.40 34.23 9.92
T5 15.81 7.97 5.83 3.27 34.89 9.38
T6 13.55 9.12 6.38 3.81 34.86 10.92
T7 13.55 8.84 6.27 3.73 34.39 10.84
T8 13.06 9.55 6.60 3.91 35.12 11.13
T9 13.83 8.78 6.16 3.64 34.41 10.57
T10 14.53 8.30 6.07 345 34.36 10.05
T11 16.36 7.53 5.72 2.94 34.56 8.51
T12 12.26 10.66 7.02 4.19 36.13 11.60
T13 12.69 10.01 6.79 4.00 35.49 11.26
LSD5% SD 0.03 0.05 0.06 0.02 0.11 0.04
TRT 0.07 0.13 0.16 0.05 0.30 0.10
SDxTRT 0.10 0.18 0.23 0.07 0.42 0.13

Notes: SD and TRT refer to soil depth and treatments, respectively. T1 to T13 refer to non-treated soil, full
gypsum requirements “FGR”, FGR + SA, FGR + SA + botanical compost 1% “BC-1%”, FGR + SA + botanical
compost 2% “BC-2%”, FGR + BC-1%, FGR + BC-2%, 4 gypsum requirements “%2 GR”, 2 GR + SA, 2GR +
SA + BC-1%, 4 GR + SA + BC-2%, 4 GR + BC-1% and ‘4 GR + BC-2%, respectively.
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The interaction results presented in Table 3
show that application of the different treatments
at different depths of soil significantly decreased
SAR and ESP in comparison with initial soil
(58.66 and 35.32%, respectively). The highest

value of soil SAR and ESP (15.34 and 18.17),

were obtained with T1 (untreated soil) at the
second depth of soil (10-20 cm), while the
lowest one (1.53 and 7.33) were resulted with
T11 (%2 GR + SA + BC-2%) at the first depth (0-
10 ¢cm).

The reduction in SAR and ESP may be the
results of increased Ca™ + Mg®* and decreased
Na’ as a results of amendments application.
Similar findings were reported by Shad and
Hashmi (1970); and Ghafoor and Muhammad
(1981) they showed that addition of gypsum +
manure was more effective in reclaiming
calcareous saline sodic soils than gypsum or
manure alone. This addition of gypsum and/or
FYM may enhanced the SAR and ESP values.
The current results are similar to those of (Niazi
et al., 2001; Abdel-Fattah, 2012).

Bulk density and total porosity

Table 5 shows that bulk density values were
decreased in all soil depths compared with initial
value (1.35 Mgm™). The highest bulk density
value (1.21 Mgm™) was obtained at the second
depth (10-20-cm), while the lowest one (1.20
Mgm™) was recorded with the first depth (0-10-
cm). The relative decreases in bulk density
compared to the initial soil were 11.11 and
10.37% for the first and the second depths,
respectively.

Results in Table 5 clearly show that bulk
density was significantly affected by the
different treatments (p < 0.05), where the bulk
density values were decreased due to all the
tested treatments compared with initial value
(1.35 Mgm™). The highest bulk density (1.26
Mgm?) was gained by untreated soil (i.e.
leaching alone), while the lowest one (1.15
Mgm™) was recorded with the T11 (i.e., ¥4 GR +
SA + BC-2%). Tested treatments could be
arranged in the following order according to
their effects on bulk density, T11 < T5 < T4 <
T3<TIO<T7<TI<T6<T2<T8<TI3<
T12 < T1. The relative decreases in bulk density

compared to the initial soil one were 6.67, 8.89,
11.85, 13.33, 14.07, 9.63, 10.37, 8.89, 11.11,
12.59, 14.81, 7.41 and 8.15% for the T1, T2, T3
T4, TS5, T6, T7, T8, T9, T10, T11, T12 and T13,
respectively.

The results presented in Table 5 show that
application of the different treatments at
different depths of soil significantly decreased
bulk density as compared to initial bulk density
of soil (1.35 Mgm™).The highest value of bulk
density 1.28 Mgm™ was obtained with T1
(untreated soil) at the first depth of soil (0-10
cm), while the lowest one (1.15 Mgm™) was
observed with T11 (%4 GR + SA + BC-2%) at
the second depth (10-20 cm). In addition, results
show that there were no significant differences
between the first and second depths of soil with
T3, T4, TS, T10, T12 and T13.

Concerning total porosity as affected by soil
depth, as shown in Table 5, total porosity was
significantly affected by soil depths (p < 0.05),
where the total porosity values decreased at all
soil depths compared with the initial value
(52.83%). The highest total porosity value
(54.54%) was obtained at the first depth (0-10-
cm), while the lowest one (53.93%) was
recorded for the second depth (10-20-cm). The
relative decreases in total porosity compared to
the initial soil one were 3.24 and 2.08% for the
first and the second depths, respectively.

Results in Table 5 clearly show that total
porosity was significantly affected by the
different treatments (p < 0.05), where the total
porosity values increased due to all tested
treatments compared with initial value
(52.83%). The lowermost total porosity
(49.17%) was gained by untreated soil (i.e.
leaching alone), while the highest one (56.70%)
was recorded with T11 (i.e, 2 GR + SA + BC-
2%). The results presented in Table 5 cleared
also that the tested treatments could be arranged
in the following order owing to their effects on
total porosity, T11 > T5>T4 > T10> T3 > T9
>T7>T6>T2>T8>TI13>TIi2>TI. The
relative increases in total porosity compared to
the initial soil were 6.93, 1.74, 4.33, 5.58, 6.30,
2.46, 3.22, 1.25, 3.88, 5.00, 7.33, 0.09 and 0.59
% for the T1, T2, T3 T4, TS, T6, T7, T8, T9,
T10, T11, T12 and T13, respectively.
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Table 5. Bulk density and total porosity of soil at the end of leaching process as affected by
different treatments

SD (¢cm) TRT Bulk density (Mgm") Total porosity (%)
0-10-cm 1.20 54.54
10-20-cm , 1.21 53.93
T1 1.26 49.17
T2 1.23 53.75
T3 1.19 55.12
T4 1.17 55.78
T5 1.16 56.16
Té 1.22 54.13
T7 1.21 54.53
T8 1.23 53.49
T9 1.20 54.88
T10 1.18 55.47
T11 1.15 56.70
Ti2 1.25 52.78
T13 1.24 53.14
0-10-cm T1 1.28 51.89
T2 1.22 53.92
T3 1.19 55.14
T4 1.17 55.85
TS5 1.16 56.23
Té6 1.21 54.29
T7 1.20 54.72
T8 1.23 53.58
T9 1.19 55.05
T10 1.18 55.47
T11 1.14 56.89
T12 1.25 52.83
T13 1.24 53.21
10-20-cm Tl 1.25 46.46
T2 1.23 53.58
T3 1.19 55.09
T4 1.17 55.71
TS 1.16 56.08
T6 1.22 53.96
T7 1.21 54.34
T8 1.24 53.40
T9 1.20 54.72
T10 1.18 55.47
T11 1.15 56.51
T12 1.25 52.74
T13 1.24 53.07
LSD5% SD 0.001 0.32
TRT 0.004 0.82
SDXTRT 0.005 1.16

Notes: SD and TRT refer to soil depth and treatments, respectively. T1 to T13 refer to non-treated soil, full
gypsum requirements “FGR”, FGR + SA, FGR + SA + botanical compost 1% “BC-1%", FGR + SA + botanical
compost 2% “BC-2%”, FGR + BC-1%, FGR + BC-2%, % gypsum requirements “/4 GR”, ¥4 GR + SA, Y2 GR +
SA + BC-1%, 2 GR + SA + BC-2%, 4 GR + BC-1% and % GR + BC-2%, respectively.
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The results presented in Table 5 show that
application of the different treatments at
different depths of soil significantly increased

total porosityas compared to initial soil one.

(52.83%). The lowest value of total porosity was
46.46% and it was obtained with T1 (untreated
soil) at the second depth of soil (10-20 cm),
while the highest one was 56.89% and it was
observed with T11 (*2 GR + SA + BC-2%) at
the second depth (10-20 cm). In addition, results
showed that there were no significant
differences between the first and second depths
of soil with T3, T4, T5, T6, T7, T9, T10, T11,
T12 and T13.

These results are in agreement with that
obtained by El-Shanawany (1985), who reported
that applied gypsum, particularly at high rates
gave the highest values of total soil porosity.
Calcium accumulations on the exchange sites
have improved soil aggregation thus reduced the
bulk density.

In this context (Qadir and Oster, 2004; Oo et
al., 2013) reported that combinations of organic
amendments resulted in substantial flocculation
and formation of a large number of soil
aggregates. In a referent word Worku et al.
(2016) reported that a mixture of organic wastes
decreased bulk density, EC and ESP by 11%,
78% and 96%, respectively compared with
control.

Conclusion

A leaching experiment was conducted to
asses efficiency of gypsum solely or in
combination with sulfuric acid and/or botanical
compost on saline-sodic soils reclamation. Soil
samples were collected from El-Hossainia plain,
El-Sharkia Governorate, Egypt. Results showed
that % gypsum requirements + sulfuric acid +
botanical compost at rate 2% by weight
treatment was more effective in decreasing the
pH, EC and soil sodicity than the other
treatments.
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