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ABSTRACT

The objective of this work was to investigate the
influence of using each of rice straw (RS), agricultural
gypsum requirements (AGR) and combination of them on
improving soil physical and chemical properties. A sample
of saline sodic, sandy clay loam soil, from the surface layer
(0-30 cm) was taken from village 4 El-Tina plan, northern
Sinai governorate — Egypt.

A greenhouse experiment was conducted, during
winter of 2018/2019, three rates of RS was used: 0.5, 1 and
1.5%, also 6.8, 8.2, and 10.2 ton.fed! of AGR after
calculating the AGR to reduce the ESP for the control
sample to 50, 60, 75%, respectively. In addition to combine
of 0.5 % RS + each of 6.8, 8.2 and 10.2 ton.fed* AGR, each
treatment was mixed with soil 30 cm depth in pots. The
soil was incubated for one month before cultivation, with
Spinach (Spinacia Oleracea, L), in 1t December, 2018 as a
guide crop. The amount of irrigation water was
determined by weighting each pot to keep the moisture
content at the field capacity of each treatment plus 15% as
a leaching requirement of applied water.

The obtained results indicated that, the adding (RS) or
/ and (AGR) led to increase the soil’s ability to retain soil
moisture content, porosity, water holding pore and H.C.
Meanwhile, decreases soil bulk density, penetration
resistance (PR), EC, ESP and pH in compared to control.
The superior effect on improvement of these parameters
was resulted in combine RS+AGR. Also effect of the
treatments on these properties in 0-10 cm soil depth > 10-
20 > 20-30 cm soil depth. The results revealed that the
values of field capacity (FC), available water (AW), H.C,
quickly drainable pores (QDP) and water holding pore
(WHP) increased significantly by increasing the rate of RS
and GR. Moreover, combine RS + each of 6.8, 8.2 and 10.2
ton.fed? AGR was increased highly significant effect on,
FC , AW, H.C, QDP and WHP as compared to treated by
RS, AGR alone or control. Also, it was decreased
significantly on PR, bulk density and fine capillary pore.
ESP values decrease by leaching control was not
considerable and the soil remained sodic with highly ESP
values. However, the final ESP obtained after leaching
with amendments gave the highest decrease percent in
ESP values by using combine 0.5% RS + each of 6.8, 8.2
and 10.2 ton. fed! AGR. Also, the fresh yield of Spinach
was higher in soils receiving with increasing rates of AG
amendment as compared to RS. The highest shoot spinach
yield was, obtained by treatment by combine of 0.5% RS +
each of 6.8, 8.2 and 10.2 ton. fed! AGR.

DOI: 10.21608/ASEJAIQJSAE.2019.52643
Desert Research center, Mattariya, Cairo, Egypt.
Received August 28, 2019, Accepted September 30, 2019

Key words: Saline sodic soils, agricultural gypsum, soil
physical and chemical properties, reclamation, rice straw
compost.

INTRODUCTION

In Egypt, as in many other countries in arid and
semi-arid areas, soil salinity and sodicity very often
occur and transferred due to climate conditions of
weakened rainfall and rising temperatures, lead to
upward flux and salt accumulation on soil surface as
well as the salts in irrigation water and capillary rise of
saline water table cause the increase of soil salinity. The
area of salt-affected soils are approximately 2 million
fed of cultivation is 7.5 million fed. Soil amendments
are corporate into upper layer of soil (cm) to ameliorate
soil physical properties; like water retention, water
infiltration, permeability and supply nutrients.

There were many ways to allow water and nutrients
to flow easier through the soil to boost healthy plant
growth Ammari et al, (2008). There are two types of
soil amendments:1% one, organic amendments which
include straw, wood chips, sphagnum peat, manure,
compost, biosolids, wood ash, and sawdust....ect, which
enhance water stabile aggregate, infiltration rate and
water-holding capacity Diacono, and Montemurro,
(2015). the 2™ one, Inorganic amendments like,
vermiculite, perlite, and sand,....ect, which applied to
improvement and reclamation saline soil to avoid the
using chemical amendments on soil and decrease salts
concentration in the upper layer of soil, which enhanced
the plants growth by get rid the excessive ions released
from soil to the deeper layers. Junbao et al., (2010).
Agricultural gypsum, sulphur, acids, press mud and
farmyard manure (FYM) are used to reclaim the saline-
sodic soils. Sabir et al.,(2007) and Bello, (2012).

In Egypt, agricultural gypsum is usually used to
reclaim sodic soils due to it is easily of handling, low
cost and availability. Gypsum decreases the ratio of
sodicity to salinity in percolating solutions and provides
constant hydraulic gradient throughout the soil profile.
The gypsum application followed by a mature
municipal solid compost mix has been used to restore
degraded sodic soils Hanay et al., (2004). Gypsum
treatment was effective in the sodic soils reclamation. In
addition, decreases of, electrical conductivity,
exchangeable sodium percentage and pH, Gupta et al.,
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(1988), decrease the bulk density values and inversely,
increases soil infiltration rate and soil hydraulic
conductivity Abdel-Fattah, (2012); Abou Youssef,
(2001) found that, with increasing application of
phosphor gypsum (PG) decreased values of bulk
density, pH, EC values and ESP. In the other hand, there
were increase soil hydraulic conductivity, soil porosity,
mean weight diameter (MWD) of soil aggregates,
geometric mean diameter (GMD), and water-stable
aggregates (WSA). Manzoor et al., (2001) mentioned
that the sodium adsorption ratio (SAR), electrical
conductivity (EC) and soil pH decreased with gypsum
application. Many studies El-Shanawany (1985);
Lebron and Yoshida (2002) indicated that gypsum and
phospho-gypsum improved the soil structure, decreased
the swelling of sodic soils, increased soil hydraulic
conductivity (Ks/Kh) and infiltration rate.

Chawla and Abrol (1982) reported that treatments
with the finest gypsum resulted in the greatest initial
infiltration rate, then sharply decrease with time. This
phenomenon was due to the greater solubility of the
finer particles followed by a decrease sharply in the
electrolyte concentration due to the precipitation of
dissolved calcium in the first case and the dissolution of
coarser particles and little precipitation in the final case.
The inactivation of gypsum particles due to formation of
calcium carbonate (CaCOs) coatings over their surfaces
reported in the case of finer grades. Whereas the
kinetics of gypsum dissolution in the presence of soil is
first order while the absence of soil is second order.
This vary in reaction Kkinetics resulted from the
continuous removal of calcium ion (Ca®") and sulfate
ions (S04%*) from the soil.

Laboratory experiments conducted by
Vandenelshout and Kamphorst (1990) to evaluate the
water requirements for leaching for five gypsum grades
with different particle size distributions reveal that the
water requirements for leaching didn’t difference
significantly for the mixtures studied, provided that the
percolation rates were low. The time of reclamation
appeared to increase with increasing particle size.
Different methods of gypsum application were tested
.The largest efficiency can be obtained when partially
mixing and applying an equal amount to the gypsum
requirement into the soil. Based on the lack of
comparative information for the situation in Egypt.

The main objective of this work was to study the
applying gypsum and rice straw individually or their
combination on improvement of physical and chemical
characteristic of a saline sodic in ElI Tain -plain. in

Egypt.

MATERIALS AND METHODS

The experiment was conducted to elucidate the
effect of the application Rice straw, Agricultural
gypsum (particles 1-2 mm) and their combinations on
some soil physical and chemical properties and
productivity of saline sodic, sandy clay loam soil was
studied. Soil sample was collected from the surface
layer (0-30 cm) in village 4, El-Tina plain, east of the
Suez Canal in North Sinai Governorate. Three rates:
0.5, 1 and 1.5% of rice straw pieces (2 cm length), three
application rates of agricultural gypsum requirements
(AGR) 50, 60 and 75% which were 6.8, 8.2 and 10.2
ton.fed* agricultural gypsum, respectively, and combine
of 0.5 % rice straw each of 6.8, 8.2 and 10.2 ton.fed*
agricultural gypsum were used. Soil treatments were
mixed with soil (30 cm depth). These soil treatments
were incubated for one month before cultivation of
Spinach in greenhouse pots experimental. Cultivated
with spinach (Spinacia Oleracea, L) was planted in 1%
December, 2018- 2019 as a guide crop. This experiment
was irrigated by water from the El-Salam Canal with a
1:1 mixture of agriculture drainage water and fresh Nile
water and a representative soil sample was taken before
planting to determine some physical and chemical
properties Table(1).
1-Agricultural gypsum requirements (AGR) were

determined according to the methods described by

U.S., salinity laboratory staff (FAO and IIASA,

2000).

2- Calculated as follows:

AGR = BB B Y CECx 172 gypsum purity.
Where AGR: agricultural gypsum requirement
(ton.fed?). CEC: cation exchange  capacity

(meg. 100 glsoil), ESPiis initial the Exchangeable

Sodium in the soil (measured), ESPs is the

Exchangeable Sodium Percentage to be reached

(descending the previous measured).

3-Exchangeable sodium percentage (ESP) was
estimated by using the following equation:

100 (—0.0126+0.01475 SAR)
1+(—0.0126+0.01475 SAR)

4- Sodium adsorption ratio (SAR) was estimated by
using the following equation where ionic
concentration of the saturation extracts are
expressed in meg. L
Na

JCat+Mg/2

ESP

SAR =

Soil sample was analyzed to review the amount of
gypsum, as well as different percentages of cutting rice
straw with soil (0, 0.5, 1.0, and 1.5 %).
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Table 1. The main values of some physical and chemical soil properties of the (virginal) control soil under

study and of irrigation water

Soil Irrig. water

Coarse sand % 11.18 EC dSmin soil paste 19.6 2.19
Fine sand % 49.45 pH in soil paste 8.2 7.92
Silt % 11.24 Ca™ (meq L) 15.2 2.34
Clay % 28.13 Mg** (meq L") 19.9 3.94
Textural class SCL. Na* (meq L) 156.0 15.19
Bulk density ton. m3 1.51 K* (meq L) 49 0.42
Total porosity % 43.0 HCO~ (meq L™) 12.8 3.99
Ca COs (9/Kg) 0.41 Cl-(megL™) 121.1 12.39
Organic matter % 0.34 SO-- (meq L) 62.1 551
Field capacity % 21.1 SAR 37.3 8.57
Welting point % 11.6 CEC meq/100 gm soil 21.6

Available water % 9.6 ESP % 34.9

Hydraulic conductivity cm h 0.62

Also, agricultural gypsum requirements (AGR) were
calculated to reduce the initial ESP = 35% to ESP
=17.5, 14 and 9% for 30-cm soil depth, according to
U.S. salinity laboratory staff FAO and IIASA, (2000),
and combination of 0.5 % rice straw + each of 6.8, 8.2
and 10.2 ton.fed* agricultural gypsum, which were 50,
60 and 75 % agricultural gypsum requirements (AGR).

The amount of irrigation water was determined by
weighting each pot to keep the moisture content at the
field capacity of each treatment, with the addition to
15% as leaching requirement.

In the end, experiment soil samples were taken from
each pots at 0-10, 10-20 and 20-30 cm soil depth in
order to determine Soil physical properties are: Field
capacity, wilting point, available water, hydraulic
conductivity (Darcy’s law), bulk density, total porosity
and pore size distribution of the soil. Pore size
distribution was determined according to the equation:

P = (2 o COS 0)/r Where r is pore radius, ¢ is
surface tension of water (6 = 72 dyne/cm), 0 is the
contact angle and P is the applied pressure. When
contact angle equals Zero, the pore diameter
corresponds to pressure 0.01, 0.033 and 1.5 MPa is
equal to 28.8, 8.62 and 0.19 micron, respectively.
according to De Leenher and De Boodt (1965) classified
the pore space to pore with a diameter > 28.8 1 as quick
drainable pores, while those with diameters 28.8-8.62
as slow drainable pores and water holding pores as the
pores with diameters 8.62- 0.19 micron.

soil physical properties analysis according to klute
(1986). Soil penetration resistance was measured in the
vicinity, each of the representative soil pots using an
electrical penetrometer. Statistical analysis of variance
of all treatments were compared in a complete

randomize plot design using ANOVA and the least
significant difference (L.S.D) at 0.05 % level.

RESULTS AND DISCUSSION

Soil physical properties:
Soil moisture characteristics:-

Data in Table (2), indicates that adding any of rice
straw (RS) or agricultural gypsum requirements (AGR)
at any rate increase the retained moisture in soil at any
suction. Also increasing in the percentages of retained
moisture at all suctions, this increase of field capacity
and available water values was higher with increasing
the applied rate of rice straw (RS) or agricultural
gypsum (AGR.) compare to control. Moreover,
combination of RS + AGR treatments were superior in
increasing FC and AW values as compared to RS, AGR
or control. Data in Table (2) showed that, the 0-10 soil
depth, values of retained moisture at field capacity (FC)
increased with increasing rates of 5.7, 11.1 and 17.4%
by application of 0.5, 1 and 1.5% rice straw. In addition,
the increasing rates of retained moisture values at (FC)
were 12.2, 15.8 and 13.6 % for application 6.8, 8.2 and
10.2 ton.fed® agricultural gypsum requirements. In
addition, the increasing rates of water content at field
capacity values were 15.9, 17.3 and 26.5 % for
combined 0.5% rice straw + each of 6.8, 8.2 and 10.2
ton.fed! agricultural gypsum respectively, as compared
with control.

Data in table (2) revealed that increasing rates of the
available water values were 12.5, 23.4 and 31.9 % by
application of 0.5, 1 and 1.5% RS. In addition, the
increasing rates of available water values were 23.4,
31.2 and 28% for application 6.8, 8.2 and 10.2 ton.fed-*
AGR. While the increasing rates of available water
values were 34, 35.5 and 50.6% for combine 0.5% R. S



520 ALEXANDRIA SCIENCE EXCHANGE JOURNAL, VOL. 40, No.3. JULY- SEPTEMBER 2019

+ each of 6.8, 8.2 and 10.2 ton.fed* AGR respectively,
as compared with control treatment.

The positive effect of RS, AGR and their
combination application in increasing available water
reflects the high capacity and available water content of
these amendments in retaining more moisture in the soil
through creating more water holding pores in the soil in
particular as well as increasing soil porosity in general.
Moreover, the combination of RS + each of 6.8, 8.2 and
10.2 ton.fed? AG, were ability to retaining more
moisture in the soil higher than RS or AGR alone.
Whereas the increasing values of field capacity 10-20
cm soil depth 19.1, 13 & 16.4%, of treated by RS, also
it was 10, 13 and 13.1 % of treated by AGR and 15.2,
19.3 and 22.2 % of combine 0.5% RS + each of 6.8, 8.2
and 10.2 ton.fed* AG. In addition soil depth 10-20 cm,
the values increasing of available water was (39.5, 31.7
& 42.6 %), (38.8, 33.1 & 51.8 %) and (57.3, 43.6 &
48.9 %). Also, of 20-30 cm soil depth, it was (32.2, 31.6
& 23.7%), (35.8, 34.3 & 37.9 %) and (35.2, 49.7 and
55.4%) respectively compare to control.

Data presented in Table (6., 65, and 6¢) indicated
that addition of rice straw, agricultural gypsum
increased significantly affected in Field capacity (FC)
and available water (AW) as compared to soil without
any conditioners (control). Also, results revealed that
the values of FC and AW increased significantly by
increasing the rate of rice straw and agricultural gypsum
conditioners, in three soil depths. These results are
similar to those obtained by (Sharma and Minhas, 2005)
who found that compost significantly increased soil
water content. Also, these results may be due to gypsum
plays a significant role in the providing a Ca?* cation to
replace the exchangeable Na* on the exchange positions
and leaching it and removing down root zone. Sharma
et al (1995) reveal that the aggregation stability was
improved sodic soil by gypsum application. Also
increasing water stable aggregates in both 0-10 and 10-
20 and 20-30 soil depth. These increases considers with
increases in total porosity. These results are in
accordance with those obtained by Ghazy (1994) who
reported that available soil moisture was increased with
application of agricultural gypsum. Also this is due to
the increasing of the decomposition rate of organic
matter by time and the indirect effect of organic matter
on soil physical and chemical properties.

Soil bulk density:

Table (2) and Fig. (1) Revealed that application of (RS)
or (AGR) individual and their combination had a
marked effect high relatively on bulk density of the
saline sodic soil. Bulk density was decrease with
increasing rates added of RS, AGR and their
combination of them of soil. Data of 0-10 cm soil

depth, the application rates 0.5, 1 and 1.5% RS lead to,
soil BD values decreased by 1.41, 1.36 and
1.32 gm.cm?, by reduction of 6.6, 9.9 and 12.6 %
compare to control (BDg). In addition, BD values
decreased to 1.4, 1.36 and 1.31 gm.cm? by the
application of 6.8, 8.2 and 10.2 ton.fed? AGR, with
reduction of 7.3, 9.9 and 13.3 %. meanwhile, data
referred that soil BD decreased to 1.30, 1.26 and 1.23
gm.cm by application of combination 0.5% RS + each
of 6.8, 8.2 and 10.2 ton.fed* AGR by reduction of 13.9,
16.6 and 18.5 % as compared to control (1.51 gm.cm™3),
respectively. These results are in accordance with those
reported by Wong and Ho (1991) who attributed the
decrease in soil bulk density to the effect of gypsum or
/and organic matter  increasing the stability of
aggregates. Also decreasing soil bulk density of
application by agricultural gypsum is mainly attribute to
the effect of agricultural gypsum on improving the
physical properties of soil via increasing total pore
space. Also, data show that the decrease of soil bulk by
12.6%, 13.3 % was obtained with added individual 1.5
% of rice straw or 10.2 ton.fed? AG, respectively.
While the highest decrease of bulk density (18.5 %) of
combine 0.5 % rice straw + 10.2 ton.fed? AG. The
average values of bulk density for 0-10, 10-20 and 20-
30 cm soil layers were decreased by (9.7%, 10.2 and
16.3 %), (7.2, 9.2 and 14.8 %) and (7.5, 9.2 and 14.5 %)
for RS, AGR and combination of RS + AGR
applications respectively, compared to control. Also,
data illustrated in Table (2) and Fig. (1) indicate that the
addition of RS or AGR and combination of them, with
successive leaching (irrigation) caused a pronounced
decrease in saline soil, this lead to decrease the value of
soil bulk density in both the surface and subsurface soil
depths. This effect was more pronounced in 0-10 cm
than 10-20 and 20-30 cm soil depth, The highest value
decrease of soil bulk density occurred with application
of 0.5 % RS + 10.2 ton.fed* AG, the values were 1.23,
12.8 and 1.31 gm /c m?, respectively. These results are
in agreement with those found by EI- Shanawany (1985)
and Wahby(1986) who found that increasing the rates of
applied gypsum and leaching water gave the lowest
values of soil bulk density.

The role of compost may be related to increase of
soil granulation, increase porosity, decrease soil density
and improving soil properties, Antar, et al 2008.
However, the decrease in soil bulk density of combine
0.5% rice straw +10.2 ton.fed? AG application, in soil
exceed 18.54% in the surface layer, this finding
illustrates marked the role of rice straw + agricultural
gypsum in highest improve soil bulk density.
Application different rates of soil amendments a
descending decrease in the order as follows
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Table 2. Effect of different rates of rice straw, gypsum and their combination amendments on some physical
properties soil in El Tina plain

%_ Retained soil moisture at the indicated tension, (MPa) © < E 2
o = S OL Ns 2o
Treatments © § = TE mg © S
S 0.00 0.006 0.01 0.033 0.1 0.3 0.5 15 < © > &
o 0:10 4371 3595 3226 3081 2850 2766 26.74 1226 1855 136 141 46.79
o 10:20 4671 3628 3113 2984 2557 2365 2296 1241 1743 091 145 4528
S 20:30 4344 3483 2888 2477 2625 2405 2559 1252 1225 096 148 4415
S . 0:10 46.73 36.83 3411 3237 3117 29.78 2858 12.03 2034 167 1.36 48.68
g ‘é 10:20 4753 3879 3057 2831 2687 2587 24.72 1186 1645 158 143 46.04
84 20:30 4420 3724 2932 2350 2700 2654 2258 1130 1220 104 144 4566
. 0:10 4908 3914 3516 3423 2810 2772 2553 1249 2174 183 132 50.19
1020 4918 4074 3048 2918 2841 2332 23.00 1137 1781 147 138 47.92
- 20:30 4574 3911 29.23 2422 2734 26,69 24.78 1275 1147 118 141 46.79
0:10 4543 3524 3319 3269 2736 27.09 2519 1235 2034 141 14 4717
o 10:20 46.78 37.71 2925 2755 2713 2271 2248 1192 1733 131 142 4642
—._*-’: 20:30 4350 3771 28.00 2287 2240 2193 20.79 1028 1259 087 145 4528
\E 0:10 47.06 3431 3413 3376 2830 26.81 23.39 1214 2162 191 136 48.68
& & 10220 4706 39.06 2848 2833 2802 2349 2225 1186 16.62 154 139 4755
o 20:30 4376 39.06 27.23 2351 2356 2434 2202 11.07 1245 097 142 4642
2 0:10 4884 3584 3415 3312 2772 2658 2461 12.04 21.08 206 131 5057
g; 10:20 48.84 4054 29.74 2835 2749 23.00 22.06 1079 1895 186 1.36 48.68
20:30 4543 4054 2849 2353 2301 22779 2057 1074 1279 146 1.38 47.92
+ o 0:10 5164 39.01 3499 3379 2936 2759 24.89 1170 22,09 212 13 5094
?:_') &:2 10:20 51.64 4286 31.38 28.87 28.05 2437 2290 11.74 1964 159 133 4981
< Eﬁ 20:30 48.03 4115 3013 2397 2437 2360 2292 1143 1253 122 136 48.68
ZDJ 4_; © o 0:10 53.13 36.98 3582 3420 26.89 2552 2590 1188 2232 262 126 5245
=< o 2 10:20 5313 4410 3069 2990 2839 2232 21.18 1196 1793 170 13 5094
% § 2 % 20:30 4941 4234 2944 2481 2371 2271 2217 1094 1387 154 133 4981
é % 2 0:10 5558 3713 37.89 36.86 2817 26.35 2546 12.04 2482 283 123 5358
8 s« 10:20 56.58 46.96 30.82 30.62 2811 2338 21.87 12.02 1860 189 128 5170
g% 20:30 52.62 4508 2957 2541 2486 2338 2464 11.01 1440 154 131 5057

0:10 4162 3341 3140 2915 2489 2467 2315 12.67 1648 084 151 43.02
Control  10:20 43.63 36.54 28.73 25.06 26.20 2266 2248 1256 1250 0.75 1.53 4226
20:30 40,58 3508 2748 2080 21.64 2132 19.80 11.54 9.26 054 156 4113

------- 0.52% R S. —e— 1% R S.
1.05 —a— 1.5% R S. — — — 68Mg/fed AG

—=— 8.2 Mg/fedAG —e— 102 Mg/fedAG

—w— 0.5% R S.+6.8Mg/fed AG — - - 0.5%RS+82MgfedAG

—— 0.5%R.S.+10.2Mg/fed AG

-
g
R B NN S A St RS
___________________
- %
0.85 ‘_..._.._.._.-

Soil depth cm

(o] 0.5 1 1.5 2 2.5 3 3.5

Fig. 1. Changes of BD rates under different treatments by RS, AG and their combination in 0-10, 10-20 and 20-
30 cm soil layers



522 ALEXANDRIA SCIENCE EXCHANGE JOURNAL, VOL. 40, No.3. JULY- SEPTEMBER 2019

0.5% RS + 10.2 ton.fed* AG > 0.5% RS+ 8.2 ton.fed?
AG > 0.5% RS+ 6.8 ton.fed! AG > 10.2 ton.fed* AG >
8.2 ton.fed? AG > 6.8 ton.fed! AG>15% RS> 1%
RS > 0.5 % RS. This trend is hold true for 0-10, 10-20
and 20-30 cm soil depth layers, respectively.

Statistical analysis in table (64, 65, and 6¢) indicated
that there are significant differences among the different
treatments of amendments, also in three soil depth.

Total porosity:

Data in Table (2) indicated that the total soil porosity
increased due to increasing addition of RS, AGR and
their combination. This increase was more noticeable in
the 0-10 cm than the 10-20 and 20-30 cm soil depth.
The highest relative increases in soil porosity in 0-10
cm soil depth were 16.7%, 17.5% and 24.6% by 1.5%
RS, 10.2 ton.fed? AGR and combine 0.5% RS +10.2
ton.fed> AG respectively. The corresponding values of
decreases in the 10-20 and 20-30 cm soil depth were
13.4, 15.2 & 22.3% and 13.8, 16.5 & 22.9 % for the
same application treatments, respective. Similar results
were obtained by Wahby (1986) found that the total soil
porosity reached highest values by agricultural gypsum
was added to saline sodic soil.

Data in Table (2) also, showed that values of the
total porosity were higher in the surface layers than in
the subsurface others, where total porosity values of
control were 43%,42.3% and 41.1% in 0-10, 10-20 and
20-30 cm soil depths. Also, total porosity increased with
increasing agricultural gypsum treated. Where porosity
values were 47.2, 48.7 and 50.6% in 0-10 soil depth,
(46.4,47.6 and 48.7) and (45.3, 46.4 and 47.9 %) for the
others soil depths. On the other hand, the total porosity
for 0.5, 1 and 1.5% Rice Straw was 46.79, 48.68 and
50.19% in the surface layers, respectively. Meanwhile,
the highest value was 53.6% by combine 0.5% RS +
10.2 ton.fed™ AGR. This indicates that the combination
0.5% RS+ AGR in soil were more efficient in increasing
total porosity, probably due to the continuous supply of
Ca*2and RS as a source of organic matter in soil which
enhances the aggregation process. These results are in
good agreement with that obtained by EI- Shanawany
(1985) who reported that applied gypsum particularly or
/and organic matter in high rates gave the highest values
of total soil porosity. Also, these results may be
attributed to the role of soil amendments in increasing
exchangeable calcium which enhance the aggregation
process and consequently increase apparent soil bulk
volume, decrease soil bulk density and increase the
efficiency of leaching processes with adding
amendments. The obtained results are similar to those
reported by Abd El-Hamid et al. 2011.

Soil hydraulic conductivity (H.C.):

Data in Table (2) showed that the values of
hydraulic conductivity in initial soil were decreased as a
result of increasing soil salinity and alkalinity which,
decreases the volume of drainable pores. This behavior
may be due to the dispersion of soil particles created by
sodium ions that occupy a pronounced area of the
exchangeable sites. Also, it might be attributed to the
internal swelling that would narrow the pores and allow
for more entrapment of slaked and dispersed particles;
internal swelling reduces the number of large free
drainable pores, which are responsible for saturated
water movement. Data also showed the effect of
different rates of RS or AGR amendments and their
combination on soil hydraulic conductivity, the data
revealed that the leaching processes did help in
increasing the hydraulic conductivity values compared
to control soil. Also, the increasing hydraulic
conductivity values was maximized of combined rice
straw + agricultural gypsum treatment in soil under
study. The increasing rates of amendments RS or AGR
lead to increased H.C. values and the numerical values
were higher than (control soil HCy), but lower than the
H.C. values, by application combination of 0.5 % RS
with each of 6.8, 8.2 and 10.2 ton.fed* of AGR. As
regard the reclamation efficiency in terms of improving
hydraulic conductivity, various amendments proved
useful but the combination of 0.5% rice straw with
combine different rates of agricultural gypsum may be
regarded the best. This finding is agreement with
Hussain et al., (2001) who found that application of
amendment in lesser quantities in combination may be a
good strategy to reclaim the sodic soils.

Data in Table (2) and Fig (2) also showed the values
of hydraulic conductivity (H.C.) are response to the
application of different soil amendments. Also the data
in Table (64, 6, , and 6;) showed that the values of
(H.C.) were significantly increased under application of
all amendments. The superiority of the treatment of 0.5
% RS with different rates of AGR in improving soil
hydraulic conductivity is quite clears that it highly
significant increased H.C. compared to (control soil) or
other treatments. These results may be attributed to the
role of soil amendments in increasing exchangeable
Ca** which enhance the aggregation process and
consequently increase apparent soil bulk volume,
decrease soil bulk density and increase the efficiency of
leaching processes. The results agreement with the
results were obtained to those reported by Abd El-
Hamid et al. (2011); Gharaibeh et al., (2009) and
Reading et al., (2012) consequently improving physical
soil properties and the dynamic soil water movement.
El-Sharawy el al., (2008).
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Fig. 2. Changes of HC under different treatments by RS, AG and their combination in 0-10, 10-20 and 20-30

cm soil layers

Statistical analysis indicated that there were
positively significant differences among the different
amendments. It was increasing significant affected by
rates of amendments in three soil layers. These results
Similar were obtained by Wahby (1986), who found
that the addition of gypsum improved soil hydraulic
conductivity. This increase in values of the H.C. may be
attributed to increasing the proportion of large water
stable aggregates on one hand and reducing the ESP and
consequently diminishing the dispersion occurring in
such sodic soils.

Pore size distribution:

Data of 0-10 cm soil depth presented in Table (3)
and Figs (3 & 4), show that the effect of soil
amendments RS, GR and their combination were
increased of quickly drainable pores (QDP 28.8 1) and
water holding pores (WHP 8.86: 0.19 p). These
increases were 12.1, 19.7 & 62.9 % and 12.5, 23.4 & 34
% for 0.5 RS, 6.8 ton.fed* AGR and combination 0.5
RS+ 6.8 ton.fed! AGR relatively to control,
respectively. These values increased with increasing
rates of these treatments, meanwhile the decrease of fine
capillary pore (FCP < 0.19u) by 7.65% compared to
control soil. This may be due to the influence of salt
concentration enhanced the coagulation of particles and
create a renewed false aggregates that was accompanied
by large pores, Mansour (2002), Data also showed that
the effect of soil amendments application on pore size
distribution of the studied soil. The application of soil
amendments alone or in mixtures encouraged the
formation of drainable pores and water holding pores on
the account of fine capillary pores.

The obtained data indicate that there is an increase in

values of the quickly drainable pores, which played a
fundamental role during the salt leaching process, in all

ameliorated soils comparing with soil control. The
average values of (QDP) and (WHP) were increased in
combination 0.5% RS+ each of 6.8, 8.2 and 10.2
ton.fed agricultural gypsum treatments by 68.6 and
39.9 % while the fine capillary pores were decreased by
6.23% compared to soil control. It’s worth to mention
that, the most efficient treatment here was 0.5% RS
+10.2 ton.fed-! AGR. The most inferior treatment was
application of RS or AG alone, even which was better
than soil control. Also data reveal that, the treatment
combine of 0.5 % RS + each of 6.8, 8.2 and 10.2 ton.
fed! AGR proved superior more than treated by (RS) or
AG alone. At the same trend, of this result in 10-20 and
20-30 soil depth, but soil amendments are more
effective in 0-10 cm soil depth than 10-20 and 20-30 cm
soil depth. This is due to the use of the gypsum easily
released Ca?* ions proved to be more effective than RS.
Statistical analysis of data presented in Table (64, 6,
and 6¢) showed that, the addition of gypsum was highly
significant increasing the values of quickly drainable
pores (QDP) and Water holding pores (WHP),
meanwhile the fine capillary pores FCP represent
insignificantly effect with RS , AGR and combine RS +
AGR.7.62, 13.24 and 25.09% in comparison with the
soil control (PRg). However addition 6.8, 8.2 and 10.2
ton.fed! AG decrease PR values about 16.63, 21.74 and
27.06 %. In addition, combination 0.5% RS + each of
6.8, 8.2 and 10.2 ton.fed* AG were superior in reducing
the soil penetration resistance about 31.35, 34 and
39.30% in comparison with the soil without treatments.
Results also showed that mixing treated leads to reduce
the soil penetration resistance in the 0-10 cm soil depth
compared 10-20 and 20-30 cm soil depth. The average
decreasing of PR values were 15.32, 21.81 and 34.86 %
of treatment alone RS or AGR and mixed of them
respectively. On the other hand the values of PR
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increase with the increasing soil depth for all treatments
Soil Penetration Resistance (PR):

Table (3) and Fig. (5) Showed decreases in the soil
penetration resistance (PR) with increase the addition of
quantity of rice straw (RS) at 20% from available water
of all soil layer depths. Addition of 0.5, 1 and 1.5% RS

compared to control.

decreased the soil penetration resistance (MPa) about
while the treatments with the same amount of
applications of RS or GR and their combined of them
in soil layers (10-20 and 20-30 cm) depth recorded
decreasing of soil penetration resistance about

Table 3. Effect of different rates of rice straw, gypsum and their combination amendments on Pores size
distribution and penetration resistance (PR) at moisture content equivalent 20% of AW and the employed

regression equation in each application

Pores size distribution ( )
g = s 7
e o Al T a2 < = employed regression
Treatments =5 0% o I 43 N = Equation n=90
3 oRN BZ 2o uy S o
~ oo
o 010 1146 145 1855 1226 1597  3.09 y = -0.1206x + 5.1158
o 10:20 1558 129 1743 1241 1590  3.10 R?=0.6357
S 20:30 1456 411 1225 1252 1497 321
S o 010 1262 174 2034 1203 1610 290 Y=-0.101X+4.5265
& & 1020 1696 226 1645 11.86 1515  3.00 R?=0.6863
o 7 20:30 1488 582 1220 11.30 1374 3.0l
o 010 1392 093 2174 1249 1684 250 Y=0.1532X+5.0848
1020 1870 130 17.81 1137 1493  2.80 R?= 0.6489
20:30 1651 501 1147 1275 1504 278
0:10 1223 050 2034 1235 1642 279 Y = -0.1965 X+6.0134
2 1020 1753 170 1563 1192 1538  2.99 R?=0.6489
L 20:30 1551 513 1259 10.28 12.80 350
£ 0:10 1292 038 2162 1214 1646 262
§ & 1020 1858 015 1647 1186 1518 277 Y"O'Fléff) ;(033'5622
oy 20:30 1654 371 1245 1107 1356 2.96 '
O 0:10 1469 103 2108 1204 1625 244
< -
S 1020 1910 140 1756 1079 1458 271 Y %ﬁfég&s'%?
20:30 1693 497 1279 1074 1330 292 -
+o 010 1665 120 2209 1170 1612  2.30
22 1020 2026 251 1714 1174 1567 237 Y =-0.1542 X +4.781
< 53 2030 1790 616 1253 1143 1394 263 R*=0.575
S~ @ 010 1731 162 2232 1188 1634 221
[ o —_—
©8 £ 1020 2244 080 1793 1196 1555 237 Y- 0.1307X+4.3998
SE ST 2030 1997 463 1387 1094 1371 L4 R'=0.693
= :
c
S so 010 1760 103 2482 1204 1701 203
[%2] =
§ 235 102 2577 020 1860 1200 1574 216 ¥ TOLSIES S80S
D7 20:30 2305 415 1440 1101 1389 236 I

0:10 10.22 225 16.48

Control 10:20 14.90 3.67 1250
20:30 13.10 6.68 9.26

1267 1597 334
1256 1506  3.48
1154 1339 375

Y=-0.1567X+5.8439
R=0.7208

Where: Q. D. P = quickly drainable pores.
W.H.P = water holding capacity
X = moisture content at 20% from Available water.

S. D. P. = slowly drainable pores
F.C.P = fine capillary pores
Y= penetration resistance
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Fig. 3. Effect of different rates of RS, AGR and their combination on Q.D. P of the three soil layers
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Fig. 5. Changes of PR rates under different treatments by RS, AG and their combination in 0-10, 10-20 and 20-
30 cm soil layers
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14.89,18.94 & 33.98 % and 19.95, 16.59 & 32.39% in
comparison with the control soil respectively. Statistical
analysis of data presented in Table (6a, 6p, and 6¢)
showed that, the addition of RS or /and AGR highly
significant decreased the values of PR, also decrease
significantly affect with the increasing rates of RS,
AGR and combine of RS + AGR.

Soil chemical properties:

Soil pH:

Data in Table (4) and Fig (6) have markedly
decreased the value of pH, from 0.5% rise straw
treatment to combination 0.5 % rice straw + 75%
gypsum requirement as compared to soil control,
especially in 0-10 cm soil depth. The decrease ranged
from 0.5 and 1 unit, The application of RS 0.5, 1 and
1.5% lead to, soil pH values decreased by 7.9, 7.7 and
7.6, with reduction of 5.4, 7.7 and 9.3%. In addition, pH
values decreased to 7.8, 7.6 and 7.5, by the application
of agricultural gypsum 6.8, 8.2 and 10.2 ton.fed™?, with
reduction of 6.9, 9.7 and 10.5 %. Also, data referred that
soil pH decreased to 7.6, 7.4 and 7.4, by application of
0.5% RS combined with each of 6.8, 8.2 and 10.2
ton.fed! AG, with reduction of 9.1, 11.4 and 12.1% as
compared with control, respectively. In addition, data
show that the decrease in the values of pH were more
pronounced in the soil surface (0-10 cm) than the soil
subsurface layers (10-20 and 20-30 cm). This is mainly
due to the dissolving of applied gypsum being most in
the surface layer (0-10 cm) and less in the 10-20 and 20-
30 cm soil depths.

Bhumbla and Abrol (1971) mentioned that the pH of
surface soil layer (0-10 cm) was decreased with
increasing applied gypsum. The decrease of soil pH was
mainly attributed to the high amounts of sulfate ions
released due to dissolution of applied gypsum.
Application of AG and the consequent leaching slightly
decreased pH values. This decreases didn’t exceed 0.25
unit. Also, pH values of the different layers didn’t show
any constant trend and gave almost similar values. Khan
et al., (2006) found that the soil pH decreased by AG
application from 8.54 to 7.54. Moreover, Mahmoud
(2011) recorded relative decreases in soil pH compared
to the control which varied from 8.35 to 8.31 and 8.37
to 8.17 in case of the by applying gypsum and sulphur
treatments, respectively.

Electrical Conductivity (EC):

Data in Table (4) and Fig (7) showed that
concerning results of 0.5, 1 and 1.5% of RS application
lead to reduce the salinity by 17.31, 27.31 and 30.78%
of 0-10cm soil depth compare to control. While, the
values of salinity ratios of application 6.8, 8.2 and 10.2
ton.fed*AGR were reduced by 42.2, 40 and 39%. In
case of combination of 0.5% RS with each of 6.8, 8.2

and 10.2 ton.fed> AGR, the values were decreased by
36.7, 39.7 and 47.15% compared to control,
respectively. In the same order of rice straw treatments,
it decreased EC values of 10-20 and 20-30 cm soil depth
by 14.24, 21.13 & 27.67% and 18.37, 20.24 & 26.54%,
respectively. While the values of salinity ratio of
application 6.8, 8.2 and 10.2 ton.fed? AGR were
reduced by 39.09, 37.71 & 39.52% and 27.59, 26.39 &
25.38% compared to control, respectively. In case of
combination of 0.5% RS with each of 6.8, 8.2 and 10.2
ton.fed!, the values were decreased by 29.78, 32.73 &
40.38% and 22.28, 25.83 & 29.97% compared to
control, respectively. Such findings agree with those
obtained by, Abdel-Fattah and Merwad (2016) and
Saied et al. (2017) reported that, the addition of organic
matter in conjunction with gypsum has been successful
in reducing adverse soil properties associated with sodic
soils.

Also, EIl-Shanawany (1985)_ who reported that
increasing gypsum application and leaching water
greatly enhance the leaching of salts from a saline sodic
soil. The surface layer deplete more soluble salts than
the lower layers. This may be attributed to some of the
leached salts from surface layer being accumulated in
the deeper layers. The application of RS to saline sodic
soil caused a decrease in soil salinity by average 55.4,
52.9 and 53%. While, application of AG to the saline
sodic soil caused decreased in soil salinity by average
64.4, 63.5 and 55.8 % in 0-10, 10-20 and 20-30 cm soil
depth, respectively as compared to EC value of control.
The values of EC for 0-10, 10-20 and 20-30 cm soil
depth of the soil combination were decreased by
average 64.9, 60.8 and 55.6%, respectively. These
results agree with those of Wahby (1986) who reported
that gypsum application helped salt leaching through
soil profile. Also, the application of gypsum was most
effective in the reclamation of sodic soils. Statistical
analysis of data presented in Table (64, 6p, and 6c)
showed that, the addition of RS or /and AGR highly
significant decreased the values of EC, also decrease
significantly affect with the increasing rates of RS,
AGR and RS + AGR.

This agree with Ghulam et al. (2011) who found that
application of agricultural gypsum was most effective in
the reclamation of sodic soils, beside of improving the
chemical properties (pH, EC, SAR and ESP with
increasing levels added from GR.) to the saline sodic
soil. Such finding agree with those obtained by El-
Shnawany (1985) who reported that gypsum application
and increasing leaching water greatly enhanced the
leaching of salts from a saline sodic soil.
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Table 4. Effect of different rates of rice straw, gypsum and their combination amendments on some chemical
properties soil in El Tina plain (soil paste)

%. T Soluble cations ( meg/L) Soluble anions (meg/L) SAR E;P

Treatments © § § {1 3 °
S ~ Ca* Mg"™ Na* K' COs2 HCOs? CI  SO4?

0:10 792 1644 37.18 19.11 10194 6.15 0.00 6.37 10332 5469 1922 2131

3 10:20 8.07 17.05 38.76 20.12 107.82 3.80 0.00 8.10 12545 36.95 19.87 21.91

20:30 8.12 16.33 3232 1558 110.19 525 0.00 8.77 11460 39.97 2252 2421

< 0:10 773 1445 4137 1994 7694 625 0.00 9.96 9113 4341 1390 16.13

g S 10120 802 1568 4136 1544 9585 415 000 807 97.00 53.73 17.99 20.17

I 20:30 8.06 1596 39.04 17.12 9705 6.39 0.00 858 96.76 5426 1831 20.48

0:10 759 1376 4265 2030 7054 411 0.00 5.56 79.97 52,07 1257 1474

S 1020 7.81 1438 4410 1430 8104 436 000 720 8324 5336 1500 17.26

20:30 7.89 1470 41.42 16.73 8257 6.28 0.00 7.73 89.96 4931 1531 17.58

0:10 779 1149 3381 1495 6114 500 0.00 6.72 5780 50.38 1238 14.53

2 10:20 786 1211 3422 1353 69.52 382 000 7.22 59.69 54.17 1423 16.48

g 20:30 7.88 1449 4436 1785 7835 434 0.00 7.97 7723 5970 1405 16.29

"E 0:10 756 11.93 3818 1841 56.70 6.04 0.00 6.50 5248 60.34 1066 12.64

=) S 10:20 7.70 1238 42777 1115 6544 447 0.00 6.17 4610 7156 12.60 14.77

%' 20:30 7.74 1473 46.21 1846 76.62 6.00 0.00 7.18 7150 68.61 1347 15.69

< ~ 0:10 749 1223 4433 1768 5383 6.42 0.00 6.23 5129 6475 9.67 1150

S 10220 7.62 1202 5405 11.09 6041 370 000 640 4804 6580 1058 1255

20:30 7.69 1493 49.70 20.66 7432 464 0.00 7.05 6579 7648 1253 14.69

E J) % 0:10 761 1258 4172 1760 60.06 6.44 0.00 411 4687 7483 11.03 13.05

IS g g 10:20 758 1396 47.92 2056 66.90 421 000 569 5838 7552 1143 1350

% ‘g © 20:30 7.65 1555 4947 2049 7947 6.08 0.00 592 7554 7406 1344 15.65

E @ % 0:10 742 1199 4502 1989 4913 580 0.00 398 4256 7333 8.62 10.28

@ § § 10:20 752 1337 46.75 2322 6025 353 0.00 583 5585 7206 1019 1210

g © cf 20:30 756 1484 5222 1801 7331 500 0.00 6.83 66.61 7497 1237 1452

§ JL) 2 0:10 736 1051 4212 1582 4316 412 0.00 3.89 4154 59.63 8.02 9.56

IS @ ~ 10-20 740 1185 5370 1126 50.13 343 0.00 480 4514 6858 8.80 10.49

§ § = 20-30 743 1401 4957 21.02 6433 509 0.00 6.36 5621 7756 10.83 12.83

0:10 837 19.88 29.18 17.75 14693 434 0.00 11.39 15124 36.17 3133 31.30

Control  10:20 842 19.88 29.77 1489 14987 431 000 11.39 14988 3757 3172 31.28

20:30 840 20.01 29.25 1517 150.07 456 0.00 11.39 150.24 38.42 31.84 31.37

Exchangeable sodium percent (ESP):

Table (4) and Fig (8) showed decreases in
exchangeable Na percentage was recorded with all
application RS, AGR either individual or combine them.
The treatment of gypsum combination 0.5% RS +10.2
ton.fed! AGR was more effective in decreasing ESP
than application RC or AGR alone, where ESP values
decreased to 69.3, 66.3 and 59.1% in the 0-10, 10-20
and 20-30 cm soil depth respectively compared to
control. Also These results indicate that application by
either 1.5% RS or 10.2 ton.fed® GR or combine 0.5%
RS +10.2 ton.fed! AGR increase the Hydraulic
conductivity by 2.18, 2.45 & 3.43 times and 1.96, 2.48

& 2.58 times in the 0-10 and 10-20 cm soil depth
respectively compare to control. These results due to
water percolation was faster in soil with treated with
gypsum. Also application of combine RS + AGR gave
the highest increase in the H.C, this may be increasing
aggregation and the proportion of water stable
aggregates. ESP values were decreased by (31.9, 30 and
22.8 %), (53.6, 47.3 and 48.1%) and (58.3, 56.9 and
50.1%) for 0-10, 10-20 and 20-30 cm soil depth
application by 0.5, 1 and 1.5% RS, 6.8, 8.2 and 10.2
ton.fed? AGR and combine 0.5% RS + each of 6.8, 8.2
and 10.2 ton.fed* GR treatments respectively, relatively
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Fig. 6. Changes of pH rates under different treatments by RS, AG and their combination in 0-10, 10-20 and 20-

30 cm soil layers
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Fig. 7. Changes of EC rates under different treatments by RS, AG and their combination in 0-10, 10-20 and 20-

30 cm soil layer

the ESP value of initial soil. ESP values was decrease
with increasing the rates of treatments and the highest
decrease of ESP values was with the combine 0.5% RS
+10.2 ton.fed" AGR treatment.

These results may be due to the role of gypsum in
providing Ca?* cation to replace the exchangeable Na*
on the exchange positions as observed by Sharma and
Minhas (2005). This is most probably due to its rather
contain adequate contents of Ca?* ions. It could be
attributed to presence of relatively high amounts of Ca?
ion as a well-established practice for the amelioration
and management of sodium saturated water/soils
Amezketa et al. (2005). Also, ESP values decrease by
leaching without using amendments was not
considerable and the soil remained sodic with highly
ESP values. However, the final ESP obtained after
leaching with amendments gave the highest decrease %
in ESP values by using combine 0.5% RS + each of
6.8, 8.2 and 10.2 ton.fed® AGR. This effect is more
pronounced in the surface layer. Surface applied water

would pass through the surface applied amendment and
infiltrate the top layers allowing exchange process
between Ca®* and Na* (El-Sharawy et al., 2008). ESP
values increased with increasing soil depth with similar
trend to EC and SAR, agreement with Moustafa (2005)
who found that the application of gypsum, farmyard
manure and gypsum + farmyard manure lead to
decrease ESP with the increasing rates of gypsum
+farmyard manure treatment. Data in table (6., 6, , and
6¢) reveal that, it was decrease highly significant differ
among amendments, also among different rates of
amendments in each of 0-10, 10-20 and 20-30 cm soil
layers.

Spinach growth yield:-

Table (5) showed that values of fresh weight of
yield / pot, increased significantly with the application
of both RS, AG and their combination as compared to
control treatment Also, results indicated that fresh
Spinach yield increased gradually by increasing the
rates of RS, AG
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Fig. 8. Changes of ESP rates under different treatments in 0-10, 10-20 and 20-30 cm soil layers

conditioners. Moreover, combine of RS+ AG treatment
had recorded the highest values of fresh weight yield as
compared to those given by AG or RS conditioners. The
obtained results that good evidence that AG application
promotes growth of plants and it has been found to have
a positive effect on productivity of fresh Spinach yield.
There was an increasing interest in the potential use of
AG as soil amendment, where the addition of AG
improves the soil physical and chemical properties. The
fresh yield of Spinach yield was higher in soils

receiving AGR amendment as compared to RS. The
highest shoot Spinach yield was, obtained by treatment
different rates of RS, AGR and combine of 0.5% RS +
each of 6.8, 8.2 and 10.2 ton. fed! AGR, where the
increasing rates of fresh weight yield were 37.32, 71.58
& 8258 of 0.5, 1 and 1.5 % RS, 71.58, 115.76 &
123.23% of AGR and 127.62, 131.37 & 135.79 of
combine 0.5% RS + 6.8, 8.2 and 10.2 ton/ fed? AGR
respectively, compared to control.

Table 5. Effect of different rates of rice straw, gypsum and their combination amendments on fresh

spinach yield productivity.

Fresh Wei.(Y. 1) Rank Mean

Fresh Wei. (Y. 1) Rank Mean of

Treatments rates Per . gm/ pot of treatment Per. Kg/ fed treatment
0.5% 44,73 h 3825.6 h
R. S (%) 1.0% 55.85 ¢ c 4776.7 g c
15% 59.43 f 5082.9 f
6.8 ton/fed 55.85 ¢ 4776.7 g
AGR. (ton.fed) 8.2 ton/fed 70.23 e b 6006.6 e b
10.2 ton/fed 72.66 d 6214.4 d
Combination 0.5%RS + 6.8 AG 74.09 ¢ 6336.7 ¢
(RS%+ AGR 0.5% RS +8.2 AG 7531 b a 64411 b a
tonfed?)  0.5% RS+ 10.2 AG 76.75 a 6564.2 a
Control 32.55 i d 2783.9 i d
Slgn sksksk sk skksk skskosk
LSD g5 of rates 1.22 0.702 18.25 10.54

Fresh weight. Y 1 = fresh weight of yield per gm / pot of treatments (productivity/ treatment).

Fresh weight. Y 2 = fresh weight of yield per kg /fed. of treatments



530 ALEXANDRIA SCIENCE EXCHANGE JOURNAL, VOL. 40, No.3. JULY- SEPTEMBER 2019

Table 6a. Statistical analysis ANOVA of some physical and chemical soil properties under gypsum, rice straw
ant their combination amendments and their rates for 0-10 cm

Soil property BD F.C. AW HC QbP SDP WHP FCP PR Ec ESP pH
Treatment \ on 009 053 053 0105 053 009 088 053 0105 023 047 0.09
Rates

LSDg.05 0.15 091 091 0.18 0.91 0.55 1.52 091 0.18 040 0.81 0.15
Rank Mean of treatments addition

R. S. b c c c c b b ab b b c c

G.RA b b b b b c b ab c c b b

RS+GRA c a a a a b a b d c d d

Control a d d d d a c a a a a a
Rank Mean of treatments rates addition

0.5% ab e e g e b d ab b b b b

RS 1% bc d d f d b c ab c c c cd

1.5% bc b b ef c cd bc ab e d d de

AGR 6.8 b d d g de bc c ab cd g d bc

(ton. fed~ 8.2 bc bc bc de d bc bc ab de f e ef

B 10.2 bc cd cd cd c cd bc ab ef ef e fg

0.5% +6.8 bc bc bc c b cd b b fg e f de

RS+AGR  0.5%+8.2 bc b b b ab cd b b gh f g fg

0.5%+10.2 C a a a a de a ab h h g g

control a f f h f a e a a a a a

Table 6p. Statistical analysis ANOVA of some physical and chemical soil properties under gypsum, rice straw
ant their combination amendments and their rates for 10-20 cm

Soilproperty BD F.C. AW HC QDP SDP WHP FCP PR Ec ESP pH

Treatment | sbyes 035 053 053 009 053 053 102 0.82 0105 120 09 0.9
Rates '

LSDoos 0.02 098 091 015 091 091 1.76 142 018 0.70 155 0.15

Rank Mean of treatments addition

RS. b b b c c b ab ab b b b b
G.R.A c c b b b c b b c d c c
RS+GRA d a a a a bc a ab d c d d
Control a d c d d a c a a a a a
Rank Mean of treatments rates addition

0.5% b ab de e f d ab ab b b b b

RS % 1% c cd f bc e bc bc bc b c c b
1.5% d bc cd c d d ab bc C d d cd

GR. 6.8 b d de d e bc c bc b f d c
(tonfed-) 8.2 c cd ef c d e bc bc c ef e de
10.2 d cd ab a d cd ab c c f f ef
05%+6.8 d c a bc c b ab bc d d ef ef

RS+GR 0.5%+82 e ab cd b b de ab bc d de f fg
0.5%+10.2 e a bc a a e a bc e f g g

control a e g f f a d a a a a a

Table 6.. Statistical analysis ANOVA of some physical and chemical soil properties under gypsum, rice straw
ant their combination amendments and their rates for 20-30 cm
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soil property BD F.C. AW HC QDP SDP WHP FCP PR Ec ESP pH
Slgn ** *kk ** ** *k*k *k*k *k*k ** ** *k*k *k*k *k*k
Treatment
LSDoos 0.105 0.47 0.35 0.105 032 1.04 0.21 0.14 0.11 0.35 0.25 0.05
Slgn * ** * * *% *k*k **% **% * * *%x *
Rates
LSDoos 0.18 0.72 061 018 055 1.8 0.37 025 018 06 043 0.09
Rank Mean of treatments addition
RS. b b c b c b c a c b b b
G.R. bc c b b b c b d b c c c
RS+ GR c a a a a b a c d c d d
Control a d d c d a d b a a a a
Rank Mean of treatments rates addition
0.5 ab b b c f i de a c b b b
RS % 1 ab e b bc f c e cd d bc c b
15 b c c b e e f a ef d d c
GR 6.8 ab f b c d d cd g b de e c
(ton féd-l) 8.2 ab e b c d ] d de de d f d
' 10.2 b e b a d f C f de d g d
0.5% + 6.8 b d b b c b d bc f c f de
RS+GR 0.5%+ 8.2 b b a a b g b ef f d g e
0.5%+10.2 b a a a a h a e g e h f
control a g d d g a g b a a a a
CONCLUSION Abdel-Fattah, M. K. and A. M. A., Merwad . 2016. Approach

Based on the aforementioned discussion, it can be
concluded that the usage of any amendment (RS ,
Gypsum  either individual or combine them in this
study ) was positively significant. affect on
Amelioration of the soil physical properties i.e., H.C.,
AW, QDP, WHP and porosity, it were increased. On the
contrary, the soil chemical properties i.e., EC, pH and
ESP, it were decreased of saline sodic soil in El-Tina
Plan. The superiority of the treatment combine of RS
with different rates of AGR were effected in improving
soil physical and chemical properties. It was quite clears

that it highly significant increased hydraulic
conductivity. Also, ESP values decrease by leaching
without using amendments (control) was not

considerable and the soil remained sodic with highly
ESP values. However, the final ESP obtained after
leaching with amendments gave the highest decrease %
in ESP values by using combine 0.5% RS + each of 6.8,
8.2 and 10.2 ton. fed? AGR). Also, the fresh yield of
Spinach was higher in soils receiving with increasing
rates of Agricultural gypsum amendment as compared
to RS. The highest fresh Spinach yield was, obtained by
treatment by combine of 0.5% RS + each of 6.8, 8.2 and
10.2 ton. fed* AGR.
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