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ABSTRACT

In Egypt, the improvement of degraded soils is considered as an important issue in the agricultural
security program. Large amounts of sugar industrial wastes such as sugar lime mud is producing annually
causing some issues to the environment if not exploited. So, a pot trial was carried out to evaluate the influence
of some soil amendments on enhancing some chemical and physical characteristics of some degraded soils of
Egypt. Three soil types (saline, sandy and sodic soils) were used and treated with three soil amendments i.e.
compost, agricultural gypsum and sugar beet mud which were applied to the three studied soils (two weeks
before sowing) at three rates (0.5, 1 and 1.5%, equivalent to 2.5, 5 and 7.5 g pot™, respectively) and moisted
after addition to the saturation limit. Soils were cultivated with barley. At the end of the trail, undisturbed soil
samples were taken from each treatment . The findings show that barley seeds did not succeed in germination
under sodic soil conditions, while seeds succeed in germination under saline and sandy soils. Generally, soil
addition of all studied amendments at all rates pronouncedly improved all studied chemical and physical
characteristics of saline, sandy and sodic soils compared to control treatment (without soil addition), but the
improvement increased with the increase of adding rate of all soil amendments under study, where the best
values were recorded due to the soil addition rate of 1.5% followed by 1% and 0.5%, respectively for all soil
characteristics. Also, the results confirm that sugar beet mud as a new soil amendment in Egypt is beneficial for
improving degraded soils due to its high content from organic matter and calcium.
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INTRODUCTION

In Egypt, salt-affected soils represent about 30 % of the
total cultivated region (FAQO, 2005). The North Delta contains the
biggest area of saline and saline-sodic soils (46%). Poor drainage,
as well as irrigation with saline drainage water, supports the
buildup of sodicity and salinity (Amer and Hashem, 2018).
Saline and sodic soils are originated mainly in the semi-arid
regions where the evaporation rate is precipitation (Qadir et al.
2008). Soil salinity has a great influence on declining yield
potentials of the cultivated crops, where crop yields start
declining when soil EC goes above 4.0 dSm* (Mohamed, 2016).
Sandy soils represent about 96% of Egypt's total area and suffer
from low nutrients, which are washed away by irrigation as well
asitis light, warm and dry (El-Hadidi et al. 1998).

Gypsum is commonly used for the reclamation of saline
and sodic soils and for reducing the harmful influences of high
sodium irrigation water sin agricultural regions due to its
solubility, availability, low cost and ease of handling. It has a
sulfur content of 19% and a calcium content of 23%. The calcium
in the applied gypsum enables Na+ displacement on the cation
exchange sites of the soil (Abdel-Fattah, 2012 and Bello, 2012).
Organic fertilizers such as compost play an important role in
improving the chemical and physical characteristics of degraded
soils and supplying macro and micronutrients (llupeju et al.
2015). Sugar beet factory lime is generally produced and
stockpiled close to sugar factories during sugar beet juice
purification process (Seleiman and Kheir, 2018). The sugar beet
mud is one of the lowest cost sorbents and considered an organic
amendment, contains a high content of total Ca, Mg, N, P and K
(Kheir and Kamara, 2019). However, using it in improving
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degraded soils properties not extensively studied before,
favouring its importance in the current study.

The objective of this study is to evaluate the effect of
different rates of compost, agricultural gypsum and sugar beet
mud on reclaiming some degraded soils (i.e. saline, sandy and
sodic soils) in Egypt.

MATERIALS AND METHODS

To achieve the goal of this investigation, a pot
experiment was conducted outdoor at the Experimental
Greenhouse of the Faculty of Agriculture, Mansoura University,
Egypt, during the winter season of 2019. It was aimed at assess
the influence of compost, gypsum and sugar beet mud (By-
product in a sugar beet manufacturing process) as reclamation
materials on some physical and chemical properties of different
degraded soils (saline, sandy and sodic soils) in Egypt.

The investigated soils (saline, sandy and sodic) were
analyzed before planting according to Dewis and Fertias (1970),
Tables 1 and 2 show their some chemical and physical
characteristics.

Plant compost ( 70%ric straw +30% other plant residues)
was prepared at Temi EI-Amdid, Agricultural Research Station,
El-Dakahlia Governorate, Egypt according to El-Hammady et
al. (2003). Chemical analysis of the compost (plant residues)
used are presented in Table 4. The treatments in this study
included natural minerals i.e. gypsum and sugar beet mud. Sugar
beet mud was obtained from Dakahlia sugar beet Factory, Egypt.
While gypsum was obtained from Agric. Res., Center, Giza,
Egypt. Table 5 being describing some characteristics of the used
mineral amendments.
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Plastic pots (15 cm diameter and 15 cm depth) were filled
with air-dry soils equaled to 500 g oven-dry soil of the studied
three soils types (saline, sandy and sodic). The compost, gypsum
(CaS04.2H;0) and sugar beet mud were applied to the three
studied soils (two weeks before sowing) at three rates (0.5, 1 and
1.5%, equivalent to 25, 5 and 7.5 g pot?, respectively) and
moisted after addition to saturation limit. On 13" of November,
2019; ten seeds of barely per pot were sown. Throughout the
experiment, soil moisture was kept at field capacity by watering
to the constant weight. Seeds of barley didn't germinate under
sodic soil conditions.

At the end of the experiment, soil samples were taken
from each treatment to determine some soil physical properties.
Another part of soil samples was air-dried, ground and sieved
through 2mm then stored in plastic bags to evaluate some soil
chemical properties.

Table 1. Some chemical properties of investigated soils.

Soil chemical properties Saline  Sandy  Sodic
pH 8.100 791 8.77
EC,dSm? 5.500 0.90 320
CaCO3 % 2.900 1.00 229
OM% 2.010 0.30 110
ESP% 9.300 7.90 320
++
Solble Catins C&., 5630 082327
(meq 100g g+ ’ ’ '
soil %) K 1420 0.23 0.85
Na* 16.89 2.76 9.81
COs~ 0.000 0.00 157
Soluble Anions HCOs 8.440 1.38 441
(meq 100 soil 1) Crr 1356 2.25 7.84
SO4~ 6.160 0.97 2.56
Auvailable Nitrogen (N) 65.59 121 455
macro-nutrients  Phosphorus (P) 9.550 0.30 7.75
(mg KgsoilY)  Potassium (K) 2309 39.3 280.3
Available boron (mgKg?) 0.450 0.09 0.20

* Soil pH was determined in soil suspension (1: 2.5).
Table 2. Some physical properties of investigated soils.

Soil physical properties Saline  Sandy  Sodic
Sand % 8.990 90.50 14.50
Particles Silt % 29.96 4.700 3550
size distribution  Clay% 54.64 4.800 51.00
Texture Class  Clay Sandy  Clay
Saturation percentage (SP)% 89.06 34.44 68.00
Field capacity (FC)% 4453 11.22 34.80
Wilting point (WP)% 22.30 5.610 17.00
Auvailable water (AW)% 22.30 5.610 17.80
Bulk Density (Mg cm3) 1.240 1.590 1.430
Total Porosity% 58.49 39.00 61.00

Table 3. Chemical analysis of the used plant compost.

Characteristics Values
pH 1:5 5.970
EC (1:10) (dSm?) 3.160
OM% 39.48
Organic carbon% 22.90
CIN ratio 14.22
Iron 54.70

Awvailable micronutrients Manganese 12.50
(mg kg™) Copper 3510
Zinc 19.70

. Nitrogen 1.610
z\gl/oe;cro-nutrlents Phosphorus 0.380
Potassium 0.820

Data recorded: 1- Physical analysis: Soil bulk density (Mg cm)
was determined using core method, klute and Dirksen
(1986).Real density was determined using pycnometer method
described by (Black, 1965).Total soil porosity (p %) was

calculated using both real and bulk density values. 2- Chemical
analysis: Soil pH was determined in (1:25) soil water
suspensions, while Electrical conductivity (dS m?) was
determined in the saturated soil paste extract according to Jackson
(1973).0rganic matter content (%) was determined according to
(Hesse, 1971).Total carbonate was determined as calcium
carbonate using Collin’s calcimeter (Piper, 1947).Soluble cations
and anions were determined in saturated soil paste extract
according to Jackson (1973).Exchangeable sodium percentage
(ESP) and exchangeable calcium percentage (ECaP) were
determined by Page et al. (1982).

Table 4. Sugar beet mud and gypsum components.

Characteristics values
Sugar beet mud
CaCOs% 92.80
OM% 7.200
Gypsum (CaS0Os . 2H20)
Purity (%) 98.8
pH (1: 5 gypsum : water) 7.80
EC[1:5] 2.56
Ca[gKg™] 230
S [gKg?] 175

RESULTS AND DISCUSSION

Data illustrated in Tables 5, 6 and 7 show the effect of
some soil amendments such as compost, agricultural gypsum
and sugar beet mud (by-product in a sugar beet manufacturing
process) on some soil chemical properties ( pH , EC, O.M,
ESP, ECaP, total CaCOs and soluble cations and anions) and
some physical properties (bulk and real density and total
porosity) after barley harvest.

1. Saline Soil Condition.

The effect of treatments i. e. compost, agricultural
gypsum and sugar beet mud, on improving salt affected soil
characteristics (pH , EC, O.M, ESP, ECaP, total CaCOs, soluble
ions, bulk and real density and total porosity), that was cultivated
with barley after reclamation with the above mentioned
conditions, are presented in Table 5. The most values of soil
characteristics in salt affected soil treated with the different
treatments (compost, agricultural gypsum and sugar beet mud)
were decreased due to applications of these conditions. The
decrease in values varied from a treatment to another.

Soil chemical properties.
Soil Electric conductivity (EC).

Regarding to soil electric conductivity (EC) as affected
by different soil amendments after barley harvest, data in Table 5
demonstrate a significant decrease of saline soil EC values as
affected by applying compost at rates of 0.5,1 and 1.5% and sugar
beet mud at rate of 1.5% only compared to control. While,
applying agricultural gypsum at all rates caused raising EC values
compared to control treatment. Under different rates of compost,
the soil EC values were pronouncedly decreased as the rates of
compost were increased. Under sugar beet mud treatments, the
soil EC values increased with the first rate of sugar beet mud
(0.5%) compared to control and then decreased with raising
sugar beet mud to 1.5%, where the soil EC values were
pronouncedly decreased as the amount of organic matter in sugar
beet mud were increased with increasing addition rate. The
treatments sequence from less EC to top EC value under both
compost and sugar beet mud was as follows: 1.5% > 1% >
0.5%. On the contrary, a remarkable increase in soil EC values
was found with any increase in gypsum rate compared to control
treatment (without soil amendments).Sugar beet mud is superior
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to gypsum in reducing EC values of saline soil used because it
contains 7% O.M. These results suggest that some treatments led
to increase of soil salinity, where others decreased it. Generally,
compost added at any rate and sugar beet mud at a rate of 1.5%
positively affected EC value of salt affected soil. The decrease in
EC was attributed to the improving action of the used
conditioners (compost and sugar beet mud) on the total porosity
(Table 5), which enhanced in the leaching of salts out of the soil
root zone improving hydraulic conductivity and total porosity
which contributes to the decrease in salts concentration as well as
decrease the osmotic potential of the root zone and improving
plant growth. Similar results were reported by Abualamaim
(2012), who found that the EC value of the salt affected soils after
application of compost at a rate of 20 m¥ffed (47.6m*ha’?), sharply
was decreased by about 30%. Mohamed (2012) showed that
addition of compost to a salt affected soil reduced the electrical
conductivity (EC) and ESP compared to the control. Beside, Ali
and Kahlown (2001) stated that addition of gypsum initially
increases the EC of the soil. Beside, Sanchary et al. (2019) who
stated that the application of higher doses of processed sugar mill
mud caused improving the soil properties. Also, Kheir and
Kamara, (2019) found that the application of sugar beet factory
lime caused an improvement of the soil properties.

Soil reaction (pH)

Soil pH is an important parameter for soil fertility; it
controls soil nutrients solubility and availability for barley plants
and affects soil microorganisms. The pH numerical values are
always within range of 7.6 to 8.4 under normal soil conditions in
Egypt. The decrease in soil pH always results in favorable soil
medium and productivity by land management process and
technique. Soil pH as shown in Table (5) is ranged between 7.90
and 8.14 as affected by the different soil amendments (compost,
agricultural gypsum and sugar beet mud) whereas control
recorded 8.05. The minimum value was obtained with the
application of compost at rate of 1.5%, which recorded 7.90,
while the maximum pH value was (8.14) resulted from
application of sugar beet mud at rate of 1.5%. Generally, under
compost and gypsum treatments, the pH value decreased
gradually with increasing application rate. On the contrary, under
sugar beet mud treatments, the pH value increased gradually with
increasing application rate due to its content of 92.8%CaCOs.
These results revealed the useful effect with application of the
compost and gypsum, where these amendments decreased soil
pH compared to control. Also, the positive effect of compaost on
saline soil reaction (pH) is more than gypsum. The relationship
between organic matter content and soil reaction may exist, this
may due to CO, and organic acids produced in considerable
amounts during decomposition of organic material. Many
workers reported that organic manure affected the soil pH. Fouda
et al. (2020) and El-Hadidi et al. (2020) reported that increasing
the applied compost rates resulted in an increase of soil organic
matter content as well as a decrease of soil pH. Anas et al. (2005)
added that increasing rate of FYM applied to soil led to a
decrease in soil pH from 7.79 to 7.45. Prapager et al. (2012)
indicated that gypsum application caused reducing pH value but
gypsum application in combination with organic amendments
improved the soil chemical properties by reducing the EC and pH
values, than applying gypsum alone.

Organic matter (OM)

Data in Table 5 indicate that, application of different
studied soil amendments at rates of 0.5, 1 and 1.5% increased
organic matter (OM) in soil compared to the control except

agricultural gypsum, which did not cause an increasing in soil
organic matter. Also, the data elucidated that organic matter
increased progressively with increasing the application rates of
compost and sugar beet mud. The increase with compost is
higher than that with sugar beet mud at the same added rate. This
attributes to that O.M content in compost is higher than sugar beet
mud (Tables 3 and 4).The values of OM% content as affected by
different soil amendments (compost, agricultural gypsum and
sugar beet mud)ranged between 0.91to 3.12%, whereas control
recorded 1.12 %. The highest OM contents were obtained with
the application of compost at rate of 1.5%. In fact, application of
compost and sugar beet mud to soil may be improved some
chemical properties of the salt affected soils and this consequently
encouraged the plant to have a good growth. In this respect, EI-
Hadidi et al. (2020) reported that the use of compost can be
beneficial to improve organic matter status, due to compost is rich
source of nutrients with high organic matter content. Also, Fouda
et al. (2020) investigated that the probable effects of compost on
soil condition; they found that the organic matter content was
increased in the soil. They added that, the addition of compost
alone or in combination with biofertilizer enhanced significantly
organic matter status after tomato crop. Similar results were also
obtained by Abualamaim (2012) who observed that OM and
CEC values of salt affected soil cultivated with Sudan grass and
treated with compost were increased.

ESP, ECaP and total CaCOs

The effect of treatments i. e. compost, agricultural
gypsum and sugar beet mud, on improving Exchangeable
Sodium Percentage (ESP), Exchangeable calcium Percentage
(ECaP) and total CaCO3 of salt affected soil, that was cultivated
with barley are presented in Table 5. Under compost treatments,
the values of ESP and total CaCQO3 in investigated salt affected
soil were pronouncedly decreased as the rates of compost were
increased, while ECaP % values were pronouncedly increased as
the rates of compost were increased. This may be attributed to
CO2 and organic acids which produced in considerable amounts
during decomposition of organic material and lead to dissolution
of CaCQO3 in a soluble form (Ca(HCO3)), thus soluble calcium
in soil solution will increase and replace exchangeable sodium on
soil colloids surface. Under gypsum and sugar beet mud
treatments, the values of ESP in investigated salt affected soil
were pronouncedly decreased as the rates of gypsum and sugar
beet mud were increased, while ECaP and total CaCO3 values
were pronouncedly increased as rates of gypsum and sugar beet
mud were increased. This may be attributed to chemical reactions
resulted from adding gypsum to the saline soil, where calcium
replace exchangeable sodium on soil colloids, thus sodic clay
becomes calcic clay. Also, gypsum may interact with sodium
carbonate and turn into sodium sulfate. On the other hand, the
positive effect of sugar beet mud in decreasing ESP and
increasing ECaP may be attributed to its content of O.M.

Soil physical properties.
Soil bulk density (BD)

Soil bulk density (BD) is considered as a good indicator
for the improvement of the main physical properties; the decrease
in its value means that the different structure parameters are
desirable for different chemical and biological processes in soil.
Obtained results were ranged between 1.05 to 1.19 Mgcm-3 for
different amendments as compared to control treatment which
recorded 1.21 Mgcm-3. Soil bulk density (BD) values were
significantly decreased as the content of organic matter was
increased. Under different compost rates, applying compost to
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the soil before sowing at rate of 0.5, 1.0 and 1.5 % pronouncedly
decreased the BD. Soil bulk density (BD) values remarkably
decreased with the increase of adding compost rate, where the
lowest values were obtained from addition of compost as soil
application at rate of 1.5% followed by 1% and 0.5%,
respectively. Under different sugar beet mud rates, it could be
observed that the best addition rate of sugar beet mud conditioner
for realizing the lowest values of BD was recorded when the
addition of sugar beet mud material was added at a rate of 1.5%
followed by1% and lately 0.5%.Under different agricultural
gypsum rates, the trend of BD looks just like the trend under both
compost and sugar beet mud rates, where the efficiency of
gypsum treatments was as follows:
15% gypsum> 1% gypsum> 0.5% gypsum > control treatment.
Generally, Table 5 revealed that individual application of
compost, agricultural gypsum and sugar beet mud at different rates
led to reducing soil bulk density. These results suggest the vital role
of compost and sugar beet mud in reducing soil bulk density due to
their content from calcium and organic matter, while agricultural
gypsum causes increasing soil aggregates due to its calcium

Table 5. Effect of compost, gypsum and sugar beet mud on some physical and chemical properties of saline soil.

content, thus reducing BD. Many researchers have identified the
influence of different combinations of amendments on soil
physical properties. The effect of different amendments on plant
behaviors is not only a matter of nutrients supply but it has also an
influence on the physical, chemical and biological characteristics of
soil, whichin turn, influence plant growth and development. Abdel
Hady (2005) found that decrease in soil bulk density is generally
associated with the low particle density of organic matter, when
mixed with the mineral fractions of soils caused greatly
improvements in both aggregation and porosity. Mandal et al.
(2013) stated that soil bulk density decreased linearly, up to 42%
with 40% compost. According to Rego et al. (2017), the use of
agricultural gypsum is one of the alternatives to reduce soil density.
The performance of the agricultural gypsum on this property is
explained by the fact that it is a soil conditioner and when added to
the soil solution acts as a binder by the provision of cations, such as
calcium and sulfur itself, which act to neutralize soil loads.
Abualamaim (2012) found that some physical properties such as
bulk density of the salt affected soils after application of compost at
arate of 20 m3/fed decreased by about 18% than that of the control.

B & Soluble ions (meq.100g soil) T £ g8 =2 Real ~ Bulk
Soil conditioner o UE) 4 o % s % S 88 density density

s T Ca™ Mg" Na* K' COs HCOs CI SO« 8 ¢ o ¢ & (Mgemd)
Compost (0.5 %) 438 793 320 3.09 1332 281 - 81 1121 312 85 212 243 163 56 268 115
Compost (1 %) 421 792 304 264 1328 259 - 656 1183 316 81 226 285 148 58 261 110
Compost (1.5 %) 391 790 205 182 11.68 446 - 487 1045 469 77 231 312 125 59 256 105
Gypsum (0.5 %) 554 796 5.05 3.62 1559 41 - 856 1403 577 71 259 098 209 56 273 119
Gypsum (1 %) 563 795 580 4.06 1642 254 - 832 1482 586 6.7 267 099 256 58 272 117
Gypsum (1.5 %) 575 7.92 534 427 1733 244 - 788 1506 6.44 59 308 097 353 58 270 116
Sugar beetmud (05%) 5.48 8.08 4.67 4.13 1562 363 - 654 1392 759 62 294 143 436 56 270 116
Sugarbeetmud (1%) 532 811 446 395 15.13 369 - 642 1304 777 56 325 164 486 56 262 114
Sugar beetmud (1.5%) 517 814 456 3.67 14.70 354 - 579 1286 809 52 356 195 521 57 263 112
Control 520 805 532 399 1598 133 - 267 13311064 89 204 112 174 55 274 121

Soil real density (RD)

Soil real density (RD) is considered a soil parameter,
which is unable to be easily changed. Data in Table 5 show soil
RD as affected by different soil amendments (compost,
agricultural gypsum and sugar beet mud),where obtained results
were ranged between 2.56 to 2.73 Mgcm? for different soil
amendments as compared to control treatment that recorded 2.74
Mgcm3, Scanning the different treatments it can detected that the
application of 0.5, 1.0 and 1.5 % of compost, agricultural gypsum
and sugar beet mud resulted in a reduction of soil real density.
Under both compost and sugar beet mud, the reduction of the soil
real density was associated with the O.M application. Under
agricultural gypsum treatments, the trend of RD looks just like the
trend under both compost and sugar beet mud rates, where
agricultural gypsum causes little decreasing weight of particles for
volume unit, thus reducing RD. Also, it could be clearly noticed
that there was a very little change in soil real density, even when
investigated soil amendments were applied by its maximum dose.
For example, under gypsum treatments, the change in soil real
density was only in the second decimal number.

Total soil porosity

Total soil porosity is a result of the relationship
between real and bulk density, Table 5 shows that the total soil
porosity values as affected by different soil amendments
(compost, agricultural gypsum and sugar beet mud) were
ranged between 56 and 59 %, meanwhile control recorded
55%. Our finding is in harmony with those obtained by
Abualamaim (2012) who found that some physical properties

such as total porosity of the salt affected soils after application
of compost at a rate of 20 m? fed! was increased by 26% as a
result of compost application as compared with the control.

2. Sandy Soil Condition.

The effect of treatments i. e. compost, agricultural
gypsum and sugar beet mud, on improving some chemical and
physical properties of the sandy soil i.e. electric conductivity
(EC), organic matter (OM), soil reaction (pH), ESP, ECaP,
total CaCQOs, soluble ions, bulk and real density and total
porosity after barley crop harvesting have been presented in
Table 6. The results appeared that application of different soil
amendments remarkably affected sandy soil properties.

Soil chemical properties.
Soil solution electric conductivity (EC).

Regarding to soil solution electric conductivity (EC) of
sandy soil as affected by different soil amendments after barley
harvest, data in Table 6 demonstrate that some treatments lead to
an increase in soil salinity, where others decreased it. A
significant decrease was found for EC values of sandy soil as
affected by applying compost at rates of 0.5, 1.0 and 1.5% and
sugar beet mud at rate of 1.0 and 1.5% compared to control.
While, applying agricultural gypsum at all rates caused raising
EC values compared to control treatment. Under different rates
of both compost and sugar beet mud, the soil EC values were
pronouncedly decreased as the rates of soil amendments were
increased. On the contrary, a remarkable increase in soil EC
values was found with any increase in gypsum addition rate
compared to control treatment (without soil amendments). Sugar
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beet mud is superior to gypsum in reducing EC values of sandy
soil because it contains 7% O.M.Obtained data are in agreement
with those obtained by Beheiry et al. (2007) who found that
increasing rate of FYM applied to soil from 5 to 15 ton fed™ led
to a decrease in the EC value of this soil from 4.17 to 3.41 dS nr
L, Also, Ali and Kahlown (2001) stated that addition of gypsum
initially increased the EC value of the soil. On the contrary,
Dahdouh et al. (2004) found that a significant increase in soil EC
value was obtained by increasing the organic matter addition rate.
Also, Kheir and Kamara (2019) stated that applying sugar beet
factory lime to sandy soil at a rate of 10 t ha? significantly
increased soil organic matter, Meanwhile, soil bulk density and
hydraulic conductivity values were decreased subjected to sugar
beet factory application, confirming their suitability in improving
sandy soil properties for sustainable agriculture.

Soil reaction (pH)

Data in Table 6 show the effect of different rates of soil
amendments (compost, agricultural gypsum and sugar beet mud)
on soil pH of sandy soil after barely harvest. It could be observed
that; the values of pH were slightly affected due to the application
of different rates of aforementioned soil amendments where the
change in soil pH value was only in the second decimal humber.
The pH value was decreased gradually with increasing application
rate of both compost and gypsum treatments. On the contrary,
under sugar beet mud treatments, the pH increased gradually with
increasing application rate due to its content of 92.8% CaCOs.
These results revealed that the useful and effective application of
the compostand gypsum, where these amendments decreased soil
pH to some extent compared with control. Also, the positive effect
of compost on sandy soil reaction (pH) is higher than gypsum. As
previously mentioned, the promotive effect of composting on
reducing soil pH is mainly due to the releasing of organic acids
through the decomposition of compost (Mohamed et al. 2020).
Similar findings were reported by (Kheir and and Kamara, 2019)
who found that sugar beet factory lime slightly increased sandy
soil pH due to its higher content of calcium carbonate. Beside of
Prapager et al. (2012) who indicated that gypsum application
caused reducing pH value.

Organic matter (OM)

Data in Table 6 indicate that, application of different
studied amendments to sandy soil at rates of 0.5, 1.0 and 1.5%
increased organic matter (OM) content in soil compared to the
control, except agricultural gypsum, which did not cause
increasing soil organic matter. Also, the data elucidated that
organic matter content was increased progressively with
increasing the application rates of compost and sugar beet mud.
The increase with compost is higher than that with sugar beet mud
at the same added rate. As previously mentioned, this attributes to
that O.M content in compost is more than sugar beet mud (Tables
3and 4). Also, the increase in soil organic matter due to increasing
compost addition level could be explained by the residual part
after decomposition of organic materail contained in compost
(Mohamed et al. 2020). These results suggest that application of
compost and sugar beet mud to sandy soil is very important to
increase their OM content. Similar findings were reported by
(Sarwar et al. 2008; El-Hadidi et al. 2020 and Fouda et al. 2020).
ESP, ECaP and total CaCOscontent.

The effect of treatments i. . compost, agricultural gypsum
and sugar beet mud on some soil chemical properties, e.g.
exchangeable sodium percentage (ESP), exchangeable calcium
percentage (ECaP) and total CaCO; content of sandy soil, that was
cultivated with barley are given in Table 6. Under different
treatments, the values of ESP in investigated sandy soil were
slightly decreased as rates of soil amendment were increased,
while ECaP values were slightly increased as rates of soil
amendment were increased. This may be attributed to increasing
soluble calcium in soil solution and then it replaced exchangeable
sodium on surface of soil colloids.Under gypsum and sugar beet
mud treatments, the values of total CaCOj3 content were increased
as rates of gypsum and sugar beet mud were increased, while the
values of total CaCOs in investigated sandy soil were decreased as
the rates of compost were increased under compost treatments.
Generally, the calcium ions causes soil aggregates, these results
come inthe same line with other findings of (Shainberg et al.1989)
who found that increasing soil aggregates due to gypsum
application lead to increasing water storage in deeper rooting zone.

Table 6. Effect of compost, gypsum and sugar beet mud on some physical and chemical properties of sandy soil.

B & Soluble ions (meq.100g soil) T & ¥ S .2 Real  Bulk
Soil conditioner £ d a % s 88 5 Gensity density

8 ° E Ca™ Mg™ Na* K* COs" HCOs CI' SO& 8 o K £ (Mgcnd)
Compost (0.5 %) 080 793 083 053 256 017 - 095 198 116 68 166 161 108 42 271 158
Compost (1 %) 078 791 081 049 221 048 - 088 191 094 65 175 173 081 47 270 144
Compost (1.5 %) 073 791 063 042 195 073 - 085 181 107 62 182 185 055 47 269 142
Gypsum (0.5 %) 091 795 067 052 258 088 - 105 207 153 60 191 019 132 44 279 157
Gypsum (1 %) 093 794 071 057 266 082 - 11 209 157 57 198 020 158 44 277 154
Gypsum (1.5 %) 096 793 085 062 233 111 - 093 196 202 53 214 019 18 44 277 151
Sugar beetmud (05%) 0.88 7.98 0.75 0.66 224 085 - 091 189 17 54 205 086 214 42 272 156
Sugarbeetmud (1%) 086 800 086 067 244 043 - 109 174 157 51 222 089 237 43 270 153
Sugar beetmud (1.5%) 0.83 8.05 0.83 0.64 240 037 - 102 168 154 49 229 093 262 46 269 148
Control 087 796 089 066 268 022 - 116 228 101 72 152 028 133 42 280 160

Soil physical properties.
Soil bulk density (BD)

Soil bulk density (BD) values were slightly decreased as
the addition levels of organic materials were increased. Under
different investigated soil amendments , applying compost,
gypsum and sugar beet mud to the soil before sowing at rate of
0.5, 1 and 1.5 % pronouncedly decreased the BD compared to
control treatment. Soil bulk density (BD) values remarkably
decreased with the increase of adding soil amendments rate,
where the lowest values were obtained from addition of compost,

gypsum and sugar beet mud as soil application at rate of 1.5%
followed by 1% and 0.5%, respectively, where the rates sequence
from less BD to top BD was as follows:1.5%> 1% > 0.5% for
all soil amendments ,but the compaost was more positive on sandy
soil BD then sugar beet mud and lately gypsum. Improvement of
BD of sandy soil may be due to the decomposition of added
organic materials, forming humus material that are responsible for
increasing soil aggregates (Six et al. 2004). As mentioned above,
the decrease in soil bulk density is generally associated with the
producing humus materials which join with the soil mineral
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fractions causing a greatly improves in both aggregation and
porosity. Moreover, compost had a positive effect on improving
soil bulk density, where decreased bulk density and increased total
porosity. The high organic content in added compost is a good
explanation of its effect on bulk density (Kunda, 2006).

Soil real density (RD)

As mentioned above soil real density (RD) is considered
a soil parameter, which is unable to be easily changed. Data in
Table 6 show soil RD as affected by different soil amendments
(compost, agricultural gypsum and sugar beet mud).Scanning the
different treatments it can detected that the application 0.5, 1 and
15 % of compost, agricultural gypsum and sugar beet mud
resulted in reduction of soil real density. Under both compost and
sugar beet mud, the reduction of the soil real density was
associated with the organic materials addition which have a low
density, while, under agricultural gypsum treatments, the
reduction of the soil real density was also associated with low
density of gypsum compared to soil particles. Also, it could be
clearly noticed that there was a very little change in soil real
density, even when investigated soil amendments were applied at
its maximum rate under experiment.

Total soil porosity

Table 6 shows the soil total porosity as affected by
different soil amendments (compost, agricultural gypsum and
sugar beet mud). All treatments cause an incasing in soil total
porosity compared to the control treatment, but there is no
difference between the applied three rates of the gypsum.Such
primitive effects of organic (compost and sugar beet mud (7.2 %
0.M)) or inorganic (gypsum) application may be related to the
increase of storage micro-pores in the studied sandy soil, which
can be regarded as an index for of an improved soil structure. In
addition, a thin coat of translocated fine particles of colloidal
organic (active organic acids) and inorganic (fine clays)
materials partially covered the walls interconnected vughs,
which are usually the most common pores in this soil. In this
connection, Mohamed et al. (2020) reported that compost is
often viewed as a way to improving soil fertility by improving
soil physical properties as well as increasing soil organic carbon
and nutrient availability.Our finding is in a harmony with those
obtained by; Wahdan et al. (2009) who studied the effect of the
applied treatments of compost and gypsum on some
hydrophysical properties. They found that the solely and
combined treatments showed positive and significant effects for
improving the values of soil bulk density, total porosity,
hydraulic conductivity and available water content.
3.Sodic Soil Condition.

Despite using the different studied soil amendments
before sowing, barley seeds did not succeed in germination
under sodic soil conditions, but there are changes in chemical
and physical properties of sodic soil treated with these studied
soil amendments as shown in Table 7.

Soil chemical properties.
Soil solution electric conductivity (EC).

Data of Table 7 reveal that application of compost,
agricultural gypsum and sugar beet mud at rates of 0.5, 1.0 and
1.5% affected soil solution EC compared to control. After 45
days from sowing (seeds did not succeed in germination),
gypsum treatments recorded the highest value of EC (3.05,3.18
and 3.34 dS m? at rate of 0.5, 1.0 and 1.5%,respectively)
compared to control treatment(2.80 dS m ).The differences
among various treatments were clear when compared with
control. Electrical conductivity of soil solution is a soil parameter

that indicates indirectly the total concentration of soluble salts
and subsequently measurement of soil salinity. A decrease inEC
value of sodic soil was observed under all investigated rates of
compost and sugar beet mud compared to control treatment. The
EC value of this soil was not already beyond the critical limit of
4.0 dS m. The main reason for this decrease in soil EC value
may be attributed to high organic matter inputs which occupied
cation-exchange sites and coated soil particle surfaces, limiting
Na adsorption and enhancing leaching of Na and salts through
soil profile (Kheir and Kamara, 2019).Furthermore, high
concentrations of basic cations in compost may affect the
potential of compost to alter extractable Na and salinity level of
soil and considered responsible for up to 90% adsorbing power
of the soils. Also, application of gypsum improves soil structure
(Sarwar et al. 2011). The improved soil structure provided a
better environment for root development and aeration. Soil
aggregation is quite often improved, which is attributed to the
action of gum compounds, polysaccharides and fluvic acid
components of organic materials. Such an improvement helpsin
leaching of soluble salts present in excessive quantities in the soil
solution. Sarwar et al. (2011) reported the improvement in EC
value of saline-sodic soil with the application of compost and
gypsum to the desired levels. Ahmed (2011) showed that
addition of organic material to sodic soils led to accelerate the
leaching of Na thus, decrease electrical conductivity (EC),
increase water infiltration, water holding capacity, and aggregate
stability. Generally, the improvement of the EC value of this soil
owing to addition of soil amendments was insufficient to obtain
successful seed germination.

Soil reaction (pH)

Soil pH elucidates an overall picture of the medium for
plant growth including the trend of nutrient supply and the fate of
applied nutrients, soil aeration, soil salinity and sodicity status,
and ultimate weather conditions of the region. It was observed
that application of compost, gypsum, sugar beet mud at different
rats (0.5, 1.0 and 1.5%) lowered the pH of sodic soil after 48 days
from application compared to control (Table 7). The lowest pH
value of 8.05 was observed when compost was added to sodic
soil at rate of 1.5% against the highest value of 8.85 in control
treatment (without applying soil amendments). Under compost
and gypsum treatments, the pH value decreased gradually with
increasing application rate. On the contrary, under sugar beet
mud treatments, the pH value increased gradually with increasing
application rate due to its high content of 92.8% CaCOs.
Generally, the application of all soil amendments reduced the soil
pH as compared to control, but the improvement of soil reaction
(pH) of studied sodic soil owing to soil amendments was
insufficient to obtain successful seed germination. Decrease in
soil pH value may be attributed to the production of organic acids
during mineralization of organic materials by heterotrophs and
nitrification by autotrophs which have caused this decrease in soil
pH value (Anas et al. 2005; Prapager et al. 2012; Fouda et al.
(2020) and El-Hadidi et al. 2020).

Organic matter (OM)content.

Data in Table 7 indicate that, application of both compost
and sugar beet mud at rates of 0.5, 1 and 1.5% increased organic
matter (OM) content in soil compared to the control, while
agricultural gypsum did not causes increasing soil organic matter.
Also, the data elucidated that organic matter was increased
progressively with increasing the application rates of compost
and sugar beet mud. Under the same rate of both compost and
sugar beet mud, this increase with compost is higher than that
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with sugar beet mud. As mentioned above, this attributes to that
O.M content in compost is higher than sugar beet mud Tables 3
and 4. Application of compost and sugar beet mud to sodic soil
may improve O.M. content of sodic soil, but the improvement of
organic matter content in studied sodic soil owing to soil
amendments was insufficient to obtain  successful seed
germination.

ESP, ECaP and total CaCOs

The effect of treatments i. e. compost, agricultural
gypsumand sugar beet mud, on improving exchangeable sodium
percentage (ESP), exchangeable calcium percentage (ECaP) and
total CaCOjscontent of sodic soil are presented in Table 7. Under
all investigated treatments, the values of ESP of investigated
sodic soil were pronouncedly decreased as application rates of
soil amendments were increased, while ECaP values were
pronouncedly increased as addition rates of soil amendments
were increased. This is due to increasing soluble calcium from
used soil amendments in soil solution, thus it replaces
exchangeable sodium on sodic soil colloids. Under compost
treatments, the values of total CaCOs in investigated sodic soil
were pronouncedly decreased as rates of compost were
increased, while under gypsum and sugar beet mud treatments;
total CaCO;3 values were pronouncedly increased as rates of
gypsum or sugar beet mud were increased. This may be
attributed to chemical reactions resulted from adding gypsum to
the sodic soil, where calcium replace exchangeable sodium on
soil colloids, thus sodic clay becomes calcic clay. Also, gypsum
may interact with sodium carbonate and turn into sodium sulfate.
On the other hand, the positive effect of sugar beet mud in
decreasing ESP value and increasing ECaP value may be
attributed to its content of O.M. Generally, the organic matter
have a great role in reducing ESP of sodic soil. Although all
investigated soil amendments led to reducing ESP value of sodic
soil, this reduction was not sufficient to success seed barley
germination. Generally, all soil amendments at all added rates
could not reclaim perfectly, but if the added rates of soil
amendments increased, the efficiency may be improved. Similar
results were found by Rao and Pathak, (1996) who stated that the
application of compost to sodic soils was found to reduce ESP
values.These findings are in harmony with the previous results of
Abo-Ogiala and Khalafallah (2019) who stated that application
of gypsum at higher rates to saline- sodic soils following by
irrigation resulted an increase in sodium, chloride, potassium,
manganese and zinc in leached water but decreased pH value,
exchangeable sodium. Beside of Fisher (2011) reported that
gypsum lead to aggregation which happened due to similarly
charged ions accumulated at the same site and connect in stable
aggregates such as Ca?* and Mg?*.Therefore, improving soil
aggregation resulting salt leaching as a result of gypsum
application and this leads to enhancing infiltration rate (IR). On
the other hand, Abbas et al. (2012) reported that soil aggregates
were enhanced with compost and soil structure showed higher
stability under application of compost. Also, Ahmed (2011)
showed that addition of organic material to sodic soils can
accelerate the leaching of Na and subsequently decrease the ESP,
as shown below Figl.

Soil physical properties.
Soil bulk density (BD)

Data in Table 7 revealed that application of compost,
agricultural gypsum and sugar beet mud at different rates led
to reducing soil bulk density compared to control. Soil bulk
density (BD) values were decreased as the level of organic

matter content was increased. Under different compost rates,
applying compost to the soil before sowing at rate of 0.5, 1 and
1.5 % pronouncedly decreased the BD. Soil bulk density (BD)
values remarkably decreased with the increase of adding
compost rate, where the lowest values were obtained from
addition of compostas soil application at rate of 1.5% followed
by 1% and 0.5%, respectively. Under different sugar beet mud
rates, it could be observed that the best addition rate of sugar
beet mud conditioner for realizing the lowest values of BD was
recorded when the addition of sugar beet mud material was
added at a rate of 1.5% followed by1% and lately 0.5%.Under
different agricultural gypsum rates, the trend of BD looks just
like the trend under both compost and sugar beet mud rates,
where the treatments sequence from less BD to top BD was
as follows:1.5% gypsum> 1% gypsum > 0.5% gypsum .
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Fig. 1. Model explains gypsum effect on soil properties,
Abo-Ogiala and Khalafallah (2019).

Our finding is in agreement with Hussain et al. (2001)
who stated that physical properties as bulk density, porosity,
void ratio, water permeability and hydraulic conductivity were
significantly improved, when FYM (10 t hal) was applied in
combination with chemical amendments, resulting enhanced
rice and wheat yields in sodic soil.

Soil real density (RD)

Data in Table 7 show soil RD as affected by different soil
amendments (compost, agricultural gypsum and sugar beet
mud),where obtained results were ranged between 2.59 to 2.76
Mgcm for different soil amendments as compared to control
treatment that recorded 2.78 Mgcm3. The application rate 0.5, 1
and 1.5 % of compost, agricultural gypsum and sugar beet mud
resulted in a reduction of soil real density compared to control
treatment, but it could be noticed that there was a very little
change in soil real density. Under both compost and sugar beet
mud, the reduction of the soil real density was associated with its
O.M content. Under agricultural gypsum treatments, the trend of
RD looks just like the trend under both compost and sugar beet
mud rates, where agricultural gypsum causes an addition of light
particles weight, thus reducing RD.

Total soil porosity

Data in Table 7 reveal that application of compost,
agricultural gypsum and sugar beet mud at different rates led to an
increase in total soil porosity compared to control. The total soil
porosity % of investigated sodic soil as affected by different soil
amendments (compost, agricultural gypsum and sugar beet mud)
ranged between 45 and 50 %, meanwhile control recorded
50%.0ur finding is in harmony with those obtained by Hussain et
al. (2001) who reported the improvement in soil physical properties
such as total soil porosity with the application of farmyard manure
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(10 Mg hal) integrated with chemical amendments and also
resulted in enhancing rice and wheat yields under sodic soil

Table 7. Effect of compost, gypsum and sugar beet mud on some physical and chem

conditions. Application of gypsum and organic matter also
improved soil structure (Abo-Ogiala and Khalafallah, 2019).
cal properties of sodic soil.

i
s < Real Bulk

O & Soluble ions (meq.100g™ soil g & § 3..&_ ;
Soil conditioner 3(,5,- Eﬂ (me-10% ) E_/ R Qg gé’ 8 § density density

0 Sca* Mgt Nat K* COFHCOS CF soF & O 5 = &  (Mgem?d
Compost (0.5 %) 243 820 242 182 765 055 150 213 588 293 263 213 132 256 45 267 147
Compost (1 %) 231 812 232 174 722 054 110 209 573 290 256 229 140 243 48 262 135
Compost (1.5 %) 218 805 218 164 682 052 131 196 521 268 251 264 154 225 49 259 133
Gypsum (0.5 %) 305 831 316 231 938 0.76 098 301 7.69 393 232 295 109 336 47 276 146
Gypsum (1 %) 318 826 328 243 978 0.79 015 342 831 440 196 331 105 375 50 274 143
Gypsum (1.5 %) 334 822 346 253 1030 081 085 329 854 442 175 365 105 394 48 273 138
Sugar beetmud (05%) 2.87 836 3.08 226 860 0.75 206 249 6.79 335 148 349 113 49 46 271 145
Sugarbeetmud (1%) 2.84 842 276 203 917 058 16 256 715 323 146 387 115 519 47 263 140
Sugar beetmud (1.5%) 2.78 848 3.84 185 812 042 285 219 6.17 301 133 412 118 563 48 264 136
Control 280 858 286 214 862 071 1.09 394 6.89 241 282 206 095 235 45 278 152

CONCLUSION Bello;W. B. (2012). Influence of gypsum application on wheat

Results obtained from this investigation increase our
knowledge regarding the efficacy of some soil amendments such
as compost and agricultural on the improvement of degraded
soils properties. Also, the results confirm that sugar beet mud
which may cause problems to the environment, is beneficial for
improving degraded soils as anew soil amendment in Egypt due
to its high contents from organic matter and calcium
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