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HE AIM of the present study was to evaluate the effects of sandification and composted manure

on some selected chemical properties; SOM, CaCOs, EC, Soluble Calcium and pH, as well as the
pore size distribution of heavy clay calcareous soil. The experiment included four levels of sand
addition and three levels of compost in a split plot design with three replicates. The experiment was
carried out in an agricultural bilateral cycle that included wheat and maize crop cultivation in the
winter and summer seasons, respectively. The results showed that sandification increased the sand
fraction slightly and led to a slight decrease in the clay fraction at the end of the wheat season. This
was more pronounced in the 1% soil layer than in the 2™ and the 3" subsurface layers. The residual
effects of compost (after harvesting the maize crop) had no obvious effect on the soil particle size
distribution. Increasing rates of sandification and compost additions led to a decrease in the soil
content of CaCO3% compared to the initial soil, pH values, and soil salinity, while the SOM% and
soluble Ca ions increased. The best results were obtained under the highest rates of sandification (Sis)
and compost addition (C,). It could be summarized that the role of both sandification and compost
additions has affected CaCO,. This relation increases the release of calcium ions (Ca™) to soil
solutions, so that buffering the pH values declines towards neutrality. The relatively high salinity of
compost affected positively the calcium carbonate solubility.

Keywords: Sandification — Compost — Heavy clay soil — CaCO; — Buffering - El-Farafra Oasis.

1. Introduction

The cultivation of newly reclaimed calcareous soils
has become an unavoidable necessity for increasing
our agricultural production to meet the over-growing
demand for food. Desert covers about 96% of the
total area of Egypt; most of which are scattered in the
eastern and western banks of the Nile Valley and
Delta. Conversion of desert lands to agriculturally
productive ones take the first priority of the
government vision. Occurrence of calcareous soils
are wide in the desert areas of Egypt. Most of newly
reclaimed calcareous soils are mainly located in the
Western Desert. Calcareous soils are those with high
content of CaCQO3, especially the active fraction with
high specific surface area causing some physical
problems that affect water use and crop production in
these soils (Imas 2000; Abou Hussien et al. 2019).
Under such severe conditions, it is difficult to attain
desired yield levels. However, economic yields can

be attained through adoption of proper soil
management practices (Abou Hussien et al. 2019).
So, management of calcareous soil is essential to
increase crop production and preserve the ecological
environment in arid and semiarid regions (El-
Zemrany et al. 2016; Abou Hussien et al. 2019;
Ganzour et al. 2020 and Nada et al. 2023) So,
management of calcareous soils are very important
for development of soil fertility and crop
productivity. Compost is the end product of the semi
aerobic — aerobic microbial decomposition of organic
matter, such as animal manures, plant residual and
domestic wastes, under controlled conditions
(Sullivan and Miller 2001). Land application of
composted manures can be expressed as one of the
most economical and attractive methods to solve two
problems: waste disposal and the necessity to
increase the organic matter content of soil (Bernal et
al. 2008). Composts have been shown to enhance soil
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fertility and quality and to improve crop productivity
(Al-Turki 2010).

Many studies have shown that composts can improve
soil quality by enhancing nutrients, organic matter,
water holding capacity, soil aeration and cation
exchange capacity (Al-Turki 2010). Application of
composts decreased soil pH, EC and CaCO3, while
soil CEC, OM and available macro- (N, P, K, S, Ca
and Mg) and micronutrients increased (Amer and
Hesham 2018; Abou Hussien et al. 2019). However,
application of composts with high EC may result in
increasing soil EC (Eu 2006). The addition of
organic amendments such as compost could be the
best solution for the problems of soil. These
amendments could be improving the soil chemical
properties. Increasing rates of added compost
resulted in decreasing the soil pH, soluble Na* and
CI, whereas, these led to an increase in EC. In
general, compost application improved the chemical
properties of the studied soil (Radwan et al. 2019).
Compost contains many plants essential nutrients
(e.g., N, P, and K) and can also be a source of
organic matter. Reducing soluble salts, specifically
Na and CI in composts is of high importance. Other
soluble salts present in compost (e.g., K and Ca) are
mineral nutrients required for plant growth and can
aid in reducing soil sodicity, (Gondek et al. 2020).
On other hand, the heavy clay soil is pack tightly and
make difficult for water and nutrient to move and can
block the growth of plant roots. So, clayey soils
required to improve to overcome these problems.
One of clayey soil improvement is to add sand,
(sandification), or other similar material in order to
improve the properties of clay. It is commonly
known that sand is a non-expansive soil with a low
plasticity and no surface charge (Kolay and Ramesh
2015 and Amri et al. 2019). Thus, many studies
investigated the effect of sand additions and showed
that the use of sand gave satisfactory results in
improving the physical and mechanical properties of
the clayey soils (Salman and Wale 2018; Amri, et al.
2019; Al-Badran 2020). According to (Muzan 2021)
the best way to improve the properties of clay is
mixing the sand into heavy clay soils to alleviate
their restrictions. Goufi et al. (2022) pointed out that
the clay soil with different percentage of sand
particles occurred changes in the hydrological
properties of the soil. The sand can improve the
geotechnical properties of the expansive clayey soil
by reducing their plasticity and due to the change on
the soil structure and the particles rearrangement.
Therefore, the objective of this study was to evaluate
the effects of sandification and composted manure
applications on some selected chemical properties;
CaCO;, EC, OM, Soluble Ca*? ions and pH, as well
as, on the particles size distribution of a heavy clay
calcareous soil, (> 60% clay), in order to overcome
the problems of the CaCOs;. To achieve this
objective, the study was conducted in an agricultural
bilateral cycle included wheat and maize crops
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cultivation as a winter and summer season,
respectively, at El-Farafra Oasis in Egypt.

2. Materials and methods
2.1. Location of the study and soil properties

The experiment was carried out in the Agricultural
Experimental Station of the Desert Research Centre
at Al-lewaa Subeih Village in El-Farafra Oasis. It is
location is 27° 53* 4'E and 27° 3* 40""N. El-Farafra
Oasis is a natural depression located in the western
desert of Egypt. The whole area is under hyper arid
zone. It is the most isolated depression in the western
desert. It includes Abu Monquar depression which
lies in the center of western desert, 300 Km west of
Assiut in the midway between EI- Bahariya and El-
Dakhla Oases at Fig. (1). It excavated in the
limestone plateau occupying the core region of
Western Egypt (Elsheikh 2015). This natural
depression has a total area of ~10,000 km? as referred
to (Saber et al. 2017). It is bounded by a northern and
western escarpment rising abruptly to 200- 230 m
above sea level while to the east and south its floor
rises gradually to 250-350 m above sea level. The
floor of the depression is situated at a ground
elevation varying from 60 m to 115 m and averaging
94 m above sea level, thus being similar to the
average ground elevation of the classic El-Farafra
and El-Dakhla depressions (Ouda 2012).

The soil of the experimental site is a calcareous soil,
heavy clay in texture according to FAO (2006), more
than 60% heavy clay content. The soil of
experimental site is different in its geological
formation compared to Nile Delta soil according to
Said (2017). The soil physical and chemical
properties before conducting the experiment are
shown in Table (1).

2.2. The experimental layout and treatments

The field experiment was arranged in split plot
design with three replicates. The main plot was
assigned as sand application treatments, while the
sup plot treatment was the compost additions. Each
plot was 3x4 m (12m?). The treatments were as
follow: -

The main treatments were four percentages of sand
addition per plot; Sy (0% as 0 kg sand), the control
treatment — S5 (5% as 142.90 kg sand) — Sy (10% as
285.72 kg sand) and S;5 (15% as 428.6 kg sand). The
sup blot treatments were three compost rates per plot;
Co (0% as 0 kg compost), C; (1% as 28.58 kg
compost) and C, (2% as 57.2 kg compost). The used
sand for sandification was obtained from sand dunes
El-Farafra oasis extension (yellow sand). Similar to
Abou Hussien et al. (2019), the used compost in this
study was produced from rice straw and animal
wastes enriched with mineral fertilizers. Basic
chemical analyses of the applied sand and compost
are presented in Table (2).
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Fig. (1) Location map of the studied area

The adopted rate of sand was added by loader
machine and compost was added by weighed bags.
They are mixed into the soil by plow machine at 15
cm, which makes the addition homogeneous.

The experiment was conducted in an agricultural
bilateral cycle included wheat and maize crops
cultivation as a winter and summer season,
respectively. Wheat (Tritcum aestivum) variety Sids
14 as winter crop and maize (Zea Mays) as summer
crop were sown in agricultural cycle. All the usual
agricultural operations of wheat and maize plants
were practiced as recommended in the study area.
The irrigation water of the studied area was
underground water (artesian well water). Wheat was
planted on November 23, 2019, and maize on May
26, 2020. Wheat was harvested after 153 days on
April 24, 2020, while maize was harvested after 110
days, on September 13, 2020. At the end of wheat
and maize harvesting, disturbed soil samples were
taken at a depth of 0 — 20, 20 — 40, and 40 — 60 cm
from each plot and analyzed for the selected soil
properties. Water samples representing the irrigation
water of the studied area were collected for
determining its chemical properties The chemical
properties of the used irrigation water are listed in
Table (3).

2.3. Soil and water analysis
The particle size distribution of the soil samples

was described according to the pipette method by
Soil Survey Staff (2014). The bulk density of the soil
and compost were determined using undisturbed
samples according to Soil Survey Staff (2014).

The chemical analysis was carried out for soil and
sand application in soil paste but for the compost in
1:10 extract, and for the irrigation water according to
the Soil Survey Staff (2014). The initial soil, sand,
compost and irrigation water characters are listed as
following in Tables (2 and 3).

Soil organic matter was determined by Walkely and
Black as mentioned by Pansu and Gautheyrou
(2006). Soil Calcium Carbonate was determined as
mention by Scrimgeour (2007).

2.4. Statistical analysis

Data were statically analysed and the differences
between the means of the treatments were considered
significant when they were more than the least
significant differences (L.S.D) at the 5% level,
respectively by using computer program of Statistix
version 9.

3. Results and discussions

3.1. Effect sandification and

applications on the soil particle size distribution

of compost

The main philosophy of sandification technique in
this study is to add the sand as an inert solid natural
material to the heavy textured soil to increase the air
and water penetrability. So that to detect the accuracy
of addition technique in the field, soil mechanical
analysis has been carried out at the end of 1% wheat
cultivation season (experiment season) and at the end
of next maize summer season to estimate the
durability of technique. Tables (4 and 5) illustrate
the particle size distribution data for both seasons
and take the total sand and clay values as indicator to
the applied treatments, i.e., composting and
sandification as well. The presented results in these

Tables showed the following: -

1- The sandification is the main factor that affected
the particle size distribution values. The
percentage of total sand reached to 10.4% with
the second sand addition rate (Ss), reached to
13.5% with the third sand addition rate (S) and
reached comparing with the treatment of Sg, in 0
—20cm.

Table 1. Physical and chemical properties (mean values) of the experimental site.

Total ] Texture o EC Ca”? SOM CaCO;
depth Silt Clay 3
nitial Sand class. (Mg/m®) (dS/m)  (meq/L) % %
nitia
i -20 6.60 31.12 62.29 HC 1.285 7.75 5.50 15.73 1516 24.68
SOi
20-40 539 30.18 64.43 HC 1.330 7.78 6.66 20.49 0.690 28.56
40-60 225 33.01 64.74 HC 1.514 8.00 7.25 21.06 0.563  34.03

*(HC) Heavy clay texture.
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Table 2. Some chemical properties of the applied sand and compost.

Sand

Total sand, % 94.08 Silt, % 3.82
Clay, % 2.10  Texture class. Sand
pH (soil paste) 7.15  Bulk density, Mg/m® 1.72
EC, dS/m (soil paste) 151  Calcium carbonate % 7.02
Ca, (cmolc kg™ soil) 5.13  Organic matter, % 0.19
Compost

pH (1:10 compost: water) 7.55  Bulk density, Mg/m® 0.60
EC, dS/m (1:10 compost: water) 12.55 Calcium carbonate % 16.44
Soluble Ca, (cmolc kg™ soil) 25.00  Organic matter, % 57.73

Table 3. Chemical properties of the well irrigation water in the studied area.

EC Soluble Cations (meg/L) Soluble Anions (meg/L)
Sample pH SAR%
dS/m Na™? Kt ca? Mg? cCo0;?2 HCogt cIt 50,2
Well Water* 551 0332 115 052 1.00 0.65 0.00 0.34 240 0.62 1.27
Well Water** 548 0453 155 0.78 1.35 0.85 0.00 0.81 297 081 1.48

*Well water during wheat season

depth, in the first season.

2- At the first depth, the clay was 62% in the initial
soil and changed to 59, 56 and 54% with the
rates of sandification. While the ratio of clay in
the second depth was 64% and became 59%
with the fourth addition rate of sand.

3- The third depth has not changed compared with

the initial soil.

There is almost negligible effect of compost in

this concern. The role of compost addition can

only improve soil quality by enhancing
nutrients, organic matter, water holding
capacity, soil aeration and cation exchange

capacity (Al-Turki 2010).

5- From the studied 36 treatments, 10 ones
changed from heavy clay texture (> 60% clay)
to clay texture (< 60% clay) according to FAO,
(2006) who mentioned that heavy clay texture is
the soil having (> 60% clay).

6- Regarding the next season (after maize
harvesting) for the residual effect of
sandification, there were no great differences in
total sand values which insist the main target of
study to make durable change in such heavy
textured soils which could extend to several
seasons.
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**Well water during maize season

7- From the 36 studied treatments only 4 ones
settled to clay texture (<60% clay) while the
rest remain heavy clay as initial state.

These obtained results are in the same trend of that

of Muzan, (2021) showed that the percentage of

particles of clay, silt, and sand of the clay soil
changed from mixing sand with soil in different
proportions producing different curves for particle
size distribution. Therefore, other textural classes

can be obtained by adding sand to clay soil with 10,

20, 30, 40% sand to the clay soil. Increasing the

ratio of sand mixed with the clay soil is a good

indicator of the enhancement of the porous media
and water environment of soils that have high clay
content, which allows the use of sand covering
large areas of the desert to improve the properties
of clayey soil and increase its ability to deliver
water conductivity. This help in controlling soil
waterlogging, as well as the possibility of leaching
the accumulated salts to improve the media of
porous soil without expensive field-drainage
systems. In the same context, also, Goufi et al.

(2022) showed that adding fine sand to the clay soil

changed the soil structure and the rearrangement of

the particles, which led to improve the geotechnical
properties of the soil by reducing its plasticity.
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Table 4. Effect of sandification and compost applications on the soil particle size distribution after wheat season.

Co C: C;
T W Ly s o TeMe T aw o Tosi o Tgue
g(-) 6.§5 3(3.(;1435 fszk.z]zG He 6.E71 316.;12 61875 HC 6.30° 31(.:77 61k933 HC
S 30227 6349° . 581 3128 BUE o 58 3 6330° |
o 249 360° s40  HC 244 %0 MBA e 2o %P 6444% e
g(') 1;)54 29;.5.366 59.67" c 1855 3;%3..5 59.35" c 1g¢3 29.359 60.09" HC
MW P oep o e wp @pC o g 0P O
251 338" 64l o o5y 33 G4 o oo 3379063690 0
ot R sear c R sear c B> 28 seex c
s, o 697 30 6237" .. 684 3068 o6248" o 632 3082 622" .
w331 B2 63545 o 322 2 63%° . 318 3./ 63T
v et 2008 saag" c Y 2042 5412" c 158 AU 530 c
S5 G 53 332° o100 pe 882 3L gogn c 858 3173 5o c
- 3% B2* 633° o 322 3369 30 o 32 1A 633"

LSD at 0.05 T. sand 0.32 silt 0.80 Clay 0.80

*Clay texture (C) (< 60% clay content) and Heavy clay texture (HC) (>60% clay content).
Means having the same letter (s) within the same column are not significantly different according to LSD for all-
pairwise comparisons test at 5% level of probability.

Table 5. Effect of sandification and compost applications on the soil particle size distribution after maize season.

Treatm  dep T “ Texture T “ Texture T - Texture
ents th . il I Xtu . il I Xtu . il I Xtu
Sand Silt Clay class. Sand Silt Clay class. Sand Silt Clay class.
- .06’ 1 1.05" 2.4 1.57° 2.11
go 6.84" 30K?6 B?E)E 0 HC 6.46° ° ,?5 6 e o HC 6326 ° Gfl GGH, HC
20- 29.4 4. 1.20° . A7V 74
So 4% 5.96" ?(LS 6 356 HC 521 3 H,O 63059 HC 5.79% 30K 63C HC
_ B C
z;)) 1.80M 35.;:7 65;\63 He 208 335 DlE8 64I.378 He 2 1o 32527 64é91 He
g(; 9.29° 2?;?0 6}4‘”71 HC 9.24°  29.20- 61J;<56 HC 9.35° 2%07 GZF'GSB HC
_ F E E
Ss 24% 7.02F 31@29 61J;<3 0 HC 7.07° 32;? 6?‘M7 6 HC 7.08° 32F;31Hl 6?'M81 HC
" A
zg% 2.37 325522 6?2.31 He 2.38 3?:3.C6D5 63667 He 2.34 34,30~ 62E.F97 He
0- 120 2638 6154 12.0 61.12 121 26.468  61.39°
20 g8 No K HC 48 26.84N KL HC = o K HC
20- 31.57" 6055 31.55F  60.46 31.49F  60.67
Swo 20 7.88% onl VN HC 7.99% onl N HC 7.84F ol LN HC
40- 33.69 62.98 3.42% 33.99% 6259 34.26"  62.42
60 333" ABC EF HC L BC EFG HC 332" B G HC
_ N N
0 13/;7 25(.)63 6% SO He 13/;4 26.34 6% O18 He 13/;7 26.052 59(.)75 c
20 7 8 3
20- 112 3239 56.34 111  33.06° 55.84 109 33.02° 56.01
S15 40 7C EF P C OC DE Q C 7C DE PQ C
40- 69’ 4. 1.7 1.64 98 62.1
6% 3 Eg 3 A56 6 o 5 HC 392 3444% ©° HB HC 3.89’ 33338 6 on 8 HC
LSD at 0.05 T. Sand 0.35 Silt 1.10 Clay 0.52

*Clay texture (C) (< 60% clay content) and Heavy clay texture (HC) (>60% clay content).
Means having the same letter (s) within the same column are not significantly different according to LSD for all-
pairwise comparisons test at 5% level of probability.
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3.2. Effect of sandification and compost
applications on the studied chemical properties
3.2.1. The soil Organic Matter (SOM%)

The goal of adding the compost is to enhance
soil fertility and quality and to improve crop
productivity (Al-Turki 2010). As shown in Table
(6), the SOM% decreased significantly with
increasing sandification rates and significantly
increased with increasing the addition rates of the
compost, either after wheat or maize harvesting.
The obtained data indicated the following trends: -
1- All SOM% decreased with soil depth as most

of the organic manure (the used compost) was
added to the soil surface with plowing, which
could be caused high aeration according to (Al-
Turki 2010) and improved soil physical
properties as mentioned by Helmi (2018), so
more organic decomposition.

2- By sandification under any composting level,
the SOM% decreased greatly by sand addition
up to 50% with the treatment of Sys.

3- Upon compost additions, SOM% going to
decrease gradually proportional to sand rates,
so that the highest composting level of C,Sys is
accompanied by the highest SOM% values
which indicate overcoming effect of compost
more than that of sand.

3.2.2. Calcium Carbonate

The presented data in Table (6) indicate that

CaCO3%  increased  with  increasing the

sandification levels. While it decreased with

increasing rates of compost additions, after wheat
harvesting. The noticed trends of these data can be
listed as follows:

1- All CaCOs% values increased gradually by
sand additions due to the initial calcium
carbonate content in the sand (5%) at Table (2)
for all compost treatments.

2- By compost additions, all CaCO3% values,
decreased in sensible amounts, even with high
sand rates (Sys). This could be attributed to the
compost decomposition that releases many
organic acids, like humic and fulvic acids,
which could dissolve CaCO;.This action
coincides with roots and microbial excretion
through growth season which enhancing the
removable of CaCOs.

3- As shown in Fig. (2), there is a strongly high
inverse correlation between the SOM% and
CaCO3%. The regression equations are

CaCO;% = 35.281 — 5.0238 SOM% at 1% depth
R*=0.7096

CaCO;% = 38.471 — 13.134 SOM% at 2" depth
R*=0.8024

This means that every increase unit in SOM%, by

the compost, may remove about 5% of CaCOs; in

first depth and remove about 13% of CaCOs; in
second depth. The percentage effect (R%) of the
independent SOM values on changing CaCO; was

0.71% at 0 — 20 cm depth and 0.80% at the 20 — 40

Egypt. J. Soil Sci. 63, No. 3 (2023)

cm depth. There is no significant correlation (r =
0.288) at the depth of 40 — 60 cm. These results
prove the essential role of the compost additions in
cultivating calcareous soils. These obtained results
are similar to those found by Abou Hussien et al.
(2020).
The obtained data of SOM% and CaCO;% at the
end of the second season (after maize harvesting)
are presented in Table (7). These data represent the
residual effect of each treatment had been applied
in the 1% winter season. The obtained results
revealed the following: -

1-Similar trends for SOM% and CaCO3;% with the

applied treatments by sand and compost levels, as
shown in the first season after wheat harvesting.

2-A similar high correlation coefficient (r) has been

found between SOM% and CaCO3% as being
(0.832**) at the depth of 0 — 20 cm and
(0.929**) for the depth 20 — 40 cm as shown in
Table (11) and Fig. (2). The regression equations
are
CaCO;% = 34.55 — 5.0022 SOM% at 1* depth
R®=0.6915
CaCO;% = 36.402 — 13.456 SOM% at 2™ depth
R*=0.863

These results mean that every unit of SOM
addition, at the surface soil layer will remove ~ 5%
CaCO3%. Meanwhile at the soil depth 20 — 40 cm,
more dissolving CaCO; by the SOM effect, reached
about 13% CaCO, for each unit of SOM. The 3™
depth (40 — 60 cm) show also highly significant
correlation as by each unit of SOM the CaCO;
decreased by 10%. These results may be rendered
to the effect of watering cycles and root penetration
in these depths which enhance the reaction between
SOM and CaCO3%. In addition, this result insists
the residual effect of SOM% on removing CaCOs
with appreciable amounts which could be reflected
on crop yield.
3.2.3. Electrical conductivity (EC), pH and soluble
Caions
Electric conductivity of soil is one of the most
important factors to the productivity of any crop as
crops categorized to sensitive, moderate and
tolerant to salinity (Corwin 2003). The presented
data in Tables (8 and 9) illustrate the effects of
sand and compost application treatments on soil
pH, EC and soluble Ca* after wheat and maize
seasons, respectively. These results revealed the
following: -

o Soil salinity (EC):

1- The soil salinity (EC) increased with increasing
rates of the compost applications. This could
be referred to the high nutrient content of
compost, as the compost preparation involved
mineral fertilizers addition, according to Abou
Hussien et al. (2019) and Gondek et al. (2020).
This obtained results are in accordance with
those of Eu (2006); Al-Turki et al. (2013);
Radwan et al. 2019).
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Compost has a positive effect on the final EC
of soil for the three depths over all treatments
with gradual percentages ranged from 40% to
20% for 0 — 20 cm and 40 — 60 cm depths,
respectively. This could be attributed to the
high salinity of the compost as shown Table
(2). A high positive correlation has been found
between EC values and the SOM% as shown in
Table (10). In this concern, the organic matter

has a buffering action with soil salinity through
its high cation exchangeable capacity, so it can
play a controlling role for the salt sensitivity of
plant under organic farming systems (Awadalla
et al. 2002).

Sandification has buffering action as it
decreases the EC values generally in the three
depths.

Table 6. Effect of sandification and compost addition on the soil organic matter (SOM) and calcium carbonate CaCO;

after wheat season.

Cy C; C, Mean
Treatments  Depth o\ cico,  SOM  CacO,  SOM  CaCO, SOM  CaCO,
0-20 1.497%  2465"°  1.794F 23.25° 2.677% 212229 1.989 23.04
S, 20-40  0.782%-  2852' 0815t 26.68%  1.004"  2400°  0.897 26.43
40-60  0.529°R  34.22% 0567°°  33.38° 0572° 32.66°  0.556 33.42
0-20 1.179¢ 28.41' 1.502° 25.76- 2.4908 22.95° 1.724 25.71
S; 20-40  0.700MN  203g" o818 = 27.7% 1.079"  24.96MN  0.866 27.36
40-60  0541”R% 3458 0670N°  3356° 0.553"°% 3232 0.588 33.46
0-20 0.850"¢  3157F 1.243%  29.84°"  2140° 2727 1411 29.56
S0 20-40  0.647"°  30.49°  0.855" 28.48' 0.872" 25.84-  0.791 28.27
40-60  0.510°% 34598  0534R  346% 068N 3297 0577 34.05
0-20 0.613°°  33.48° 0.913' 31.36° 1.884° 2027 1.136 31.37
Sis 20-40  0558°% 3157  0.744"M  2946" 08727 2533"M 0.724 28.76
40-60 0.492%  3556"  0.744"M  3437%  0654"° 3359  0.630 34,51
0-20 1.035 29.53 1.363 27.55 2.298 25.18
Mean 20-40 0.672 29.97 0.808 28.09 0.979 25.06
40-60 0.518 34.72 0.629 33.98 0.617 32.89
LSD at 0.05 SOM 0.07 CaCoO; 0.62

Means having the same letter (s) within the same column are not significantly different according to LSD for all-
pairwise comparisons test at 5% level of probability.

Table 7. Effect of sandification and compost addition on the soil organic matter (SOM) and calcium carbonate CaCO;

after maize season.

Treatments  depth Co = C Mean
SOM CaCO, SOM CaCO; SOM CaCO; SOM  CaCOj
0-20 1.2844 25.89K 1.738F 22.72N 2.6414 19.84° 1.888  22.82
So 20-40  0.6087%T  27.46' 0.815- 24.98" 1.056’ 2265N  0.826  25.03
40-60 0.513YW  33.34°  0.629°"°  32.62°  0.735MN 31265 0626 3241
0-20 1.158' 27.58' 1.586° 25.07" 24178 22428 1720  25.02
Ss 20-40  0547%V  29.16°  0.707N° 2624 0.910¢ 242M 0721 2653
40-60 0561™V  33.678¢ 0.651°PR 32270 0.726N 31.63F 0646 3252
0-20 1.080’ 30.2°F 1.421¢ 27.54' 2.315°¢ 2481- 1605 2752
S1o 20-40  0.540YYW  30.64" 0.685N°"°  28.18"  0.827-  25.02" 0684  27.95
40-60  0.514"W  3443* 05895V 3339 0.702°  32.42° 0602 3341
0-20  0.787*M 32.7° 1.170' 29.59¢ 2.163° 27.4' 1374  29.90
Sis 20-40  0.439% 31.24F 05835V 282"  0640°%° 264 0554 2861
40-60  0.483%WX  3452% 05895V 34.02°® 0.690N° 3273 0587 3376
0-20 1.077 29.09 1.479 26.23 2.384 23.62
Mean 20-40 0.533 29.63 0.697 26.90 0.859 2457
40-60 0.518 33.99 0.615 33.08 0.713 32.01
LSD at 0.05 SOM 0.059 CaCO; 0.49

Means having the same letter (s) within the same column are not significantly different according to LSD for all-
pairwise comparisons test at 5% level of probability.
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Fig. 2. Correlations between calcium carbonate content and the soil organic matter as affected by different treatments
of sand and compost applications in surface and subsurface layers after wheat and maize seasons.

4- Salinity as EC increased with soil depth
indicating active water movement. This may be
due to the combined effect of compost and
sandification in enhancing the water movement
into the soil.

5- The obtained data at the end of the summer
season (after maize harvesting) confirmed the
residual effect of the applied treatments; i.e.,
compost and sandification, on EC values with the
same trends as previously discussed.

6- As shown in Table (10) a negative relationship
between calcium carbonate and EC values in first
and second seasons which mean more release of
Ca* ions in soil by increasing SOM%, as
previously discussed.

« Soluble calcium ion (Ca*?)
The tabulated results in Tables (8 and 9) showed
the following:
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1- Soil calcium ions content increases with the
addition of compost and increases in the lower
soil depths. This increase may be due to the
availability of the main cations, especially
calcium, which leads to the soil’s pH increase,
consequently providing the correct
environment for nutrient release that increase
productivity (Rastijia et al. 2012; Kovacevi¢ et
al. 2010).

Increasing SOM% by compost coordinated
with gradual increase in soluble Ca*? in all
depths even deep one (40 — 60 cm) Tables (8
and 9) by rates up to 40% which indicate
leaching of dissolved CaCOj3 with irrigation to
reach the deeper depths by rate of 29%.
Sandification has an opposite direction as by
increasing sand amounts the soluble Ca*™
decreased in the upper depths but constant in
other depths.

Values of Ca*™ had positive significant
relationship with SOM and with EC, but
negative one with calcium carbonate and with
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pH values in first and second seasons as shown
in Table (10), in the first and second seasons.
The negative correlation between SOM% and
CaCOs% means more release of Ca*? ions in
soil by increasing the compost rates. The same
trend was found in the second summer corn
season showing stability of applied treatments
of compost and sandification. Furthermore,
there is slight increase in the deeper depth than
1% season which mean more solution of
CaCO5% in 2™ season than occurred in 1% one.
However, the release of Ca*? ions may be more
than needed, so that make the problems of
phosphorus and iron deficiency due to
competition on exchangeable sites. One of the
solutions to these problems is the organic
additions as to make some calcium organic
compounds which are not competitive with P
(Jokubauskaite et al. 2015). The ionic balance
of soil is essential for cell growth
(Laekemariam and Gidago 2012; llyas et al.
2014) and healthy plant growth especially in
calcareous soils like the experimental site
because of the accordance of appreciable
amount of CaCO; as stated by EI-Ramady
(2014).

e The soil pH

The soil reaction (pH) is one of the important
characters that controlled its suitability to cultivate
different crops. Organic matter plays a buffering
role in soil as it has both positive and negative
charges in its formation. From the presented data in
Tables (8 and 9), it can be concluded to the
following:

1- The whole soil pH values are above 7. It
ranged between 7.19 and 7.99 due to the
calcareous nature of original soil (about 25%
CaCO0s).

2- The increasing rates of added compost resulted
in decreasing the soil pH values. These results
are in the same line of similar results obtained
by (Mohamed et al. 2008; Radwan et al. 2019;
Mahmoud et al. 2020)

3- The increasing of sand additions decreased
slightly the pH values.

4- pH values at the end of 1% season ranged
between 7.19 and 7.38 as minimum with C,S;o
in (0 — 20) and (20 — 40 cm). It ranged between
7.76 and 7.88 as maximum with CySy in (0 —
20) and (20 — 40 cm). At the end of 2™ season
pH values ranged between 7.24 and 7.35 as
minimum with C,Sy, in (0 — 20) and (20 — 40
cm). It ranged between 7.73 and 7.87 as
maximum with CySp in (0 — 20) and (20 — 40
cm). The values of pH in (40 — 60 cm) ranged
from 7.81 to 7.98. This indicates no occurrence

of soil alkalinity hazards. As shown in Table
(10), in both seasons, the pH values had high
negative correlation with soil organic matter.
While it had high a positive correlation with
calcium carbonate, at the first and second
depths, except 0 — 20 cm depth in 1% season
there is no correlation between pH and calcium
carbonate.

4. Statistical relations among studied characters

The Pearson correlation coefficient revealed
both positive and negative coefficients at both p <
0.01 or p < 0.05 in (Table 11). In the 1* soil layer,
a significant positive correlation was observed
between SOM and both of EC and Ca*?, with r =
0.938 and 0.938, after wheat season, respectively.
The corresponding values after maize season were
0.950 and 0.974 for the same characters,
respectively, in the 1% layer. Similarly, in the 2™
layer, significant positive coefficients of r = 0.85,
0.846 were observed between SOM and both EC
and Ca'?, respectively, after wheat season. The
corresponding values after maize season were 0.869
and 0.855, respectively. In contrast, negative
correlation coefficients were observed between
SOM and both of CaCOj3 and pH, between CaCO;
and both of EC and pH, and between pH and both
EC and Ca*? after wheat and maize seasons in the
1% soil layer. The same negative correlation
coefficients were also observed in the in the 2™
layer. Notably, a non-significant correlation
between CaCO; and pH with r = 0.17.

5. Conclusion

The purpose of this study was to assess the impact
of sandification and composted manure on various
chemical properties and pore size distribution of a
heavy clay calcareous soil. The experiment was
conducted in an agricultural bilateral cycle
involving wheat and maize crops during the winter
and summer seasons, respectively.

It can be concluded that compost addition played a
crucial role in reducing the content of CaCO3% in
the soil. Sandification also had a positive effect,
facilitating the release of soluble calcium ions into
the soil solution, which subsequently lowered the
pH toward neutrality. The relatively high salinity of
the compost positively affected the solubility of
calcium carbonate. The residual effects of
sandification and compost application did not
change the particle size distribution of the soil after
the maize crop harvest. However, increasing rates
of sandification and compost addition led to a
decrease in the soil's CaCO3% content, pH values,
and salinity, while soluble calcium ions increase.
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Table 8. Effect of sandification and compost application treatments on soil pH, EC and soluble Ca*? after wheat

season.
Cy C, C, Mean
+2 +2 +2
Treatments - dept pH dgfm Sg*’L pH dgfm Ca™ pH dE/Cm (m:e%’L pH dgfm '(“JS"L
0-20 7.75 589"MN 2055 751 712"  2483Y 736 8.195C¢ 2852°0 754 7.07 2463
So 20-40 787 7.42™  2560Y 7.68 8.60°F 2097 747 970 3375° 767 857 2077
40-60 7.95 8.76°F 3052° 791 959%¢ 3340" 7.82 1091* 3795% 789 975 33.96
0-20 767 566N 1975% 748 674 23507 730 7.86™°" 2740° 748 675 2355
Ss 20-40 7.84 7.63°" 26607 765 858" 2088 742 9.74% 3391F 764 865 3013
40-60 7.90 8.72°F 3037 787 9728 3385 794 1079 3756° 7.90 974 33.93
0-20 7.64 545 1905 743 641 2238 725 7.907°" 2754% 744 659 22.99
Sio 20-40 781  7.22Y 2515% 761 844 2041° 740 9.08°° 3163 761 825 2873
40-60 7.91 864" 3009M 786 9.605¢ 33.42" 7.92 10.82% 3766° 7.90 9.69 33.72
0-20 759 528N 1845" 740 624<M 2179® 720 739" 2575Y 740 6.30 22.00
Sis 20-40 7.84 729" 2541W 759 8.225F¢ 28657 7.39 9.86% 34255 761 846 2943
40-60 7.97 8.68°F 3025 7.88 9.94® 3450° 793 11.004 3827% 7.93 987 34.37
0-20 7.66 557 1945 7.46  6.63 2313 728 784  27.30
Mean 20-40 7.84  7.39 2692 763  8.46 2948 742 960  33.38
40-60 7.93  8.70 3031 788 971 3382 790 10.88  37.86
LSD at 0.05 EC 0.62 Ca™ 0.12 pH 0.24

Means having the same letter (s) within the same column are not significantly different according to LSD for all-pairwise
comparisons test at 5% level of probability.

Table 9. Effect of sandification and compost application treatments on soil pH, EC and soluble Ca*, after maize

season.
Co C; C, Mean
+2 +2 +2 +2
Treatments - depth pH dgfm "E:e%/ L pH dgfm "c':e%/ L pH dE/Cm ns:e%/ L pH dg:m n?e%/ L
0-20 772 711° 2481Y 754 g27KM 28.8° 732 924" 3342' 753 821 2901
So 20-40 7.86 8.29K*M 28897 767  9.357C 3254 744 1045%  37.79° 766 936 33.07
40-60 7.92 884"  3079M 786 9.91°°F  3450° 789 11.01" 39.83% 789 0992 3504
0-20 7.70 6.63° 2313V 751 7.87™MN° 27415 730 884" 3197 750 7.78 2750
Ss 20-40 7.81 7.94MN 27665 7.63 8.95°" 3118 741 10315 37.27° 762 907 32.04
40-60 7.95 870" 3029° 787 9.85°F 3430° 799 11.06" 3998°% 794 987 34586
0-20 771 621R  2168Y 747  7.44%° 25947 728 842 3044N° 749 736 26.02
Sio 20-40 7.84 8.05"M 2805° 766 9.16°" 3189 740 1026°%° 37.11° 763 9.16 32.35
40-60 7.98 8.96°"" 3121 7.85 10.00%°PF 34827 7091 1113 4025% 791 10.03 3543
0-20 7.64 5.83%  2037° 7.44 7.11° 2478Y 725 806"  2014° 744 7.00 24.76
Sis 20-40 7.80 750N 26137 762 880"  3066MN 7.36 9.91°°F 3582F 759 874 3087
40-60 7.94 8749 3045"° 795  9.69F 33.72" 788  11.09" 40.10"® 7.92 984 3476
0-20 7.69  6.45 2250  7.49 7.67 26.73  7.29 8.64 31.24
Mean 20-40 7.83 7.95 2768  7.65 9.07 3157 7.40 1023 37.00
40-60 7.95 881 30.69 7.88 9.86 3434 7.92 11.07 40.04
LSD at 0.05 EC 0.48 Ca* 0.27 pH ns

Means having the same letter (s) within the same column are not significantly different according to LSD for all-pairwise
comparisons test at 5% level of probability.
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Table 10. Regression equations between the studied soil properties.

Wheat season Corn season
Surface layer (0 — 20 cm)
Equations R? Equations R?
CaCO5; = 35.281 - 5.0238 SOM 0.7096 CaCO; = 34.55 - 5.0022 SOM 0.6915
EC =4.404 + 1.4527 SOM 0.8803 EC =4.8666 + 1.6512 SOM 0.9029
EC =11.633 - 0.1807 CaCOg 0.4846 EC =14.529 - 0.2639 CaCO; 0.8344
Ca*? =15.42 + 5.0305 SOM 0.8789 Ca*? = 15.795 + 6.656 SOM 0.9484
Ca*? = 40.435 — 0.6252 CaCO; 0.4829 Ca'?=53.383 - 1.0119 CaCO, 0.7931
pH=7.7172 - 0.1611 SOM 0.3669 pH = 7.8939 — 0.2453 SOM 0.7098
pH =7.2566 + 0.0076 CaCO; 0.029 pH = 6.8596 + 0.024 CaCO3; 0.245
Subsurface layer (20 — 40 cm)
CaCO; = 38.471 - 13.134 SOM 0.8024 CaCO; = 36.402 — 13.456 SOM 0.863
EC =4.2801 + 5.1263 SOM 0.724 EC =5.7035 + 4.8497 SOM 0.7546
EC =19.021 - 0.3804 CaCOg 0.8571 EC =18.53 - 0.3496 CaCO, 0.8226
Ca*?=14.949 + 17.775 SOM 0.7158  Ca'=18.586 + 19.38 SOM 0.7318
Ca'? =66.134 — 1.3216 CaCO5 0.8506 Ca'? = 69.826 — 1.3964 CaCO, 0.7971
pH =8.3281 — 0.8508 SOM 0.5634 pH =8.1104 — 0.697 SOM 0.4671
pH =5.8763 + 0.0633 CaCO, 0.6711 pH = 6.1906 + 0.0531 CaCO; 0.5681

Table 11. Simple correlations (r) among the studied characters, (N= 36).

(r) values after wheat season in the 1% layer

(r) values after maize season in the 1% layer

Properties SOM  CaCO, pH EC Ca?  Properties SOM  CaCO, pH EC Ca*
SOM 1 SOM 1
CaCO;  -.842" 1 CaCO; -.8327 1
pH -606™ 017 1 pH -8427 4957 1
EC 938" -696" -.8107 1 EC 9507 -914™ -793" 1
Ca* 938™  -695" -8117 1.000™ 1 Ca* 9747 -891™  -8217 993" 1
(r) values after wheat season in the 2™ layer (r) values after maize season in the 2" layer
Properties ~SOM  CaCO, pH EC Ca'?  Properties SOM  CaCO, pH EC Ca'
SOM 1 SOM 1
CaCO,  -.896™ 1 CaCO, -.929™ 1
pH -7507  .819™ 1 pH -683"  754™ 1
EC 851" -926™ -939" 1 EC 869" 907" -923" 1
Ca* 846" -922"  -941"  0.999™ 1 Ca*? 855" -893" -938" 996 1

** Correlation is significant at the 0.01 level.
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