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HIS study aims to clarify the individual and combined effect of both subsoiling

tillage and compost on chemical properties of saline soil and its productivity. A field
experiment was conducted during winter season of 2018/2019 at El-Hamoul area, Kafr El-
Sheikh Governorate, Egypt. This experiment included 6 treatments with three replicates (18
plots) where the main factor wastillage (subsoiling tillage, ST; non-subsoiling tillage, NT)
and thecompost (sulphur compost, SC; non-sulphur compost, NSC) applied at 24.0 Mgha''
represented the second factor. All plots were sowed by wheat plant. After harvesting, straw
and grains were weighted and soil samples of each plot were taken at depths of 0-15, 15-30,
30-45, 45-60 and 60-90 cm to determinate some chemical properties (pH, EC, ESP and OM)
and the available macronutrients (N, P, K and S) in soil. Compost application without and
with subsoiling tillage significantly decreased the soil pH, ESP, EC and increased OM and soil
available macronutrients (N, P, K and S). Subsoiling tillage resulted in a significant decrease
of soil ESP, EC, OM and the soil available N, P, K and S, while there was slightly increasing
in soil pH. Application of compost either without or with ST significantly increased both straw
and grains yields of wheat plant compared with control. Treated saline soil with compost and
ST had a high positive impact on soil chemical properties and its productivity of wheat plant,
where the preference was for ST and SC treatments.

Keywords: Salt affected soil; Compost type; Soil SAR; Soil ESP; Soil OM.

Introduction

The continuous increase of population requires
an increase of the nutritional requirements,
which depended mainly on the high-quality
agricultural lands (Pitman and Lé&uchli, 2002).
Soil productivity decreases as a result of
declining its quality parameters (Reeves, 1997).
Inappropriate use of agricultural inputs adversely
affects the physical, chemical, and biological soil
properties (Attard et al. 2011). The excessive
use of irrigation water and poor drainage led to
the transformation of large areas of land into
unproductive lands due to the accumulation of
salts in the soil profile occupied by root systems.
This soil appears clearly in the arid and semi-arid
regions, which is characterized by low rainfall

and high rates of evapotranspiration. Due to the
low rate of salts leaching, salt accumulates in the
surface layers.These salts will negatively affect
the soil properties and its crop productivity, and
consequently on food security. Therefore, salt-
affected soils must be reclaimed to maintain
satisfactory levels of fertility for sustaining food
production (Téth et al. 2008 and Elbasiouny et
al. 2017).

Tillage impact on nutrient redistribution and
availability on plant nutrient uptake is much less
covered in the literature compared to the impact
on soil physical properties. In general, tillage
improves the decomposition of crop residues
by facilitating contact between plant tissue and
soil aggregate surfaces, the primary biome of
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soil microorganisms (Mohammad et al. 2012
and Ji et al. 2015). In addition, tillage distributes
organic matter in the soil and thus improves the
availability of nutrients for plant growth through
the formation of clay-humus complexes and the
increase of charged surfaces for nutrient binding.
Accumulation of considerable amounts of total
nitrogen (N), phosphorus (P), and potassium
(K) with conservation tillage was observed
(Spiegel et al. 2007; Calegari et al. 2013).
However, Calegari et al. (2013) found in the
same soil profile higher availability of P and K
below the 10 cm layer. The presenceof higher
amount of nutrients in the very topsoil (0-5 cm)
under conservation tillage is also supported by
different long-term experiments (Lopez-Fando
and Pardo, 2009; Gomez-Rey et al. 2012; Ji et al.
2015). Subsoiling tillage will enhance downward
movement of irrigation water carrying off excess
salts from surface layer. Antar et al. (2008)
showed that the soil salinity and sodicity in the
topsoil were reduced after subsoiling and moling
installation. The reductions of salinity, after
three years from experiment installation were
86.71, 96.81 and 98.76% for subsoiling, moling
and subsoiling + moling, respectively over the
control and the yields of rice and sugar beet crops
increased when the EC decreased as affected by
subsoiling and/or moling. Zhang et al. (2009)
studied Influence of subsoiling tillage practices
on soil properties and crop yields for maize and
wheat cultivation in Beijing, China and founded
an increase in soil quality and higher crop yield
under study in both annual mono-cropping and
dual-crop rotation in the area around Beijing.
The enhanced parameters included SOM and
available N and P of the soils under study.

Applying the individual and combined
treatments of biofertilizer (bio) + sulphur, bio +
compost, and bio + compost + sulphur to saline
soil decreased EC and pH values in the soil after
cultivation, while the values of soil OM were
increased (Darwich et al. 2012). Hashemimajd
et al. (2012) showed that all levels of S-compost
treatment increased soil P significantly as
compared to S treatment. Applied S and compost
together show that slight increase values of
available N, P and K (Abdelaziz et al. 2016).
Also, Saeid (2010) found that the application of
organic matter combined with S greatly increased
available N, P, and K content. Alidadi et al. (2013)
found that, Sulfurous Granular compost was more
effective than others because of micronutrient
and macronutrient solubility increase especial
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Phosphorus resulting from Sulfurous existence.
Fathi et al. (2015) concluded that the application
of organic manure and elemental sulphur cause
a significant increase in growth, yield of sesame
and its components than the control treatment.
Saffari et al. (2013) found that sulphur compost
is more effective on increase in the number of
newly grown leaves of Scindapsus aureus than
vermicompost. The objective of this study was
to clarify the individual and combined effect
of both subsoiling tillage and compost types as
amelioration process on chemical properties of
saline soil and their productivity of wheat.

Materials and Methods

Study location and soil sampling

This study was conducted in newly reclaimed
salt affected soil at private farm (31° 18' 39" N,
31° 07' 43" E), which is located in El-Hamoul
area, Kafr El-Sheikh Governorate, Egypt. Before
planting, disturbed soil samples were taken from
the study area using Auger at soil depths of
0-15 (D1), 15-30 (D2), 30-45 (D3), 45-60 (D4)
and 60-90 cm (D5). Soil samples of each depth
was air-dried, ground to pass through a 2 mm
sieve, mixed and analyzed for some physical and
chemical properties including available macro-
and micronutrients according to the methods
described by Cottenie et al. (1982) and Pageet al.
(1982). The presented data in Table 1 show the
obtained results.

The applied compost

In this study, rice straw (RS) as plant residues
was a main resource and farmyard manure
(FYM) as animal residues and activator was the
secondary resource for the compost preparation.
Both RS and FYM were collected from the study
area. Separately, RS and FYM air-dried and cut
to small pieces (2-4cm). Two piles in 6 equal
height layers were made from mixture of RS and
FYM at ratio of 65:35 by weight (Nada, 2015).
Simultaneously, the first pile was left without
elemental sulfur (S) to produce non-sulphur
compost (NSC), while the second mixed with S at
rate of 3% by weight to obtain a sulphur compost
(SC). Further, an activating mixtureof 60 g of
mono calcium phosphate,134 g urea and 100
ml of fresh fertile (soil: water, 1:5) suspension
was added for each 20 kg composted mixture.
Both piles were kept moistened at 60% of its
water holding capacity. To improve aeration, the
incubated mixtures were turned every two weeks.
The composting process continued until C/N
ratio of the composted materials of NSC and SC
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reached up to 14.7 and 12.38 respectively (60
days). The mature compost (NSC and SC) was
air-dried, ground to pass through a 2 mm sieve
and kept at room temperature. Fine compost

(NSC and SC) was analyzed for its chemical
composition by using the methods described by
Page et al. (1982). The obtained data are recorded
in Table 2.

TABLE 1. Initial physical and chemical properties of the experimental salt affected soil and its content of available

macro- and micronutrients

Soil depth (cm)

Soil properties

0-15 15-30 30-45 45-60 60-90 Mean
Sand 14.70 15.80 17.20 17.40 18.20 16.66
gf‘sﬁ‘lﬂztsli)zj ) Silt 30.50 32.80 33.50 34.10 33.70 32.92
Clay 54.80 51.40 49.30 48.50 48.10 50.42
Texture Clay Clay Clay Clay Clay Clay
Bulk density (g cm™) 1.35 1.45 1.50 1.53 1.55 1.48
pH 8.48 8.61 8.82 8.87 9.02 8.76
EC (dS.m™) 10.61 9.75 8.06 6.78 5.56 8.15
Organic matter (%) 1.75 1.22 0.81 0.58 0.50 0.97
CEC (cmol kg) 39.30 35.40 30.50 27.10 25.80 31.62
ESP (%) 35.33 29.18 24.30 21.75 19.18 25.95
N 38.50 30.80 35.75 21.40 18.25 28.94
Available P 6.85 6.25 5.11 4.10 3.85 5.23
macronutrients
(mg kg™") K 311.50 280.50 260.30 225.70 210.30 257.66
S 165.40 158.50 140.30 127.40 120.60 142.44
Fe 7.33 6.80 6.05 5.46 5.40 6.21
Available Mn 12.40 11.95 11.34 10.45 10.05 11.24
micronutrients (mgkg’) 7, 2.48 2.35 2.10 1.60 135 1.98
Cu 1.87 1.70 1.45 1.15 1.05 1.44

pH = measured in 1:2.5 (soil: water, suspension, EC = measured in 1:5 (soil: water, extraction), CEC = Cation exchange capacity, ESP

= Exchangeable sodium percentage.
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TABLE 2. Chemical composition of the used non-sulphuric compost (NSC) and sulphuric compost (SC)

amendments

Compost properties NSC SC
pH 6.95 6.64
EC (dSm™) 2.24 2.65
Organic matter (%) 43.10 39.50
Total carbon (%) 25.00 2291
Total nitrogen (%) 1.70 1.85
N 860.0 1105.0
P 685.0 792.0
Available macronutrients (mg kg™')
K 2050.0 2178.0
S 250.0 2117.0
Fe 380.0 750.0
Mn 485.0 525.0
Available micronutrients (mg kg™')
Zn 58.0 75.0
Cu 15.0 25.0

pH = measured inl:10 (compost: distilled water, suspension, EC = measured in 1:20 (compost: distilled water, extraction), NSC = non-

sulphur compost, SC = sulphur compost.

Field experiment

A field experiment was conducted during
winter growing seasons 2018/2019. The study area
(2160 m?) was divided into 18 equal experimental
plots (6x20 m). These plots represented two main
groups (9 plots/ group) of subsoiling tillage (ST)
and non-subsoiling tillage (NT). The ST plots
were ploughed to 55 cm depth with spikes spaced
at 61 cm (chisel subsoiler consist of 3 plows). In
this situation, rupture width in soil surface was
found to be 30-35cm. While the NT plots were
prepared by using conventional tillage. The plots
of each main group (ST and NT) were divided
into 3 subgroups (3 plots /subgroup): the first left
without compost (C0), the second and third
were fertilized by non-sulphur compost (NSC)
and sulphur compost (SC), respectively. After
plowing, all plots were treated with ordinary
super phosphate (15.5% P,O,, at 476.2 kgha™) and
potassium sulfate (48.0% K,O, at 119.1 kgha™).
Together, separately the types (NSC and SC) of
compost were added at mixed ratio of 0.0 and
24.0 Mgha'!, respectively. The additive treatments
were thoroughly mixed with soil by using
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conventional plows. Then the plots were crawled
till it were sowed. Each plot was divided into 6
furrows with 60 cm wide and separated by 30
cm distance. Wheat grains of Triticum aestivum
L. (cvMisr 2) were planted on 20 November of
2018. Other farming practices were performed
according to the recommendation of the Egyptian
Ministry of Agriculture for wheat planting under
salt affected soil conditions. After 21 days of
planting, all plots were fertilized by ammonium
nitrate (33.0% N) at rate of 428.6 kgha''. Other
equal dose of N was added after 42 days of
planting. At maturity stage, the plants of each plot
were harvested. The grains were separated from
straw and weighted in order to estimate the grains
and straw fresh yield as Mgha'. Then soil samples
at different depths (D1, D2, D3, D4 and D5) were
taken from each plot by auger, air-dried, ground
to pass through a 2mm sieve and analyzed for
some chemical properties and available macro-
and micronutrients content (Cottenie et al. 1982
and Page et al. 1982). Relative change (RC) and
agronomic efficiency (AE) of straw and grains
yields were calculated according to equations 1
and 2, respectively.
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RC (%) =

AE (MgMg')=

Dataof treatment - Data of control
Added compost (240Mg.ha™1)

Dataof treatment - Data of control

x100

Added compost (240Mg.ha™1)

Equation 1

Equation 2

Statistical analysis

The obtained data were statistically analyzed
according to Snedecor and Cochran (1980).
The least significant difference (LSD) range
test was used to compare different treatment
means in each group of means to see which are
significantly different. Significantly different
was calculated at a 5% level of probability
unless otherwise indicated. The effect of studied
treatments on soil chemical properties (EC,
OM, ESP) and soil available macronutrients (N,
P, K, S) were examined by the 3-way ANOVA
randomized blocks method. While the splitplot
ANOVA procedure was used to test the effect of
both tillage and applied compost treatments on
straw and grain yield of wheat plant.

Results

Effect of the studied treatments on soil chemical
properties

Soil reaction (pH)

Data in Figs. (1-A; 1-B) show that, with all
treatments (CO, NSC, SC, NT, and ST) soil pH
increased with the increase of soil depth. The
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highest pH values (8.97) appeared with 60-90
cm layer, while the lowest one (8.18) recorded to
surface layer (0-15cm). Regarding to the effect of
subsoiling tillage, data indicated that ST tillage
associated by an increase of soil pH as shown in
Fig. 1-A. After wheat crop, the lowest pH value
of 8.50 was observed in NT treatments against
the highest value of 8.67 of ST treatments.
There is a positive relationship (R> = 0.99)
among soil pH and soil depth for both ST and
NS treatments (Fig. 1-A). According to the effect
of compost types (NSC and SC), data indicated
that, application of compost either with ST or NT
treatments resulted in a positive decrease of soil
pH (Fig.1-B). The found decrease of pH in soil
manured by SC was higher than that found in the
soil manured by NSC with the two treatments
of NT and ST. The 1% SC treatment exhibited
a minimum value of soil pH (8.38) and the
untreated soil (CO) observed with the maximum
value (8.74) of soil pH. Individually, soil pH in
NSC and SC treatments increased positively (R’
= 0.98; 0.99, respectively) with increasing soil
depth (Fig. 1-B).
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Fig. 1. Individual effect of tillage (A) and compost types (B) on the pH values (mean + standard deviation) of salt
affected soil in different layers of soil profile. NT = non-subsoiling tillage, ST = subsoiling tillage, C0 =
untreated soil, NSC = non-sulphuric compost, SC = sulphuric compost
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Soil electrical conductivity (EC)

The differences of EC values of soil depths
were significant as shown in Table 3 and Figs.
(2-A; 2-B). D1 (0-15 c¢m) showing the maximum
significant values (8.66 dSm™) of EC in contract
to 5.30 dS.m™' for D5 (60-90 cm). The subsoiling
tillage (ST) associated by a significant decrease
of soil EC values compared to the non-subsoiling
tillage (NT) treatment as shown in Table 3
and Fig. 2-A. The high significant value (7.37
dSm™) of EC was associated with NT treatment,
while the lowest value (6.66 dSm™) recorded to
T treatment. This was supported with the invers
relationships between soil EC and soil depth in
both ST (R?=10.97) and NT (R?=0.96) treatments
(Fig. 2-A).The presented data in Table 3 and
illustrated by Fig. 2-B, reveal that, EC values
(6.69 dSm™") of the treatment of SC were lower
than those (6.98 dSm™") found with the treatment
of NSC, where these variations were significant.
The soil EC appeared in strongly invers
relationships with increasing soil depth for CO
(R?=10.96), NSC (R?=0.97) and SC (R*=0.98)
treatments (Fig. 2-B). Also, statistical analyses of
the obtained data showed that, all possibility of
the four interaction are significantly affected in
the soil EC values (Table 3; F-test).

Soil organic matter (OM)

Generally, soil OM decreased with increasing
of soil depth under all experimental treatments
(Table 3; Fig. 3-A & B). Surface layer achieved
the highest value (2.14%) of OM content, in
contrast of the deeper layer (0.60%). Within
different layer of soil profile, application of ST
tillage decreased significantly soil OM content,
compared with NT treatments. The mean values
of soil OM content were 1.27% and 1.13% in the
NT and ST plots, respectively (Table 3; Fig.3-A).
with both ST and NT treatments, a strong inverse
relationship (R? = 0.93) were appeared between
soil OM and soil depth (Fig. 3-A). Either NSC or
SC application resulted in a significant increase
of OM content in the different layers of soil
profile and more increases associated with NSC.
The effect of studied treatments on the increase
of OM took the following order: NSC > SC >
CO (Table 3; Fig.3-B). Also, accompanied the
increases of soil depth, a strong inverse relation
of soil OM content in CO (R? = 0.87), NSC (R’
= 0.96) and SC (R’ = 0.93) treatments. Further
more, the results of Table 3 (F-test) showed that
the soil OM content was significantly affected by
the interaction among all of the studied factors.
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Soil exchangeable sodium percent (ESP)

Data in Table 3 and Fig 4 (A & B) show that
with increasing in the soil depth of layers, the soil
ESP values were significantly decreasing with all
experimental. The lowest ESP value (17.98%)
was associated with the deeper layer (60-90 cm),
while the highest value (29.43%) was in favor
of the surface layer (0-15 cm). Plowing soil by
ST resulted in a significant decrease of soil ESP,
compared with that of NT treatment (Table 3).
The mean values of soil ESP were 22.61% and
23.92% in the ST and NT plots, respectively.
Also, there is a strong inverse relationship (R? =
0.98) between ESP and soil depth for both ST and
NT treatments (Fig. 4-A). Compost application
either NSC or SC resulted in a significant
decrease of ESP values in the different layers of
soil profile. The high decrease associated with
SC (Table 3 & Fig. 4-B). Based on the mean
values of ESP, the studied treatments effect on
the decrease of soil ESP took the following order:
SC <NSC <C0. The lowest significant ESP value
(21.69%) recorded to SC treatment against the
highest values (25.36%) of control. Also, there
was an inverse correlation (R? = 0.98) between
soil depth and ESP values, as was evident with
C0, NSC and SC treatments (Fig. 4-B). Also, a
positive significant of interaction between all
studied 3 factors were evident on soil content of
ESP (Table 3 & F-test).

Effect of the studied treatments on soil content of
available macronutrients

The presented data in Table 4 show the
effect of the studied treatments, i.e. subsoiling
tillage, compost type at rate of 1% (NSC and
SC) and depth (D1, D2, D3, D4 and D5) on soil
content of some available macro-nutrients (N,
P, K and S). These data show that, the studied
treatments have a significant effect on the
soil content of available macronutrients under
study. These contents of available N, P, K and S
decreased with the increase of soil depth under
all studied treatments. The highest significant
value of available macronutrients recorded to
surface layer (0-15 cm) and it were 10.48, 7.17,
325.18, and 180.90 mgkg! for N, P, K, and S,
respectively. While the D5 (60-90 cm) observed
with the lowest values of N (20.45 mgkg™), P
(4.52 mgkg'), K (213.53 mgkg"), and S (124.77
mgkg'). With regard to the subsoiling tillage
(ST), data indicated that, the contents of available
N, P, K and S with the treatment of subsoiling
tillage were less than their contents in non-
subsoiling tillage as listed in Table 4. The plots
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treated with ST treatment reveals with 28.56,
5.60, 267.89 and 148.59 mgkg' values for soil
available N, P, K, and S respectively. However,
the high significant values of 30.87 mgkg! (N),
6.13 mgkg! (P), 275 mgkg!' (K), and 154.46
mgkg! (P) accompanied the NT treatment (Table
4). According to the effect of added compost types
(NSC and SC), data indicated that, application
of compost either without or with subsoiling
tillage resulted in a significant increase of the
contents of soil available macro-nutrients (N, P,
K and S) compared with the control. The highest

significant value of available N (33.86 mgkg™),
P (6.69 mgkg'), K (285.52 mgkg™'), and S (161.62
mgkg!) were observed with the soil treated by
SC treatment. In contrast, the lowest significant
values of N (24.18 mgkg'), P (4.96 mgkg™'), K
(250.25 mgkg™), and S (139.79 mgkg™') appeared
with untreated plots (Table 4). In addition,
the results in Table 4 (F-test) showed that, the
available N, P and S were significantly affected by
the interaction of all examined factors. In contrast,
soil available K was significantly affected by only
the interaction between compost types and soil
depth.

TABLE 3. Effect of subsoiling and non-subsoiling tillage and compost types on some chemical properties of salt
affected soil in different layers of soil profile

Treatments EC oM ESP
(dS m™) (%) (%)
a) Tillage types
NT 7.37+1.56 a 1.27 +0.67 a 23.92+4.73 a
ST 6.66+1.14b 1.13+0.57b 22.61 £+4.36b
LSD 0.05 0.086 0.056 0.092
b) Compost type
Co 7.38+1.59a 090+0.45c¢ 2536+521a
NSC 6.98+1.35b 1.39+£0.64 a 22.75+3.99b
SC 6.69+1.22 ¢ 1.31+0.66b 21.69+3.69¢
LSD 0.05 0.047 0.045 0.198
¢) Soil depth (cm)
0-15 8.66+0.99 a 2.14+0.38a 29.43+£296a
15-30 8.19+0.81b 1.47+0.27b 26.36+2.38b
30-45 6.94+0.28 ¢ 1.05+031¢ 2224 +1.57 ¢
45-60 5.98+0.29d 0.72+0.15d 20.30+1.25d
60-90 530+£022e 0.60+0.09 e 17.98+0.88 ¢
LSD 0.05 0.042 0.045 0.27
F test
Tillage * Compost ok ok ok
Tillage * Depth wk * *
Compost * Depth wE wk wE
Tillage * Compost * Depth ok ok ok

NT =non-subsoiling tillage treatments; ST = subsoiling tillage treatments; CO = untreated soil, NSC = non-sulphur compost treatment;

SC = sulphur compost treatment; * = significant at 0.05 probability level; ** = significant at 0.01 probability level; values presented in

columns are mean =+ standard deviation, mean values within each column followed by same letters are not significantly different at 5%

level of probability.
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Fig. 2. Individual effect of tillage (A) and compost types (B) on the EC values (mean + standard deviation) of salt
affected soil in different layers of soil profile. EC = electrical conductivity, NT = non-subsoiling tillage, ST
= subsoiling tillage, C0 = untreated soil, NSC = non-sulphuric compost, SC = sulphuric compost
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Fig. 3. Individual effect of tillage (A) and compost types (B) on the OM content (mean + standard deviation) of
salt affected soil in different layers of soil profile. OM = organic matter, NT = non-subsoiling tillage, ST =
subsoiling tillage, C0 = untreated soil, NSC = non-sulphuric compost, SC = sulphuric compost
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Fig. 4. Individual effect of tillage (A) and compost types (B) on the ESP values (mean + standard deviation) of salt
affected soil in different layers of soil profile. ESP = exchangeable sodium percentage, NT = non-subsoiling
tillage, ST = subsoiling tillage, C0 = untreated soil, NSC = non-sulphuric compost, SC = sulphuric compost

TABLE 4. Effect of subsoiling and non-subsoiling tillage and compost types on soil available macronutrients (N, P,

K and S) contents in different layers of soil profile

Treatments N P K S
(mg kg™ (mg kg™) (mg kg™ (mg kg™
a) Tillage types
NT 30.87+8.89a 6.13+1.29a 27537+47.19 a 154.46 £25.06 a
ST 28.56+7.90b 560+1.13b 267.89 £41.94b 148.59£21.29b
LSD 0.05 0.297 0.095 7.220 0.840
b) Compost type
Co 24.18+5.74 ¢ 496+ 1.04c¢ 250.25+30.80 ¢ 139.79+19.38 ¢
NSC 31.10+7.88 b 5.95+0.96 b 279.12+44.49b 153.09 £20.94 b
SC 33.86+8.53 a 6.69+0.98 a 285.52 £48.65a 161.62+2731a
LSD 0.05 0.196 0.045 7.430 1.397
¢) Soil depth (cm)
0-15 4048 £5.26a 7.17+0.70 a 325.18+2542a 180.90 +17.23 a
15-30 34.32+6.67b 6.68+0.77 b 302.18 £24.62 b 168.17 +13.78 b
30-45 28.92+4.41c¢ 579+0.82¢ 272.02+ 1598 ¢ 147.80 £10.61 ¢
45-60 24.32+3.67d 5.17+1.13d 24523 +2 8.80 d 135.87 £ 16.21d
60-90 20.54+195¢ 4.52+0.62¢ 213.53+4.38¢ 12477 +5.07 ¢
LSD 0.05 0.187 0.059 6.861 2.960
F test
Tillage * Compost Hok ok ns ok
Tillage * Depth * * ns *
Compost * Depth wox o wox wox
Tillage * Compost * Depth ** * ns **

NT =non-subsoiling tillage treatments; ST = subsoiling tillage treatments; C0O = untreated soil, NSC = non-sulphur compost treatment;
SC = sulphur compost treatment; ns = non-significant; * = significant at 0.05 probability level; ** = significant at 0.01 probability
level; values presented in columns are mean + standard deviation, mean values within each column followed by same letters are not
significantly different at 5% level of probability.
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Effect of the studied treatments on straw and
grain yield of wheat plants

The presented data in Tables 5 and 6 showed
the effect of compost types (NSC; SC) and the
modality of tillage (ST; NT) on straw and grains
yields of wheat plants (Misr 2). Application
of compost either with ST or NT resulted in a
significant increase in both straw and grains yield
of wheat plant compared with control (Table 5).
Wheat plant grown in the ST treatments gave
the highest values of straw (9.45 Mgha')) and
grain (8.67 Mgha') yields, while the lowest yield
of 9.14 Mgha! (straw) and 8.29 Mgha™! (grain),
recorded to the NT plots. Although the found
decreases in the soil content of N, P, K and S
in ST plots (Table 4), which resulted from the
leaching and plant high uptake, data in Table 5
show significant increases of straw and grains
yield of wheat plants grown in ST treatment.
Both two types of the applied compost (SC; NSC)
showed significant differences on straw and grain
yields when compared with control, With proven
superiority to SC treatment. The prominent yields
for both straw (10.50 Mgha') and grain (9.80

Mgha) accompanied the SC treatment, while the
deteriorated one of 7.71 Mg.ha™' (straw) and 6.76
Mgha'! (grain) noticed in untreated soil (Table
5). Also, the combination between tillage and
compost treatments produced a strong interaction
on both straw and grain yields (Table 5; F-test).
Moreover, with the two treatments of NT and ST,
the obtained values of relative change (RC) and
agronomic efficiency (AE) of straw and grains
yields of wheat plants grown in soil treated by
SC were higher than those found with the plants
manured by NSC (Table 6). The highest RC
value of straw (37.56%) and grain (47.74%)
was appeared with ST plots that treated with SC
compost, against the lowest RC values (24.96%
and 31.47%, respectively) of NT treatments
accompany the NSC compost. Similarly, the
highest AE values of straw (0.123 MgMg™') and
grains (0.137 MgMg™") yields recorded to ST and
SC treatments. In contract, the NT plots treated
with NSC compost occurred the lowest values of
AE for straw (0.080 MgMg™!) and grains (0.088
MgMg') of wheat plant.

TABLE 5. Effect of subsoiling and non-subsoiling tillage and compost types on straw and grains yield of wheat

plants
Treatments Stra(vl:/[ t;'t;fglgfield Gra:;/[ fgrehs:‘l_lgfield
a) Tillage types
NT 9.14+1.29b 829+1.16b
ST 945+1.18a 8.67+1.05a
LSD 0.05 0.084
b) Compost type
Co 7.71+0.10 ¢ 6.74+0.13 ¢
NSC 9.67+0.16 b 890+0.36b
SC 10.50+0.26 a 9.81+0.39a
LSD 0.05 0.049

F test
Tillage * Compost

ek

NT =non-subsoiling tillage treatments; ST = subsoiling tillage treatments; C0O = untreated soil, NSC = non-sulphur compost treatment;

SC = sulphur compost treatment; ** = significant at 0.01 probability level; values presented in columns are mean + standard deviation,

mean values within each column followed by same letters are not significantly different at 5% level of probability.

Env. Biodiv. Soil Security Vol. 4 (2020)



SUBSOILING TILLAGE AND COMPOST APPLICATIONS IN RELATION TO SALINE ...

263

TABLE 6. Relative change and agronomic efficiency of straw and grain yield of wheat plant as affected by subsoiling
and non-subsoiling tillage and compost types

Straw Grain
Tillage type Compost type RC AE RC AE
(%) (Mg Mg™) (%) (Mg Mg™)

Co 0.00 - 0.00 -

NT NSC 24.96 0.080 31.47 0.088
SC 34.63 0.111 43.08 0.120
Co 0.00 - 0.00 -

ST NSC 25.65 0.084 32.58 0.094
SC 37.56 0.123 47.74 0.137

NT =non-subsoiling tillage treatments; ST = subsoiling tillage treatments; CO = untreated soil, NSC = non-sulphur compost treatment;
SC = sulphur compost treatment, RC = relative change, AE = agronomic efficiency.

Discussion

Soil pH

Increasing soil pH with depth attributed
to high content of OM in the surface layers
compared with these in deeper layers (Antar et al.
2008; El-Sanat et al. 2017). High values of soil
pH in the subsoiling treatments (ST) compared to
non-subsoiling tillage treatment (NT) treatments
may be resulted from, as decreasing of organic
matter under subsoiling treatment where
decomposition of organic matter is faster than
that under untillage treatment. In this respect,
the obtained results are similar to those found by
Zhang et al. (2009) and Mohammad et al. (2012).
The greatest decrease in soil pH resulting from
the addition of both types of compost (SC; NSC)
was probably caused from humic substances and
acidic compounds produced from added compost
(Calegari et al. 2013 and Abou Hussien et al.
2017). The superior effect of SC on the decrease
of soil pH compared with that resulted from NSC
additives resulted from its high content of sulphur
(S) which oxidized by soil microorganisms to
produce acidic compounds (Hashemimajd et al.
2012 and Saffari et al. 2013). Moreover, there
is a high integration between the studied main 3
factors, which is reflected in their combined effect
on the studied soil pH (El-Sanat et al. 2017).

Soil EC

The significant decrease of EC values with
depth could be due to the clay soil texture which
makes the soil water raises by capillary action
to the upper layer of soil profile and evaporates
leaving the salts which increases the soluble salts

(Zhang et al. 2009; Kheyrodin and Antoun, 2011
and Elbasiouny et al. 2017). The reason that ST
tillage reduces soil EC values greater than NS
tillage, perhaps because it improves porosity
and hydraulic conductivity of the soil. Similar
effect on salt affected soil porosity and hydraulic
conductivity was found by Zhang et al. (2009)
and El-Sanat et al. (2017). High decrease in soil
EC in the soil treated with sulphur compost (SC)
compared with these associated the treatments of
non-sulphur compost (NSC) may be due to the
solubility of soil organic or mineral compounds
and its transformation from surface layers
downwards with the drainage (Hashemimajd
et al. 2012 and Saffari et al. 2013). Also, the
positive interactions among different examined
factors reflects the great harmony between it in
terms of their effect on the soil EC.

Soil OM

The chemical, physical, and mineralogical
properties of the parent material play an important
role in the composition and amount of OM stored
in the soil. This suggests that the control factors
or their relative importance and the mechanisms
involved in the stabilization and dynamics of
soil OM may be different at the surface and in
subsurface soil (Rumpel and Kogel-Knabner,
2011). The significant decreases in soil OM
content that was associated with the ST tillage
plots resulted from improving aeration condition,
which led to an increase rate of OM oxidation
and decomposition (Zhang et al. 2009 and Gajda
et al. 2017). Also, the produced soluble organic
compounds leached quickly with drainage water.
More OM oxidation and leaching resulted from
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the increase of soil total porosity and hydraulic
conductivity followed subsoiling tillage (Lopez-
Fando and Pardo, 2009 and Mohammad et al.
2012). The OM content (Table 2) of both additive
compost (NSC; SC) was the reason for its high
percentage in the treated soils compared to the
control. Also, higher stability of SC compared
to NSC and this due to C/N ratio (Table 2) may
be the reason for high significant OM content in
the NSC treatments (Alidadi et al. 2013). These
trends also reflect the high complementarity
between the studied factors and their interaction
on soil OM contents.

Soil ESP

Significant decreases in soil ESP wvalues
with increased depth has a strong correlation
with clay soil content and its cation exchange
capacity (CEC). Decreased soil content of clay
with depth will be reflected in the values of soil
CEC and hence, the adsorbed sodium (Table
1). Also, this trend may be due to the clay soil
texture which makes the soil water raises by
capillary action to the upper layer of soil profile
carrying the cations as sodium (Ji et al. 2015).
The decreases of soil ESP that associated with ST
tillage could be related to increasing both of total
soil porosity and its hydraulic conductivity and
more Na leaching (Kheyrodin and Antoun, 2011;
Gajda et al. 2017). The compost (SC; NSC) OM
and S contents increased the solubility of CaCO,
and other compounds and therefore more soluble
calcium replaced with Na* on the exchangeable
sites (El-Sanat et al. 2017). More increase of
soluble Ca?" as a result of organic amendments
applications were found by Ahmed (2019) and
Elgezery (2016). Also, Abou Hussien et al.
(2017) pointed out that, compost and sulphur
applications either individual or in combination
resulted in an increase of soil content of available
Ca. This confirms the agreement and positivity
interactions among different studied factors in
achieving the same goal.

Soil available macronutrients

The greatest values of the soil macronutrients
(N; P; K; S) in the surface layers compared to
the deeper layer may be due to the soil clay and
OM content accompanied these layers, which
are characterized by high surface charge. In
this respect Gomez-Rey et al. (2012), Ji et al.
(2015) and Ladan and Jacinthe (2017) obtained
on similar results. Decreased values of N, P,
K and S in the soil treated with ST tillage may
be resulted from the decrease of soil content of
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OM and increase soil porosity and infiltration
rate which led to leaching of the nutrients from
different layers of soil profile. These results are
in agreement with those obtained by Motavalli
et al. (2003), Spiegel et al. (2007) and El-Sanat
et al. (2017). Moreover, Significant increases
in the values of the examined macronutrients,
especially in soil amended with SC and NSC
compost may be due to improve effects of added
compost on soil chemical properties especially
pH and its content of OM (Table 3) and also to the
chemical composition of added compost (Table
2). Increases of nutrients with treatment of SC
compared with NSC is due to the superior effect
of SC on decreasing of soil pH. These findings
agree with obtained results by Hashemimajd et
al. (2012), Alidadi et al. (2013), Elgezery (2016)
and Abou Hussien et al. (2017). So, it can be said
that the deep tillage with compost may be correct
the found decrease in the soil content of available
N, P, K and S.

Straw and grain yield of wheat plants

Improving of soil physical and chemical
properties and its content of available nutrients
was considered the principle reason to explain
the found increases in the straw and grains yield.
The greatest positive effect of ST tillage on
plant straw and grain yields could be related to
its promotion and improvement of soil physical,
chemical and biological properties especially
the found decrease in both soil pH and EC. The
increase effect of ST tillage on plant growth and
productivity was pointed before that by Zhang
et al. (2009), Mohammad et al. (2012), Ji et al.
(2015), El-Sanat (2017) and Gajda et al. (2017).
Also, the applied compost (NSC; SC) with
advantage of SC increased the proportion of soil
available macro-micronutrients which positively
affected the yield of straw and grains for wheat
plants. Similar increase effect of compost on
many crops growth and productivity was found
before that by Darwich et al. (2012), Elgezery
(2016), Abou Hussien et al. (2017), Baddour et al.
(2017), Ladan and Jacinthe (2017) and El-Akhdar
et al. (2018) under different soil conditions.

Conclusion

The effect of subsoiling tillage and compost
application on saline soil were evaluated under
field experiment conditions. Subsoiling tillage
(ST) and compost application particularly the
treatments of sulphur compost (SC) have greatly
improved chemical properties of saline soil. The
soils treated with compost and / or subsoiling
tillage had a decrease in pH, ESP and EC and
increase in OM and soil available macronutrients
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(N, P, K and S). Subsoiling tillage a lone led to a
significant decrease in ESP, EC, OM and the soil
content of available N, P, K and S, while there
was slightly increasing in soil pH. Moreover,
treated saline soil with compost and subsoiling
tillage had a high positive impact on increasing
the productivity of wheat plant (c.v. Misr 2).
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