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ABSTRACT: This investigation was carried out at Gemmeiza Agric. Res. Station, during
2010/2011 season on three salt affected soils varied in their content of salinity and sodicity and
three calcareous soils varied in their content of CaCOs; (%) to study the effect of soil
amendments (sulphur and biogas manure) and incubation periods on some physical properties
{Bulk density(Bd), Total porosity(Tp), Hydraulic conductivity (Hc) and Total water stable
aggregates(TWSA)} of these soils and yield (grain and straw) of barley plants. A pot experiment
was carried out in split split plot design with three replicates, where the main plots were the
used salt affected and calcareous soils, the sub plots were application rates of sulphur or biogas
manure and the sub sub plots were incubation periods. Sulphur application was at rates 0, 2.38,
4.76 and 7.14 ton hectare’. While, biogas manure was applied at 0, 23.80, 47.60 to 71.40 ton
hectare™'. The previous treated soil were incubated for 0, 2 and 4 months before cultivation. The
obtained results showed that sulphur and biogas manure application in any rate improved soil
physical properties (Bd, Tp, Hc and TWSA) and induced significant or highly significant
increases in barley grain and straw yield of salt affected and calcareous soils. The incubation of
biogas manure or sulphur in soil before sowing, especially at four incubation, appeared a
pronounced increases in the values of Tp, He, TWSA and significant increase in yield of barley.
On the contrary, values of Bd tended to minimize with the prolonging the incubation periods.
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and barley plants.

INTRODUCTION " soil-air relation. The structure transformation

Total salt affected area in Egypt is about of the aggregates that occurs upon their
0.9 M ha. The majority of salt-affected soils hydration may include swelling, swelling and
in Egypt are located in north. Wherever, fifty- dispersion. Dispersion involves  the
five percent of cultivated- lands of the breakdown of a soil into particles of <2 mm.
northern Delta regions, twenty percent of the Which than diffuse through the dispersing
southern Delta and middle Egypt region and solution. Also, increasing salinity and
twenty five percent of the upper Egypt sodicity in soils including reduced hydraulic
region are salt- affected soils. (El-Banna et conductivity, soil aeration, water infiltration
al., 2004) reported that Salinity is one of and poor soil drainage and increased
major environmental factor reducing plant susceptibility to surface crusting, runoff,
growth and productivity worldwide in arid hard-salting and soil erosion. Calcareous
and semi-arid regions (Munns, 2002). soils are of wide occurrence in these
Tavakoli (2011) saline sodic soils are subject regions, and most of newly reclaimed
to structural degradation and restrict plant calcareous soil are mainly found in western
performance through poor soil- water and part at fringe of the Nile Deita. The
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calcareous soils are those with high content
of CaCQs, especially the active fraction with
high specific surface area which causes
physical problem of land and water use for
crop production. A soil is considered
“calcareous” from the chemical point of view
when it is in equilibrium with excess of
CaCOs at the partial pressure of the
atmospheric CO2. In the context of
agricultural problem soil, calcareous soils
are soil in which a high amount of calcium
carbonate dominates the problem related to
agricultural land use. The formation of crusts
is a problem in the carbonate ~ rich soils
newly put under cultivation especially the
active fraction with high specific surface area
which causes soil physical problem of
resulting low water production. Also, high
content of CaCOQs the formation of crusts is a
problem in the carbonate rich soiis put under
cultivation. Crusting which takes place at the
soil surface hinders seeding rate of
emergence and percentage. The adverse
effect of crust depends on their strength and
thickness. (Imas, 2000).

El-Shouny (2006) carried out a field
experiment in the Sakha Agric.,, Res.,
Station to study the effect of some soil
amendments (sulphur and farmyard manure)
on physical and chemical properties and
wheat productivity. Data showed, . soil
amendments application improved the
physical soil properties and increased its
productivity. Wahdan et al. (2005) showed
that the effect of sulphur addition at rates
0.7, 1.5 and 2.5 ton/fed on calcareous soil
physical properties and barely plants.

The best condition, which recorded
improves soil physical properties and yield of
barely, occurred at the rate of 2.5ton fed'.
Harvey (2012) mentioned that applied of
compost at rate 30 ton/fed in calcareous
soils increase the percentage of soil water
stable aggregates and saturated the
hydraulic conductivity as compared with the
treatments 15 ton/fed and control.
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Hashemimajd et al. (2012) found that
incubation sulphur in soil at 16 and 32
weeks improve soil physical properties. In
the laboratory, Mzazewa et al. (2003) found
that bulk density values were decreased and
improve stable aggregates and cumulative
infiltration in soil after reclamation with
applied soil amendments (sulphur and
gypsum). Yadvia et al. (2004) observed that
incubation biogas manure in soil up to 100
days gave a large volume of hydraulic
conductivity than incubation 10 and 20 days.
Popadopoulos et al. (2006) observed that
soil bulk density was decreased as resuits of
incubation organic but total porosity and
hydraulic conductivity were increased in
calcareous soils. El-Sodany et al. (2012)
noticed that the highest values of grain and
straw vyield barley plants and all growth
characters with applied of sulphur or organic
manure in altuvial soil. Bona et al. (2011)
found that applied of sulphur in soil can
enhance increased grain and straw yield of
barley plants in calcareous soils. These
results are Iin accordance with these
reported by Froseth et al. (2014) to evaluate
the effect of organic manure incubation
periods on the yield and N recovery of a
subsequent spring barley crop. Data
observed the increasing organic manure
incubation periods before sowing gave the
highest values of grain and straw vyield in
alluvial soils. Lat et al. (2008) revealed that
application organic manure gave
significantly high grain and straw yieid of
barley plants in loamy sand soil, especially
when increase incubation organic manure
before sowing in calcareous soil. So, the
object of this investigation was to reveal the
beneficial influence of different amendments
such as sulphur and biogas on the physical
properties of saline sodic and calcareous
soils and the barley plants grown on this soil.

MATERIALS AND METHODS
A pot experiment was conducted at
Gemmeiza Agric Res. Station, during
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Impact of sulphur and biogas manure application on the physical

2010/2011 season to investigate the effect
of sulphur (natural chemical amendment)
and biogas manure (natural organic
fertilizer) and incubation periods on some
physical properties and yield of barley plants
in saline sodic and calcareous soils, The
three salt affected soils were taken from
different locations of El-Hamoul area Kafer
El-Sheikh Governorate: 1) Village of
Abosekken, 2) Village of Khaled Eben EI-
Waled and 3) Section El-Mansour part 10,
On the other hand, three calcareous soils
were taken from: 1) At Kilo 48 Cairo —
Alexandria desert road —Nubaria —Bahira

Governorate, 2) At Kilo 72 Cairo -
Alexandria desert road -—Alameria
Alexandria Governorate and 3) Borg Elarab-
Alexandria Governorate. In this experiment,
plastic pots were uniformly packed with ten
kilogram of the investigated soils. Surface
soil area in each pot was 0.049M2(30 cm
high x 25 cm diameter). The applied
treatments were 0, 2.38, 4.76 and 7.14 t/he
for elemental sulphur; 0, 23.80, 47.60 and
71.40 t/he for biogas manure and thoroughly
well mixed with the studied experimental
soils. The pots were incubated for four
months, received amount of water equal
120% field capacity at zero, two and four
months of incubation periods, with three
replicates and arranged in a split gplit plot
design. Each pot was sown after the end of
the three incubation periods at one
December 2010 with barley (Hordum
Vulgare L.) cultivar Giza 126. Each pot was
sown with 15 seeds of barley. After 12 days,
the plants of each pot were thinned to 10
plants. Throughout the growth, moisture
content of the soil was maintained at 60% of
WH.C. All pots were fertiized with
recommended dose of NPK as defined by
Agriculture Ministry, which were ammonium
nitrate (33.5%N) at rate of 60 kg N/fed,
superphosphate (15.5%P20s) at rate 30 kg
P/fed and potassium sulphate (48% Kz0) at
rate of 48 kg K/fed. At the end of the
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growing seasons, the barley plants shoot of
each pot were harvested above the surface
soil in the 10" of May 2011 and separated
into grains and straw and air-dried. The air-
dry weight of straw and grain were recorded.
Also, soil sample were taken for physical

properties analysis. The soil physical
properties of bulk density, Hydraulic
conductivity and Total water stable

aggregates were determined as described
by Black and Hartge (1986), Kiute and
Dirksen (1986) and Kemper and Rosenau
(1986), respectively. Total porosity (%) was
calculated as described by Vomocil (1965)
as follows:

Total porosity (%) = 1- (bulk density / particle
density) x 100

Some initial soil properties of the studied
soils and biogas manure were determined
according to Page et al. (1982) and data are
given in Tables (1 to 3). All obtained data
were statistically analyzed according to
(Costat 6.311, Copyright (C) (1988-2005).
Mean values were compared for each other
using the least significant differences. This
material which supplied by ElHelp
company, Egypt. Sulphur was applied to the
soils in different rates based on the required
gypsum amounts reclamation each soil.
Biogas manure was applied to the soils as a
source of organic matter to these soils. A
relatively high rates were applied to the
studies soils because these soils are very
poor in their contents form organic carbon. It
was obtained from waste recycling center
Moshtohor Banha city- Qaliubiya
Governorate.

RESULTS AND DISCUSSION
1-Bluk density (Bd) and Total

porosity (Tp):
The results in Table (4) indicated that
application of different sulphur rates

decreased significantly on bulk density
however total porosity was increased
significantly. The average values of bulk
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Table (1): particle size distribution (%) and some physical properties of the studied soil 5
= 3
particle size distribution Moisture contents (%) E 3 X Py
% 8 e w ~~
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2 Z = § @ 8 g
5 o C. ) 5 O S <3 o
7 73 f. sand silt clay b T WHC FC WP AW ° = 2
sand ) Xx © —
[ 5 ° o
o) = °©
}.._
1 SAS1 3.42 783 | 29.40 | 59.35 clay 0.46 76.26 | 4472 | 2311 | 21.61 1.41 45.80 | 57.11
8 .
3
N ‘g SAS2 | 2.81 18.20 | 25.60 | 53.39 clay 0.28 84.74 | 4368 | 24.35 | 19.33 146 | 43.80 | 45.75
S | 5
& | SAS3 4.40 5.84 33.80 | 55.96 clay 0.08 | 9255 | 46.34 | 2514 | 21.20 1.39 | 46.50 | 39.55

CS1 43.51 | 3260 | 8.95 9.88 SL 18.27 | 36.18 | 17.82 9.27 8.22 1.69 | 35.00 | 13.66

CS2 | 2643 | 40.70 | 1030 | 2257 | SL 537 | 4833 | 2523 | 1338 | 1185 | 154 | 4080 | 2299

calcareous soils

CSs3 14.71 | 44.00 | 14.00 | 27.29 SLC 264 | 5452 | 2772 | 1625 | 1247 | 1.50 | 43.40 | 27.85

S=sandy, L= Loamy, C=Clay. H.C= hydraulic conductivity. WHC= water holding capacity, FC= Field capacity, WP= wilting point, AW= available water.
SAS1, SAS2, SAS3= salt affected soils, CS1, CS2, CS3 = calcareous soils.
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Table (2): Some chemical properies of the studied soils.

. . Exchangable
soluble cations(meg/L) soluble anfons(meq/L) ;:B cations(Cmol/Kg) _
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s 2] 9 g 2 S gl 5| 2|8

3| 8| T| ©|ca|Mg¥| Na | k| CF |cOs|HCOs| Sor | o |Ca® Mg | Nat |k | B S| §| |5

o

%3 SAS1|8.14 | 8.25 |18.50{20.50| 42.56 {0.35| 55.00 | N.D | 12.59 |14.32146.11 {15.70|17.86 | 11.311.03 [24.53|1.17 | 5.26 | 13.45 |2.50

3

‘g SAS2|8.34 {17.40|34.80|37.20| 98.65 | 0.88 |123.50| N.D | 24.88 {23.15{52.20|14.50|16.24 (20.01{ 1.23 | 38.33 | 1.44 | 4.06 | 28.30 | 5.26

= .

& |SAS3|8.4324.90|45.40 |40.00 [ 161.50| 1.07 [180.00{ N.D | 26.23 {41.71|48.72(10.10{12.15(25.26 | 1.12|51.82 | 1.34 | 6.06 | 47.83 |8.89
N »l| CS11]8.21]| 587 [15.50|11.50| 30.74 1 0.31| 46.50 | N.D | 588 | 567 | 957 | 424 | 3.15 | 1.91 |0.21(19.96,0.81]11.50| 11.40|2.12
- 'g

(2]

§ CS2 |7.88(11.60/21.50}25.00| 62.83 |0.57| 78.00 | N.D | 10.20 {22.,70{17.84| 6.96 | 4.68 | 5.66 { 0.48|31.73|2.00 |34.20| 20.71 | 3.85

3

8| cs3 |8.20]18.30(36.20|32.80{113.00| 0.98 |153.30| N.D | 8.75 [20.99 2349 818 | 5.38 | 9.14 | 0.64 |38.91|1.95|47.90|40.35 {7.50

N.D= No Detected GR= Gypsum requirements SR= Sulphur requirements.

Table (3): some properties of the used biogas manure.

5 = Macronutrients (%) Micronutrients (mg /kg)
8 6 :E;A g “é ’ + + g
T At — — + + [ 3
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ol z|=%°|'s |5 | 8 8| 8| 8| s| 38| & B E| §| %
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- - g 2| 2 SN

288 6.25 0.62 1175 2026 | 113 049 | 139 135} 135| 085 10.40 | 1455.0 609.0 352.00 | 88.00
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density decreased by 2,90, 2.76 and 3.70 in
(SAS1, SAS2 and SAS3) salt affected soiis
respectively and, 2.44, 2.63 and 4.14% in
(CS1, CS2 and CS3) calcareous soils
respectively, when sulphur application as
7.14 the as compared with control. On
opposite, total porosity increased by 3.16,
3.32 and 3.59% in salt affected soils (SAS1,
SAS2 and SAS3), respectively and, 3.61,
3.85 and 5.03% in calcareous soils (CS1,
CS2 and CS3), respectively with application
of sulphur at 7.14 t/he compared with the
control respectively. This may be due to the
roll of sulphur in increasing the aggregates
formation, consequently augmenting the soil
porosity. This trend was previously reported
by Wahdan et al. (2005) and EI-Shouny
(2006).

The data in Table (5) showed that, the
mean values of bulk density decreased
significantly by 5.80, 5.55 and 5.92% in salt
affected soils (SAS1, SAS2 and SAS3),
respectively and decrease by 3.66, 3.97 and
4.83% in calcareous soils (CS1, CS2 and
CS3), respectively with application of biogas
manure at 71.40 t/he compared with control.
While, total porosity increased significantly
by 6.82, 6.05 and 5.62% in sait affected
soils (SAS1, SAS2 and SAS3), respectively
and increased from 6.29, 4.76 and 6.12% in
calcareous soils (CS1, CS2 and CS3),
respectively after application of biogas
manure at rate 71.40 the respectively as
compared with control. These results of bulk
density and total porosity may be due to
applied of biogas manure led to produce
organic acid i.e humic acid which had
aggregating effect on soil particles, which
create more aggregates leading to increase
of apparent volume and consequently
improve bulk density and total porosity.
These results are in harmony with El-Sedfy
(2008) and Abdel-Aziz (2010).

In regarded to the effect of incubation
period with sulphur and biogas manure on
bulk density and total porosity in salt
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affected and calcareous soils, data in Tables
{4 and 5) show that the mean values of bulk
density were decreased with increasing
incubation period. While, total porosity were
increased by increasing incubation period.
This may be due to that the increase of the
incubation periods ledto decomposition of
biogas manure or sulphur soil aggregation
status and soil structure, consequently,
enlarged the apparent volume, so, the soil
porosity The results are in a close
agreement with those obtained by Abdel-
Fattah (2011) and Dai et al. (2013).

2-Hydraulic conductivity (Hec) and

Total water stable aggregates

(TWSA).

Data in Tables (6 and 7) illustrated the
effect of sulphur treatments on hydraulic
conductivity and Total water stable
aggregates in salt affected and calcareous
soils. These results show that hydraulic
conductivity was increased significantly
under sulphur treatments comparing with
control treatment. The mean of increases
were 85.96, 74.00 and 264.28% in salt
affected soils (SAS1, SAS2 and SAS3),
respectively and, increased by 9.54 and
21.77 % in calcareous soils (CS2 and CS3),
respectively but, CS1 decreased by 3.60%
with application of sulphur at rate 7.14 t/he
in comparison with the control. From these
tables, it can be noticed that an increase in
Twsa values 7.51, 11.36 and 9.44% in salt
affected soils (SAS1, SAS2 and SAS3),
respectively and increased by 17.50, 15.37.
and 14.09% in calcareous soils (CS1, CS2
and CS3), respectively with the incremental
addition of sulphur at the rate of 7.14 t/he as
compared with the control. This may be due
either to roll of sulphur in enhancing soil
organic matter decomposition or diminishing
soil pH in soils, so stimulating microbial
activing that results in promoting Twsa in the
both tested soils. The obtained data in
agreement with those reported by Abdel-
Halim (2001), El-sherbiny (2007) and Abdel-
Hafez (2008).



Table (4): influence of sulphur application and incubation periods on bulk density and total porosity values (%) in salt affected §
and calcareous soils after harvesting. E

Bulk density g/cm® Total porosity (%) Q

Sait affected soils Calcareous soils Salt affected soils Calcareous soils o

3 Incubation periods " Incubation periods b Incubation periods o incubation periods ;:

i 5 ] 5 B 5 3 5

oLl < el = oL ¢ o0 T S
530 2 e P2 pa M 38 Slro P2 pa (M| SR Sipo p2 pa (M| B8 Slpo P2 s (MR
o (2] o] (%] ‘—‘; %] @ 7] =
> o 3 o S
S0i141 138 1361 1.38 S0i166 164 161 | 164 SO {46.79 47.92 48.68(47.80 SO 37.36 38.11 39.25]38.24 g

S1 {140 137 133 1.37 S1 (164 162 159 | 1.62 S1 |47.17 48.30 49.81]48.43 S1 |38.11 38.87 40.00| 38.99 Q

SAS1 CSs1 SAS1 CS1 o

S2 1140 135 131135 S21162 162 158 | 1.61 S2 [47.17 49.06 50.57 |48.93 S2 [{38.87 38.87 40.38{ 39.37 5

S3 1140 135 1281 1.34 S3{162 161 157|160 S3 {47.17 49.06 51.70149.31 S3 {38.87 39.25 40.75] 39.62 tg

Mean 140 136 132 1.36 Mean 164 162 1.59 | 1.62 Mean 47.08 48.59 50.1948.62 Mean 38.30 38.78 40.10| 39.06 7]
SO0 | 147 144 143|145 SO0Oj154 152 150 | 1.52 SO {44.53 45.66 46.04 (4541 S0 |41.89 42.64 43404264 3

S1 146 144 1401 1.43 St 1152 151 148 | 1.50 S1 144.91 4566 47.17 {45.91 S1 142.64 43.02 44.16]43.27 g

N | sAs2 CS2 SAS2 cs2 &
5 S2)145 145 1391{ 1.43 S2 1152 15 1.46 | 1.49 S2 |45.28 45.28 47.55]46.04 S2 |42.64 43.40 44.91)43.65 3
S3 (144 143 135 1.41 S3 | 151 147 145 | 148 S3 145.66 46.04 49.06|46.92 S3 {43.02 44.53 45.28| 4428 o

Mean 146 144 139 143 Mean 152 150 1.47 | 1.50 Mean 45.10 4566 47.46146.07 Mean 42 55 4340 44.44143.46 :g

S0 | 137 135 133 1.35 S0 | 148 146 142 | 145 S0 |48.30 49.06 49.81]49.06 SO {44.16 44.91 46.42|45.16 §
S14}113 133 129133 S1 145 142 139 | 142 S1 |48.69 49.81 51.32]49.94 S1 {45.28 46.42 47.55} 4642 ,'P,

SAS3 CS3 SAS3 CS3 o
S2 | 1.34 132 128 | 1.31 S2 146 140 136 | 1.41 S2 149.43 50.19 51.70(50.44 S2 |44.91 47.71 48.70] 47.11 S
831{135 131 125 1.30 S3 ({144 138 1.36 | 1.39 S3 149.06 50.57 52.8350.82 S3 |45.66 47.92 48.70| 47.43 o

Mean 136 | 1.33 | 1.29 | 132 | Mean | 146|142 138 | 142 Mean |48-87 4991 5142|50.06| Mean |45.00 46.74 47.84]46.53 i
Bd in SAS A B C A*B A*C | B*C |A*B*C{Bdincs A B C A*B A*C | B*C |A*B*C g‘
L.S.D. 0.01 0.0091 0.01 |0.087 NS NS | 1.82 | NS |L.S.D.0.01 0.75 | 0.50 0.29 NS NS | 065 ] NS -

L.S.D. 0.05 0.006| 0.1 |0.065 NS NS | 1.36 | NS |[L.S.D.0.05 0.45 | 0.37 0.22 NS NS | 049 | NS %

Tpin SAS A B C A'B A*C | B*C {A*B*C| TpinCS A B C A'B A*C | B*C |A'B*C o
1]

L.S.D. 0.01 0.016 0.01 {0.008 NS NS | 165 | NS |[L.S.D.0.01 062 {043 0.31 NS 0.63 | NS NS -
L.S.D. 0.05 0.010| 0.01 | 0.006 NS NS {125 ] NS |[L.S.D.0.05 0.37 | 0.31 0.23 NS 0.47 | NS NS -
SAS1,SAS2 and SAS3 = salt affected soils, CS1, CS2 and CS3 = calcareous soils S0, S1, 32 and S3 = rates of sulphur (0, 2.38, 4.76 and 7.14 ton/hectare) , PG, :
P2 and P4 = incubation periods (0, 2 and 4 months). Bd= bulk density, Tp= total porosity A=Soils, B=sulphur, C=incubation
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Table (5): Influence of biogas manure application and incubation periods on bulk density and total porosity values (%) in salt X
affected and calcareous soils after harvesting. 8_
Bulk density g/cm?® Total porosity (%) 3
Salt affected soils Calcareous soils Salt affected soils Calcareous soils s
3 incubation periods 9 Incubation periods B Incubation periods a incubation periods 2
B » S » Bl @ P » 1]
2L 5 Mean| S8| D Mean| £3| S Mean| 53 S Mean .
Sal SlPo P2 P4 Sa| Zlpo P2 P4 Sal ST PO P2 P4 8a 2l po P2 P4
3 8 = 8
753 %]
BO |1.40 139 136 1.38 BO {166 165 1.62 | 1.64 BO |47.17 47.55 48.70|47.81 BO |37.36 37.74 38.87|37.99
B1 1138 1.33 128} 133 B1 }1.64 161 1.58 | 1.61 B1 ]47.92 49.81 51.70{49.81 B1 )38.11 39.25 40.38|39.25
SAS1 CS1 SAS1 CS1
B2 1139 132 126|132 B2 {163 159 152 | 1.58 B2 |47.55 50.19 52.4550.06 B2 }38.49 40.00 42.6440.38
B3 |1.37 129 1.23]1.30 B3 | 164 158 152 |1.58 B3 [48.30 51.32 53.58 {51.07 B3 {38.11 40.38 42.6440.38
Mean 139 133 1.28] 133 Mean 164 161 156 | 1.60 Mean 47.74 49.72 51.61{49.69| pean [38.02 39.34 41.13|39.50
BO |1.45 144 142|144 BO {153 151 1.49 | 1.51 BO [45.28 45.66 46.42|45.79 BO |42.26 43.02 43.77 1 43.02
N B1 {143 1.41 135/| 1.40 B1 1152 148 1.45 | 1.48 B1 146.04 46.79 49.06 |47.30 B1 ]42.64 4415 45.28)44.02
'g SAS2 Cs2 SAS2 Cs2
B2 {143 1.37 1.34( 1.38 B2 {1.51 1.47 1.43 | 1.47 B2 146.04 48.30 49.4347.92 B2 [43.02 4453 46.04|44.53
B3 {141 136 132} 1.36 B3 {149 1.45 1.42 | 1.45 B3 |46.79 48.70 50.19{48.56 B3 [43.77 45.28 46.15|45.07
Mean 143 1.40 136 1.39 Mean 151 148 1.45 | 1.48 Mean 46.04 47.36 48.78 |47.39| Mean [42.92 44.25 45.31|44.16
BO {1.37 1.35 133135 BO {148 145 1.42 | 1.45 BO |48.30 49.06 49.81[49.06 BO [44.15 45.28 46.42|45.28
B1 135 131 1.27] 1.31 B1 {1.45 141 137 | 1.41 B1 |49.06 50.57 52.08 |50.57 B1 |45.28 46.79 48.30]46.79
SAS3 Cs3 SAS3 CS3
B2 1133 129 124|129 B2 {143 138 1.35 | 1.39 B2 |49.81 51.32 53.21|51.45 B2 |46.04 47.92 49.06 | 47.67
B3 [1.32 127 122127 B3 1142 138 133 | 1.38 B3 }50.19 51.32 53,96 |51.82 B3 ]46.42 47.92 49.8148.05
Mean {1.34{1.31 127130 | Mean 1145141| 137 [141| Mean [49.34 50.57 5227 |50.72| Mean |4547 46.98 48.40]46.95
Bd in SAS A B C A*B A*C | B*C |A*B*C|Bd in cs A B Cc A'B A*C | B*C |A*B*C
L.S.D. 0.01 0.014{0.01 | 0.008 NS 1.39{1.72| NS }|LS.D.0.01 0.87 | 0.67 0.48 NS 0.6210.89| NS
L.S.D. 0.05 0.008 i 0.01 | 0.006 NS 1041129 NS |LS.D.0.05 0.38 | 0.47 0.30 NS 0.47 |0.67| NS
Tp in SAS A B C A*B A*C | B*C |A*B*C} TpinCS A B Cc AB A*C | B*C |A*B*C
L.S.D. 0.01 0.0110.02 | 0.008 NS 0471221 NS {LS.D.0.01 0.62 | 0.43 0.31 NS NS (0.82| 0.47
L.8.D. 0.05 0.007 | 0.01 {0.006 NS 036|166 NS |LS.D.0.05 ) 037 { 0.31 0.23 NS NS |0.62( 0.36
BO, B1, B2 and B3 rates of biogas manure (0, 23.80, 47.60 and 71.40 t’/he) A=Soils, B=Biogas manure, C=incubation
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Table (6): influence of sulphur and biogas application and incubation periods on hydraulic conductivity (cm/h) in salt affected
and calcareous soils after harvesting.

Sulphur application Biogas manure application
Salt affected soils Calcareous soils Salt affected soils Calcareous soils
E - Incubation periods @ - Incubation periods E Incubation periods ] Incubation periods
ool 2 Sal 2 8ol o ol @
5 & Mean| go| 2 Mean| £ 51 & Mean § 51 B Mean
=2 2 PO P2 P4 Sat 21 PO P2 P4 =% 5| PO P2 P4 Lol Fl| PO P2 P4
8 8 8 S
V)] V)]
S0 {048 056 0.67 | 0.57 SO {17.95 17.77 17.52 |17.75 Bo |0.52 060 069 |0.60 Bo |18.12 17.64 17.40|17.72
S110.62 070 092|075 S1 117.55 17.54 17.32 {17.47 B1 {069 073 093]0.78 B1 ;17.41 17.08 16.67]17.05
SAS1 CS1 SAS1 Ccs1
S$2 {0.70 0.80 1.13|0.88 S$2 {17.23 17.17 17.07 |[17.16 B2 {0.80 089 1.07 | 0.92 B2 |17.15 16.73 16.31| 16.73
S3 1069 1.03 1.47 | 1.06 S3 |17.23 17.13 16.96 |17.11 B3 {0.84 0.93 1.281.02 B3 {16.95 16.47 15.58| 16.33
Mean 0.62 0.77 1.05| 0.81 Mean 1749 17.40 17.22 (17.37 Mean 0.71 079 0.99 083 Mean 17.41 16,98 16.49{ 16.96
S0 {0.36 0.52 0.63|0.50 S0 | 535 544 557 |545 Bo {0.34 049 0.62 | 0.48 Bo | 537 550 557 ] 548
S1 (043 062 0.73|0.59 S1 (545 583 6.03 |577 B1 |0.35 0.65 0.74 | 0.58 B1 | 550 569 579 | 566
SAS2 CS2 S SAS2 Cs2
$2 1059 0.79 0.92|0.77 S2 1571 585 6.00 585 B2 |0.59 0.75 0.88 { 0.74 B2 [ 571 584 587 | 581
S3 (068 0.88 1.06 | 0.87 S3 |577 595 6.19 | 597 B3 [0.68 0.8 099|084 B3 {579 584 596 | 586
Mean 052 070 0.84 ] 0.68 Mean 557 577 595|576 Mean 049 069 081|066 Mean 559 572 580 570
S0 {0.09 0.14 0.19 | 0.14 S0 {262 271 279 {271 Bo |0.09 0.16 0.19]0.15 Bo | 265 274 2801} 273
S1 (016 024 041|027 S1[278 305 332|305 B1 {0.16 0.27 0.40 | 0.28 B1]|282 296 2091 262
SAS3 CS3 SAS3 Cs3
S2 (0.20 0.39 0.63 ] 0.41 S2 1276 321 343|313 1B21022 039 05310.38 B2 | 289 307 330] 3.09
S3 (028 0.51 0.73 | 0.51 S3 (287 342 362 | 330 B3 {0.34 053 0.59]0.49 B3 | 302 337 337|325
Mean {0.18 0.32 0.49]0.33 Mean 276|310 | 329 [3.05{ Mean [020 0.34 043032 Mean 2.85 304 289|292
HC in SAS * ", ™ *R* . * * *, * YK,
(sulphur) A B C A*B A*C | B*C |A*B*C|HC in cs (sulphur) A B C A*B A*C | B*C |A*B*C
L.S.D. 0.01 0.055; 0.04 {0.032 0.072 0.055| 0.19 | 0.11 |L.S.D. 0.01 0.23 | 0.11 0.08 0.060 0.23 [0.049;: NS
L.S.D. 0.05 0.033] 0.03 {0.024 0.053 0.041] 0.14 {1 0.080 |L.S.D. 0.05 0.14 | 0.08 0.06 0.044 0.17 |0.036| NS
HC in * * *, *O, . : * * * >k,
SAS(biogas) A B C A'B A*C | B*C |A*B*C| HC in CS (Biogas) A B C A*B A*C | B*C [A*B*C
L.S.D. 0.01 0.021| 0.04 {0.028 NS 2.09 {0.049| 0.028 | L.S.D. 0.01 0.13 10.083 0.067 0.022 0.12 } 0.12 { 0.016
L.S.D. 0.05 0.012]0.020{0.021 NS 1.57 |0.036] 0.021 |L.S.D. 0.05 0.075,0.060 0.050 0.16 0.09410.088 | 0.012

HC= hydraulic conductivity
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Table (7): Influence of sulphur and biogas treatments and incubation periods on totaf water stable aggregates (%) in salt affected
and calcareous soils after harvesting.

Sulphur application Biogas manure application
Salt affected soils Calcareous soils Salt affected soils Calcareous soils
2 _ | Incubation periods @ _ | Incubation periods ® Incubation periods ) incubation periods
k3] 5 ] 5 k3] 2] 3 o
o 92 K= [ = o2 < P} @
£E5 2 Mean| s 2 Mean| £5| & Mean 'g S 2 Mean
=% @l PO P2 P4 2% 3| PO P2 P4 =% m| PO P2 P4 <®| @| PO P2 P4
o O o O
0] »
S0 159.04 61.62 61.52160.73 S0 [15.56 15.49 16.07 |15.71 Bo [60.51 62.39 62.72{61.87 Bo {15.77 15.97 16.08]15.94
SAS1 S1 [60.67 62.71 66.64|63.34 cs1 S1 {1560 16.99 17.92 (16.84 SASH B1 {63.71 66.56 69.60{66.62 csi B1 |16.73 17.61 17.72}17.35
S2 159.30 64.57 67.50{63.79 S2 |16.43 17.45 18.88 {17.59 B2 165.93 70.01 76.29{70.74 B2 {17.32 18.55 20.17|18.68
S3 162.81 64.94 68.13165.29 S3 {17.47 17.74 20.18 {18.46 B3 {67.55 72.34 78.72{72.87 B3 |17.17 18.85 22.47}119.50
Mean 60.46 63.46 65.95|63.29 Mean 16.27 16.92 18.26 {17.15 Mean 64.43 67.83 71.83168.03 Mean 16.75 17.75 19.11|17.87
SO {49.69 50.26 50.61150.19 S0 |26.57 28.02 27.18 |27.26 Bo [45.32 4588 46.41{45.87 Bo {26.82 27.29 27.35{27.15
S1 151.32 53.01 55.60} 53.31 S1 {26.86 27.66 29.81(28.11 B1 {47.60 49.71 53.42{50.24 B1 |27.85 29.27 30.92{29.35
SAS2 Cs2 SAS2 Cs2
S2 [52.67 54.34 60.76]55.92 S2 127.83 29.30 31.64 }29.59 B2 149.67 51.21 55.70{52.19 B2 |29.10 30.91 35.42|31.81
S3 |54.11 53.86 59.70{ 55.89 S3 {28.53 31.69 34.13(31.45 B3 |50.18 53.76 58.85{54.26 B3 {29.48 34.38 37.31|33.72
Mean 51.95 52.87 56.6753.83 Mean 27.45 29.17 30.69(29.10 Mean 48.19 50.14 53.60/50.64 Mean 28.31 30.46 32.75!30.51
S0 [41.68 42.01 42.43142.04 S0 [35.73 36.70 37.26136.56 Bo {42.70 42.61 43.46{42.92 Bo {36.06 38.31 38.86|37.74
SAS3 S1 143.30 43.78 44.99]44.02 cs3 S1 136.81 39.22 40.6738.90 SAS3 B1 [45.75 47.22 48.26(47.08 cs3 B1‘ 37.78 40.81 42.72140.44
S2 |44.28 44.83 45.53|44.88 S2 138,27 40.43 43.45(40.72 B2 [48.40 49.61 52.47(50.16 B2 {39.79 42,77 45.11|42.56
S3 {44.20 46.18 47.65(46.01 S3 |39.22 41.50 44.42 {41.71 B3 [49.99 52.38 56.15/52.84 B3 [40.02 44.31 47.18{43.84
Mean  [43.37 44.20 451514424 Mean |37.51{39.46/41.45{39.47] Mean |46.71 47.96 50.09148.25| Mean |38.41 4155 43.47}41.14
(Ts%;”hfr’)\s Als | c |asB A*C | B*C |A*B*C{TG in cs (sulphur) Al B c AB | AC | BC |aB*C
L.S.D. 0.01 1.84 1 1.08 { 0.86 NS 186|152 | NS {L.S.D.0.01 0.3710.34 0.24 0.580 0.48 | 0.46 | 0.27
L.S.D.0.05 1.11 {0.79 | 0.64 NS 139 ]1.14{ NS [LS.D.0.05 023 10.24 0.18 0.42 0.28 | 0.34 | 0.20
TG in SAS(biogas)| A B C A*B A*C | B*C |A*B*C| TG in CS (Biogas) A B C A*B A*C | B*C |A*B*C
L.S.D. 0.01 199 {0.66 { 0.98 1.15 2.00(0.93| NS {LS.D 0.01 044 ] 05 0.35 0.86 0.44 1 0.69 | 0.40
L.S.D.0.05 1.20 | 0.48 | 0.74 0.84 150 0.70 | NS |L.S.D.0.05 0.26 | 0.36 0.26 0.63 0.331052| 0.30

TG= total aggregates
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Impact of sulphur and biogas manure application on the physical ..............

Data presented in Tables (6 and 7) show
the effect of biogas manure rates on He and
TWSA in salt affected and calcareous soils.
The values of Hc and TWSA of the tested
soils were positively influenced due to
increasing rates of biogas manure when
compared with the control treatment in SAS
and CS soils. However, application biogas
manure of in coarse calcareous number
CS1casue a decrease in H¢ and increase in
fine calcareous number CS2 and CS3. This
increase may be due to organic matter that
lead to synthesis of compound that bind soil
particles and produce stable aggregates.
These aggregates help maintain a loose
open, granular condition. Water is the better
able to infiltrate and percolate downward
through the soil. This results supported by
Abdel-Maboud (2004), Mohamad et al
(2007) Fernandez et al. (2009) and Harvey
(2012).

The influence of incubation period with
sulphur and biogas manure on Hc and Twsa
in salt affected and calcareous soils are
presented in Tables (6 and 7). The data
clear that incubation sulphur or biogas
manure in soils at 4 months before sowing
improved Hc and TWSA in the studied soils.
This may be due to the elongation the
incubation periods led to stimulate the rate
of organic matter decomposition, which
affect on soil aggregation consequently,
improved soil structure and permeability.
These results are in agreement with those
obtained by Mzazewa et al. (2003), zhao
(2009), Abdel-Rahman et al. (2012) and
Darwich et al. (2012).

3- Grain and straw yield

With the respect of the impact of sulphur
treatments on grain and straw yield of barley
plants in salt affected and calcareous soils. it
is obvious from data in Tables (8 and 9) and
Fig. (1) that barley grain and straw yield
were significantly increased with application
of sulphur. Application sulphur at rate 7.14

t’he led to augment grain yield by 12.44,
2219 and 118.99% and straw yield
increased by 11.31, 14.61 and 41.85% in
salt affected soils (SAS1, SAS2 and SAS3),
respectively. On the other hand, the grain
yield in calcareous soils (CS1, CS2 and
CS3) increased by 11.87, 35.32 and 57.49%
and straw vyield increased by 21.49, 24.91
and 46.21%, respectively than control. This
may be due to the effective role of sulphur
on decreasing soil pH via release of sulpate
during the biological oxidation of sulphur so
its beneficial effect on the activity of soil
microorganisms and consequently improving
action of sulphur on physical and chemical
properties as well as nutrients status in the
soil.. These results are in agreement with
those obtained by Badawy et al. (2011) and
El-Sodany et al. (2012).

Data in Tables (8 and 9) and Fig. (2)
reveal that the induce of biogas “manure
treatments on grain and straw yield of barley
plants grown in alluvial and calcareous soils.
Results showed that biogas manure
treatments significantly increased grain yield
as compared with control. Increasing the
rates of biogas manure up to 71.40 t/he led
to increase of grain yield by 16.29, 25.97
and 128.02% and straw yield increased by
14,77, 23.28 and 41.46% in salt affected
soils (SAS1, SAS2 and SAS3), respectively.
While, the barley grain yield grown in
calcareous soils (CS1, CS2 and CS3)
increased by 19.12, 27.41 and 44.11% and
straw yield increased from 23.35, 27.06 and
34.21%, respectively as compared to the
control. This increase in grain and straw
yield was due to the beneficial effect of
biogas manure added to a raising solil
fertility. Also, organic manure applied would
be improve soil physical and chemical
properties in alluvial and calcareous soils.
Organic manure also considered as source
of essential nutrient for plant growth. These
resuits were similar to those findings by
Urselmans et al. (2009) Yadav et al. (2013).
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Table (8): Influence of sulphur application on grain and straw yield of barley plant in sait affected and calcareous soils after
harvesting. '
Grain (g/pot) Straw (g/pot)
Salt affected soils Calcareous soils Salt affected soils Calcareous soils
o Incubation periods ° Incubation periods o Incubation periods - Incubation periods
.9_4, e 3 I 9 — 3 I
Q > o 3 [5] » 3 Q >
£ % [ Mean f‘;f % & Mean % S| & Mean &3 % s Mean
Sa @l PO P2 P4 Say 3 PO P2 P4 - ? 3| PO P2 P4 ol S| PO P2 P4
= © ) 2= . D © 7]
[ O © (&)
05) o
S0 [22.63 22.84 23.27(22.91 SO {16.04 16.52 16.97 [16.51 SO {51.30 51.94 52.46(51.90 SO {39.39 39.57 40.2239.73
SAST S1 |24.83 24.92 26.19|25.31 s S1 {17.00 17.50 18.56 {17.69 SASH S1 [52.29 53.82 56.1754.09 s S1 |41.06 43.67 45.11] 43.28
S2 [24.54 2578 26.19/25.50 S2 116.89 18.57 19.6118.36 S2 [52.32 55.40 54.77154.16 S2 |41.83 44.43 48.65|44.97
S3 {25.03 26.06 26.19{25.76 S3 |17.89 18.26 19.26 {18.47 S3 {54.39 54.77 61.14{56.77 §3 {44.84 48.01 51.95/48.27
Mean 24.26 24.90 25.46(24.87 Mean 16.96 17.71 18.60(17.76 Mean 52.58 53.98 56.14(54.23 Mean 41.78 43.92 46.48|44.06
S0 |13.62 13.96 14.87(14.15 SO {11.41 11.81 1253 |11.92 S0 {35.25 35.94 36.79}35.99 S0 {26.79 27.53 29.02]27.78
N S1 115.00 16.31 17.42{16.24 S1 {13.07 14.34 1537 {14.26 S1 {36.58 39.91 41.23{39.24 S1 {27.61 28.99 33.69]30.10
N SAS2 CS2 SAS2 CS2
@ S2 11493 16.11 17.78]16.27 S2 113.45 13.77 17.07 |14.76 S2 {37.88 41.06 45.53{41.49 $2 |28.63 32.29 38.69}33.20
S$3 §15.39 16.95 19.53(17.29 S3 {14.01 16.02 18.36 {16.13 S3 |37.65 42.36 43.74141.25 $3 [28.11 33.51 42.49)34.70
Mean 14.74 15.83 17.40115.99 Mean 12.99 13.99 1583 11427 Mean 36.84 39.82 41.82]39.49 Mean 27.79 30.58 35.97|31.45
S0 | 3.73 389 4221395 S0 |560 598 664 |6.07 SO [10.35 11.31 11.67 (11.11 S0 {14.10 14.57 14.83|14.50
S1 539 6.13 674 |6.09 S1]571 739 913 | 7.41 S1 (11.98 14.15 13.78{13.30 S1 |15.28 16.92 18.99| 17.06
SAS3 Cs3 SAS3 CS3
S2 {621 640 7.83]6.81 S2)1653 769 8.76 | 7.66 S2 }111.91 13.23 15.69]13.61 S2 |16.27 16.82 22.96| 18.68
S3 1671 873 10.52| 8.65 S3 (757 921 1191956 S3 12,56 15.82 18.89{15.76 $3 [17.78 18.60 27.23|21.20
Mean 55116.2917.33!6.38 Mean 6357571 911 | 7.68 Mean 11.70 13.63 15.01|13.45 Mean 15.86 16.73 21.00{17.86
Grain in SAS A B C A*B A*C | B*C |A*B*C Grainin CS A B A*B A*C | B*C |JA*B*C
L.S.D. 0.01 072 0.7 | 0.44 121 0.77 1 0.88| NS L.SD.0.01 1.45 [ 0.54 0.46 0.93 0.80 | 093 | NS
L.S.D.0.05 0.4310.51 1033 0.88 0581066 ]| NS LSD.0.05 0.87 | 0.39 0.35 0.68 06 | 0.7 | NS
Straw SAS A B C A*B A*C | B*C |A*B*C Strawin CS A B A*B A*C | B*C |A*B*C
L.S.D. 0.01 262199 | 1.11 NS NS |2.23 | NS 1.S.D.0.01 2431149 1.03 NS 178 | 2.05( NS
L.S.D. 0.05 1.58 | 1.45 1 0.83 NS NS | 167 | NS |LS.D.0.05 1.47 | 1.08 0.77 NS 1331154} NS

A= soil B=Sulphur additioin

[P0

C= incubation periods
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Table (9): Influence of biogas manure application on grain

and straw yield of barley plants in alluvial and calcareous soils after

harvesting.
Grain (g/pot) Straw (g/pot)
Sait affected soils Calcareous soils Salt affected soils Calcareous soils
E Incubation periods o Incubation periods E Incubation periods 9 Incubation periods
22| 8 vean| 22| & vean| 2| & so| 8

S8 2l po P2 pa " B3 Slro p2 pa M| 58| Sleo P2 pa M B3| &l po P2 pa |MeN
BO {21.71 22.66 23.22{22.53 BO {16.04 16.61 17.09 |16.58 BO |50.71 51.43 51.98|51.37 BO |37.85 40.12 40.73| 39.57
SAS1 B1 |24.82 25.08 25.54|25.15 cgq | BY[17.03 18.34 195631830 SAS B1 {52.59 55.26 59.6055.82 cst B1 {38.87 42.93 46.95|42.92
B2 {24.94 25.82 26.55|25.77 B2 {18.04 19.54 19.25 |18.94 B2 !55.26 59.31 59.01|57.86 B2 40.66 41.88 50.15| 44.23
B3 |25.01 26.55 27.05|26.20 B3 [18.58 19.46 21.20 |19.75 B3 |55.52 58.28 63.09 |58.96 B3 |43.56 48.64 54.24) 48.81
Mean |24.12 2503 25.59(24.91| Mean {17.42 18.49 19.27 [18.39] Mean |53.52 56.07 58.42{56.00| Mean |40.24 43.39 48.02| 43.88
BO {13.36 14.04 14.88|14.09 BO {11.57 11.84 12.39 |11.93 BO |35.67 37.21 37.32|36.73 BO |26.52 27.38 29.15| 27.68
o | saso B1 |15.01 16.56 17.57{16.38 csp | B [12:95 13.16 13.63 [13.25 SAS? B1 [38.43 41.83 45.54/41.93 sy | B 2801 28.38 31.86|29.42
» B2 {15.49 17.57 20.41{17.82 B2 [13.34 13.24 15.40 {13.99 B2 |40.90 43.44 46.27|43.54 B2 {29.09 31.12 36.85|32.35
B3 [16.31 17.04 19.89{17.75 B3 [13.75 14.69 17.15{15.20 B3 {42.21 44.07 49.57|45.28 B3 |28.41 34.48 42.61|35.17
Mean |15.04 16.30 18.19{16.51| Mean [12.90 13.23 14.64 [13.59] Mean |39.30 4164 44.68{41.87| Mean |28.01 30.34 35.12|31.16
BO | 3.95 426 4.96 |4.39 BO | 548 591 6.42 | 594 BO [11.84 11.57 12.25/11.89 BO [13.89 14.56 15.06| 14.50
SAS3 B1|592 677 873|714 cs3 B1}628 7.03 8451|725 SAS3 B1 [12.88 12.91 14.87{13.55 cs3 | BY |1540 16.98 18.72117.03
B2 1716 895 9.95(8.69 B2 {653 7.85 8.10 |7.49 B2 {13.52 15.30 16.3615.06 B2 |{17.37 20.17 18.15{ 18.56
B3 [ 8.55 9.68 11.79/10.01 B3|811 7.55 10.01]8.56 B3 {13.68 16.74 20.05|16.82 B3 |18.15 18.97 21.27|19.46
Mean |640|7.421886]756| Mean 1660|7.09] 825 |7.31 Mean  |12.98 14.13 15.88|14.33| Mean |16.20 17.67 18.30}17.39
Grain in SAS A|B|cC|AB ac | B¢ | A lGrainincs Al B c as | ac|sc| AT
L.S.D. 0.01 0.44 | 0.69 | 0.43 1.11 0.75{0.86 | NS |L.S.D.0.01 1.03 | 0.74 0.56 NS NS | NS | NS
L.S.D. 0.05 0.27 | 0.47 | 0.32 0.81 0.56 | 0.65| NS |LS.D.0.05 0.62 | 0.54 0.42 NS NS | NS | NS
Staw in SAS A|B|c| as |ac|ec| AT | stawincs Al B c as | ac|sc| AT
L.S.D. 0.01 225179127} NS NS {256 | NS [(L.S.D.0.01 16 |1.15 0.91 199 {158 (1.82| 3.15
L.S.D. 0.05 1.36 { 1.31 | 0.96 NS NS {192 | NS [L.SD.0.05 = 0.97 | 0.84 0.68 145 {119 ]1.36| 2.36

A= soil B=biogas manure additioin C= incubation periods
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Fig.(1): Impact of sulphur application on barley grain and straw (g/pot) in salt affected and calcareous soils.
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Fig.(2): Impact of biogas manure application on barley grain and straw (g/pot) in salt affected and calcareous soils
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Radwan, et al.,

The impact of incubation periods with
biogas manure on grain and straw yield of
barley plants in salt affected and calcareous
soils are presented in Tables (8 and 9). The
obtained data show that significant increase
of grain and straw yield was found. The data
clear that incubation sulphur at 4 months
before sowing led to the greatest values of
grain and straw yield, these increase in grain
yield were 4.95, 18.05 and 33.03% and
straw yield increased by 6.77, 13.52 and
28.29% in salt affected soils (SAS1, SAS2
and SAS3), respectively than zero
incubation. While, the values of grain yield in
calcareous soils (CS1, CS2 and CS3)
increased by 9.67, 21.86 and 43.46% and
straw yield increased by 11.25, 29.43 and
32.41%, respectively when incubation
sulphur at 4 months than zero incubation.
Also, the same trend was observed with
incubation biogas manure at 4 months
wherever it gives the highest grain yield
percentage reached 6.09, 20.94 and 38.44%
and straw yield increased by 9.15, 13.69
and 22.34% in salt affected soils (SAS1,
SAS2 and SAS3), respectively as compared
with without incubation. On the other side,
the barley grain yield grown in calcareous
soils (CS1, CS2 and CS3) increased by
10.62, 13.49 and 25.00% and straw yield
increased by 19.33, 25.38 and 12.96% when
incubation biogas manure at 4 months,
respectively as compared with zero
incubation. This might attribute to elongation
the incubation periods of organic manure
and sulphure that affect soil bioclogical
conditions, so the microorganism activities,
which enhance the release of necessary
nutrients in available forms throughout their
mineralization, in return improves soil fertility
status which leads to higher yield of barley
plants. Similar results were gained
previously by Hellal (2007), El-Sharawy
(2008), Astolfi et al. (2010) and Froseth et al.
(2014).
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