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Abstract

The current study aims at evaluating the feasibility of amending a saline-sodic soil of (EC = 12.38 dSm™,
ESP = 23.38 and CaCOjs content = 25.44 g kg* ) with microbial amendment (Azolla + Cyanobacteria extract 1:1),
organic amendment (compost) and mineral amendments (elemental sulfur, dilute H,SOs, dilute HsPOsu,
phosphogypsum, and aluminum sulfate) either solely or in combinations to ameliorate such a soil. This
investigation was carried out under the field conditions at EI-Rowad village, South of El-Hosainiya Plain, North
East of the Nile Delta, Sharkia Governorate, Egypt for two successive seasons i.e a winter season (of 2015 - and
2016) under sugar beet and the summer season of (2016) under rice crop. The investigated soil was irrigated with
a low-quality water (EC, 1.58+0.06 and SAR, 7.51+0.13). Azolla and Cyanobacteria extract (1:1)was used at a
rate of50L hal. Compost was used at a rate of 9.02 Mg ha* before growing sugar beet only. Applications of
sulfuric and phosphoric acids were carried out through irrigation water. Results revealed that the studied
microbial, organic and mineral amendments significantly decreased soil EC and ESP during both seasons of study,
and furthermore significantly improved the yields of both sugar beet (root and foliage) and rice (grains and straw).
The interactions between these treatments were also of significant effect, however, the interaction among. “sulfur
+ compost + microbial inoculation with Azolla and Cyanobacteria extract” was the most efficient one for
improving the chemical characteristics of the soil (EC and ESP) as well as the yield of plants grown thereon.
Where the soil EC decreased to 7.88+1.22 dSm while the ESP values reached 7.36+0.25. Root and foliage yields
of sugar beet were 13.38 and 5.13 Mg ha', respectively on the dry weight basis whereas the grain and straw yields
of rice were 7.24 and 14.34 Mg ha! respectively. Accordingly, the triple applications of sulfur + compost +
microbial inoculation with Azolla and Cyanobacteria extract are recommended to ameliorate the saline-sodic soil
on one hand and to attain better crop yield on the other one.

Keywords: Saline-sodic soil; chemical properties; improvement; mineral amendments; compost; mixed Azolla
and Cyanobacteria extract; sugarbeet and rice crop

Introduction problem, sodic soils are amended with soluble

calcium salts to substitute the sorbed Na*and then

Soil salinity is one of the main issues that threats
crop production in many arid and semi-arid areas
worldwide (Kumar, 2012). In Egypt, most of the salt-
affected soils are located within the Nile Delta region
(Gehad, 2003; FAO, 2005 and Ouda and Zohry,
2016). These soils account for 55% of the total
cultivated areas in the northern Nile Delta whereas,
these soils represent only 20% of the cultivated area in
Southern Delta and 25% of the cultivated areas in
Upper Egypt (El-Banna et al., 2004). Furthermore,
Wadi El-Natroun, Tal El-Kebeir, the Oases, and El-
Fayoum province are considered salt-affected soils
(Gehad, 2003 and Farid et al., 2014).

Saline-sodic soils are characterized by EC. values
exceeding 4 dSm, pH < 8.5, and ESP > 15 (O'Geen,
2015). These soils contain high concentrations of
soluble salts and exhibit high percentages of the
exchangeable sodium (Cardon and Mortvedt, 2001),
where the dominant salts are sodium sulfate (Na;SOs),
sodium carbonate and bicarbonate (Na,COs; and
NaHCOs3) (Negm, 2017). To overcome the sodicity

water is brought to the reaction to flush the replaced
Na* out of the root zone (Cardon and Mortvedt, 2001).
The common source of calcium is thought to be
gypsum which can substitute undesired Na* in soil
(Qadir et al., 2007). However, phosphogypsum (PG)
is preferable than ordinary gypsum in ameliorating
saline-sodic because it takes part in increasing the
solubility of soil CaCQOj3 and hence, the release of more
soluble Ca?* ions in soils (Abd El-Fattah, 2014). Also,
the organic amendments can be used effectively to
ameliorate salt-affected soils (Feizi et al., 2010) either
solely or in combination with gypsum (Kamel et al.,
2016). Depending on the native soil CaCOs, soil
amelioration might also take place through amending
soils with either sulfur (S), sulfuric acid (H2SO4) (Mc
Cauley and Jones, 2005), aluminum sulfate
[Al2(S04)3].18H20 (Farag et al., 2013) or phosphoric
acid (HsPOg4) which produce an acidic-homogenous
solution and therefore increase the dissociation of soil
CaCOs presented in soil (Gharaibeh et al., 2012).
Generally, all the investigated amendments decrease
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soil pH, EC and ESP (Mahdy, 2011 and Farag et al.,
2013). Other biological approaches are recommended
to increase the tolerance of plants grown on salt
affected soil. For example, cyanobacteria (blue-green
algae) chelates soluble sodium ions from soil solution
(Nisha et al., 2017), increases the chlorophyll content
of leaves and also an accumulation of osmoprotectant
compounds such as proline and phenols in the plant
root (Mostafa et al., 2013). Azolla is another example
of the biological ameliorating agents for slat affected
soil. It produces phytohormones like cytokinins,
gibberellins, and auxins that enhance plant growth
under saline conditions (Elsherif et al., 2013).
Moreover, it excretes polysaccharides, peptides,
lipids, organic acids which can reduce soil pH, while
on the other hand, adsorb both Na* and Mg?* ions
presented in soil solution and therefore prevents the
negative consequences of these ions on soils and
growing plants (Aref et al., 2011). These microbial
treatments are thought also, to improve soil physical
and chemical properties under saline conditions
(Hanna et al., 2013).

Thus, the current investigation aims at evaluating
the impacts of amending a saline-sodic soil, irrigated

with a low quality water (EC = 1.60 dSm™), with
mineral (elemental sulfur, phosphogypsum, aluminum
sulfate, sulfuric acid and phosphoric acid), organic
(compost) and microbial (mixed Azolla and
Cyanobacteria extracts) amendments to improve the
chemical characteristics of a saline-sodic soil i.e. pH
and EC and hence increase the productivity of sugar
beet and rice crops grown on such a soil.

Materials and Methods

Materials of study

A field experiment was conducted on a saline-
sodic soil located between latitudes31° 8' 12.461" N
and longitudes 31° 52' 15.496" E at EI-Rowad village,
South of El-Hosainiya plain, North East of the Nile
Delta, Sharkia Governorate, Egypt for two the winter
season of 2015-2016 and the summer season of 2016.
The physiochemical properties of the investigated soil
are presented in Table 1. Irrigation water samples
were collected during the winter and summer seasons
and analyzed for their chemical characteristics whose
results are presented in Table 2.

Table 1. Physiochemical properties of the studied soil before planting.

Physical characteristics

Particle size distribution % FC WP AV
C =3 _ Textural
sand sand Silt Clay class Mgm-? (%, vIV)
21 327 169 484 Hci‘;‘;y 38.9 19.7 19.2
Chemical charzicteristics
dgri-l Ca® Mg~ Na' SOIUbllglons (mrgtc))l}L ) HCOy _CF _so PH SARESP

13.28 23.76 37.01 103.12 1.44

576 8112 7845 8.10 1872 23.38

C. sand: coarse sand, F. sand: fine sand, BD: bulk density, FC: field capacity, WP: wilting point, AV: available water, EC:
determined in soil paste extract, pH: determined in (soil: water suspension, 1:2.5), SAR: sodium adsorption ratio, ESP:

exchangeable sodium percentage

Table 2. Chemical properties of water (EI-Salam Canal used for irrigation).*

pH EC

Soluble ions (mmolcL?) SSP

SAR

dSm*  Ca* Mg* Na* K*

CO32'

HCOg¢ Cr SO4* (%)

The winter season (2015/2016)

7.71 1.62 127 313 1096 035 0.00 1.13 1176 282 741 69.76
The summer season (2016)
7.65 1.54 1.17 2.79 10.72 0.33 0.00 1.58 11.42 2.01 7.60 71.42

SAR: sodium adsorption ratio which is equivalent to Na* / [Ca +Mg/ 2]V2, SSP: soluble sodium percentage which is equivalent
to [Na*] (mmolcL?) / [Ca?* + Mg?* + Na* + K*] (mmolcLt) x 100
*El-Salam Canal is mix water 1:1 agricultural drainage and Nile water

The microbial inoculants by Azolla pinnata and
Cyanobacteria  (Anabeanaoryza and  Nostoc
muscorum) were Kindly provided by the Agricultural
Microbiology Research Department, Soils & Water
and Environment Research Institute (SWERI),
Agricultural Research Center (ARC), Giza, Egypt.
Seeds of sugar beet (Beta vulgaris L.) cultivar Nabila
(Multi-germ seedsfrom France) and rice (Oriza sativa

L.) cultivar Giza 178 were obtained from Egyptian
Agricultural Organization and Ministry of Egyptian
Agriculture for seeds of sugar beet and rice,
respectively. The compost was obtained from the
Egyptian Italian Co. for Organic Fertilizers and ITS
Derivatives. Physical and chemical characteristics of
the investigated compost are presented in Table 3.
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Table 3. Chemical properties of the compost used in the study.

Bulk Moisture EC Organic
Parameter density content (ﬁll_io) (1:10) ( ?(N_ll) carbon (Ao/sr;
(Mgm) (%) ' (dsmh 99 (gka™) ’
Value 0.70 20.0 8.1 4.34 390 226.20 61.0
Parameter C'N Total N NHs-N NOs-N Total P Total K
' (gkg™) (mgkg™) (mgkg™) (gkg?) (gkg?)
Value 16.16:1 14.0 520 90 6.50 9.10

Field experiment

To evaluate the effectiveness of the amendments
used for ameliorating the saline-sodic soil understudy
two growing seasons were considered in this study. A
winter season was cultivated with sugar beet crop
whereas the summer one was cultivated with rice crop.
The experimental design was a split-split design
including 24 treatments in three replicates
(with/without microbial inoculants; with/without
compost, and 5 mineral amendments). The plot area
was 11.08 m?. The microbial treatments i.e.Azolla
pinnata and Cyanobacteria were arranged in the main
plots, compost treatment was allocated in the subplots
and the different mineral amendments were placed in
the sub-subplots i.e. elemental sulfur (S),
phosphogypsum (PG), aluminum sulfate
[Al2(S0O4)3].18H,0, phosphoric acid (HsPO.) and
sulfuric acid (H2S0,).

Sulfur was added at a rate of 0.48 Mg ha™* prior to
seed cultivation and then mixed with the top surface
layer (0-30 cm) by a plow. Phosphogypsum, [13% S,
6% Ca and 0.50% P,0s] was added to the soil at a rate
of 3.66 Mg ha* before cultivation. Aluminum sulfate
was added at a rate of 3.30 Mg ha'* before cultivation.
Compost was added at a rate of 9.02 Mg ha* before
growing sugar beet only.

The winter season (sugar beet)

The seeds of sugar beet plants were soaked in
Azolla and Cyanobacteria extract (1:1) for 2 hours
before sowing. Sugar beet seeds were planted on the
23 of September 2015 at a rate of 9.5 kg ha on
ridges (within the top third of ridge on the Southern
side; width of the ridge was 60 cm in hills, 20 cm
apart). Four seeds of sugar beet were placed per hill.
N, P, and K fertilizers were added at the doses
recommended by the Egyptian Agriculture Ministry
i.e., 190.40 kg N hal, 15.59 kg P ha! and 49.36 kg K
ha* in the form of ammonium nitrate (33.5% N), Ca-
super phosphate (12.5% P,0s) and potassium sulfate
(50% K0), respectively. The sugar beet plants were
thinned to one plant per hill after 30 and 55 days from
sowing, i.e.,, 23/10 and 17/11 2015, respectively.
Plants were sprayed with Azolla and Cyanobacteria
extract (1:1) at a rate of 50 L ha* by spraying motor at
the 28™, 57" and 92" days from sowing. Phosphoric
and sulfuric acids were added at a rate of 1.46 Mg ha
Lthrough the dripping irrigation system at five periods
i.e. 0,29, 49, 68 and 89 days after the sowing of sugar
beet. After 195 days from sowing, the yield of each
plot was estimated. Plants were then separated into

root and foliage, dried at 70 °C and then weighted to
estimate their dry weights.

The summer season (rice)

Rice cultivar Giza 178 (Oriza sativa L.) was
planted on the 22" of April 2016. Rice grains were
sown by the manual broadcasting method at a rate of
293 kg ha.. N, P, and K fertilizers were added as
recommended by the Egyptian Ministry of
Agriculture i.e. 164.22 kg N ha in the form of urea
(46% N), 1559 kg P ha! in the form of Ca-super
phosphate (12.5% P,0s) and 4.76 kg K/100 L ha'tin
the form of potassium sulfate (50% K>0). Zinc sulfate
was applied as a foliar application after drying the soil
for two days at a rate of 4.76 kg ZnS04/200 L™ ha!
after 18 and 48 days from planting, respectively. All
the agricultural practices were followed as usual.
Azolla and Cyanobacteria extract (1:1) were applied to
rice through the irrigation system at a rate of 50 L ha
! at three equal doses after 20, 40 and 60 days from
sowing. Phosphoric and sulfuric acids were applied at
arate of 1.46 Mg ha* through the irrigation system (by
plastic containers provided with holes for dripping of
acids) at five periods i.e. 7, 21, 38, 52 and 66 days after
sowing rice. After 116 days from sowing, plants were
harvested and the yield estimated from each plot. The
plants were washed several times with deionized
water, separated into grains and straw, dried at 70 °C
and the dry weight (Mg hat)of both was estimated for
each plot.

Soil, water, and plant analyses
Physical characteristics of the investigated soil
were determined according to Gee and Bauder (1986)
and Klute (1986); whereas, the chemical ones were
determined according to Page et al. (1982). The
chemical characteristics of irrigation water were
determined also according to Page et al. (1982).
Plant samples of leaves were taken from each
plot after 97 and 34 days of sowing the sugar beet and
rice, respectively for determining free proline
according to Bates et al. (1973).

Data processing

All the obtained data were statistically analyzed
and compared by using least significant difference
(L.S.D) at 5% level of probability according to the
procedure described by Gomez and Gomez(1984).
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Results

Soil ECe and ESP as affected by the microbial,
organic and mineral amendments

Soil inoculation with Azolla and Cyanobacteria
significantly decreased the soil EC. during the winter
and the summer growing seasons. The decrease was
by 13.7 and 19.9% for the winter and the summer
seasons, respectively compared with the non-
inoculated control soil (Table 4). Likewise, the values
of ESP decreased in such soil (Table 5). The compost
application also significantly decreased the soil ECe
and ESP during both the winter and summer seasons.
The decreases in the soil EC. were by 23.1 and 3.2%
for the winter and summer growing seasons,
respectively whereas the corresponding decreases in

the soil ESP were by 22.3 and 16.1% for the winter
and the summer seasons, respectively. Application of
sulfur,  phosphogypsum,  aluminum  sulfate,
phosphoric acid and sulfuric acid recorded further
significant decreases in the values of both the soil EC.
and ESP. In this concern, S was found to be the most
effective mineral amendments in decreasing the soil
EC. and ESP. The lowest values of soil EC. and ESP
were recorded for the treatment consisting of sulfur +
compost + “Azolla and Cyanobacteria extract” (6.63
and 7.80 dSm* for EC and 5.49 and 6.33 for ESP
during the winter and summer season, respectively).
Generally, the values of soil EC and ESP were
significantly higher in the summer growing season
than those occurred in the winter growing one.

Table 4. Soil EC. as affected by the microbial inoculation (M), compost (C) and mineral amendments (A).

Treat The winter season (sugar beet) The summer season (rice)

ment  Non S PG AS PA SA  Mean Non S PG AS PA SA  Mean
Without inoculation

-C 12.27 1154 1220 1193 12220 1205 12.03 1746 9.95 1244 16.81 13.74 1121 13.60

+C 10.62 7.42 1012 875 9.84 9.39 935 1734 967 1227 1581 1335 10.20 13.11

Mean 1144 948 1116 10.34 1102 10.72 1069 1740 9.81 1236 16.31 1354 10.71 1335
With inoculation

-C 11.17 10.04 10.30 10.13 10.77 1050 10.48 1442 8.02 1019 12.07 1145 8.95 10.85

+C 877 6.63 823 754 842 822 797 1405 780 10.16 11.89 10.81 859 10.55

Mean 9.97 834 9.26 884 9.60 9.36 923 1424 791 1017 1198 1113 8.77 10.70
Means of compost

-C 11.72 10.79 11.25 11.03 11.49 1127 1126 1594 8.99 1132 1444 1259 10.08 12.22

+C 969 7.02 917 815 9.13 881 8.66 1569 8.74 1121 1385 12.08 9.39 11.83

Mean 10.71 891 10.21 959 10.31 10.04 996 1582 8.86 11.26 14.15 1233 9.74 12.03

:;tSD M:0.08, C:0.04, MC:0.06, A:0.03, MA:0.04, M:0.03, C:0.02, MC:0.03, A:0.03, MA:0.04, CA:0.04,

0.05 CA:0.04, MCA:0.05 MCA:0.05

-C: without compost; +C: with compost; Non: without application of amendments; S: sulfur; PG: phosphogypsum; AS:
aluminum sulfate; PA: phosphoric acid; SA: sulfuric acid
Note: the compost treatment (with) in the summer season is residual compost

Table 5. Soil ESP as affected by the microbial inoculation (M), compost (C) and mineral amendments (A).

Treat The winter season (sugar beet) The summer season (rice)
ment Non S PG AS PA SA Mean Non S PG AS PA SA Mean
Without inoculation

-C 2059 11.08 1431 13.05 1536 1547 1497 2324 10.69 1241 1275 1252 1152 13.85

+C 16.30 8.89 1054 9.20 11.01 1110 11.17 2047 8.76 958 1051 10.14 9.35 11.47

Mean 1844 998 1242 1112 13.18 1328 13.07 2185 9.72 10.99 11.63 11.33 10.43 12.66
With inoculation

-C 1251 644 785 748 825 845 850 1352 788 829 855 893 821 923

+C 1095 549 641 591 666 698 706 1229 633 721 739 731 681 7.89

Mean 1173 596 7.13 6.70 7.45 7.71 778 1290 710 775 797 812 751 8.56
Means of compost

-C 1655 8.76 11.08 1026 1180 11.96 11.73 1838 9.28 10.35 10.65 10.72 9.86 1154

+C 1362 7.19 847 756 884 9.04 912 1638 754 840 895 872 808 9.68

Mean 1509 797 978 891 10.32 1050 1043 1738 841 937 980 972 897 10.61

:;tSD M: 0.011, C:0.024, MC:0.034, A:0.026, MA: 0.037, M:0.001, C:0.001, MC:0.001, A:0.001,MA: 0.001,

0.05 CA: 0.037, MCA:0.052 CA: 0.001, MCA:0.001

-C: without compost; +C: with compost; Non: without application of amendments; S: sulfur; PG: phosphogypsum; AS:
aluminum sulfate; PA: phosphoric acid; SA: sulfuric acid
Note: the compost treatment (with) in the summer season is residual compost
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Free proline concentration in leaves (mg g* fresh
leaf) of sugar beet and rice as affected by the
microbial, organic and mineral amendments
Significant increases occurred in proline
concentration in leaves of both sugar beet and rice

plants due to the application of Azolla and
Cyanobacteria extract, compost and mineral
amendments in both the two seasons as shown in
Table 6.

Table 6. Effect of microbial inoculation (M), compost (C) and the mineral amendments (A) on the free proline
concentration in leaves (mg g* fresh leaf) of sugar beet and rice plants.

Free proline concentration (mg g fresh leaf)

Treat after 97 days from the planting

Free proline concentration (mg g fresh leaf)
after 34 days from the planting

ment Sugar beet (the winter season)

Non S PG AS PA SA

Mean

Rice (the summer season)
Non S PG AS PA SA

Mean

Without inoculation

-C 0.25 060 049 053 042 043
+C 031 073 060 0.64 051 053
Mean 0.28 0.67 055 0.58 0.47 0.48

085 122 109 094 096 133 1.06
116 166 148 126 131 180 144
1.00 144 129 110 113 156 1.25

With inoculation

-C 0.34 080 066 0.71 0.57 0.8
+C 042 098 081 087 0.69 0.70
Mean 0.38 0.89 074 0.79 0.63 0.64

146 209 187 160 164 227 1.82
197 284 253 216 223 3.07 247
171 247 220 188 194 267 214

Means of compost

-C 029 070 0.58 0.62 0.49 0.50
+C 037 086 071 076 0.60 0.62
Mean 0.33 0.78 0.64 0.69 0.55 0.56

115 166 148 127 130 180 144
156 225 201 171 177 243 195
136 195 174 149 153 212 170

LSD M:0.01, C:0.01, MC:0.02, A:0.01, MA:0.01,

at.05 CA:0.01, MCA:NS

M: 0.01, C:0.02, MC:0.03, A:0.02, MA:0.02,
CA:0.02, MCA:0.03

-C: without compost; +C: with compost; Non: without application of amendments; S: sulfur; PG: phosphogypsum; AS:

aluminum sulfate; PA: phosphoric acid; SA: sulfuric acid

Note: the compost treatment (with) in the summer season is residual compost

Root and foliage yields of sugar beet (Mg ha'') as
affected by the microbial, organic and mineral
amendments

Significant increases occurred in both root (17.8
%) and foliage (14.8%) yields of sugar beet (on a dry
weight basis) due to the application of Azolla and
Cyanobacterial extract (Table 7). Likewise, yields of
both root and foliage significantly increased by 18.5
and 18.5%, respectively owing to the application of
compost. Furthermore, the mineral amendments
significantly increased the yields of both root and
foliage. The increases in root dry weights were 62.9,
44.8,52.1,21.5and 21.2% for S, PG, AS, PA, and SA,
respectively, while the corresponding increases in
foliage dry weights were 63.1, 44.6, 51.9, 21.6 and

21.3%, respectively. Thus, the effectiveness of these
amendments in increasing the dry weight of both root
and foliage can be arranged according to the following
sequence: S > PG > PA = SA > control.

Concerning the interactions between the
investigated treatments, the highest root and foliage
yields were recorded due to the interaction effect
between sulfur and compost in the presence of Azolla
and Cyanobacteria inoculants (14.56 and 5.59 Mg ha
! respectively). On the other hand, no significant
effect was detected due to the triple interactions
among the microbial, compost, and the mineral
amendments, i.e., phosphoric acid (PA), sulphuric
acid (SA), phosphogypsum (PG), aluminum sulfate
(AS), sulfur (S).
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Table 7. Effect of microbial inoculation (M), compost (C) and the mineral amendments (A) on the dry weight of
both root and foliage (Mg ha*) of sugar beet plant.

Treat Root dry weight (Mg ha?) Foliage dry weight (Mg ha?)
ment Non S PG AS PA SA Mean Non S PG AS PA SA Mean
Without inoculation
-C 6.52 1047 9.69 10.11 8.13 829 887 249 401 371 386 311 317 3.39
+C 756 1219 1049 1102 8.84 873 981 290 467 401 421 338 334 375
Mean 7.04 1133 10.09 1057 8.49 851 934 269 434 386 4.04 325 325 357
With inoculation
-C 720 1163 10.19 1065 8.64 8.60 949 276 444 389 407 331 329 3.63
+C 870 1458 13.05 1384 1083 1076 1196 333 559 499 529 414 412 458
Mean 7.95 1311 1162 1225 974 9.68 1072 305 502 444 468 373 370 4.10
Means of compost
-C 6.86 11.05 9.94 10.38 8.39 8.44 9.18 263 423 380 396 321 323 351
+C 8.13 1338 11.77 1243 9.84 9.75 1088 3.12 513 450 475 376 3.73 4.16
Mean 750 1222 1086 1141 9.11 9.09 10.03 287 468 415 436 349 348 384
LSD M: 0.30, C: 0.08, MC: 0.12, A: 0.24, MA:0.34, CA: M: 0.01, C: 0.03, MC:0.04, A:0.10, MA:0.14,
at.05 0.34, MCA:0.49 CA:0.14, MCA:0.20

-C: without compost; +C: with compost; Non: without application of amendments; S: sulfur; PG: phosphogypsum; AS:

aluminum sulfate; PA: phosphoric acid; SA: sulfuric acid

Grain and straw yields of rice (Mg ha™) as affected
by the microbial, organic and mineral
amendments

Significant increases occurred in grain (13.0 %)
and straw (14.2%) yields of rice (on a dry weight
basis) due to the microbial inoculation by Azolla and
Cyanobacteria extract (Table 8). Likewise, the
application of compost significantly increased grain
by 8.2% and straw yield by 6.1%. Furthermore, the
investigated mineral amendments significantly
increased the grain yield by 15.8, 14.0, 9.2, 11.5 and
16.4% due to the application of S, PG, AS, PA and
SA, respectively; whereas, the corresponding ones for
the straw yield were by 19.3, 15.0, 10.2, 11.9 and

19.9%, respectively. It is worthy to mention that the
highest grain and straw yields (on a dry weight basis)
were 8.79 and 17.19 Mg ha%, respectively which were
produced owing to the combined application between
sulfuric acid and compost in the presence of the
microbial inoculants (Azolla and Cyanobacteria
extract). It seems that the interactions between
bioagents + compost and those between compost +
mineral amendments were of no significant effect on
either seed or straw yield. Likewise, the triple
interactions among the microbial, organic and mineral
amendments seemed to be insignificant on both seed
and straw yields.

Table 8. Effect of microbial inoculation (M), compost (C) and the mineral amendments (A) on the dry weight of

both grain and straw (Mg ha) of rice plant.

Treat Grain dry weight (Mg ha!) Straw dry weight (Mg ha!)

ment Non S PG AS PA SA Mean Non S PG AS PA SA Mean
Without inoculation

-C 552 6.40 6.31 6.02 6.17 6.45 6.15 1052 1257 1210 11,60 1179 1262 11.87

+C 6.00 6.93 6.83 655 6.68 6.98 6.66 11.19 1333 1286 1231 1250 13.38 1259

Mean | 576 6.67 6.57 6.29 6.43 6.71 6.40 10.86 1295 1248 1195 1214 13.00 12.23
With inoculation

-C 6.98 807 7.93 762 7.76 8.12 7.75 1350 16.12 1555 1490 15.12 16.19 15.23

+C 755 8.74 8.60 8.24 840 8.79 8.38 1435 17.12 1650 1581 16.07 17.19 16.17

Mean | 7.26 840 8.26 7.93 8.08 845 8.07 13.92 16.62 15.02 1536 1560 16.69 15.70
Means of compost

-C 6.25 7.24 7.12 6.82 697 7.29 6.95 12.01 1435 1382 1325 1345 1440 1355

+C 6.77 783 7.71 739 754 7.88 7.52 12.77 1522 1468 14.06 1429 1529 14.38

Mean | 6.51 754 742 711 726 758 7.23 1239 1478 1425 13.65 1387 1485 1397

Ia‘tSD M: 0.01, C: 0.07, MC: NS, A:0.06, MA:0.08, M:0.07, C:0.12, MC:NS, A:0.07, MA:0.10, CA:NS,

0.05 CA:NS, MCA:NS MCA:NS

-C: without compost; +C: with compost; Non: without application of amendments; S: sulfur; PG: phosphogypsum; AS:

aluminum sulfate; PA: phosphoric acid; SA: sulfuric acid
Discussion

Effect of the bio-agents on ameliorating the saline-
sodic soil and improving the plants growth thereon

Amending soils with the bio-extract containing
Azolla and Cyanobacteria significantly decreased the
soil EC. and ESP. These results agree with those
obtained by Eletr et al. (2013), who recorded
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significant reductions in soil salinity (EC.) and
exchangeable sodium percentage (ESP) when the salt-
affected soils were inoculated with cyanobacteria.
Also, Aref et al. (2011) reported significant decreases
in the soil salinity with the application of mixed Azolla
and cyanobacteria extracts to the saline-sodic soils of
South of Sahl El-Hossinia Plain. Probably, Azolla and
cyanobacteria excrete extracellular compounds e.g.
polysaccharides, peptides, lipids, organic acids that
can decrease the soil pH (El-Ayout et al., 2004 and
Molnar and Ordog, 2005). Furthermore, these
compounds might chelate sorbed Na* and therefore
decrease the sodicity hazards in soil (Nisha et al.,
2017). Thus, root and foliage yields of sugar beet
(winter season), as well as the grain and straw yields
of rice (summer season), significantly increased due
to the microbial inoculation by Azolla and
Cyanobacteria extract. These results agree with those
obtained by Mostafa et al. (2013), who revealed that
inoculating Sahl El-Hussinia soil (a saline-sodic one)
with Cyanobacteria increased significantly the dry
weights of both sugar beet root and foliage. Also, Aref
et al. (2011) reported that application of Azolla and
Cyanobacterial extracts to the rice field under saline
soil conditions led to significant increases in the dry
weights of rice grains and straw. These bio-agents can
also fix the atmospheric N2 and therefore improve the
growth of the plants (Wagner, 1997). Additionally,
Azolla and Cyanobacteria produce growth promoting
substances like gibberellins, cytokinins, auxins,
abscisic acids, vitamins, antibiotics and amino acids
that can increase the plant growth and yield of crops
and this might, in turn, overcome the adverse effects
of salinity on the saline soil (Aref et al., 2009 and
Bindhu, 2013). On the other hand, increasing
accumulation of free proline in leaves of both sugar
beet and rice plants due to the microbial inoculation
by Azolla and Cyanobacterial extracts compared with
nonmicrobial treatments may be due to that Azolla and
Cyanobacteria as phytohormones increasing the
accumulation of osmoprotectant compounds such as
proline in these plants, thus the proline maintains the
osmotic balance and increases the membrane stability,
photosynthetic  activity, mineral uptake and
antioxidant activity and at the same time, mitigates the
harmful effect of Na ion on the cell membrane and
consequently enhancing the ability of plants to tolerate
salinity stress in such soils. These results are similar
to those obtained by Mostafa et al (2013), who found
an increase in the proline accumulation in the root of
sugar beet plants grown in saline-sodic soil at the
region of South of El-Hossinia Plain as a result of
treatment with Cyanobacteria extract.

Effect of compost on ameliorating the saline-sodic
soil and improving the growth of the plants grown
thereon

Compost application significantly decreased the
soil EC. and ESP. Similar results were reported by
Lakhdar et al. (2009), who recorded the positive effect

of compost applications to a saline-sodic soil on
decreasing the soil salinity and ESP. Also, Abdel-
Fattah (2012) went to similar results and reported that
the application of organic amendments such as
compost  significantly decreases the soil ESP
compared to control. Probably compost mobilizes soil
Ca, thus neutralize the residual sodium carbonate in
soil solutions (Choudhary et al., 2011).

Compost applications also significantly increased
root and foliage yields of sugar beet in addition to its
significant effect on increasing the grain and straw
yields of rice. It is thought that the compost enrich
soils with essential nutrients such as N, P and K
(Hanay et al., 2004) and, furthermore, stimulates the
biological activities in soil, mainly halophilic bacteria,
that can colonize sugar beet roots during the early
stages of growth (Walker and Bernal, 2008).
Moreover, the compost increases soil moisture content
(Kamel, 2016) which decrease the soil resistance
affecting the growth of sugar beet roots (Mustafa et
al., 2013). Thus, there is no wonder to find out that
compost  significantly  improved the growth
performance of plants under the salt-affected soil
conditions (Yan et al., 2015; Kamel et al., 2016).

Effect of the mineral amendments on ameliorating
the saline-sodic soil and improving the growth of
the plants grown thereon

Application of sulfur, phosphogypsum, aluminum
sulfate, phosphoric acid and sulfuric acid can
effectively decrease the soil EC. and ESP. Probably,
these amendments function on increasing the
solubility of the CaCOs present in the soil. Thus, the
released Ca substitute the exchangeable Na on the soil
exchange complex, which in turn, decrease the soil EC
and correct the soil sodicity (SAR and ESP) (Mc
Cauley and Jones, 2005 and Abdelhamid et al., 2013).
These conclusions are in harmony with those obtained
by Cardon and Mortvedt (2001); Mc Cauley and Jones
(2005); Gharaibeh et al. (2012); Farag et al. (2013)
and Abd El-Fattah (2014). The superiority of S over
the other mineral amendments in decreasing the soil
EC. and ESP might be attributed to its slow oxidation
in soil by Thiobacillus bacteria (Hilal and
Abd-ElFattah, 1987) forming sulfuric acid and
therefore enriching soils continuously with soluble
Ca® ions. It is thought that phosphoric acid produces
an acidic-homogenous solution which helps increase
the dissolution of the CaCOgs present in the soil
(Gharaibeh et al., 2010 and 2012). Also, H2SO,
increases the solubility of the native CaCOgs in soils to
provide Ca®* (Kamel et al., 2016); however, these
acids can be leached out the soil rhizosphere rapidly.
Aluminum sulfate can also solubilize the native
CaCOs in soil (El-Shazly et al., 2014). Concerning
phosphogypsum, it is a source of Ca (Fahmi and
Abbas, 2012) that can substitute the exchangeable Na
and therefore decreases its hazardous effect on the
soil.
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Application of the investigated mineral
amendments also increased the root and foliage yields
of sugar beet. These results agree with those of El-
Shazly et al. (2014), who found that the root yield of
sugar beet increased in the saline-sodic soil of Sahl El-
Hosinia region when amended with aluminum sulfate.
Also, Kamel et al. (2016) found that using H,SO4 with
irrigation water to ameliorate a saline-sodic soil could
an effectively increase the yield of sugar beet growth.

The highest increases in yields of sugar beet (root
and foliage) and rice (grains and straw) were recorded
for soils having a considered percentage of CaCOs; and
amended with S. This may indicate that sulfur can
ameliorate the adverse effects of salinity on plants
through facilitating higher K*/Na* selectivity
(Hasegawa et al., 2000), in addition, it helps plant
growth through osmotic adjustment into its cell
(Ibrahim and Naz, 2014) by increasing accumulation
of suitable organic solutes (Girija et al., 2002).
Furthermore, S protects the plant against salinity
stress by stabilizing cell membranes and reducing the
oxidative damage by reactive oxygen species (ROS)
(Larkindale and Knight, 2002). Also, sulfur is an
important nutrient for the plant growth and
development where it enters in the composition of
many important compounds such as glutathione,
vitamins, co-enzymes, phytohormones. (Hasegawa et
al., 2000). Concerning phosphogypsum, it is also
considered a good source of nutrients (P, S and Ca)
(Keren and Shinberg, 1981 and Fahmi and Abbas,
2012) that improves plant growth and increases the
tolerance of the grown plants to soil salinity
(Gharaibeh et al., 2012). Also, Ca recovers the
membrane integrity and selectivity (Grattan and
Grieve, 1998). Similar results were recorded by
Helmy et al. (2013) who found that using the
elemental sulfur and sulfuric acid for the amelioration
of a saline-sodic soil (EC. = 14.8 dSm™ and ESP =
24.6) resulted in significant increases in yield of rice
grain and straw compared with the control.

It seems that the values of soil EC and ESP
in the summer growing season were significantly
higher than those occurred in the winter growing one.
These results may be attributed to the secondary
salinization effect due to the high salinity and the
higher quantity of the applied irrigation water on one
hand and the increase in the soil water table level upon
the cultivation of rice on the other hand. This finding
is in agreement with that obtained by Wahdan (2009),
who revealed that continuous usage of either saline
drainage water directly or mixed with the Nile water
build up salts in the irrigated soils. Furthermore, it is
thought that the Egyptian climate is characterized by
a hot dry summer (temperature ranges between 38 to
43 °C) (FAO, 2016), with relatively higher rates of
water evaporation from soils during summer seasons
(Negm, 2017). Accordingly, salts arose by the
capillary action in the summer where it evaporates on
the soil surface leaving salts; hence soil salinity
increases in the summer than in the winter.
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