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ABSTRACT

Two field experiments were conducted during winter seasons of 2018/2019 and 2019/2020 at Sahl
El-Hussainia Agric. Rcs. Station, EI-Shakia governorate, to study the effect of addition of soil conditioners
(compost, gypsum and bio-fertilizer alone or combination on some soil chemical and physical properties of
saline soil and yield, yield components and chemical composition of wheat plant (Triticum astivum L.). The
results showed that all used amendments either solely or combined application led to decrease EC (dSm?),
pH, SAR and ESP compared with control. The Bulk density, porosity and infiltration rate were positively
affected by soil amendments. The combined application of compost and gypsum or between compost and
bio-fertilizer were more affective than single one the soil chemical and physical properties. All treatments
were significantly increase wheat yield and yield components. The highest significant effect on wheat yield
and yield component were obtained by application compost+ gypsum, and also N, P, K, Zn, Fe, Mn in grain

Keywords: salt affected soil, compost, gypsum, bio-fertilizer, wheat productivity.

INTRODUCTION

The majority of salt-affected soils in Egypt are located
in the Northern central part of the Nile Delta and on its Eastern
and Western sides. About 900 000 ha suffer from salinization
problems in irrigated areas, 6 % of Northern Delta region are
salt-affected, 20 % of the Southern Delta and Middle Egyptian
region and 25 % of the Upper Egypt region (FAO, 2003).
Salinity problem accrued to accumulation of soluble salts in
root zoon. These excess salts can reduce plant growth by effect
in water uptake and casing specific toxics problem (Saad El-
Deen and Glala. 2017). Increasing soil salinity advert physical
properties, lower permeability, decreased structural stability
and bulk density (Amer and Hashem .2018).

Compost addition increased soil productivity and
sustainability due to their (Adugna. 2016). Addition of
organic substances to soil play very important role on its
physical, chemical and biological characteristics (Brawn and
Cotton. 2011). Ahmed et al., (2014) pointed out that addition
of organic matter to salt affected soil had significantly effect
on physical and chemical properties and yield growth. The
release of organic acid from decaying of organic matter,
which dissolution and liberate more calcium for sodium
exchange (Ghafoor et al. 2008). Many researchers pointed
out that addition of compost to salt affected soil and sodic soil
decreased EC, pH, SAR and increase soil aggregation and
permeability (Amer et al. 2018). In another study, El-Maaz et
al. (2014) found that the great importance of the appropriate
role of compost and bio-fertilizer improving soil characters
and enhancing its productivity of wheat as well as promotes
the concentration of N, P, K, Fe, Mn and Zn by grains of
wheat plants under the conditions of saline soil.

Gypsum (CaS04.H20) is most economically as soil
amendment under saline —sodic soil of poor aggregation or
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soil structure (Fisher. 2011).  Application of gypsum
increases soluble Ca* in soil solution to substitute the
adsorbed sodium hence overcome the dispersion of Na* and
improve soil structure (Abd el-Fatah .2012). Shaaban et al
(2013) found that most efficient and economic method for
reclamation of salt soil is addition of gypsum as source of
Ca*, which change ionic composition of soil solution and
replace the Na* from exchange site which is leached down of
soil depth (Ghafoor et al 2008).

Bio-fertilizer is very affective in salt affected soil for
improving the crop productivity and soil properties (Kumar et
al., 2014).  Sahay et al., (2018) stated that addition of bio-
fertilizer on sodic saline soil increased growth and yield of rice
and also increased organic carbon, available N, P and K.
Shaaban et al., (2013) reported that application of bio-fertilizer
improved soil physical properties and yield in saline soil.
Mohamed et al (2011) found that inoculation by Bacillus
blymcya increased soil total aggregated size disruption porosity.

Application of organic matter combined with gypsum
has been successfully used to improve the physical and
chemical properties of salt affected soil (Wange et al. 2009).
Abdel-Fattah  (2012) stated that addition of gypsum
combined with compost decreased soil salinity and sodicity.
Sarwar et al (2011) concluded that addition of gypsum
requirement (3.5-ton ha®) and compost (24-ton ha™) to saline
sodic soil improved its chemical properties such as electrical
conductivity, soil reaction and sodium adsorption ratio to low
level. Also, soil fertility, organic matter, available N, P and K
were increased. In a study by Amer et al (2018) it was found
that soil chemical properties of salts affected soil significantly
affected by addition gypsum combined with 4 Mgfed?
compost. Soil bulk density decreased porosity and infiltration
rate were increased. Another study was conducted by Zaka et
al (2018) to study the effect of gypsum combined with
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compost addition on salt affected soil on wheat plant and soil
properties result showed effect on significant wheat yield,
while decreased the soil pH, SAR, bulk density, porosity and
hydraulic conductivity. Ograla and Naglaa (2019) showed
that compost and gypsum application were significantly
affected on soil moisture, field capacity, available water and
available N, P and K in saline sodic soil.

Addition of bio-fertilizer with compost is considered
as an important way to improve soil chemical and physical
characteristics and fertility of soil, which reflected on planting
yield (Ananaia. 2002). Paras et al (2008) concluded that
maize grain and straw yield grown in saline soil were
significantly increased by addition of organic and bio-
fertilizer. Helmy et al (2013) pointed out that addition of
compost combined with bio-fertilizer (PGPR) Rhizobateria
was decreased electrical conductivity (EC dSm™) and soil pH
values and increased soil structure and barley grain yield as
well as N, P, K, Fe, Mn and Zn content in straw and grain.
EI-El-Eter et al (2016) studied the effect of bio-fertilizer
(symbiotic N fixing bacteria leguminosarum combined with
compost and humic acid on salt affected soil of Sahl El-
Hussinia , Egypt was the soil pH and EC values decreased.
Soil porosity and stable aggregate significantly affected by
this treatment. In study by Said et al (2017), they found that
addition of gypsum, farmyard manure and bio-fertilizer to
salt affected soil of North Delta, Egypt significantly affected
on wheat yield, soil bulk density and porosity.

This work aims assessing the effects of organic
fertilizer (compost), gypsum and bio-fertilizer on some soil
chemical properties, availability of some macro and micro

nutrients in the soil and wheat productivity and its quality
under newly reclaimed saline soil conditions.

MATERIALS AND METHODS

A field experiment was conducted for the two
successive winter seasons 2017/2018 and 2018/2019 at Sahl
El-Hussinia agric. Res. Station, El-Sharkia Governorate,
location lies between 32° /00 to 32° / 15, N latitude and 30° /
50 to 31° / 15 E longitude. This study aimed to determine the
effect of compost, gypsum and bio-fertilizer addition on soil
fertility and wheat yield grown in salt affected soil. the
experimental design was split plot with three replicates,
compost was allocated in the main plots, and gypsum and bio-
fertilizer allocated in the sub plots. The area of each plot was
7m long and 5m wid. Compost was added at rate of 10 Mg ha*
and gypsum was added at rate 5 Mg ha* before 20 days from
sowing and homogenously mixed top soil (0 — 30 cm). Bio-
fertilizer (Bacillus subtilis serrara marcescens) were obtained
from the Microbiology Dep, Soil, Water and Environment Res.
Inst. (SWER). Inoculations were grown separately in flask
(250 ml) containing nutrient liquid media for 3- 4 days was
added at 21, 45 and 65 days at a rate 5 liter bacteria mixed with
200-liter water and sprayed at soil and plant.

The main physical and chemical properties of the
used soil before planting were determined according to the
methods described by Kulte (1986). The obtained data is
recorded in Table (1 and 2).

The compost was analyzed according to the standard
methods described by Page et al;(1982) and the obtained
results are presented in Table (3).

Table 1. Soil physical and chemical properties of the soil before treatments for first seasons.

Depth Soil pH EC ESP

Soluble cations meg/I

Soluble anions megy/| CEC O.M

(cm) @25 @smd) "R 9 "Na K Ca Mg CHO: Cl  SOZ molekg (%) 7¢O
0-20 84 9.84 1590 21 651 110 1410 1810 5.20 4210 51.00 32.10 110 10.75
20-40 8.30 1096 1710 23 7110 130 1710 2010 5.90 48.10 55.60 30.20 080 9.36
40 -60 8.40 1278 1820 26 8210 140 2020 24.10 6.20 59.10 6250 3150 080 6.33
Depth K. IR FC  W.P AW. B.D. Particle size distribution (%)

(cm) (m/d) (cm/h) (%) (%) (%) mg/cms Fine Sand Silt Clay Texture
0-20 3620 1790 17.90 1.39 29.30 26.60 44.10 Clay
20-40 0.16 0.26 37.30 1750 1750 142 28.30 26.20 4550 Clay
40-60 3850 1940 1940 141 29.10 24.10 46.80 Clay

IR: infiltration rate
CEC: cation exchangeable capacity
FC: field capacity

SAR: sodium absorption ratio
OM: organic matter
WP: wilting point

EC: electric conductivity
CaCO3: calcium carbonate
AW: available water

ESP: exchangeable sodium percent
K: hydraulic conductivity
BD: bulk density

Table 2. Soil physical andchemical properties of the soil before treatments for second season.

Depth  SoilpH EC SAR ESP Soluble cations meg/l Soluble anions meg/l CEC O.M CaCOs
(cm) (1:25) (dSm?) (%) Na K Ca Mg HCOs ClI SOs2  molelkg (%) (%)
0-20 830 1045 1619 2210 6810 120 1511 2010 6.10 4720 33.20 3220 110 9.86
20-40 840 1177 1670 2350 7520 140 1860 2250 650 5410 3111 31.20 090 750
40-60 845 1377 1830 2600 8880 160 2110 2620 570 6810 31.20 3110 0.80 6.22
Depth K. IR FC W.P AW. B.D. Particle size distribution (%)

(cm) (md) (cmh) (%) (%) (%) mglcms FinedSand Silt  Clay  Texture

0-20 3510 17.10 18.00 1.40 3270 2510 4210 Clay

20-40 0.80 030 3620 1820 1840 143 32610 2420 4320 Clay

40-60 3710 1850 18.60 144 3140 2430 4430 Clay

Table 3. Some chemical characteristics of compost.

Moisture pH EC oM oC N (%) C/Nratio P K Micronutrients (mg/kg)
(%) (1:25)  (dSm? (%) (%) (%) (%) (%0) Fe Zn Mn B.D.
20.00 7.90 5.80 36.10 2070 125 1660 035 091 1010  3.90 9.20 051

Wheat grain (Tretcum Assetivum L.) cultivar Masr 1.
Seeds were planted (broadcasting) at a rate of 160.kg ha?
during the winter season (November 15, 2017 and November
20, 2018). Al plots received the recommended 250 Kg N /
ha as ammonium sulphat, 400 kg /ha calcium super
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phosphate and 120 kg/ha potassium sulphat. Calcium super
phosphate was added before planting during the soil tillage
and the N and K fertilizers were added in two equal doses
after 31 and 50 days from planting.
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After wheat maturity, plant was harvested and
samples were taken to determine plant height, spike length
(cm), number of spiklete /spike and 1000 grains (g). The
weight of biological yield estimated in the net plot and
separated into grain and straw. Sample from grain and straw
were taken, dried on oven at 70C° for chemical analysis. Soil
samples of experimental sites were taken at the depth (0- 20
cm, 20- 40 and 40- 60 cm) before sowing and after harvest.
The chemical and physical are presented in Table (1 and 2).
Soil bulk density (BD) was estimated in the undisturbed soil
sample using steel ring 100 cm?, Soil pH was determined in
1:2.5 soil. water suspension using pH meter and soil EC
meter according to (Page et al. 1982). Organic carbon content
was determined in the soil sample by the modified Walkley
and Black method as outlined by Sparks et al (1996).
Available nutrients were determined in the soil samples
according to the procedures described Page et al (1982) as
follow: 1- available N was extracted by K>SO4 (1 %) and then
determined using macro kjeldahel. 2- Available P extracted
by NaHCO; (0.5 N pH 8.5). 3- Available K was extracted by
ammonium acetate (1 N, pH 7) and then determined by
phlame photometer. 4- Awvailable Fe, Mn and Zn were
determined by ammonium acetate DTPA according to Soltan
pour and Schwab (1977) and then determined with atomic
adsorption photometer (Perkin —Elmer 372).

Plant samples were oven dried at 70 C° for 72 hr and
ground. Plant portions equivalent to 0.29 were digested using
mixture of concentrated sulphuric acid and perchloric acid ratio
2:1 as outlined by Mohamed et al (2019), after wards, the digest
was dilute to volume of 100 ml by deionized water. Total N in
plant determined was by micro-Kjeldahl apparatus. Phosphorus
was determined spectrophotometrcally using ammonium
molybdate/ stannous chloride. Potassium was determined by a

flame photometer, according to Page et al. (1982). Fe, Mn, and
Zn were determined by using Atomic Absorption (model GBC
932).

Statistical analysis.

All measurements were carried out in triplicate. The
statistical significance of the treatment effects was calculated
with LSD procedure at p = 0.05 by using SPSS software
programs.

RESULTS AND DISCUSSION

Effect of treatments on soil properties.
Soil electrical conductivity (EC dSm).

Soil EC is very important parameter, and it was
indicated that the over all soluble salts. Data in Table (4)
show that the addition of compost, gypsum and bio-fertilizer
alone or combination to soil were significant decreased soil
EC from 9.84 to 6.50 dSm'! at the first season and from 10.45
to 7.2 dSm at the second season in upper layer (0 — 20 cm).
the significant effect of compost addition on soil EC might
attributed to the improvement of physical and chemical
properties of soil such as ESP, porosity, aggregation and
infiltration rates which led to increased salt leaching through
soil profile (Zaka et al. 2005 and 2018). Addition of gypsum
decreased soil EC of upper layer from 9.84 to 7.20 dSm™ and
from 10.45 to 7.50 dSm? at first and second seasons
respectively after wheat harvesting. The beneficial that of
gypsum addition on decreased soil salinity may be due to that
release Ca*? from gypsum change ionic composition of soil
solution and replace the Na" from exchange site which
leached down of soil profile. Also, addition of gypsum
imports soil structure (Fisher, 2011 and Zaka et al., 2018)
which led to increase leaching of salt down soil profile.

Table 4. Effect of treatments on some chemical properties of soil after wheat harvest.

Soil Soil depth 2018 - 2019 2019 - 2020
amendments  (cm)  pH(L:25) EC(dSm?) SAR  ESP (%) pH(L:25) EC(dSm?) SAR ESP (%)
0-20 8.20 9.50 15.90 21.00 8.30 950 1619 2020
0 20-40 8.40 10.30 17.10 23.00 8.40 1040 1670 2250
40-60 8.40 11.90 18.20 26.00 8.40 1210 1830 2350
Mean 8.33 10.56 17.60 23.30 8.37 1066 1710 2190
0-20 7.90 7.20 10.10 15.10 8.10 750 1110 1450
0 Gypsum 20-40 8.10 8.10 13.20 18.20 8.20 800 1290  16.10
40-60 8.30 9.20 15.10 1950 8.30 930 1520 1920
Mean 8.10 8.10 12.80 17.60 8.20 820 1310 1646
Bio. 0-20 8.10 7.80 12.10 17.20 8.00 810 1320  16.20
ortilizer 20-40 8.20 8.50 14.20 19.10 8.20 9.20 149 1730
40-60 8.20 8.70 156 20.10 8.20 930 1510 1850
Mean 8.10 8.30 13.97 18.80 8.13 880 1413  17.30
LSD. 0.05 0.75 1.10 1.80 2.10 0.09 1.10 1.40 2.10
0-20 7.40 6.50 11.20 13.10 7.85 720 1210 1320
0 20-40 8.10 7.80 13.10 17.30 791 850 1290  14.10
40-60 8.10 8.30 15.20 19.10 8.10 900 1410 1450
Mean 8.00 7.53 13.20 1750 7.95 820 1240 1370
0-20 7.70 550 9.20 19.90 7.80 6.10 910 1110
Compost CYPSUM 20-40 7.90 6.90 11.30 15.10 7.85 710 1120 1320
40-60 8.00 8.80 13.10 17.20 8.10 850 1210 1330
Mean 7.87 7.06 11.20 15.16 7.90 726 1080 1253
Bio. 0-20 7.75 6.10 10.30 14.10 7.90 6.50 990 1220
fertilizer 20-40 8.00 7.20 12.10 16.20 8.10 790 1210 1310
40-60 8.10 9.10 14.20 18.10 8.20 890 1320 1330
Mean 7.95 747 12.20 16.13 8.10 770 1173 1280
LSD. 0.05 0.16 1.30 1.90 2.20 0.10 0095 160 1.10
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Addition of bio-fertilizer significant effect on soil EC
in Table (4) showed that the soil salinity decreased from 9.45
to 7.80 dSm'* at the first season and from 10.45 to 8.10 at the
second season. The benefit effect of bio-fertilizer on soil
salinity may be due to improve physical soil properties such
as increase total aggregates and soil porosity through produce
expoly saccharidss (Mohamed et al.,2011, Shaaban et al.,
2013 and Nisha , 2017). The highest decreases on EC were
obtained by addition of compost combined by gypsum and
bio-fertilizer. Soil C decreased from 9.84 to 5.50 dSm! in the
first season and from 10.45 to 5.50 in second seasons for soil
the addition of compost + gypsum. Addition of compost +
bio-fertilizer decreased soil EC from 9.85 to 6.10 dSm in the
first season and from 10.45 to 6.5 dSmt in the second season.
These data compared with the obtained by Shaaban et al
(2013), Wange et al (2009) and Amer et al (2018).

Soil pH.

Soil pH reflects soil chemical properties. Data in
Table (4) show that the soil pH slight decreased due to the
solely application of compost, gypsum, bio-fertilizer and its
combination. The highest reduction of soil pH was obtained
by addition of compost combined with gypsum and bio-
fertilizer. Main advantage of compost and gypsum on soil pH
is that gypsum supplies Ca*? to substitute the adsorbed Na*
and decomposition of organic matter, releasing organic acid
which effected significantly on decreasing soil pH. These
results are in agreements by Abdel-Fattah (2012), Helmy et
al (2013) and Zaka et al (2018). The slight decreased of pH
due to addition of bio-fertilizer reflected the activity of
microorganisms in decomposition of organic matter and
releasing organic acid and due to dehydrogenase activity in
the rizopher of root (Shaaban and Omar, 2006) and (El-
Maaze et al 2016).

Sodium Adsorption Ratio (SAR) and Exchangeable
sodium percentage (ECP).

Addition of compost alone decreased SAR and ESP
significantly after harvest (Table 4). SAR decreased from 21
to 13.10 % and from 20.20 to 12.10 % an upper layer (0 — 20
cm) for first and second season respectively. The effect of
compost on decreasing SAR and ESP may be due to release
of organic acid with dissolution and liberateCa*?, which
decreased exchangeable sodium, (Ghafoor, 2008; Zaka, 2005
and Amer and Hashem (2018). Application of gypsum
decreased SAR from 15.90 to 10.10 % and from 16.90 to
11.1a in upper layer (0 — 20 cm) for first and second seasons
respectively. These results are confirmed by those obtained
by Amer and Hashem (2018), Zaka et al (2018) as the
significant effect of gypsum addition to soil salinity for SAR
and ESP may be due to release calcium from gypsum
increase concentrate Ca*? in soil solution, which replace
exchangeable sodium and ameliorate of soil chemical and
physical characteristics. Addition of bio-fertilizer decreased
SAR from 15.90 to 12.10 and from 16.90 to 13.20 in the first
and second seasons respectively for upper layer (0- 20 cm).
ESP decreased from 21.00 to 17.20 % and from 22.10 to
19.90 % in the first and second seasons respectively. The
beneficial effect bio-fertilizer on SAR and ESP may be due to
addition of bio-fertilizer amelioration soil physically and
chemical properties. Mohamed (2011), Kumar et al (2014)
and Nisha et al (2017).

The interaction between compost + gypsum and
compost + bio-fertilizer on soil SAR and ESP were

significant compared with control and solely addition of
compost, gypsum and bio-fertilizer. Addition of compost +
gypsum decreased SAR from 15.90 to 9.20 and from 16.90
to 9.10 in first and second seasons respectively as well as, the
decreased of ESP from 21.00 to 10.90 % and from 16.19 to
10.30 % for the first and second seasons, respectively.
Addition of compost + bio-fertilizer decreased SAR from
15.90 to 10.30 and from 16.19 to 9.90 and decreased ESP
from 21.00 to 14.10 and from 22.1 to 12.20 % in the first and
second seasons respectively in upper layer (0- 20 cm). These
data confirmed with obtained by Ananaia (2002), Helmy et al
(2013) and Said et al (2017).

Soil bulk density (BD) and porosity.

The effect of solely addition of compost, gypsum and
bio-fertilizer and their combination on the soil BD and
porosity are found in Table (5). Data indicated that the values
of soil BD and Porosity of different treatments affected
compared to control. The effect of compost on decreasing
soil BD may due to the organic fraction in much liter in
weight than mineral fraction in soil. As the result, increases in
the organic fraction decrease the total weight and bulk density
of the soil (Brawn and Cotton, 2011). In another side the
compost addition influence on soil aggregation and porosity
due inter action between organic and mineral fraction
(Amlinger et al., 2007).

The effect of gypsum addition on soil bulk density
and porosity may be to effect of gypsum on decreasing
salinity and decreasing exchangeable Na* which led to
decrease soil dispersion and increase soil porosity and
resultant net reduction in BD (Zaka et al 2018). The effect of
bio-fertilizer on decaying of organic matter which affect on
soil aggregation and porosity (Mohamed et al. 2011 and Sied
etal 2017).

Table 5. Effect of treatments on some physical of soil after
wheat harvest.

il Sail 2018 - 2019 2019 - 2020

amendments depth IR B.D. Porosity IR B.D. Porosity

(cm) cm/hamg/m® (%) cm/hr mg/m® (%)

0-20 142 46.10 143 46.50

0 20-40 0.26 143 4560 030 1.44 4510

40-60 145 4580 146 45.10

Mean 143 4580 144 45.60

0-20 146 48.10 140 47.80

0 Gypsum 20-40 0.35 142 4620 039 141 46.90

40-60 144 46.40 145 46.90

Mean 141 46.90 141 47.20

Bi 0-20 141 46.80 140 46.10

felrE[)i-Iizer 20-40 029 142 4560 035 142 4560

40-60 142 4570 145 45.80

Mean 142 4580 142 45.80

0-20 138 47.20 1.38 48.30

0 20-40 040 140 4690 043 140 47.90

40-60 141 46.00 142 47.80

Mean 135 46.70 140 48.00

o 0-20 136 49.80 137 47.90

8 Gypsum  20-40 055 138 4880 058 1.38 49.10

g 40-60 136 48.20 1.38 48.80

© Mean 135 4890 137 49.30

Bio- 0-20 137 4790 1.38 48.90

fertilizer 20-40 045 138 4720 046 139 4820

40-60 138 47.10 140 47.90

Mean 138 4740 139 4830
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Effect of treatments on soil available N, P and K.

Data presented in Table (6) show the available
(mg/kg) as affected by different treatment in soil after wheat
harvest. The results revealed that application compost,
gypsum and bio-fertilizer solely or on combination increased
significant available N, P and K. The highest increases values
of available N, P and K were found by compost + gypsum.
The beneficial effect of compost on available N, P and K may
be due to the compost contains N, P and K which released to
soil in their available forms through organic matter
decomposition (Agegnehu et al., 2014) and EI-Shony (2020).
There data confirmed with data obtained by Sarwar (2011)
and Helmy et al (2013). Also, degradation of organic matter
increased organic acid and humates which contributed to
amelioration of soil chemical and physical characteristics of
salt affected soil. The beneficial effect of gypsum on
available N, P and K may be addition of gypsum
amelioration soil chemical and physical characteristic of salt
affected soil such as pH, EC and infiltration rate which led to
increases biological activity in soil and decomposition of
organic matter which release nutrient. The beneficial effect of
bio-fertilizer on available N, P and K in soil may be due to
bio-fertilizer increased soil organic matter and also its role in
nitrogen fixation (Nisha et al., 2017). The increment
percentage in soil available N, P and K in the first seasons
was 38.15, 22.60 and 32.26 % for addition of compost,
gypsum and bio-fertilizer respectively. The highest increasing
in N, P and K were obtained for addition compost + gypsum,
which reached 64.50, 77.40 and 15.50 % respectively.

Table 6. Effect of treatments on soil available macronutrients

after wheat harvest.
Compost Soil N P K
amendments 1t 2nd gt 2nd 1st 2nd
0 31.00 33.00 510 5.30 260.00 270.00
0 Gypsum  38.00 41.00 6.30 6.70 290.00 280.00

Bio-fertilizer 41.00 45.00 6.80 7.50 301.00 295.00

LSD. 0.05 310 410 050 0.61 2020 18.50
0 43.00 49.00 7.20 7.40 340.00 330.00

Compost ~ Gypsum  49.00 56.00 8.10 8.30 390.00 355.00
Bio-fertilizer 55.00 62.00 8.30 8.60 355.00 360.00

LSD. 0.05 510 490 120 090 2510 26.20

Available micronutrients (Fe, Zn and Mn (mg/kg soil).

Addition of compost, gypsum and bio-fertilizer
combined or alone were significantly increased available Fe
Zn and Mn at the end of experiment for tow seasons Table
(7). The effect of compost in available Fe, Zn and Mn may be
due to compost contents of micronutrients, which release
though its decomposition by microorganism (Agegnehu et
al (2014). Also, through organic mater decomposition some
organic acid and chelating compounds chalet micronutrients
ageist fixation and make it more available for plant (Sarwar et
al., 2011) and Helmy at al., 2013). The effect of gypsum on
soil available micronutrients may be due to the favorite effect
of gypsum on chemical and physical properties such as EC,
pH, porosity and hydraulic conductivity which increased the
supplying power of available nutrients to plant.

Also, bio-fertilizer significantly increased on available
micronutrients through their effect on organic matter
decomposition and amelioration physical and chemical
properties of saline soil. These date confirmed with obtained
by Shaaban et al (2013) and Nisha et al (2017). The

increment percentage in soil available Fe, Zn and Mn in the
first season was 90.10, 38.00 and 56.40 % for Fe, 87.5, 43.9
and 53.8 for Zn and 26.60, 40.00 and 60.00 %for Mn due to
addition of compost, gypsum and bio-fertilizer respectively.
The highest increase in available Fe, Zn and Mn was
obtained by combined compost with gypsum which reaches
to 117.80, 44.83 and 53.30 % for Fe, Zn and Mn.

Table 7. Effect of treatments on soil available micronutrients

after wheat harvest.

Compost Soail Fe Zn Mn

amendments 1t 2nd st pnd gt ond
0 control 3.26 360 091 095 150 220
control .GypSL.njn 450 470 1.30 1.10 210 2.60

Bio-fertilizer 510 550 1.40 1.30 230 2.70
LSD. 0.05 0.61 051 0.05 0.03 018 0.20
Compost control 6.20 6.60 1.71 1.10 2.70 2.90
10Ton fed-1 _GypSL_Jr_n 710 740 1.85 120 320 3.20

Bio-fertilizer 7.80 810 1.80 1.40 3.10 3.10
LSD. 0.05 0.90 0.80 0.06 0.07 020 0.22

Yield and its component.

Data presented in Table (8 and 9) showed that plant
height, spike length (cm) No. spikelets /spike, 100 grain (g),
weight yield grain (Mg/ha) and straw yield (Mg/ha) were
affected significant by adding solely of compost, gypsum and
bio-fertilizer and their combination for two seasons. Compost
addition significantly increased wheat grain yield and its
complements. The relative increases over the control were
32.40 % and 15.20 % for grain and straw respectively. The
positive effect of compost application on yield of wheat grown
in this salt affected soil may be due to its favorable effect on
soil physical and chemical properties such as decreased
salinity, sodicity, infiltration rate and hydraulic conductivity.
Also, compost content significant amounts of plant nutrient
including, N, P, K, Fe, Zn and Mn, which stimulating plant
growth and yield (Adugna. 2011). These data confirmed with
data obtained by Sarwar et al (2011), Hellmy et al (2013),
Amer et al (2018) and Ograla and Naglaa (2019).

Gypsum addition significant increased wheat straw
and grain yield and its components. The relative increases
over the control were 37.80 and 15.20 % for grain and straw.
The favorite effect on wheat yield and its components grown
on this salt affected soil may be due to that application of
gypsum increased Ca*? ,which substitute absorbed Na* which
amelioration soil chemical and physical characteristic which
led to favorite effect on plant grown and yield, Ghafoor et al
(2008) and Amer et al (2015).

The effect of bio-fertilizer on wheat yield and its
components presented in (Table 8) were significantly compared
with control treatment (without inoculation). The relative
increases over control were 17.14 and 13.80 % for grain and
straw respectively. The favorite effect of bio-fertilizer on wheat
yield may be due the ability of microorganisms to fixing
atmospheric nitrogen N and Plant growth regulator substances
i.e. indol acidic acid, gibberillic acid and cytokinines, which
important role on plant growth and advert effect of soil salinity.
These results are in agreement with those obtained by Zaki et al
(2012), Shaban et al (2013), Helmy (2013), and Saied et al
(2017). The interaction effect between compost and gypsum on
yield and yield parameter had significant effect (Table 8). The
relative increases over the control were 76.90 and 43.70 for
grain and straw respectively. These results confirmed with data
obtain by Sarwar et al (2011), Amer et al (2018) who found that
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addition compost + gypsum for reclamation of salt affected sail
more effective than solely application of compost or gypsum.
Interaction effect between compost and bio-fertilizer Table (9)
on of wheat yield and its component had significant effect as

compared with control or solely addition of compost or bio-
fertilizer. The relative increases were 60.00 and 29.30 % for
grain and straw, respectively as compared to control (without
any addition).

Table 8. Effect of treatments on wheat yield and yield components in 2018 -2019.

Compost Sail Plant height Spike No. of s_pikiest 1000 seeds Grianyield Straw yield HT
amendments (cm) length (cm) Ispike (9) (Mg/ha) (Mg/ha) "
0 69.40 8.90 17.10 36.80 3.70 9.30 28.50
0 Gypsum 95.10 9.61 18.90 38.90 5.10 10.71 32.20
Bio-fertilizer 92.20 9.50 17.90 39.10 4.30 10.50 29.10

LSD. 0.05 1.60 041 0.70 1.10 0.30 0.61 ns
0 96.20 9.80 18.50 40.10 4.90 10.70 3140
Compost Gypsum 99.30 10.60 20.20 42.20 6.10 13.10 32.10
Bio-fertilizer 101.10 10.80 19.50 4450 5.50 11.56 32.40

LSD. 0.05 1.80 0.60 0.82 1.50 041 0.12 ns

Table 9. Effect of treatments on wheat yield and yield components in 2019 -2020.

Compost Soil Plant height  Spike length  No. of s_pikiest 1000 seeds Grianyield Straw yield HT
amendments (cm) (cm) /spike () (Mg/ha) (Mg/ha) C
0 87.30 8.70 16.60 35.10 3.90 8.70 39.00
0 Gypsum 90.50 9.50 18.20 38.30 5.30 10.760 3312
Bio-fertilizer 88.50 9.10 17.10 36.50 4.10 9.90 29.00

LSD. 0.05 150 0.43 0.80 1.20 0.25 0.52 ns
0 91.20 9.20 18.10 39.10 5.10 1041 31.80
Compost Gypsum 93.30 10.30 20.20 4120 6.21 12.50 3350
Bio-fertilizer 92.50 10.30 19.50 40.30 5.60 11.25 3322

LSD. 0.05 1.90 0.55 0.91 155 0.35 0.62 ns

Nutrients concentration of N, P and K grain and straw.
The effect of different treatments on N, P and K
concentration in wheat grain and straw was shown in Table
(10). The N, P and K concentration increased significantly by
solely addition of compost, gypsum and bio-fertilizer and
their combination during two seasons. The effect of compost
on N, P and K concentration may be to that compost contains
significant amount of available plant nutrients, (Agegnhu et
al 2014). Also, addition of compost significantly effects on
soil properties such as EC, pH, porosity and infiltration rates
which encourage plant to adsorb nutrients (Amlinger et al
2007). The effect of gypsum on plant N, P and K
concentration may be due to gypsum amelioration chemical
and physical characteristics of salt affected soil, which affect
the availability of nutrients solubility and availability and
their uptake and concentration in plant. The effect of bio-

fertilizer on N, P and K concentration may be due to the role
its of nitrogen bacteria on increasing endogenous
phytohormons (IAA, Gas), which play an important role in
formation high activate root system, increasing nutrients
uptake and photosynthesis rate and translocation and
accumulation on different plant prates. This resulted in
agreement with these obtained by Nisha et al (2018), Zaka et
al (2012) and Helmy et al (2013). The increment percentage
in N, P and K of grain for addition of solely compost,
gypsum and bio-fertilizer in the first season were 51.70,
52.60 and 29. % for N and 52.30, 30.00 and 40.00% for P
and 50.00, 21.80 and 25.70 % for K as affected with solely
addition of compost, gypsum and bio-fertilizer, respectively.
Similar trends were observed in the second season. The
interaction between compost and gypsum and bio-fertilizer
were significant.

Table 10. Effect of treatments on the N, P and K concentration (%) on wheat grain and straw.

Soil Grain Straw

Compost N P K N P K
amendments 1st an 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd
0 151 160 019 021 032 035 060 060 024 026 08 093
0 Gypsum 1.85 180 025 025 039 041 068 070 030 036 091 120
Bio-fertilizer 1.98 190 027 028 041 044 070 072 035 038 110 120
LSD. 0.05 0.10 009 001 002 003 004 003 004 002 005 004 0.06
0 2.20 221 029 031 048 051 076 08 040 038 130 150
Compost Gypsum 2.35 240 034 034 053 056 087 091 046 046 145 160
Bio-fertilizer 2.40 251 031 035 051 058 089 095 048 047 150 155
LSD. 0.05 0.08 010 002 0021 004 005 0.07 008 004 0.035 0.06 0.05

The increment increase over control in the first season
for grain were 55.60, 78.90 and 65.60 % for N, P and K
concentration due to addition of compost + gypsum. The
addition compost + bio-fertilizer were 58.90, 63.200 and
59.40 % for N, P and K.

Micronutrients concentration in wheat grain and straw
(Fe, Zn and Mn mg/kg).

The effect of different treatments on Fe, Zn and Mn
concentration mg/kg are given in Table (11). The results
revealed that the application of compost, gypsum and bio-
fertilizer solely or on combination significantly affected on
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Fe, Zn and Mn concentration of grain and straw of wheat
plant at the two seasons. The increment percentage for grain
in the first season attained 45.90, 22.95 and 31.10 % for Fe;
68.30, 34.10 and 46.30 % for Zn and 46.40, 25.00 and
42.80% for Mn for solely addition of compost, gypsum and
bio-fertilizer respectively. The interaction between compost
and gypsum and between compost and bio-fertilizer were

significantly. The relative increase on Fe, Zn and Mn in
wheat grain in the first season was 55.70, 75.60 and 60.70 %
for Fe, Zn and Mn respectively for addition compost +
gypsum. The relative increases of Fe, Zn and Mn were 45.90,
82.50 and 60.70 % respectively for addition compost + bio-
fertilizer

Table 11. Effect of treatments on the Fe, Zn and Mn concentration (mg/kg) on wheat grain and straw.

. Grain Straw
Compost ol Fe Zn Mn Fe Zn Mn
amendments 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd
0 6100 6500 4100 4500 2800 3000 8500 7500 2200 2500 32.00 29.00
0 Gypsum 7500 7800 5500 5800 3500 3600 9100 8000 2700 2800 38.00 32.00
Bio-fertilizer 8000 8500 59.00 6300 40.00 3800 99.00 9500 29.00 31.00 41.00 36.00
LSD. 0.05 6.10 520 420 780 340 410 4.00 4.30 210 180 230 130
0 89.00 90.00 6500 69.00 41.00 49.00 11000 12000 31.00 36.00 41.00 39.00
Compost Gypsum 9500 98.00 76.00 76.00 4500 51.00 12500 130.00 33.00 38.00 45.00 42.00
Bio-fertilizer 89.00 9500 8100 81.00 46.00 56.00 13200 14500 38.00 4500 50.00 51.00
LSD. 0.05 4.20 510 380 410 210 320 6.10 8.10 320 410 310 ns
REFERENCES El-Maaz, E.I.M. and Fatma, Sh. H. (2016). Empact of bio-

Abdel- Fatah, M. K. (2012). Role of gypsum and compost in
reclamation saline —sodic. ISOR. J. Agric. and
Veterinary Sci. 1 (3): 30-38.

Agegnehu, G.; Van, B. C. And Bird, M. (2014). Influence of
integrated  soil fertility management in wheat
productivity and chemical properties in the highland
tropical environment. J. of Soil Sci and plant. Nutrient
(14): 532 - 545.

Ahmad, A.; Fares, A; Hue, N. V.; Safeea, M.; Raduieh, T.;
Abbas, F. and lbrahim, M. (2014). Root distribution
of sweet corn (Zea mays) as affected by manure
types, rates and frequency of application. J. Animal
Plant Sci. (24): 592-597.

Amer, M. M. and Hashem, I. M. (2018). Impact of salt
affected soils at Kafr EI-Sheikh Governorate. Egypt.
J. Soil Sci. 58 (2): 177- 191.

Amlinger, F; Payer, S.; Geszt, J. (2007). Beneficial effect of
compost application on fertility and productivity of
soils. Literature study, Federal Ministry for Agric and
Forestry, Environmental and Water Management.

Ananaia, G. (2002). A Review of organic farming for
sustainable Agriculture. Bsc. Exam Roll No. 32.

Adugna, G.; A (2016). Areview on impact of compost on soil
properties, water use and crop productivity. Acadimic
research J. 4 (3): 93-104.

Brawn, S. and Cotton, M. (2011). Change in soil properties
and content following compost application. Results of
farm sampling compost. Compost Science and
Utilization. (19): 87-98.

El-Etr, W. M. T.; Gazal, F. M.; Mahmoud, A.A. and Yossef,
H. (2013). Responses of wheat and rice cropping
system to cyanobacteria inoculation and different soil
conditioners Sources under saline. Nat and Sci, (11):
119-129.

El-Maaz, E. I. M.; Ahmed, H. R. M. and Sahaban, Kh. A.
(2014). Soil chemical properties and wheat
productivity as affected by organic, bio-fertilization
and cultivation methods in saline soil. Minufiya J.
Agric. Res. Vol.39 No. 6: 1955 -1968

fertilizer, humic acids and compost tea application on
soil properties and Egyptian clover productivity under
saline condition. J. Soil and Agric. Eng. Mansoura
Univ. 7 (9): 64-744.

El-Shony, M. M. (2020). Study on organic amendments
effect in sandy soil properties and plant growth. M.ce.
Thesis Faculty of Agric. Mashotohor, Benha Uni.

FAO (2003). Salt affected soils, contract No. PR 26897.
ISCW Project Gw561003120.

Fisher, M. (2011). Amending soils with gypsum. Crops &
Soils Magazine, Nov- Dec. 2011.

Ghafoor, A.; Mortaze, G.; Ahmed, B. and Boers, T. M.
(2008). Evaluation of amelioration treatments and
economic aspect of using saline sodic water for rice
and wheat under arid land condition. Irrigation, Drain
(57): 424-434.

Helmy, A. M.; Abdel-Fatah and Shaaban, Kh. A. (2013).
Nitrogen efficiency in barly under saline — sodic
conditions as affected by urea, compost. J. Soil Sci.
and Agric. Eng. Mansoura Univ. 4 (4): 1189-1198.

Klute, a; Choudhary, a.K; pooniya, V; Suri, V.K; Singh, U.
(2016) Soil Factors Associated with Micronutrient
Acquisition in Crops- Biofertication perspective. In:
singh U; praharaj C; singh S; singh N. (eds)
Biofertication of Food crops. Springer New Delhi, pp.
159-176.

Kumar, R.; Shanthy, S.; Kalaiarasi, A. and Sumya, M.
(2014). The bio-fertilizer effect of hemophilic
phosphate solublizing bacteria on oryza stiva. Middle
East J. of Sci. Res. 19 (10): 1406-1411.

Mohamed, I.; Eid, K. E.; Abbas, M. H. H.; Salem, AA;
Ahmed, N.; Ali, M.; Shah, G. M. and Fang, C.
(2019). Use of plant growth promoting Rizobacteria
(PGPR) and microhiza to improve the growth and
nutrient utilization of common bean in a soil infected
white rot fungi. J. Ecotoxicology and Environmental
safety (171): 539- 548.

313



Faten A. El-Kamar

Mohamed, F.M.; Mohamedin, A.A. and Reda, M. M. (2011).
Sustainable improvement of El-Arish soils, North
Sinai condition by shale with bio- organic technique
and the impact on corn crop. Egyptian. J. Appl. Sci.
(26): 16-35.

Nisha, R.; Kiran, B. and Kaush, C. B. (2017). Bioremedation
of salt affected soils using cyanobacteria in terms
physical structure, nutrient status and microbial
activity. Int. J. Envir. Sci. Tech. Dol. 10.1007/s
13762-017-1419-7.

Ograla, AM. and Naglaa, E. K. (2019). Effect of gypsum
and compost on growth and yield of Washington
Navel Orange under saline —sodic soils. Egypt. J.
Hort. 46 (1): 183- 93.

Page, A.L., R.H. Miller and D.R.Keeney. (1982). Methods of
Chemical Analysis. Part 2: Chemical and
microbiological ~ properties  (Second  Edition).
American Society of Agronomy, Inc. and Sci. Soc. of
America, Inc. Publishers, Madison, Wisconsin U.S.A.

Paraas, M. M. E.; Esa, S. A.L.; Shaban, Kh, A. and Sallam,
AM. (2008). Effect of applied organic and bio-
fertilizer on the productivity and grain quality of
maize grown in saline soil. Egypt. J. Soil Sci 48 (4):
485-500.

Saad- El-Dean A.A. and Galal, M. E. (2017). Predication of
reclamation process in some saline soil of Egypt.
Egypt. J. Sail. Sci. 57 (3): 293-301.

Sahay, R.; Singh, A.K.; Sanjay, A.; Archana, S.; Tiwar, D.
K.; Maurya, R. C.; Chandra, V. and Sunil, S. (2018).
effect of halophilic bioformulation on soil fertility and
productivity of salt tderant of paddy in sodic soil. Intr.
J. Curr. Microbiol. App. 7(9): 1174-1179.

Saied, M. M.; El-Sante, G. M.; Talha, N. C. and El-Barhany,
S.M. (2017). On-farm soil management practices for
improving soil properties and productivity of rice and
wheat under salt affected soils at North Delta. Egypt.
Sci. 57 (4): 445-453,

Sarwar, G. (2005). Use of compost for crop production in
Pakistan. Okologic and Um weltsicherung. Germany.
26/2005: 166-172.

Sarwar, G; lbrahim, M.; Mukran, AT. Yaser, I;
Muhammad, S. H.; Noor, S.; Kyung-Hwa, H.; Sang-
Keun, H. and Zhang, Y. (2011). Effect of compost
and gypsum application on the chemical properties
and fertility statas of saline — sodic soil. Korean. J.
Soil Sci. Fert. 44 (3): 510-520

Shaaban, M.; Abid, M. and Abou, S. (2013). Amelioration of
salt affected soils in rice paddy system by application
organic and inorganic amendments. J. Plant and Soil
Envi. 59 (5): 227-233.

Shaban, Kh. A. and Omar, M.N.A. (2006). Improvement of
maize yield and some soil properties by using
nitrogen mineral and PGPR group fertilization in
newly cultivated saline soils. Egypt. J. Soil, Sci.
46(3): 329 - 342

Sparks, D.L.; Page, A. L.; Helmke, P. A.; Loeppert, R. H.;
Johnso, M. A. and Sumer, M. E. (1996). Methods of
soil analysis: Part3- Chemical analysis Madison, W. 1.
Soil Science Society of Americal 1358.

Soltan Pour, N. and Schwab, A.P. (1977) “Anew soil test for
simultaneous extraction of macro and micronutrients
in alkaline soils.” Commun. Soil Sci. Plant Anal., 3:
195,

Wange, N.L. Dalal, R. C. and Greene, R.S.B. (2009). Carbon
dynamic of sodic and saline soils flowing gypsum
and organic material addition A. Laboratory
inoculation. Appl. Soil Eco. (40): 29-40.

Zaki, AM.; Gomaa, M. A.; Radwan, F.l.; Hassanin, M. S.
and Wati, A. M. (2012). Effect of mineral, organic
and bio-fertilizer on vyield, yield components and
chemical composition of some wheat cultivars. J. of
Appl. Sci. Res. 8 (1): 171- 180.

Zaka, M.A.; Khalil, A.; Hafeezullah, R.; Muhammed, S. and
Helge, S. (2018). Effect of compost and gypsum for
amelioration of saline sodic soil in rice wheat
cropping system. Asian J. Agric. and Biol. 6

Zaka, M.A; Obad, U.R.; Rafa, H.U. and Kan, A. A. (2005).
Integrated approach for reclamation of salt affected
soils. J. Agric. and Soc.

Zaka, M. A.; Sawar, N. M.; Hassan, N. M. and Hassan, G.
(2003). Agro-melioration of saline sodic soils. J. Biol.
Sci. (3): 329-336.

@ﬁ\dw%ﬁ\;ﬁéﬁjcﬂamsﬂu‘@’jﬂQ&au'aaeg.bLﬂ\ﬂﬁm@ﬁ#

" sl e gl ae e

A )30 gl S0 — Al g obgal) il ) g dga - ol g A ) (il ) 5 audh

ol Y & s g - Al g Lo 31 gt e 8 2020-20219 , 2019-2018 (oo 3o SN Ali & a3 o

oo (Jssnd) sled) Bilialy i /5 5 Jina unlls S /il 10 o Canesael 53 i) i) 1 5l Al g 3Ll

hha‘u\cq\l\“k.&)@.h\)m\.\al\wdﬂl\}u)&‘d)m}‘ﬁl_\)&}(lw)@md)mujcvmyuﬂ).\u\sm\)y‘ua\);uau

el 5 A (o L€l Al ALl a1 i b et ) 5 sl o+ o pue€l) 51 ) el e S

)mhﬂ\wum\}u}ﬂ\gjﬁujﬁbﬁjcaﬂ\dwéﬁwﬁd\:\)é\ﬂmw\@uad\ﬂds PH' EC’ SAR, ESP
o Oh 5 Cwgae S e [0 ALY A 4l K g el J guaana g

314



