Effect of soil amendments and spraying with antioxidants on
some clay soil properties and wheat production under
climate change conditions

Abstract

Climate change is anticipated to a vigorous impact on soils and
ecosystems due to elevated temperature and changes in precipitation lead to reduce in
wheat yield. Thus, afield experiment was performed throughout two seasons 2021 and
2022 at Agricultural Research Station farm, Sakha, Kafr El-Sheikh Governorate,
Egypt (30° 56 N latitude and 31° 05 E longitude) to investigate the effect of compost
and biochar in the main plots in addition, applied of salicylic acid, potassium silicate
and seaweed extract as plant spraying in the subplots on improving some physio-
chemical properties of the clay soil, some biochemical constituents and productivity
of wheat plants under climate change. The experiment was arranged in a split-plot
design with three replicates. Data indicated that applying compost treatment appears
to be more successful in reducing pH and bulk density of soil than biochar.
Application of biochar treatment reduced electrical conductivity meanwhile, compost
increased it. Hydraulic conductivity, total porosity, organic matter content, moisture
constants of soil, cation exchange capacity were increased by applying all tested soil
amendments in two seasons. All Soil amendments caused a marked improve in soil
available nitrogen, phosphorus and potassium content. Meanwhile, compost treatment
was the best one in increasing available nitrogen and potassium content. Compost
application with all foliar spray had given a first order while foliar application under
biochar addition had the second one. Data investigated that potassium silicate
treatment increased grain & straw yield, harvest index, yield efficiency, 1000 grain
weight, carbohydrates and protein. It is clearly observed that compost with potassium
silicate treatment was superior to biochar with all foliar treatments of increasing
nitrogen, phosphorus, and potassium concentration of grain and straw yields and its
uptakes.
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Introduction

Climate change is global phenomena and occurring continuously since the
earth came into existence and has become a major scientific issue during the last
decade (Fauchereau et al., 2003). Egypt is distinguished by high temperatures, high
evapotranspiration and low rainfall. Climate change is projected to have significant
impacts on agriculture through indirect and direct effects on soils and crops. Factors
that contribute to climate change, like moisture and temperature are anticipated to
have a range of effects on several soil processes that are useful for production and soil
fertility (Pareek, 2017). Comprehensive strategies are needed to reuse plant residues
in agriculture that minimize the adverse effects of climate change. Compost, the
biodegradation of organic waste product, increases soil moisture and affects organic



matter dissolution and nutrient availability (Li et al., 2021) and is considered one of
the best move for reuse of waste. Organic soil amendments are commonly added to
soil for improving its physio-chemical properties which promote plant growth
(Aksakal et al., 2012). Organic fertilizer use has gained a great attention as a means to
enhance soil fertility and crop nutrients. Organic fertilizers have a main function in
improving the organic matter in the root zone (Singh et al., 2016).

Biochar (BC) is a new multifunctional carbon material that is widely used as
an amendment for improving soil quality and increase plant productivity (Anwari et
al., 2020). It is output by the pyrolysis process in absence of oxygen from different
straw materials such as rice straw, cotton stalks, peanut hulls, grass and animal
wastes, as found in (Wang et al., 2018). It is a stable carbon material that can remain
in soil for a long time (Adekiya et al., 2019). Moreover, Hussain et al. (2017)
suggested that increase rate of biochar application under alkali soil conditions,
reduced wheat yields because of immobilization of N and micronutrients, its
suitability to plants declined. Additionally, it has residence long times (Leng et al.,
2019), due to its resistance to microbial decay. Therefore, the using biochar could be
useful to soil fertility restores.

Wheat is acclimated to a cool growth environment and 18-22 °C is the proper
temperature for grain-filling (Xie et al., 2013). When temperature rises and high
humidity weather frequently occurs in the late stage of wheat growth. Days with a
daily average temperature higher than the optimal grain-filling temperature of wheat
account for 1/3 of the period from heading to maturity. Especially in the mid and late
stages of grain filling, the temperature rises sharply. When the constant high
temperatures cause plants to mature more quickly, which causes early withering of the
leaves, a shorter grain-filling period, and decreased grain weight (Wang et al., 2011).
Since the expected increase in world temperature (NOAA, 2020; IPCC, 2022), and
change in the precipitation of dry land agriculture (Rojas et al., 2019), day and night
light ratio 5-25 _C (Lemmens et al., 2019). The data of these stresses would disrupt
biochemical, morphological, and physiological processes more than any other
environmental stresses (Sattar et al., 2020). Antioxidants have established extreme
tolerance against oxidative stress deterioration to cells (Biju et al., 2017).

Potassium silicate (K-silicate) is a source of highly soluble potassium and
silicon. It is mostly employed in agricultural production systems as a silica
amendment and modest amounts of K are supplied to the plants. K, present in plants
as the cation K* is crucial for controlling how plant cells' osmotic potential is
regulated (Abu-Muriefah, 2015). It also activates many enzymes interested in
respiration and photosynthesis. Recent studies suggest that silicon is useful in
protecting the plants from all stresses through stimulating the expression of
natural defense reaction and the creation of antioxidant-acting phenolic compounds
(Qin and Tian, 2009). Foliar spray with potassium silicate showed an increment in
chlorophyll content and plant growth (Saudy and El-Metwally, 2019) and ameliorates
abiotic stresses (i.e., high temperature) (Carneiro-Carvalho et al., 2020).

Salicylic acid (SA) can increase stress tolerance, decrease ethylene synthesis,
and inhibit the actions of associated enzymes to prevent the programmed cell death
that endogenous ethylene can start during stressful conditions (Hameed, 2015). Also,
improved photosynthetic rate and a decreased level of membrane damage and
membrane lipid peroxidation caused by high temperature stress which was mainly due
to its ability to initiate the overall antioxidant defense system (Yonghui et al., 2022).



Seaweed extracts are a kind of bio stimulant extracted from seaweed (i.e.,
brown algae) that may improve crop growth, promote crop quality, and enhanced
resistance of plant to abiotic stress (Cabo et al., 2019), increased yield (Boukhari et
al., 2020) and increased the absorption of soil nutrients by plants (N, P, and K) under
stress (Almaroai and Eissa, 2020). Seaweed mainly contains natural hormones, such
as auxin, cytokinin, gibberellin, abscisic acid, vitamins, antioxidants and other
effective substances such as seaweed polysaccharide, sugar alcohol, betaine, and
phenolic compounds (Mukherjee and Patel, 2020).

In this regard, the current study aims to investigate the effects of two soil
amendments (compost and biochar) in addition, applied of foliar treatments i.e.,
(salicylic acid, potassium silicate and seaweed extract) on improving some clay soil
properties, some biochemical constituents and productivity of wheat plants under

climate change.

Experimental sites and soil:

A field experiment was occurred at Agriculture Research Station, Kafr El-
Sheikh Governorate, Egypt (30° 56 N latitude and 31° 05 E longitude) during two
winter growing seasons 2020/2021 and 2021/2022 to investigate the effect of two soil
amendments (compost and biochar) in addition salicylic acid, potassium silicate and
extract from seaweed as plant spraying on improving some physio-chemical
properties of the clay soil, yield &its components and some biochemical constituents
of wheat (Triticum asetivum L.) variety Shandwell 1 under climate changes
conditions. Some physical and chemical properties of the tested soil before cultivation
are shown in Table 1.

Climatic conditions:

Egypt's climate is hot, dry and dominated by desert which has a moderate
winter season with rain falling along coastal areas and dry and a hot summer season
from May to September. The average data recorded of the past winter months (from
2020/2021 to 2021/2022) including maximum and minimum temperatures air, relative
humidity, wind speed, rainfall. The prevailing climate of the area is semi-arid. The
monthly average data of previous parameters from November until May (wheat
growing season) are shown in Table 2.

Tablel: Mean values of some physical and chemical characteristics of the studied soil
before cultivation in the two growing seasons

Characteristic Soil depths (cm)

0-20 20- 40 40- 60

Particle size distribution (%)

Coarse Sand 6.4 45 4.0




Fine sand 141 154 16.3
Silt 35.2 34.6 36.0
Clay 443 455 43.7
Texture class Clayey
Bulk density (g/cm®) 1.22 1.27 1.22
Hydraulic conductivity (cm/h) 0.45 0.40 0.35
Soil moisture constants
Field capacity (%) 38.4 39.1 40.1
Wilting point (%) 21.1 21.5 21.79
Available water (%) 17.3 17.6 18.31
Chemical analysis
pH (1:2.5 soil: water suspension) 7.89 7.95 7.78
OM (%) 1.34 1.22 1.08
EC (dS/m) soil paste extracted 3.2 3.42 4.1
Soluble cations (meg/l)
Ca™" 8.1 8.0 8.4
Mg™* 4.4 55 6.2
Na* 18.3 19.2 25.8
K* 1.2 15 0.6
Soluble anions (meg/l)
COs~ - - -
HCO3 0.3 0.4 0.5
Cr 24.2 255 35.0
SO,~ 7.5 8.3 55
CEC (Cmolekg™) 40.12 39.01 35.8
Available macro nutrients (mg/kg)
Available N 21 18.4 16.3
Available P 4.6 52 3.1
Available K 1194 155.6 111.3

EC: electrical conductivity (salinity); OM: organic matter of soil and CEC: cation exchange capacity

Table2: Mean Monthly agro-meteorological data of (2020/2021 to 2021/2022) from
November until May (Wheat growing season)

Temperature (°C) Wwind Speed RH (9 Rainfall
1 (%) 1
Month Max Min Max Min (km day™) (mm month™)
2020 2021 2020 2021 2020 2021 2020 2021
November 248 1536 2806 1658  1.21 222 6641 6651  1.40 3.95
December 2282 1198 198 1058  2.24 279 6766 7291 007 1.52
January 2162 1032 1620 720 276 275 6814 7272 046 2.18
February 2174 1001 1826 812 2.72 258 6836 7230  1.62 0.48
March 2230 1065 2024 845 2.85 301 6711 6354 556 2.00
April 2729 1158 2901 1361 245 3.32 60.32 5232  0.05 0.02
May 3.78 1790 3181 1705 297 346 4954  52.46 0.0 0.17

Source: Meteorological station at Sakha Agricultural Research Station.

Min Temp is (minimum air temperature °C), Max Temp is (maximum air temperature °C) and RH is relative humidity.



The experimental design:

The experiment was laid out in a split plot design with three replicates. The
layout was made distributing two soil amendments (compost and biochar) to the main
plots:

1- Control (ck) without added.
2- Compost treatment (C) (7 t fed™)

3- Biochar treatment (BC) (4.2 t fed™)
The sup plots as follows foliar spraying with:
1- Control (T) (spray with fresh water).

2- Salicylic acid (SA) (0.2 g/l)
3- Potassium silicate (Ksi) ( 0.6 g/l)
4- Seaweed extract (SW) (5 cm?/l)

The used biochar in the experiment was manufactured by a local biochar company. It
was produced from the pyrolysis of citrus trees wood. Biochar was uniformly spread on the
surface of the wheat planting soil. Some chemical analyses of both compost and biochar are
shown in Table (3, 4), respectively.

The soil used treatments (compost and biochar) was added at the rate 7 t fed™ and 4.2 t
fed™, respectively and thoroughly incorporated into the top soil (0-20 cm depth), before
cultivation except control. Foliar spraying with salicylic acid, potassium silicate and sea
weed extract was two times after 30 and 45 days from planting at the rate 200 ppm (0.2 g
salicylic acid/l) , 200 ppm (0.6 g potassium silicate /1) and 5 cm?/l , respectively.

Table 3: Some chemical analyses of compost (C) used in the experiment

Analysis EC pH N C:N P K OM | OC
(1:10 (1:10 % % % % %

extract) | extract)
dS/m

2020 135 7.9 139 |16.55|0.39 | 2.22 | 41.73 23
2021 1 3.2 7.8 135 | 1556|037 | 1.95 | 38.0 | 21

Table 4: Some chemical analyses of biochar (BC) used in the experiment

Compost

Analysis EC pH oC N C:N P K
(1:10 (1:10 % % % %
extract) extract)
dS/m

Biochar 20201 0.53 |8.10 |47.0 |1.26 |37.30 |0.95 |1.42




20211052 |809 |[455 |120 |37.92 |0.93 |1.39

Culture practices:

In the two growth seasons, wheat grains (Triticum asetivum L.) variety Shandwell 1 was
used as a tested plant in different climate conditions. The Department of Cereal Research,
Agricultural Research Station, Sakha, Kafr EI-Sheikh developed the seeds. Date of planting
was on 15" November in 2020, 2021 by using 142.8 kg ha™ (60 kg fed™) grain rate. NPK
was applied to the soil in the following amounts: phosphorus was applied during soil
preparation as calcium superphosphate (15.5% P,Os) 15 kg P,Os fed™. Potassium was
applied as potassium sulphate (48% K,0) 24 kg KO fed™, Nitrogen fertilizer was applied as
urea (46.5% N) 75 Kg fed™, in equal two doses, the first dose was at Mohayah irrigation (30
days after sowing); while the second addition was at the second irrigation after Mohayah
irrigation directly (30 days after the first addition). Through the two growing seasons, wheat
plants' agricultural practices were added in the amounts advised by the Egyptian Ministry of
Agriculture.

Initial soil sampling:
Soil samples were taken at three depths (0-20, 20-40 and 40-60 cm) before

sowing of wheat, air-dried, ground, sieved through a 2 mm sieve for initial analyses of
soil properties.

Soil measurements:

At harvest, soil samples were collected from each plot at the 1% and 2" seasons, of
two consecutive depths (0-20, 20- 40 cm). The soil samples were air-dried and analyzed for
some the chemical characteristics, i.e., Soil pH according to (McLean, 1982). The total
soluble salts (EC) were determined using electrical conductivity meter at 25°C in soil paste
extract as dS/m (Page et al., 1982). Cation exchange capacity (CEC) expressed in (C moles
kg™) was determined by sodium acetate (NaOAC) method according to (Kim et al., 1996).
Organic matter content was determined according to (Bhattacharyya et al., 2015). Soil
available N was determined according to (Matsumoto et al., 2000), available P and K were
determined according to (Tian et al., 2021). The undisturbed soil samples were used to
evaluate some the physical properties, i.e., Soil bulk density (gcm™) and Total porosity (%)
was determined according to Campbell (1994). Saturated hydraulic conductivity (HC) (cm/h)
was determined using undisturbed core samples according to (Klute and Dirkoson, 1986).

Field capacity (FC) and permanent wilting point (PWP) were obtained by the pressure plate



method, using pressure of 0.033 and 1.5 MPa, respectively according to (Klute and
Dirkoson, 1986). The water percentage at each pressure level was calculated. Plant available
water content (PAW) was calculated from the difference between the moisture content
of field capacity and wilting point. All measurements were made in triplicate.

Crop Growth and Yield Measurements:

Five wheat plants were chosen at random from each plot to measure the
biological yield Mg/ha, grain and straw yield Mg/ha, harvest index (%), yield
efficiency (%), 1000 grain weight (g), carbohydrate (%), protein in grain (%),
Nitrogen, phosphorus, and potassium in (grains and straw) were determined using
Kjeldahl method, spectrophotometrically and flam photometer, respectively according
to (Walinga et al., 2013) where samples were digested by a mixture of sulfuric and
perchloric acids at a ratio of 1:1 then total N, P and K% were determined. Protein
content was calculated by using the following formula: Protein % = (N%) x 5.75
depending on (Anonymous, 1990). Total carbohydrates in grains were estimated
according to (Cipollini et al., 1994). Nutrient uptake (kg ha™) was determined
according to the following formula; nutrient concentration x dry weight (g plant™).

Statistical Analysis:

Data obtained from the two seasons were statistically analyzed by the
following analysis of variance (IRRISTAT) described by Gomez and Gomez,
(1984). Differences among treatment means were compared by least significant
difference at P<0.05.

3.1. Soil physical characteristics
Soil bulk density, total porosity and hydraulic conductivity:

Data in Table 5 showed that, soil bulk density was increased with increasing
soil depths. This increment may be resulted from increasing soil compaction. Bulk
density, which is intimately related to soil textural characteristics and organic
matter content, is also climate dependent (Post et al., 1982). Increasing
temperature could expedite the decomposition of organic matter or soil erosion
may increase bulk density, leading to soil compaction (Singh et al., 2011) with all
its consequences, climate change may affect root development and microbial activity
by altering soil water and temperature regimes and its hydro-physical characteristics,
such as alterations in bulk density (Rosenzweig & Hillel, 1995). Application of soil
amendments (compost and biochar) reduced significantly bulk density of soil,
especially (0- 20 cm depth) at wheat harvesting. Bulk density of soil in control
treatment varied from 1.22 to 1.27gcm™,

Table 5: Effect of compost and biochar on bulk density (BD), total porosity (TP) and hydraulic conductivity
(HC) in soil during the two growing seasons after wheat harvest



1% season

Treatments BD (gcm™) TP (%) HC (cm/h)
0-20cm 20-40cm 0-20 20-40 0-20 20-40
Control 1.223a 1.27a 53.83c 52.2¢c 0.456¢ 0.396¢
Compost 1.164c 1.23c 56.103a 53.58a 0.733a 0.666a
Biochar 1.18b 1.26b 55.47b 52.5b 0.613b 0.593b
LSD at0.05 0.010 0.010 0.110 0.109 0.017 0.019
F. test ** *%* ** *%* *%* *%*
2" season
Control 1.213a 1.266a 54.22¢ 52.2¢c 0.433c 0.396¢
Compost 1.14c 1.21c 56.98a 54.34a 0.83a 0.766a
Biochar 1.16b 1.246b 56.22b 52.9b 0.663b 0.593b
LSD at 0.05 0.019 0.009 0.143 0.111 0.027 0.026
F. test *%* *%* *%* *%* *%* *%*

Data demonstrated that compost treatment was more effective than biochar
one in decreasing bulk density of soil at both seasons. This might be due to apply of
organic matter, which improvement of soil aeration and porosity (Tejada et al., 2008).
The portion of macro-pores is increased by compost because of a promoted soil
aggregation and stabilization significantly started by different soil organisms (Liu et
al., 2007). Additionally, the organic portion of soil is much lighter in weight than the
mineral fraction. As the result, increases in the organic fraction reduce the total
weight and bulk density of soil (Brown and Cotton, 2011). For instance, the bulk
density values in the 0-20 cm soil depth were 1.16 and 1.18 g/cm® for C and BC
treatments at the 1% season, respectively and were 1.23 and 1.26 g/cm? for C and BC
treatments at the same season in 20- 40 cm depth, respectively compared to untreated
plots.

Values of total porosity take almost the opposite trend to that encountered with
bulk density. Data in Table 5 revealed that the overall total porosity values were
increased significantly and this increment were more pronounced in the top soil (0- 20
cm) than the subsurface soil depth (20- 40 cm) for all treatments. Compost aids to
improve porosity of the clay soil, making it drain easier so that it does not stay water
logged and does not dry out into a bricklike substance. These results agreed with
Ondrasek and Rengel (2021) who said that the porosity and hydraulic conductivity
were improved by adding organic amendments in saline soil.

Regarding to the soil hydraulic conductivity, results in Table 5 indicated that
compost and biochar treatments increased significantly HC in soil layers after both
growing seasons compared to ck. The results showed that, compost treatment is
superior to biochar one in promoting soil hydraulic conductivity, especially at the 2™
season. Also, the HC values were higher in the surface soil layer than the subsurface
one of both seasons. Meanwhile, no obvious different between HC values in 20- 40
cm soil depth at BC treatment of both seasons. Hydraulic conductivity before
treatments application was 0.45 cm/h meanwhile, after applied of compost and
biochar treatments in 0-20 cm soil depth were 0.73 and 0.61 cm/h at the 1% season,
respectively over to ck. The improvement of hydraulic conductivity after applied of
biochar can be explained to the rise in soil aggregate stability, which directly assisted




in increasing the soil porosity thereby enhancing soil HC. Similar results were
obtained by Baghbani-Arani et al. (2021). It could be observed from above results the
compost treatment in 0-20 cm depth especially at 2™ season seemed to be the most
effective treatment in improving the soil physical characteristics compared to other
ones.

Soil hydrophysical characteristics can be significantly impacted by climatic
changes like precipitation intensities or seasonal temperatures. These changes impact
on the soil water regime, which may lately affect the economic and environmental
development of a given area. Precipitation and solar radiation are the base sources of
moisture and energy, respectively for both biological and soil operation (Rey, 2015).

The values of soil wilting point (WP), field capacity (FC) and the calculated
available water (AW) which is considered to be the three main constant of soil
moisture were responded to applied treatments Table 6. Application of soil
amendments (compost and biochar) increased significantly FC after both growing
seasons relative to ck. Meanwhile, these amended have insignificant effect on WP and
AW contents. It was observed that the lowest values of soil moisture constants (FC,
WP and AW %) was found with ck treatment. The water content in the soil depths
before irrigation follows the rule of a gradual increase from top to bottom due to the
water evaporation from the topsoil as a result from subjecting to high temperature.
Compost treatment is superior to biochar one in promoting soil moisture constants
especially at the 2" season. For instance, in 0- 20 cm layer of soil, the increment
percentage of (FC, WP and AW %) being 9.03, 9.97 and 7.90 % and being 3.38, 3.11
and 3.69 % in 20-40 cm layer of soil at the 2™ season, respectively due to application
of C treatment after harvesting wheat plots relative to untreated plots. However, the
soil moisture constants under C treatment in the 2™ season were obviously greater
than that in 1% season. This mean that increased capacity for water retention as a result
of used organic matter is a clear indication of its positive effect on modifying porosity
and physical conditions of soil. Similar results were obtained by Li et al. (2021). The
possible explanation of improved water retention in the

Table 6: Effect of compost and biochar on soil moisture constants during the two seasons after wheat harvest

1% season
Treatments FC% WP % AW %
0-20cm 20-40cm 0-20 20-40 0-20 20-40
Control 38.47b 39.17b 21.15b 21.50a 17.32a 17.67a
Compost 42.56a 41.46a 23.39 22.38a 19.16a 19.08a
Biochar 41.40a 40.46a 22.28ab 21.83a 19.11a 18.63a
LSD at 0.05 1.32 1.24 1.19 - - -
F. test *x *x *x Ns Ns Ns
2" season
Control 40.76b 41.43a 22.16b 22.49a 18.60a 18.94a
Compost 4444 42.83a 24.37a 23.19a 20.07a 19.64a
Biochar 43.26a 42.15a 23.51ab 22.91a 19.75a 19.24a
LSD at 0.05 1.77 - - - - -
F. test *x Ns Ns Ns Ns Ns




FC= field capacity, WP= wilting point and AW= available water.

biochar treated soil involves water that is held in the biochar pores and between its
particles because of capillary forces and/or water attraction of the exterior surface of
biochar. These results are in consistent with Sun and Lu (2014) who showed that
biochar improved water retention and pore space characteristics of clayey soil and that
biochar may be considered as a soil amendment to improve poor physical
characteristic of clayey soil. Biochar can be applied to ameliorate climate change by
gathering carbon for atmosphere, or to enhance soil fertility by improving nutrient
retention and moisture holding capacity (Yang et al., 2018).

3.2. Soil chemical properties
3.2.1. Soil pH:

Data in Fig. 1 revealed that values of soil pH in both soil depths (0-20 and 20-
40 cm) were significantly decreased; because of the good effectiveness of compost
and biochar application. This reduction was more obvious at compost treatment than
biochar one after two seasons compared to ck. The slight decrease of values of soil pH
may reflect the activity of microorganisms in decomposing OM and releasing organic
acids. Values of soil pH were not affected with SA, Ksi and SW extract during two
seasons as compared to control. Additionally, data in Fig. 1 showed that no obvious
different between values of soil pH in both depths because of the interaction between
soil amendments and foliar application. These results agreed with Cheng et al. (2008),
who found that pH decreased with biochar application in alkaline soils. The reduction
in soil pH might be due to release the protons (H") from the exchange sites of biochar,
and due to the proliferation of acid producing soil microorganisms. It is also likely
that the production of organic acids during the decomposition of OM present in soil
and biochar might have also contributed for the reduction in soil pH.
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Fig (1): Effect of compost (C), biochar (BC), salicylic acid (SA), potassium silicate (Ksi), seaweed extract (SW)
and their interaction on soil pH compared to control during the two growing seasons after wheat harvest

3.2.2. Soil Electrical conductivity (EC):

Electrical conductivity of two studied soil layers (0- 20 and 20- 40 cm) as
affected by different treatments was presented in Fig.2. Applied of biochar alone or as
duality treatment with plant spraying decreased significantly EC of soil due to biochar
while, applied of compost one increased significantly the same character from two
seasons as compared to control. It can be noticed that, soil EC values can be
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Fig (2): Effect of compost (C), biochar (BC), salicylic acid (SA), potassium silicate (Ksi), seaweed extract (SW)
and their interaction on soil electrical conductivity (EC dS/m) compared to control during the two growing
seasons after wheat harvest

arranged according to soil depths as the following order: the top soil (0- 20 cm) <
subsurface soil depth (20- 40 cm). This means that integration of composts into soil
raise the salt content as well as soil electrical conductivity, because of the high
salinity of composts (Gallardo-Lara and Nogales, 1987). The incorporation of
compost to the soil led to slightly increase in EC values compared with control.



Although compost treatment rose the EC of soil but the actual values did not cross the
critical limit of 4.0 dSm™. Similar results were in agreement with those obtained by
Mahmoud et al. (2022). On contrast, Yao et al. (2022) demonstrated that the salinity
amelioration is due to the rise water diffusion rate caused by the biochar addition. Sun
et al. (2016) investigated that the applied of biochar decreased soil salinity by Na®
removal with leaching or adsorption, which might be the reason for the raise in soil
depths of EC. Also, the data revealed that SA, Ksi and SW extract treatments singly
had no effect on the soil EC (Fig.2). For instance, in 0- 20 cm soil depth, the
increment percentage of soil EC being 16% a result of application of C treatment
meanwhile, the decrement percentage of the same character being 12 % of BC
treatment at 2" season compared to ck.

3.2.3. Soil organic matter:

Organic matter plays a significant function in soil, because of its higher CEC
and water holding capacity as well as its chelation ability and influence on soil
stability. It is considered as a good resource of available nutrients. It promotes soil
structure, aeration and aggregation (Brevik, 2013). Data in Fig. 3 showed a
remarkable increase in the OM (0-20 and 20-40 cm soil depths) by applying soil
amendments of two seasons compared to ck. But, compost was more effective in
enhancing soil OM than biochar. Also, it was more pronounced in the top soil (0- 20
cm) than the subsurface one (20- 40 cm). These results are in consistent with those
obtained by Li et al. (2021). Lutzow et al. (2006) indicated that the environmental
conditions in the subsurface soil are different
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Fig (3): Effect of compost (C), biochar (BC), salicylic acid (SA), potassium silicate (Ksi), seaweed extract (SW)
and their interaction on soil organic matter (OM%) compared to control during the two growing seasons
after wheat harvest



from those in the topsoil. For instance, in the subsoil, the temperature change is little
and the nutrient availability is low, which might led to reduce in OM mineralization
associated with a potential increase in OM accumulation in the subsoil. Organic
fertilizer use has gained a great attention as a means to improve crop nutrients and
fertility of soil. Organic fertilizers have a main function in improving the quantity of
OM in the root zone (Singh et al., 2016). Meanwhile, the data investigated that SA,
Ksi and SW extract as a plant spraying alone had no obvious impact on the values of
soil OM in both layers compared to control (Fig.3). Significant increments in the
organic matter by applying all treatments (soil amendments + foliar application). For
instance, in 0- 20 cm depth, the increments of soil OM were 26.12, 25.37 and 26.87 %
for the C + SA, C + Ksi and C + SW treatments at 1% season, respectively and 11.94
% for the BC + SA treatment at the same layer. Moradi et al. (2019) condensed the
boosting of SOC by biochar application because of the reality that biochar is carbon-
rich organic matter. Jiang et al. (2020) observed that there are two forms of C in
biochar, the labile form which is very degradable and release CO,, and condensed C
which is resistant to degradation, and Lu et al. (2014) announced that around 70% of
labile C contributed to CO, emissions from biochar.

3.2.4. Soil cation exchange capacity (CEC):

The cation exchange capacity is a very important soil property which
determines nutrients adsorption/desorption and thus their availability in soil (Caravaca
et al., 1999). The applied of C and BC singly or alternative treatments with plant
spraying increased significantly CEC in 0-20 cm depth of both seasons due to soil
amendments Fig. 4. Meanwhile, the results investigated that SA, Ksi and SW extract
as a plant spraying alone had no effect on the CEC values at the same soil depth
compared to control. Cation exchange capacity was increased with applied of C and
BC treatments by 21.78 and 18.62 % in 0 - 20 cm soil depth at 1% season, respectively
compared to ck. Biochar is a substance rich in carbon, has large specific surface area,
rich functional groups and a porous porosity (Blanco-Canqui, 2017), thus increases
soil cation exchange capacity. This result agreed with Ali (2018) who observed that
CEC of soil was increased with biochar addition. A shift to humid climate conditions
may drastically convert the surface chemical characteristics existing in drier soils, as
weathering exhausts primary minerals, which could be further lost due to leaching,
and causing a substantial alternation in surface chemistry. Lavee et al. (1998)
demonstrated that relatively small variation in climate may push many Mediterranean
areas into a lot of arid, featuring a higher in SAR and a lower in OM content, stability
and aggregate size. A lower content of OM in the soil means smaller available
surfaces for adsorption and leads to reduce in CEC.
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Fig (4): Effect of compost (C ), biochar (BC), salicylic acid (SA), potassium silicate (Ksi), seaweed extract (SW)
and their interaction on cation exchange capacity (CEC Cmole kg™) compared to control during the two
growing seasons after wheat harvest

3.3. Soil available nutrients content:

Data investigated that soil amendments increased significantly soil available N
content after two seasons compared to untreated plots (Fig. 5). The compost treatment
was more efficient in enhancing soil available N content than biochar one. These
increments were more pronounced in the top soil than the subsurface one; because of
the compost might have produced more residual nitrogen in soil during mineralization
process than those in biochar treatment. Remarkable amount of nitrogen is available
for plant because of OM and proper moisture in soil (Zupanc and Zupanc,
2010).When CO; enrichment increases the soil C:N ratio, decomposing organisms
need more N, which can reduce N mineralization in soil (Reich et al., 2006).
Mineralization is a base step in supplying N to plants (Mullen, 2011). Therefore, if N
mineralization is reduced, it would be expected that plant-available N levels in the soil
would also be reduced and productivity of plant would be negatively affected, but that
increased temperatures stimulate N availability in the soil leading to more terrestrial C
uptake than would be expected (Hungate et al., 2003). The data observed that SA, Ksi
and SW extract as plant spraying alone had no effect on available N content in the two
soil depths during two seasons compared to control. Remarkable increment in content
of available N in soil was observed with application of all the tested materials. For
instance, in 0- 20 cm layers soil, the increment percentage of available N content and
pretreated with C + SA and C + SW treatments were 68.07 and 68.35%, respectively
at the 2" season. Available nitrogen content rose with BC application at 0- 20 cm
depth by 29.19% in 1% season. As well N content rose with BC by 25.36% in 20- 40
cm depth at the same season over to ck. These results are agreed with Barnes et al.
(2014) who found that applying of biochar significantly increased nitrogen
concentration. This increment is due to biochar capability to adsorb ammonia and
nitrate (Saleh et al., 2012), and reducing nitrate leaching and improve nitrogen
fertilizer use efficiency (Spokas et al., 2012). Nigussie et al. (2012) also found that
nitrogen significantly increase by applying biochar at different rate of 5 and 10 t ha™.



Concerning the soil available phosphorus content, the impact of soil
amendments applied either separately or as duality treatment with plant spraying on P
content in soil depths were recorded in Fig. 6. A remarkable increment was detected
in phosphorus content of two soil depths due to application of compost and biochar
treatments of both seasons compared to ck. But the biochar treatment was more
effective than compost one in promoting soil available phosphorus content. Yuan et
al. (2011) reported that biochar might be carried a large amounts of negative charges
on its surfaces, whereas for phosphorus concentration, Zhang et al. (2022) confirmed
that biochar contains considerable levels of phosphorus, which increases the total and
available phosphorus in the soil. Also, Liu et al. (2017) showed that biochar could
promote the amount and division of solubilizing bacteria in soil, resulting in the
liberation of abundant N, P and K levels. It was noticed that the lowest value of soil
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Fig (5): Effect of compost ( C ), biochar (BC), salicylic acid (SA), potassium silicate (Ksi), seaweed extract (SW)
and their interaction on soil available nitrogen content (mg/kg) compared to control during the two growing
seasons after wheat harvest
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and their interaction on soil available phosphorus content (mg/kg) compared to control during the two growing
seasons after wheat harvest
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phosphorus content was obtained by control treatment. Also, no obvious different
between soil available phosphorus values in application of the foliar treatments alone
compared to T Fig. 6. These results are in the same line as these reported by
Mahmoud et al. (2022). For instance, in 0- 20 cm layers of soil, the increment
percentage of available P content was 35.25 and 34.53% as a result of applied of BC
+ Ksi treatment at the 1% and 2™ seasons, respectively compared to control.

It is clearly observed from Fig. 7 that the soil available potassium content in
two depths was increased significantly by applying soil amendments either alone or
alternative treatments with plant spraying of both seasons compared to control. This
increment was because of C and BC, which have high K content. Data illustrated that
compost treatment was better than biochar one in increasing soil K content after two
seasons. This increment was more obvious in the top soil (0- 20 cm) than in the
subsurface one (20- 40 cm). It might be observed that application of foliar treatments
separately had no effect on available K content. The applied of OM to the soil led to
increase of the bioavailability of elements (Germida and Siciliano, 2000). The
organically rich substances which breakdown during passage through the gun,
biological grinding, together with enzymatic influence on finer soil particles, were
likely responsible for enhancing the different forms of potassium (Rao et al., 1996).
The increase of soil OM resulted in decrease potassium fixation and subsequent
increase potassium availability (Olk and Cassman, 1993). Verma et al. (2005)
reported that prolonged use of mineral fertilizers, manure, compost and other
ameliorants increases the potassium content in the soil. Because of high amount of
potassium in organic amendments that increases CEC, the potassium amount rises in
soil. Additionally, Silber et al. (2010) observed that the fast degradation of biochar
and the phenomenon of proton consumption may be implicated in mineral nutrients
being liberation from the organic amendment.

3.4. Yield and its Components:

Heat stress has a negative effect on the plants yield, because of the adverse
impact of high temperature on wheat Biological yield development as translocation of
assimilate; duration and the grain filling rates. It hastens the crop development thus
resulting in smaller and shrinkage and light weight kernels and adversely affects the
yield (Hasanuzzaman et al., 2014). It led to decline in photosynthesis rate, and in
return cause decreased grain yield per plant and reduce thousand kernel weight (Babar
et al., 2014).

Table 7 show the impact amendments of soil (compost, biochar), foliar
applications treatments, and their interactions on Biological, grain and straw yields,

Mg ha™) in both two successful winter seasons (2020 and 2021) respectively.



Regarding the impact of soil amendments as (compost) treatment was the
superior treatment compared to others then the biochar treatment and lately controls
treatment (without any organic material addition). Both seasons showed this trend.
Treatment of compost had given the best values from biological, grain and straw
yields Mg ha* (15.35, 6.04 and 9.28) and (13.68, 5.82 and 7.84) in 1% and 2" seasons,
respectively compared to control.

The superiority of the compost treatment under two growing seasons may be
explained to it being a high action exchangeable capacity, a rich source of nutrient
elements in addition, its ability in promoting soil chemical, and biological
characteristics and providing the energy of micro flora and supply nutrients compared
to a biochar that has a CEC lower than compost and compared with soil treatment
which without organic material addition.

All foliar treatments resisted a change heat and increased wheat yield
compared to control treatments (water spray). Treatment of potassium silicate was
superior rather than other material such as Salicylic acids and seaweeds as antioxidant
treatments. Also, these results were found in both seasons. Potassium silicate's
superiority compared to other studied foliar under both seasons is attributed to the role
of Salicylic acid (SA), Potassium silicate K;SiO3 and seaweed (SW).

Table 7. Effect of some soil amendments, antioxidant foliar applications, and their
interactions on biological, grain and straw yield Mg.h™ during the winter
seasons of 2020/2021



Biological yield, Grain yield, Straw yield,
Mg.h* Mg.h? Mg.h*
Treatments
1st 2nd 1st 2nd 1st 2nd
A- Soil amendments :
Ck 11.82¢ 11.31c 4.84c 4.64c 6.97 c 6.67c
C 15.35a 13.68a 6.04 a 5.82a 9.28 a 7.84a
BC 13.41b 12.51b 5.39b 5.22b 8.02b 7.29b
L.S.D 0.05 0.1270 0.1353 0.0646 0.06281 0.0765 0.0540
F. test ** ** ** ** ** **
B- Antioxidant foliar applications:
T 12.21d 11.58d 4.09d 4.77d 7.23d 6.81d
SA 13.38¢c 12.28c 5.36¢ 5.12¢ 8.01c 7.14c
Ksi 14.64b 13.26a 5.81a 5.59a 8.82a 7.66a
SW 13.88a 12.88b 5.58b 5.42b 8.29b 7.45b
L.S.D 0.05 0.0978 0.1484 0.0446 0.06696 0.0638 0.0986
F. test ** ** ** ** ** **
C- Interactions between soil amendments and antioxidants :
Ck 10.60 j 10.23i 4.30i 4.10i 6.29 k 6.12h
o SA 11.87i 11.23h 4.92h 4.61h 6.95i 6.62¢
O Ksi 12.58 ¢ 12.16e 515f 5.05e 7.43¢g 7.11e
SW 12.22h 11.62g 5019 4.80g 7.21h 6.82f
T 14.32d 12.80d 5.61le 5.37d 8.63d 7.42d
SA 14.87c 13.67b 5.96 ¢ 5.80b 8.88 ¢c 7.81b
@) Ksi 16.89 a 14.52a 6.55 a 6.24a 10.34a 8.27a
SW 15.34b 13.73b 6.07b 5.88b 9.27b 7.85b
T 11.72i 11.72fg 4.94gh 4.84fg 6.78 ] 6.88f
SA 13.41f 11.94ef 520f 4.95¢f 8.21f 6.98ef
8 Ksi 14.45d 13.10c 5.75d 5.50c 8.70d 7.60c
SwW 14.08e 13.28¢ 5.67 e 5.58¢c 84le 7.70bc
L.S.D 0.05 0.1694 0.2571 0.0773 0.1256 0.1105 0.1709
F. test ** ** ** ** ** **
ck: control (without soil amendements).  C: compost. BC= biochar.

T: control (with water spray).

SA: salicylic acids.

Ksi: potassium silicate.

SW: seaweeds

Generally, the interaction among the studied treatments was significant under

both studied seasons, but the aforementioned values traits under addition compost

with foliar all antioxidant materials especially, potassium silicate were greater than
that under another treatment (16.89 & 14.52) from biological yield Mg ha' , with
parallel increment (34.26 and 19.40%), ( 6.55 & 6.24) from grain yield Mg ha™ with
parallel increment (27.18 and 23.56%) and (10.34 &8.27) from straw yield Mg ha™

with parallel increment (39.16 and 16.31%) comparison to control in two seasons

respectively. Also, in a similar table the treatment of (compost + seaweed) had given a

second better result in contrast, biochar addition to soil with foliar treatment had given

also a good results especially (BC + Ksi) treatment with percentage (14.84 and



7.73%), (14.77 and 8.91%) and (17.09 and 6.89%) from biological, grain and straw
yield in two seasons, respectively compared to control.

Data from Table 8 indicated that all the tested treatments significantly
affected agronomic traits of harvest index%, yield efficiency% and 1000 grain weight
(9) in a similar table data demonstrated that compost treatment possessed the highest
values of the aforementioned characteristics under both studied (41.45 and 42.54),
(69.49 and 74.21) and (51.40 and 51.03), while all parameters without any organic
addition to soil (control treatment) obtained the lowest values of all aforementioned
characteristics (40.62 and 41.01), (65.21 and 69.54) and (43.16 and 42.53) for harvest
index%, yield efficiency% and 1000 grain weight (g) compared to control.

Regarding foliar applications, Ksi had the first order and SW put in the second
order, but SA put in the third order while the control treatment (spray with water) let
in the last order. This trend was observed in both seasons.

Generally, the interaction among the studied treatments was significant under
both studied seasons, but the aforementioned traits values under addition compost
with foliar all antioxidant materials especially, potassium silicate were higher than
another treatment for harvest index%, yield efficiency% and 1000 grain weight over
the control treatment in both seasons respectively. Also, in the same Table the
treatment of (C + SW) had given a second better result. Furthermore, biochar
supplement to soil with plant spraying treatments have given also a good results
especially (BC +Ksi) treatment which the second order had given with (BC +SW) in
both seasons, respectively compared to control.

As mentioned above the vital role of plant spraying (SA, Ksi and SW) on
wheat yield. The obtained findings are in harmony with the results of Kizilgeci et al.
(2021) and Maghsoudi et al. (2019) who demonstrated that wheat takes a vital status
between cereals around the world and shares a significant part of biological yield.
Silicon also can enhance the anti-oxidative defense mechanisms thus; evade
deterioration from produced of ROS by diverse abiotic stresses.

Table 8. Effect of some soil amendments, antioxidant foliar applications, and
their interactions on harvest index %o, yield efficiency% and 1000 grain

weight (g) during the winter seasons of 2020/2021

Harvest index Yield efficiency 1000 Grain weight
Treatments o) (%) (9)




1St 2nd lSt 2nd lSt 2nd

A- Soil amendments:

Ck 39.39¢ 41.01c 65.21 ¢ 69.54¢c 43.16¢ 42.53c
C 40.99a 42.54a 69.49a 74.21a 51.40a 51.03a
BC 40.24b 41.7b 67.41b 71.54b 46.59b 46.20b
L.S.D 0.05 0.3902 0.2610 0.8185 0.7421 0.0989 0.0830
F. test ** ** *% *%* ** *%*

B- Foliar Antioxidants Treatments:

T 39.82¢ 41.14c 66.21c 69.94c 43.78d 43.33d
SA 40.10b 41.65b 67.06 b 71.59b 46.65¢ 46.08c
Ksi 40.65a 42.16a 68.78 a 72.91a 49.65a 49.24a
sSwW 40.27b 42.05a 67.44b 72.62a 48.13b 47.70b
L.S.D 0.05 0.2516 0.3339 0.6417 0.8841 0.0709 0.0511
F. test ** *%* ** *%* ** *%*

C- Interactions between Soil amendments and antioxidants:
T 38.76k 40.14e 63.301 67.08l 40.29k 39.801
SA 38.77j 41.06d 63.32k 69.68k 43.52) 42.28k

S Ksi 39.77g 41.50cd 67.069 70.95¢ 44.62h 44.20h
SW 39.55h 41.33d 65.45i 70.47i 44.20i 43.84i
T 40.26e 41.99bc 68.43e 72.40e 47.02f 46.46f
SA 40.62d 42.41ab 69.45¢c 74.19c 51.28¢c 51.1c
O Ksi 42.16a 42.99 72.90a 75.42a 54.92a 54.50a
SW 41.45b 42.79a 70.81b 74.83b 52.39b 52.06b
T 39.16i 41.29d 65.00j 70.34j 44.03i 43.73
O SA 40.08f 41.48cd 66.03h 70.90h 45.15g 44.85g
m Ksi 40.98¢ 41.98bc 69.276 72.55d 49.41d 49.02d
SW 40.92c 42.04bc 67.41f 72.37f 47.79 47.22¢
L.S.D 0.05 0.5601 0.5784 1.1114 15313 0.1979 0.0885
F. test ** *%* ** *%* ** *%*

ck: control (without soil amendements).  C: compost. BC= biochar.

T: control (with water spray).  SA: salicylic acids.  Ksi: potassium silicate. SW: seaweeds.

Data investigated that result in the 2" season superior than first seasons. This
may be due to change in temperature and rainfall rate between the two seasons which
decrease water absorption and photosynthesis activity. These results agree with
Sharma et al. (2020a); Sattar et al. (2019) who demonstrated that photosynthesis
activity is reduced firstly by closing of stomata, membrane damage and altered
functioning of various enzymes, particularly those which are accomplice with ATP
synthesis. Silicon can promote anti-oxidative in both enzymatic and non-enzymatic
defense mechanisms thus, evade deterioration from ROS produced by diverse abiotic
stresses. Furthermore, Ksi are considered as a protecting to production especially
under difficult conditions (Salem et al., 2022). Wheat plants providing with potassium
silicate is considered as an essential action, especially under severe water deficiency,
to increase the resistance of plants with lowering production losses (Mubarak et al.
2016).



Previous studies on potassium silicate in agriculture have mostly been in
terms of salt and alkali resistance and plant spraying (Packirisamy et al., 2019). When
the silicon concentration in tissues of plant is increased, plants resistance to a range of
biological and stresses can be improved. When sprayed with potassium silicate, the
leaves could not be utilized and absorbed by plant tissues as effectively (DoGramaci
et al., 2013). The growth and yield of wheat, maize and rice could be improved by
spraying Si on the leaves (Puppe, 2018). Previous studies have investigated that Si

application can reduce heat, drought damage to crops and increase yields (Ghouri et

‘ Treatments \ Carbohydrates, % ‘ Protein, % ‘
al., 2021).

Also, seaweed could be employed as bio-fertilizers supporting wheat growth.

Seed priming allows seeds to function better in both stressful and normal situations.
Seed priming boosts pre-germination metabolic activities, boosts antioxidant system
activity, and speeds up membrane mending except for 20 and 30% C. officinalis,
seaweed extracts reduced alkaloid accumulation in wheat seedlings. To be facing the
environmental stress, plants have incubated metabolic modification. In addition to
their protective activities versus biotic and abiotic stress, alkaloids serve as nitrogen
reservoirs (Bhambhani et al., 2021).

Through morphological, physiological, and other mechanisms, SA considered
as plant hormone plays a significant part in the induction of a plant's defense versus a
diverse of abiotic and biotic stress (Kousar et al., 2018).

3.5. Protein and carbohydrate:

Generally, data in Table 9 show the values of wheat grain quality
(carbohydrates % and protein %) in both seasons as affected by compost treatment.
The data observed that treatment of compost have a significant impact on protein%
and carbohydrates % of wheat grain.

The same Table's data shows that wheat grain quality (carbohydrate and
protein content) had the highest values when potassium silicate was sprayed under
both seasons followed by that grown with (salicylic acid and seaweed) treatments,
compared with

Table 9. Effect of soil amendments, antioxidant foliar applications
and their interactions on grain wheat quality (Carbohydrates, % and
Protein, %) during the winter seasons of 2020/2021



| lSt | 2nd | lSt | 2nd
A- Soil amendments

ck 51.24c 49.32c 8.70 c 8..07a
C 68.99a 67.31a 12.82 a 12.36¢
BC 65.36b 63.45b 11.62b 11.10b
L.S.D 0.05 1.1651 0.4235 0.2065 0.3409
F. teSt *%* ** ** **

B- Foliar Antioxidants Treatments

T 56.32d 54.01d 10.04 d 9.53d
SA 61.74c 59.48¢ 12.12 ¢ 11.06¢
Ksi 65.33a 63.94a 13.61a 12.72a
SwW 64.06b 62.67b 13.01b 12.44b
L.S.D 0.05 0.92011 0.62170 0.1607 0.1718
F. test ** ** ** **
C- Interactions between soil amendments and antioxidants.
T 44.72i 43.26i 6.51 ] 5.96k
o SA 50.31h 48.45h 8.66 i 8.07]
o Ksi 56.23f 54.69f 10.15¢ 9.36h
SW 53.72g 50.87g 9.50 h 8.89i
T 62.77d 60.65d 11.61e 11.09f
SA 69.51b 66.81b 12.13d 11.67e
© Ksi 71.93a 70.45a 12.99 a 12.65a
SW 71.77a 71.32a 12.53b 12.36b
T 61.48e 58.11e 10.23 g 9.90g
O SA 65.42¢c 63.18¢c 10.98 f 10.43f
m Ksi 67.82b 66.69b 13.06 d 12.25d
SW 66.71b 65.81b 12.20 e 11.82¢
L.S.D 0.05 1.5936 1.0768 0.2784 0.2975
F. test ** ** ** **

ck: control (without soil amendements).  C: compost. BC= biochar.

T: control (with water spray).  SA: salicylic acids.  Ksi: potassium silicate. SW: seaweeds.

control treatment. Treatment of Ksi had given the best values (68.99 and
67.31%) for carbohydrates and (12.82% and 12.36%) for protein% in both seasons
respectively.

Similar Table, concerning the interaction effect, the highest values of the
aforementioned traits under both seasons were realized with treatments of (C + Ksi)
and (C + SW) (71.93% and 70.45%) and (71.77% and 71.32%) for carbohydrate in 1%



and 2" seasons and (12.99 and 12.65%) and (12.53% and 12.36%) for protein% in 1%
and 2" seasons, respectively.

These results may be due to the effect of potassium silicate on stressed wheat.
Therefore, spraying potassium silicate on wheat plants is recognized as a key step for
keeping the production, especially in challenging environmental conditions.
Potassium may help in maintaining a normal balance between carbohydrates and
proteins. It is a major nutrient for photosynthesis and the transport of assimilates
(Salem et al., 2022).

Also, Seaweed plays a great role in tolerance stress such as heat. Amino acids,
phytohormones, alginates, carbohydrates, essential macro- and micronutrients,
betaines and vitamins are among the physiologically active compounds present in
seaweed extracts that promote plant growth of wheat and its development which
protects the plant from the detrimental effects of ROS generated during cellular
metabolism. Also, as a nitrogen reserve, alkaloids may be diverted into other
metabolic pathways to create structural nitrogenous molecules, such proteins, and
amino acids, because plants can dispense the protective role of alkaloids in this
situation. The capacity and efficiency of the photosynthetic process, in addition
nutrient availability and absorption, have improved, resulting in enhanced

carbohydrate production (Mahmoud et al., 2019).

Also, these results agree with Kousar et al. (2018) who observed that SA
improved the physiological characteristics and wheat yield through conferring
tolerance against temperature stress. The high protein content could be explained to
the synthesis of defensive enzymes and other protein established compounds by plants
after treatment with SA to raise plants in restraint to diverse stresses. Least protein

content was observed in control treatment.

3.6. Nutritional wheat grain composition (%b):

It is clear that chemical constituent (nitrogen, phosphorus and potassium %) in
grain (Table 10) were affected significantly by the studied treatments. The highest
values were obtained with compost (2.23, 0.367 and 3.055) in first season (2.15, 0.364
and 2.993) in 2" season over to biochar and control treatments.

Also, the same parameters, the grain concentration of nitrogen, phosphorus

and potassium enhanced with Ksi in both seasons, while the third treatment (SW) had



given the second superiority compared with Ksi and control (water) treatments. The
relative increased were (35.63 %, 19.77% and 21.71%) for nitrogen, phosphorus and
potassium concentration in first seasons over control treatment and so on, in 2nd
season the relative increase were (33.53%, 18.70% and 21.28%) in nitrogen,
phosphorus and potassium concentration compared with all treatments.

Data presented in the same Table reveal that compost treatment with Ksi
produced the highest percentages of N% in wheat grain ( 2.15, 2.04), P% (0.296,
0.279), K% (2.61, 2.44), Carbohydrates %( 68.21, 64.17) and protein%( 12.34, 11.71)
in 1% and 2" soil respectively compared with control treatment.

All treatments from soil amendments (compost and biochar) with foliar
applications have the highest values of N, P and K concentration in wheat grain
compared with the control treatments (without soil amendments with foliar
applications), but data observed that, treatments of (compost+ all foliar applications)
outweighed biochar amendments with the same antioxidant foliar applications. More
precisely, compost with potassium silicate and seaweed has highest values compared
with salicylic acid and control treatments.

Generally, data showed that, there is no obvious significant effect between (C
+ Ksi) and (C+ SW) in nitrogen wheat grain concentration (2.26a and 2.20a) in first
season and (2.18a and 2.15a) in second season, respectively compared with the
control treatments. Furthermore, there is a high significant impact of P and K
concentration in all treatments under compost amendments compared with control
treatment. The highest vales of grain phosphorus and potassium % with (C + Ksi)
(3.92 and 3.88%) for P% in 1% and 2" seasons respectively and (3.226 and 3.133%)

for K% in 1% and 2" seasons respectively over the control treatments



Table 10. Effect of soil amendments, antioxidant foliar applications and
their interactions on nutrient status and qualitative traits of grains
during the winter seasons of 2020/2021



Treatments N%-grain P%-grain K%-grain
1st 2nd lst 2nd lst 2nd
A- Soil amendments
Ck 151c 1.41c 0.213¢  0.210c  1.652c  1.595c
C 2.23a 2.15a 0.367a 0.364a 3.055a 2.993a
BC 2.02b 1.94b 0.299b 0.297b 2.726b  2.668b
L.S.D 0.05 0.0356 0.5991 0.00242 0.00194 0.0335 0.0214
F. test ** ** ** ** ** **
B- Foliar Antioxidants Treatments
T 1.74 d 1.67d 0.263d 0.262d 2.224d 2.175d
SA 211c 1.94c 0.288¢c  0.285c 2.395c¢c 2.323c
Ksi 2.36 a 2.23a 0.315a 0.311la 2.707a 2.638a
SwW 2.26 b 2.18b 0.307b 0.304b 2.584b 2.0038b
L.S.D 0.05 0.0280 0.0301 0.00245 0.00158 0.0199 0.0288
F. test ** ** ** ** ** **

C- Interactions between soil amendments and antioxidants.

T 1.13] 1.04k 0.1891 0.186l 1.346 ) 1.283j
~ SA 1.50i 1.41j 0210k  0.207k  1.536i 1.476i
© Ksi 1.30¢g 1.64h 0.2311i 0.228i 1.930g 1.883g

SW 165h 1.56i 0.222 ] 0.221) 1.796h  1.740h

T 2.02c 1.93c 0.333d 0.331d 2.930d 2.876d

SA 2.11b 2.03b 0.362c  0.359c  3.026b  2.943c
© Ksi 2.26 a 2.20a 0.392a 0.388a 3.226a 3.133a

SW  218a 2.15a 0.383b 0.379b 3.036b  3.020b

T 1.78¢ 1.73g 0.269h 0.270h  2.396f  2.366f
S) SA 191¢ 1.83f 0.291g 0.289g 2.623e  2.550e
@ Ksi 2.19d 2.10d 0.321e 0.317e 2.966c 2.900cd

SW  212e 2.07e 0.316f 0.312f 2.920d 2.850d

L.S.D 0.05 0.0485 0.0521 0.00425 0.0029 0.0346  0.0499

F. test *x *x

**

**%

**

spray).  SA: salicylic acids.  Ksi: potassium silicate.

SW: seaweeds.

ck:
control
(without
soil
amende
ments).
C:
compost.
BC=
biochar.
T:
control
(with

water

The superiority impact of compost treatment may be due to that it helped

wheat plants easily absorb nutrients from the soil which mixed with compost (a high

CEC), may be due to the products of the decay of organic matter which increased the

solubility of phosphorous.

Organic matter after its decomposing gives different organic acids, which

form complex substances with calcium, and this led to the liberation of significant

amounts of phosphorous. Furthermore, the decay of organic matter led to the

formation of carbon dioxide, which dissolved in water forming carbonic acid to



dissolve the tri calcium phosphate and turn into di calcium (HPO,2) or high soluble
form (H.PO,"), which is the most convenient form of the plant. Generally, the
presence of microbial media of bio-fertilizer and compost led to produces active
inorganic and organic acids, which led to a reduce values of soils pH, thus increases
in P availability occurred.

Also, Salem etal. (2022) found that, Si promotes the plant growth by
modulating the uptake and phytohormone levels and alleviating plant stress levels.
Furthermore, potassium is an essential nutrient for growth with protecting cell turgor
and regulating the water content to plant cells. Moreover, potassium supply is crucial
for controlling osmotic potential, enhancing water absorption, and preventing K*
depletion. Potassium silicate fertilization is therefore considered as a key step in
maintaining productivity, especially under difficult conditions.

Also, Gupta et al. (2021) who indicated that foliar spray with seaweed extracts
is thought to be capable of enhancing nutrient concentrations in the leaves by
integrating growth hormones in the movement and absorption of these nutrients in the
plant, in addition increasing the level of other growth activating compounds, resulting
in an enhance in plant biomass.

3.7. Nutritional composition of wheat straw:

It is clear that chemical composition of wheat straw with compost treatment
had performance better than biochar. Compost increases N%, P%, K% and protein%
in 1% and 2" season.

The same Table indicated that wheat straw performance expressed in chemical
composition (nitrogen, phosphorus and potassium %) at harvest stage (Table 11) were
significantly affected by the studied treatments, where N, P and K concentration had
the highest values with Ksi treatments compared with other treatments. The seaweed
treatment put in the second-order and salicylic treatment put in the third order, while
the control one put in the last order.

Data of Table (11) illustrate the interaction effect among the studied
treatments on chemical composition of the wheat straw at harvest stage. The superior
combined treatment was with compost as soil addition and foliar spraying by
potassium silicate. The lowest values of whole abovementioned characteristics were
realized when wheat plants were grown on soil without any amendments and without

any foliar treatments (control). These results might be attributed to compost addition



improves most soil characteristics and increase its fertility, which affect positively on

productivity of wheat plants. These results agree with Salem et al. (2022) who found

that, Si and K promote the plant growth by modulating the uptake and phytohormone

levels and alleviating plant stress levels.

Table 11. Effect of soil amendments, antioxidant foliar applications and

their interactions on nutrient status and qualitative traits of wheat straw and its

quality during the winter seasons of 2020/2021

Treatments N%-Straw P%- Straw K%- Straw Qual_lty
Protein%
151 | 2nd 151 ‘ 2nd 151 | 2nd 151 | 2nd
A- Soil amendments
ck 0.34c 0.29c 0.071c | 0.0625c | 1.290c 1.302c 1.95¢ 1.65¢
C 0.54a 0.50a 0.092a | 0.0907a | 1.530a 1.550a 3.09a 2.87a
BC 0.45b 0.41b 0.082b 0.080b 1426 b 1.450b 2.52b 2.31b
L.S.D 0.05 0.00925 1.3168 2.2614 1.1754 | 0.01034 7.7146 0.00388 | 0.00597
F. test *%* ** *%* *%* *%* *%* *%* *%*
B- Foliar Antioxidants Treatments
T 0.39d 0.34d 0.075d 0,071d 1.337d 1.366d 2.22d 1.96d
SA 0.43c 0.39¢ 0.081c 0.075¢ 1.392¢c 1.413c 2.43c 2.22c
Ksi 0.49% 0.44a 0.087a 0.084a 1.490a 1.510a 2.81a 2.55a
SW 0.46b 0.41b 0.084b 0.080b 1.443b 1.453b 2.62b 2.38b
L.S.D 0.05 0.00330 | 8.2784 1.7917 1.3956 | 0.01039 2.0336 0.00320 | 0.00285
F. test *%* ** *%* ** ** *%* *%* *%*
C- Interactions between soil amendments and antioxidants.

T 0.28k 0.23k 0.0611 0.0531 1.233j 1.25j 1.65k 1.31k
~ SA 0.32j 0.28j 0.070k 0.058k 1.256i 1.27i 1.82j 1.60j
© Ksi 0.40h 0.34h 0.079i 0.071i 1.356¢g 1.369 2.289 1.94h

SW 0.36i 0.31i 0.075j 0.068j 1.313h 1.33h 2.05i 1.77i

T 0.49d 0.44d 0.086d 0.086d 1.416f 1.44e 2.80d 2.51d

SA 0.53c 0.49c 0.091c 0.089c 1.506¢ 1.51c 3.02c 2.79c
© Ksi 0.59% 0.56a 0.098a 0.096a 1.630a 1.66a 3.36a 3.19a

SW 0.56b 0.52b 0.094b 0.092b 1.570b 1.59b 3.19b 2.96b

T 0.40g 0.369 0.077h 0.075h 1.363g 1.41f 2.22h 2.059
o SA 0.43f 0.40f 0.081g 0.079g 1.413f 1.46d 2.45f 2.28f
m Ksi 0.49d 0.44d 0.086e 0.085¢e 1.483d 1.51c 2.79d 2.51d

SW 0.46e 0.42e 0.083f 0.081f 1.446e 1.44e 2.62e 2.40e

L.S.D 0.05 0.00571 | 2.6337 3.1033 2.4173 | 0.02069 2.4173 0.00555 | 0.00495
F. test *%* ** *%* *%* *%* *%* *%* *%*
ck: control (without soil amendements).  C: compost. BC= biochar.

T: control (with water spray).

SA: salicylic acids.

Ksi: potassium silicate.

SW: seaweeds.

Moreover, potassium supply plays an essential role in enhancing water uptake ability,

organizing osmotic potential, and avoiding K* depletion. Therefore, providing wheat

plants with potassium silicate are considered as an important action for maintain of

production especially under hard status.




3.8. N, P and K uptake of wheat grains (kg ha™):

Owing to Higher heat, caused reduction in leaf pigments and soluble sugars,
hence dry matter accumulation and nutrient uptake decreased ( EI-Metwally et al.,
2022).

Table 12 showed that, the difference between compost and biochare additions
to soil before sowing on (Nitrogen, phosphorus and potassium uptake) were
significant. The control treatment have been the lowest mean of nitrogen uptake
while, compost addition gave the highest average of this parameters. Also,
recommended dose from mineral nitrogen was gave the highest values of both
seasons.

Furthermore, data in Table 12 demonstrated that, N, P, K uptake raised with
treatment of potassium silicate in both seasons. Seaweed had given the second
superiority compared with salicylic acid and control treatments for nitrogen,
phosphorus and potassium uptake in 1% and 2" seasons, respectively compared to
control.

Data in Table 12 present the interaction effects between soil amendments and
foliar spray applications on nitrogen, phosphorus and potassium uptake kg ha™. Data
show that a marked effect was detected, where the control treatment had the lowest
values, while compost with potassium silicate gave the highest values of nitrogen,
phosphorus and potassium uptake (190.66 and 183.59), (35.80 and 32.14) and (379.84
and 332.77) of N, P and K-uptake in 1% and 2" seasons respectively compared the
control treatment.

These findings may be attributed to the presence of growth-promoting
materials such as indole-3-acetic acid, indole butyric acid, gibberellins, cytokines,
micronutrients (Fe, Cu, Co, Zn, Mn, Mo, and Ni), vitamins, and amino acids in sea
weeds. It might be owing to high levels of minerals like Fe, Zn, Cd, Cu, and Mn.
These minerals have an effect on specific enzymatic processes and immediately
depolarize the root cell membrane, increasing membrane permeability and impeding
plant uptake of nutrients. As a result, cell division is reduced and it is unable to
provide among of the nutrients a plant needs in sufficient concentrations (Kocira et
al., 2019). Also, these results might be attributed to, Potassium which is essential in
nearly all processes needed to sustain plant growth and reproduction. Plants deficient
in potassium are less resistant to stresses as high and low temperatures (Singh and

Singh, 2020). This due to that potassium enhances the overall health of plants growth



and assists them fight against disease, it is known as the "quality” nutrient. Potassium
affects quality factors such as shape, size, vigor and color of the seed or grain.
Potassium plays an essential role of carbohydrates in the tissue of plant. It's shared
with activation of enzyme (Hasanuzzaman et al., 2020) within the plant, which affects
protein, starch and adenosine triphosphate (ATP) production (Sahi et al., 2021). The
production of ATP can organize the rate of photosynthesis (Siddiqui et al., 2021).
Enhance drought tolerance and improves root growth, decreases lodging and builds
cellulose, activates at least 60 enzymes shared in growth, aids in photosynthesis and
food formation, helps translocate sugars and starches, produces grains rich in starch,
increases protein content of plants. nutrient translocation (Xu et al., 2020), energy
transfer (Sardans and Pefiuelas, 2021), stomatal opening mechanism (Anokye et
al., 2021), and stress resistance, i.e., heat (Singh and Singh, 2020).

Potassium is known to interact with nearly all of the important macro and
micronutrients. Potassium uptake and utilization is closely associated to the
availability and uptake of other nutrients. Abd EI-Mageed et al. (2023) said that the
used potassium fertilized at 120 kg ha™ in two equal split doses at the sowing and

flowering stages, enhanced quality and yield of wheat.



Table 12. Effect of soil amendments, antioxidant foliar applications and their interactions on

nutrient uptakes of wheat plants (grains+ straw) kg/ha during the winter seasons of 2020/2021.

Treatments N-uptake(kgha) P-uptake(kgha™) K-uptake(kgha)
lSt 2nd lSt 2nd lSt 2nd
A- Soil amendments
Ck 96.77c 84.76¢ 15.42¢ 13.90c 169.86¢ 160.84c
C 184.80a 164.33a 30.69a 28.29a 326.50a 295.71a
BC 144.96b  131.14b 22.68b 21.33b 261.29b 244.96b
L.S.D 0.05 2.6170 4.0780 0.3684 0.2429 1.7818 1.0563

B- Antioxidant foliar treatments

T 99.35d 102.80d 16.17d 17.32d  187.762d  196.76d
SA 140.32¢  127.16¢ 20.85c 19.94c  239.86c  216.81c
Ksi 180.32a  158.35a 25.97a 23.8la 288.685a 263.127a
SW 164.23b  148.69b 24.09b 22.43b  263.80b  219.81b
L.S.D 0.05 1.8411 1.7877 0.2082 0.2697 1.9462 3.1314

C- Interactions between soil amendments and antioxidants.

T 66.20k  56.71j  11.95k  10.68k  135.42k  129.10K
SA  96.04f 8353 1519  13.37]  162.86f  152.11
Ksi  96.67g 106.99g 17.75h  16.55h  200.14h  191.78h
SW  108.61i  96.02h 1652  1523i 184.630i 174.227i

ck

T 155.60d  136.28d 26.10d 24.15d  286.57e  261.28e
O SA 172.81d  156.00c 29.65c 27.77c  310.67c  288.62c
Ksi 190.66a  183.59% 35.80a 32.14a  379.84a 332.77a
SW  184.23b  167.24b 31.95b 29.50b  327.81b  302.38b

T 125.05h  108.49g 1850  18.22g 210.77g  211.51g

8 SA 134.62f  118.58f 21.78f 19.81f  252.39f  228.12f

Ksi 173.15c  151.69d 25.93d  23.89de 299.56d  277.26d

SW  162.85e  149.52% 24.8% 23.63e  287.16e  269.91d

L.S.D 0.05 3.1890 3.0965 0.3607 0.4672 3.3710 5.4238

ck: control (without soil amendements).  C: compost. BC= biochar.

T: control (with water spray).  SA: salicylic acids.  Ksi: potassium silicate. SW: seaweeds.

Conclusion

The results of the current study investigated that the interaction effect of
(compost and biochar) with plant spraying treatments had a positive effect in
enhancing the soil physio-chemical properties via (BD, TP, HC, FC, WP, AW, EC,
OM, pH and CEC) in addition for improving soil-available nitrogen, phosphorus and
potassium. It might be attributed to the improvement of organic matter, but compost
treatment has superior to biochar in these increments under climate change except
biochar treatment was efficient in EC and P contents and this reflected an increment
in wheat yield. Consequently, this combined application (soil amendments + foliar



treatments) may be considered as a good strategy to tolerate climate change on
biological yield, grain and straw yield, harvest index, yield efficiency, 1000 grain
weight and grain quality (carbohydrates and protein). The applied of compost with all
plant spraying treatments had more effective than biochar one.
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