J. Product. & Dev.,29(4):255-279 (2024)

RESPONSE OF WHEAT YIELD TO SOME SOIL AMENDMENTS
UNDER IRRIGATION WITH SALINE WATER

A. S. EI-Gammal*; E. E Hassan,**; A. A. Hassan **; M. G. Zoghdan*, and
R. F. Nada**

*Soils, Water and Environment Res. Inst., Agric. Res. Center, Egypt.

** Plant Production Dept., Fac. Technology & Development. Zagazig University, Egypt.
e-mail: ragabnada@zu.edu.eg, ragabnada090@gamil.com, ashrfaljmal57 @ gamil .com

ABSTRACT

Field experiments were conducted in two winter successive seasons
(2020-2021 and 2021-2022) at the Soil Improvement and Conservation
Research Department, Sakha Agricultural Research Station, Kafr Elsheikh
Governorate. Egypt (located 6 meters above sea level, with latitude of 31° 05'
38" N and longitude of 30° 56" 53" E) The experiments aimed to evaluate the
response of wheat yield and its components as well as some soil properties to
some soil amendments i. e. fulvic acid (FA) and phosphogypsum (PG) under
irrigation conditions that using irrigation saline water. A split-plot design with
three replications was applied; six salinity levels of irrigation water were
applied in the main plots, while three soil amendments including (without
amendment, FA and PG) were tested in the sub-plots.

The results revealed that increasing irrigation water salinity led to
significant reductions in wheat plant height, spike length, and 1000-grain weight,
while the application of FA and PG mitigated these effects, enhancing these
growth parameters. Similarly, grain yield, straw yield, and biological yield
significantly decreased with higher salinity levels but were improved with the
application of FA and PG The nutrient content (N, P, and K) in wheat plant
grain also decreased with increased salinity but improved with the use of FA and
PG. The relationships between grain yield as well as straw yield and salinity
levels under some amendments were expressed in six equations namely:

Grain yield:
Linear: GY_ =2800 - 66.207x R2 =0.9385
Quadratic: GYg =2741.1 -16.062x -6.0098x2  R2=09681
Straw yield:
Linear :SY = 3508.1-154.28x R2 =0.9611

Quadratic: SY o = 3506.1 - 152.59 x -0.2024 x* R*=0.9611

Where: GY, , GYq, SY. and SYs, are the grain and straw yield (kgfed™)for
linear and quadratic relationship under irrigation water salinity, X is
irrigation water salinity level (dSm™).
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These fitted equations indicated that with respect to grain yield PG is
more effective at lower salinity levels (below 6.59 dS/m), while FA is preferable
at higher salinity levels (above 6.59 dS/m), however, resulting in a yield
reduction Moreover, the results revealed that increasing irrigation water
salinity led to significant reductions in wheat plant height, spike length, and
1000-grain weight, while the application of FA and PG mitigated these effects,
enhancing these growth parameters. The nutrient content (N, P, and K) in
wheat plant grain also decreased with increased salinity but improved with the
use of FA and PG. emphasizing the critical importance of managing salinity
and soil amendments for optimal wheat productivity.

Conclusively, from the fitted equations of the relationships between grain
yield and salinity levels under some amendments the study indicated that PG is
more effective at lower salinity levels (below 6.59 dS/m), while FA is preferable
at higher salinity levels (above 6.59 dS/m)..

Keywords: Irrigation water salinity, PG, FA, amendments and wheat productivity.

INTRODUCTION

Water management at the field level for soils affected by salinity is crucial,
especially in the presence of limited and low-quality irrigation water, to
maximize resource use and improve crop productivity. This study aims to
clarify the effects of varying irrigation water salinity and the application of
some soil amendments on wheat yield components. Globally, salinity affects
over 800 million hectares of land, accounting for 6% of the earth’s total land
area and 20% of the cultivated land area (Munns and Tester, 2008). Soil
salinity stress negatively impacts plant growth and development, leading to
significant losses in cereal crop production worldwide (Kumar et al., 2022).
The expansion of saline regions is expected to increase due to the excessive use
of saline water for irrigation, particularly in arid and semi-arid regions where
evapotranspiration exceeds precipitation (Jha et al., 2019). Wheat (Triticum
aestivum L.), being the most important grain crop globally (Igrejas and
Branlard, 2020), is directly impacted by these conditions. As the global
population rises, the world’s food supply must increase by 50% by 2050 (Mora
et al., 2020). In Egypt, where 1.39 million hectares are cultivated with wheat,
producing 8.90 million tons annually (Foreign Agricultural Service USDA,
2021), soil and water salinity pose a significant threat to wheat productivity.
For instance, wheat productivity decreases by 7.1% for each 1 dS/m increase in
salinity above 6 dS/m (Ayers and Westcot, 1985). While using saline water
for irrigation can reduce the demand for fresh water in salt-tolerant crops, it also
affects crop yield depending on the degree of salinity, particularly during
critical growth stages. Therefore, the use of saline water must be carefully
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managed to ensure safe and effective irrigation (Rhoades et al., 1991). Salinity
induces oxidative stress, nutrient imbalances, and hormonal irregularities in
plants, which drastically reduce wheat production (Kumar et al., 2019 and
Abdrabou et al., 2022). Additionally, using low-quality water in agriculture
can increase soil salinity, both of which have detrimental effects on soil
properties and crop yield (Mostafa, 2001). Organic matters, such as fulvic acid
(FA), significantly improve soil properties by enhancing the availability of
essential nutrients for plant growth. FA as a key component of organic matter is
effective in enhancing root initiation and growth (Pettit, 2004). It has been
shown to increase nutrient uptake when used in combination with fertilizers
(Yang et al., 2013). Phosphogypsum (PG), another soil amendment, improves
soil structure by reducing surface crust formation and increasing soil
permeability, which enhances water infiltration and reduces erosion (Toma
and Saigusa, 1997 and Amezkata et al., 2005). The application of PG has
been shown to improve wheat yield and quality by enhancing soil physico-
chemical properties (Meena et al.,, 2019 and Al-Naser, 2018). Previous
researches has highlighted the adverse effects of low-quality water on soil and
crop yield, which significantly reduce crop productivity (Mostafa, 2001a, Zein
et al., 2012, Atwa et al., 2013 and Seema Sahay et al., 2013). The primary
objectives of this study were to evaluate the effects of irrigation water salinity.

Additionally it aimed to evaluate the response of wheat yield and its
components to some soil amendments i. e. FA and PG irrigation saline water.
That is making it a critical issue for sustainable agriculture.

MATERIALS AND METHODS

A field experiments were conducted during the two winter seasons of 2020-
2021 and 2021-2022 at the Soil Improvement and Conservation Research
Department, Sakha Agricultural Research Station, Kafr El Sheikh Governorate,
Egypt (located 6 meters above sea level, with latitude of 31° 05' 38" N and
longitude of 30° 56' 53" E) to investigate the effect of irrigation water salinity
and some soil amendments, on wheat productivity, and various soil properties.
Also the experiments aimed to evaluate the response of wheat yield and its
components as well as some soil properties to some soil amendments i. e. fulvic
acid (FA) and phosphogypsum (PG) under irrigation conditions that using
irrigation saline water.

The experimental field 54 m?, was divided into six plots, (1 m? for each),
as an individual lyzimeter unit to accommodate the different irrigation water
salinity treatments. The experiment followed a split-plot design, where the
main plots were assigned to six levels of irrigation water salinity, (1.0, 2.5, 4.0,
5.5, 7.00, 8.5 dS/m) or ranging from S; (640 ppm) to Sg (5440 ppm). The sub-
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plots were designated for soil amendment treatments, which include: control,
A (without amendments), A, fulvic acid (FA) applied at a rate of 4 kg / feddan
(feddan = 4200 m?) and As phosphogypsum (PG) applied at a rate of 2 tons /
feddan. The setup allowed for a comprehensive evaluation of how varying
salinity levels and soil amendments influenced wheat growth and soil health
under the experimental conditions.

Wheat seed of variety Misr 3 was planted on November 20", 2020 and
November 15", 2021 seasons, N, P and K fertilizers were added according to
the recommended doses at North Delta, EGYPT. N fertilizer was applied in the
form of urea (46%.N) at the rate of 75 N Kg/ fed. in two equal doses. The 1%
dose was applied before the 2" irrigation; the 2™ dose was applied before the
3 irrigation. P fertilizer the recommended dose was added in the form of Ca-
superphosphate (15.5% P,Os) with soil preparation at rate of 100 kg/ fed. K
fertilizer (recommended dose) was added in the form of potassium sulfate (48%
K,0) at the rate of 50 Kg/ fed in two equal doses at the same time of adding N
fertilizer. PG and FA were added at rates of 2 ton/ fed. (Fed. =4200 m?) and 4
Kg /fed., respectively in one dose before planting.

Plant height (cm) was measured at harvest time from the base plant to tip of the
main spike of ten plants in each plot.

Soil analysis

Soil samples were collected from different layers and subjected to the
following hydrophysico- chemical analysis according to Richards (1954) and
Jackson (1967). Moisture parameters; Field capacity (FC) and permanent
wilting point (PWP) were determined by pressure membrane method
according to Klute (1986). Organic matter content (OM) was determined
according to Walkley and Black method (Hesse, 1971). Soil bulk density (BD)
was determined using cylindrical sharp edged samples. Each cylinder was
pressed gently into the soil to the desired depth to obtain a known volume of
the undisturbed soil. Samples were dried in oven at lost and the BD was
calculated as g/ m® (Vomocil, 1957). Soil samples (0-20, 20-40 and 40-60 cm
depth from each lyzimeter were taken before sowing to determine some
chemical and physical properties of the experimental soil as shown in Tables
(land 2).

Wheat yield:

Grain yield (ton/ fed), determined by threshing the harvested area in each
subplot and weighting the resulted grains. The straw yield (ton/ fed), was
determined by the difference between biological yield and grains yield of the
harvested area in each sub plot.
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Table (1): Some physical properties of the experimental soil before the 1% growing

season.
Soail . e . .
Particles size distribution Soil moisture
depth % Texture OM % characteristics BD*3
(cm) grade g/cm
Sand Silt Clay FC PWP™ | AW*

0-20 18.65 | 29.53 51.82 clayey | 1.65 | 42.12 | 21.10 | 21.02 115

20-40 1791 | 29.46 52.63 clayey | 153 | 41.85| 19.91 | 21.94 1.24

40-60 17.35 | 2853 54.12 clayey | 1.18 | 37.17 | 18.75 | 18.42 131

Mean 17.97 | 29.17 52.86 clayey | 145 | 40.38 | 19.92 | 2046 1.23

*FC = Field capacity, PWP = permanent welting point, AW = available water. And BD = bulk
density.

Table (2): Some chemical properties of the experimental soil before 1% growing

season.
Soil depth EC™ Soluble cations Soluble anions Available nutrients
ofy dep pH’ ESP | SAR (meg/ L) (meg/ L) (ppm
(cm) (dS/m)
Na' | K* | Ca™|Mg™|COHCO®| CI [SO4 | N | P K

020 | 795 | 335 | 924 | 998 |[231] 06| 68| 39 15| 175 | 1541493 | 94 | 231

2040 | 815 | 375 |1016|1104|275/ 08| 79|45 20 | 209 |178]|432]| 99 | 233

4060 | 832 | 422 |1064)1160(307] 09|89 |51 35| 221 |200]|426] 96 | 223

o|o|o|o

Mean 364 | 1001|1087 |271|0.77|787| 45 233 | 2017 |17.73|4503] 95 | 217

* pH was determined in soil water suspension (1:2.5).
** EC was determined in saturated soil paste extract.

Yield attributes -

Spike length (cm): ten main spikes were randomly selected, measured and
their average was calculated to express spike length 1000- Grain weight: A
random sample of 1000-grain was taken from each sub- plot hand counted and
weighted.

Chemical components -

Grain and straw samples were taken at harvest time and washed by
distilled water and dried in an oven at 70 C° for 48 hrs. Ground, mixed and wet
digested using hot sulfuric acid with repeated additions of 30% hydrogen
peroxide (H2O,) as described by Wolf (1982) and analyzed as follows:

N in plant: was determined in the digested grain and straw by micro-Kjeldahl
method as explained by Hesse (1971).

P Content: was determined by using hydroquinine method (Snell and Snell,1967)
K Content: was determined by using flame photometer (Jackson 1967).

Irrigation water salinity
The irrigation water samples (diluted sea water) were taken to determine
the validity of some criteria i.e. water salinity hazard (as measured by Electrical
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Conductivity (EC,), Potential salinity (PS), Soluble Sodium percentage (SSP),
Sodium Adsorption Ratio (SAR), Sodium to Calcium Activity Ratio (SCaR),

Permeability Index (PI). Where concentrations of all ions have been
expressed in mmolil. And these criteria were calculated as the following:
water Salinity hazard : while EC,, is an assessment of all soluble salts in
irrigation water, (7,3.00 dS/m, classified to class 5 = unsuitable or severe).
(Mass, 1990, and Ayers and westcob, 1985).

Potential salinity (PS): potential salinity (PS) was defined as the chloride
plus half of the sulfate concentration. PS = cl"+ 1/2 SO,

The PS classification is as follows: permissible 5-20, 3-15 and 3-7, for
soils of good, medium and low permeability, respectively (Doneen 1964 and
Gupta, 1990). Soluble Sodium percentage (SSP): High sodium ion
concentration in soil can take a tell on internal drainage patterns in soil as release
of calcium and magnesium ions are facilitated due to absorption of sodium by
clay particles. SSP was calculated using the following equation (Todd, 1980):

. Na+t
NaT+KT+CaTT+Mg
Water with SSP less than 60 is safe with little Sodium accumulations
that will cause a breakdown of Soil's physical properties (Fipps, 1998).
Sodium adsorption ratio (SAR): is a measure of the sodicity of the soil. The
SAR was calculated according to USDA, (1954) using the following equation:

SSP = ++x 100

_, Nat+ ,
(ca +Mg )/2)1'?

The SAR classes include, Low, S1 (3-10); medium, S2 (10-18), high, S3
(18-26); and very high, S4 (>26), which general classifications of irrigation
water based upon SAR values.

Above 18 is unsuitable for continuous use, (Ayers and Westcot, 1985).
Sodium to Calcium Activity Ratio (SCaR): SCaR can be calculated according
to the relationships presented by Gupta (1990) in the following equation:.

SCaR=Na'/(Ca™) %

On the basis of SAR/ SCaR, the irrigation waters may be classified in six
classes of sodicity; non- sodic water, S, (< 5); normal water, S; (5-10); Low
sodicity water, S, (10-20); medium sodicity water, Sz (20-30), high sodicity
water, S4 (30-40) and very high sodicity water, Ss (>40).
permeability index ( PI) : The ( Pl) given by the following formula ( USDA,
1954) ; Doneen, 1964):

SAR =

' 1/2
Na ' +(HCO»)
= —+——+++—++ X 100
Na +Ca Mg
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The PI classification is as follows; Excellent (>75%), Good (25-75%)
and Unsuitable (< 25%) (AL- Amry, 2008).
Sea water was diluted to ECy, 1, 2, 4, 6 and 8 dS/m and fresh water as a
control was used for irrigation are shown in Tables (3, 4 and 5).

Table (3): The volume of sea water for specific irrigation volume and EC,, according
to its salt content in growing season 2020/2021.

EC Sea water Fresh dvg//ar':]er EC Required EC of irrigation Re(\q/gli red Sr?ezm?;ijr
ds/m salinity gL water (dS/m) per ey L L
41.2 32.96 1.0 1.0 20 0
41.2 32.96 1.0 2.5 20 0.728
41.2 32.96 1.0 4.0 20 1.456
41.2 32.96 1.0 55 20 2.184
412 32.96 1.0 7.0 20 2.913
41.2 32.96 1.0 8.5 20 3.641

Wheat was planted and received five irrigations were applied during the growing season. The
total applied water was 2261 m*/fed and 2370 in the both seasons.

Table (4): Some criteria for the diluted sea water that used in irrigation.

I\:\:;%::I:er;?/:llziljtzelfj pH (dlglcr:n) SSP SAR | SCaR sséz:g Pl

SiFresh water | 7.35 1.0 3.8 61.90 4.0 3.56 1.13 | 88.36
S, (1 dS/m) 7.61 25 7.05 62.96 5.29 4.69 113 | 81.33
S; (2 dS/m) 7.76 4.0 13.75 64.76 7.49 6.64 1.13 75.90
S, (4 dS/m) 7.85 55 29.15 65.86 10.59 9.38 113 | 7196
Ss (6 dS/m) 7.91 7.0 43.85 66.23 12.97 11.49 1.13 | 70.83
Se (8 dS/m) 7.98 8.5 57.30 66.34 14.96 13.27 1.13 | 70.48

PS=Potential salinity, SSP= Soluble Sodium percentage, SAR= Sodium Adsorption Ratio
,SCaR=Sodium to Calcium activity Ratio and PI= Permeability Index.

Table (5): Chemical analysis of different irrigation water salinity

Cations (meg/L. Anions (meg/L.

Treat | pH | gon | SAR Na' | K (CaCi Mg? | COs | HCos : gr : SO/
S; 7.35 1.0 4.00 3.9 0.5 1.2 0.7 -- 15 2.8 2.0
S, 7.61 25 5.29 6.8 0.7 2.1 1.2 -- 20 2.8 35
S; 7.76 4.0 749 | 136 | 0.8 4.2 24 -- 3.0 5.3 8.5
S, 7.58 55 1059 | 272 | 0.9 8.4 48 -- 35 9.5 17.3
Sg 7.91 7.0 1297 | 408 | 10 | 126 7.2 -- 45 | 205 | 265
S 7.98 8.5 1497 | 544 | 12 | 16.8 9.6 -- 6.5 | 306 | 364

Statistical analysis

Data were statistically analyzed using analysis of variance (ANOVA).
Treatments means and significance of differences were calculated and
presented using (LSD) according to Duncan (1955).
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All statistical analyses were performed using analysis of variance
technique by mean of CoHort Computer software.

RESULTS AND DISCUSSION

The aim of the present investigation is to promote and enhance the salt
tolerance of wheat plant by some soil applications e. g. FA and PG under
different levels of irrigation water salinity. Lyzimeter experiments in soil
Improvement and Conservation Res. Dept. Sakha Agric. Res. station, Kafr- El-
Sheikh Gov. Egypt during two successive winter Seasons (2020/2021,
2021/2022). The results of the study have been presented as follows:

1- Growth traits:

Plant height, spike length and 1000-grain weight of wheat plant at
harvest as affected by irrigation water salinity, FA and PG in both Seasons are
presented in Table (6).

1.1 - Effect of irrigation water Salinity:

The results in Table (6) show a significant decrease in the plant height
values with increasing salinity levels of the used irrigation water in the both
growing seasons. In The 1% season the average of plant height amounted the
highest value (104.8 cm) when irrigating with S; ( control), to 103.8, 101.3, 99,
96.7 and 94.4 cm at Sy, Ss, S4, Ss and Sg respectively,. So it was decreased by
0.95, 3.31, 5.53, 7.73 and 9.89% with the same salinity levels Compared to S;
in the 1% Season, respectively.

In the 2™ season, plant height of wheat significantly decreased by 1.15,
2.82, 3.45, 8.11 and 10.02%. at Sy, S3, S4, Ss and Sg dS/m Compared to S;. The
reason for the decrease in the average of plants height is due to the effect of
salinity of irrigation water, where salty water causes harmful effects, including
the osmotic pressure, the toxic effect, or the effect on the nutrition balance, as
well as the effect on the enzymatic activity that plays an important role in
bioactivities of the wheat plant, which negatively affected the average of plant
height (Al- Zubaidi, 1989). The excessive salt appears to affect the growth and
wheat yield by restricting nutrients uptake to extent that a deficiency take place.
This may be due to a possibility that plants grown under saline condition utilize
energy for osmotic adjustment process at expense of growth and the most
important factor which is the high soil water potential, hence the water flow from
soil to plant is very much limited under saline conditions (Ragab et al., 2008).

Table (6) shows a significant decrease in the spike length with increasing
irrigation water salinity, where the average spike length values (13.22 and 12.
33 cm) in the 1% and 2™ Seasons, respectively, when irrigation water Sy, (1.0
dS/m) and Lowest average spike length values (9.44 and 9.22 cm) when
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Table (6): Plant height, spike length and 1000- grain weight as affected by irrigation
water salinity, FA and PG during (2020/21 and 2021/22) seasons.

Treatments Plant height (cm) Spike length (cm) 1000 gr:(agl]; weight
1st | 2nd 1st | 2nd 1st | 2nd
Irrigation water salinity
S, 104.77 a 106.44 a 13.22a 12.33a 47.37a 48.06 a
S, 103.77 a 105.22 b 12.88 a 11.88b 45.23b 46.61 b
S; 101.33 b 103.44 ¢ 12.11b 11.88b 4432 ¢ 45.75¢
S, 99 ¢ 102.77 ¢ 11c 11.11c 42.17d 43.94d
S 96.66 d 97.11d 10.33d 10.33d 41.15¢ 4231e
Se 94.44 ¢ 95.77 e 9.44 ¢ 9.22e 40.75 f 4193 f
F_test ** *%* **k ** *%* *%*
LSD 0.05 1.067 0.96 0.55 0.344 0.23 0.286
LSD 0.01 1.55 1.37 0.79 0.49 0.33 0.41
Soil amendments
C 97.61c 99.83 ¢ 1044 c 1044 c 42.68c 4381c
FA 100.33 b 1015b 11.72b 10.99 b 43.48b 44.65b
PG 102.05a 104.05a 12.33a 12.00 a 44.33a | 46.04 a I
F_test ** ** ** ** ** **
LSD 0.05 0.595 0.41 0.42 0.508 0.198 0.23
LSD 0.01 0.81 0.56 0.57 0.69 0.27 0.31

Note: Means of each factor designated by the same letter in a column are not significantly
different at 0.05 level using Duncan’s Multiple Range Test (DMRT).

using irrigation water at the level of Sg (8.5 dS/m) in the 1% and 2™ Seasons
respectively. High salt concentration in the soil solution reduces the ability of
plants to uptake water, known as the osmotic or drought effects of salinity. The
damage occurs when the concentration of salts is high enough to reduce plant
growth (Machado and Serralheiro, 2017).

Data shows that the weight of 1000 grains of wheat plants was
significantly decreased with increasing the irrigation water salinity levels,
where the average weight of 1000-grain amounted the highest values (47.37
and 48:06 g) at S; and the lowest values (40.75 and 41.939) where obtained
with Sg (8.5 dS/m) in the 1% and 2™ seasons, respectively . Fresh water is the
best option for optimum plant growth but the scarcity or shortage of fresh water
is compelling researchers to investigate the use of low-quality water using
diluted sea water for agricultural deserves attention nowadays or future
production to satisfy the needs of continuous growing population and water
scarcity in Egypt. However caution in the practice of over- irrigation with salty
water should be held to avoid deleterious impact, but the soil studies in this
field are still little in Egypt. (Amer, et al., 2017).
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1.2 - Effect of fulvic acid (FA) and phosphogypsum (PG):

Data presented in Table (6), indicated that the plant height, spike length
and weight 1000-grain of wheat were significantly increased by the application
of FA and PG in both seasons. The data indicated that the plant height was
highly significantly increased by addition of FA and PG in the 1% season
(100.33 and 102.05 cm) and in the 2" season (101.5 and 104.05 cm)
respectively, compared with the control, (97.61 and 99.83 cm in both seasons,
respectively)

Data also, revealed that the application of FA and PG had significant
effect on increasing of spike Length of wheat plants. Where spike length
recorded the highest values (11.72 and 12.33 cm) with application of FA and
PG in the 1% season, respectively. In The 2" season, the highest values of spike
length were 10.94 and 12.0 cm with both soil amendments, respectively.

The data shows that the weight of 1000-grain of wheat plants
significantly affected by the application of FA and PG in the two study seasons
that gave the highest values (43.48 and 49.33) in the 1% season and (44.65 and
46.04 g) in the 2" seasons, respectively. These results are in agreement with
those obtained by yang et al., (2013), Gomaa, et al., (2019), Muhanbet et al.,
(2016), and Bossolani et al., (2012).

The positive effect of FA on plant growth may be attributed to its
increase in fertilizer efficiency or enhancement of plant biomass (Ahmad et al.,
2018), and FA may augment the plant growth characteristics, nutrient uptake
and reduce the perception of harmful components and improve plant
metabolism (Sootahar et al., 2019),

1.3 - Interaction effect of irrigation water salinity and FA and PG.

Regarding the interaction of irrigation water salinity and soil
amendments; FA and PG, there was a significant effect on those traits in the 2™
season. The results in Table (7) showed that the highest mean values of plant
height (104.66 and 106.44 cm), spike length (13.33 and 12.66 cm) and 1000-
grain weight (47.27and 47.83) were obtained with S; and soil application of FA
in the both seasons, respectively.

Regarding the interaction of irrigation water salinity and PG on these

traits; mean values of plant height (107 and 108.66 cm), spike length (13.66
and 12.66 cm) and 1000-grain weight (48.46 and 50.1g) were obtained by S;
and PG in the both seasons, respectively.
On the other hand, soil application of FA and PG with fresh irrigation water S;
increased these yield components (plant height, spike length and 1000-grain
weight) as compared with the untreated plots irrigated with saline water only in
the both seasons. These results are in the same Line with those recorded by
Gomaa, et al, (2019), Sary et al, (2011) and Sootahar et al., (2022).
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Table (7): Interaction effect of irrigation water salinity and FA and PG on plant height,
Spike length and 1000-grain weight of wheat in 2020/2021 and 2021/ 2022

seasons.
Treatments Plartt height Spike length 1000- grain
(cm) (cm) weight (g)
A e iy v i 2 1 o
water amen
.. season season season season season season
salinity d.

Cont. 102.66d e 104.66 ¢ 12.66 abc 11.66 ab 46.34¢c 46.25d

S FA 104.7 bc 106.44b 13.33ab 12.66a 47.23b 47.83b

PG 107a 108.66 a 13.66a 12.66a 4846a 50.1a

Cont. 101.66 ef 103.33de 12.33 bed 11.33abc 4453d 45.73d

S, FA 104.cd 104.66 ¢ 12.66 abc 11.66ab 45.23d 46.2d

PG 105.66 ab 107.66a 1366a 1266a 4529¢ 479b
Cont. 97.66 i 102.33 ef 11.33de 11.33abc 4343f 445¢
S; FA 102 ef 102.66 e 12.33 bed 11.66ab 445¢e 45.8 bd

PG 104.33 bc 105.33 bc 12.66 abc 12.66a 45.03e 469¢

Cont. 97.00ij 101.33fg 9.66 g 10.33 bcde 41.67h 4299

Sy FA 99.33gh 102.66 e 11.66 cde 10.66 bed 42.07h 4386 f

PG 100.66 fy 104.33cd 11.66 cde 12.33a 4289 4506e
Cont. 94661 93.66] 866 gh 9.66 de 41.13j 4116
Ss FA 97.0j %i 10.66 ef 10.00 cde 4143ij 42.16 hi
PG 98.33hi 97.66h 11.66 cde 11.33abc 41.66hi 436f
Cont. 92m 9366 8h 8.33f 399k 41.13]j
Se FA 95kl 97 hi 9,66 fy 9ef 40.16 k 41.96i
PG 96.33 ik 100.66 g 10.66 ef 10.33 bede 40.93j 42.79gh
F-test ns il ns ns ns il
LSD 0.05 145 1.01 1.038 1.26 0485 0579
LSD 0.01 198 1.37 141 169 0.66 0.77

Note: Means of each factor designated by the same letter in a column are not
significantly different at 0.05 level using Duncan’s Multiple Range Test (DMRT)

2. Wheat yield:
2.1 - Grain yield:
2.1.1- Grain yield as affected by irrigation water salinity.

As shown in Table (8) and Figure (2), it is clear that there is a significant
decrease in wheat grain yield with increasing of irrigation water salinity in both
growing seasons. In the 1% season the highest grain yield (2946 Kg/ fed) was
recorded with fresh water (S;) but it was decreased to 2861, 2786, 2768, 2607
and 2356 Kg/ fed with S,, Ss, S4, Ss and Sg respectively. Wheat grain yield was
decreased by 2.89, 5.43, 6.04, 11.51 and 20.03% with S, Ss, S4, Ss and Sg
compared to S; in the 1% season, respectively. In the second season, grain yield
of wheat significantly decreased by 2.79, 4.45, 7.10, 17.79 and 18.99% at S,
Ss, S4, Ss and Sg respectively compared to S;.
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Table (8): Grain yield, straw yield and biological yield as affected by irrigation water
salinity and soil amendments during 2020/21 and 2021/20 22 seasons.

Treatm Grain yield (kg/ fed) Straw yield (kg/ fed) biological yield (kg/ fed)
ents 1%season | 2" season 1%season | 2™season | 1%season | 2™ season
Irrigation water salinity
S; 2946 a 3013 a 3629 a 3711a 6575 a 6724 a
S, 2861b 2929 ab 3431b 3557b 6292 b 6486 b
S3 2786 ¢ 2874 bc 3228 ¢ 3292¢ 6014 c 6166 c
S4 2768 ¢ 2799 ¢ 3046d 2955d 5814d 5754d
S 2607d 2477d 2856 e 2775¢e 5463 e 5252 ¢
Se 2356 € 2441d 2438 f 2597 f 4794 f 5038 f
F_test ** ** ** ** ** **
LSD 0.05 29.61 91.22 59.07 36.28 62.77 53.12
LSD 0.01 42.126 129.76 84.027 89.68 89.3 76.55
Soil amendments
Cont. 2562 ¢ 2666 ¢ 2960 ¢ 3006 ¢ 5522 ¢ 5662 ¢
FA 2760 b 2655b 3128 b 3167b 5888 b 5922 b
PG 2839a 2853a 3227a 3269a 6066 a 6122 a
F_test *% ** *% ** *%* *%*
LSD 0.05 1291 66.18 29.15 17.67 30.26 24.8
LSD 0.01 17.49 89.68 39.51 23.95 41,01 3361

Notes: S;, S,, S3, S4 Ss, Se are salinity levels with ECw = 0.58, 1, 2, 4, 6 and 8 dS/m,
respectively. Means of each factor designated by the same letter in a column are not
significantly different at 0.05 level using Duncan’s Multiple Range Test (DMRT).

The reason for the yield decreases may be attributed to the role of
irrigation water salinity in increasing soil salinity and which negatively affects
plant growth through the osmotic effect of soil solution, leading to the inability
of the plant roots to photosynthesis, thus leads to decrease grains yield. These
results were agreed with those obtained by Hussein et al., (2019), Amer et al.,
(2017), Aiad. et al., (2017) and Nassar et al., (2014).

The accumulation of salt in the root zone causes the development of
osmotic stress and alters the homeostasis of cell ions by inducing both the
inhibition of uptake of the essential elements such as k™, Ca™ and Mg"™ and the
accumulation of Na and Cl (Ahanger and Agarwal, 2017). Negative effects of
salinity on shoot and root of wheat were stated to be observed with Sg. The salts
in irrigation water and the soil solution have many effects on plant growth and
grain yield, including direct and indirect effects. Direct effects appear in the
absorption of water by the plant, sense increasing the salt concentration increases
the osmotic pressure in the soil solution. This leads to a lack of water absorption
by the plant, in addition to that the salts in the soil solution lead to an imbalance
in the absorption of nutrients needed by the plant, where. The salts and their
components of different ions have a direct impact on the plant through the
competition of those ions with some of the necessary nutrients that lead to reduce
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the absorption of important ions needed by the plant. As for the indirect effects,
they are mainly related to the changes in the soil physical and chemical traits, and
then on the growth and productivity of plants (Saleh and Hassan 1998) .

2.1.2 - Grain yield as affected by FA and PG:

Data in Table (8) and Figure (2) indicated that a significant improvement
in the grain yield of wheat with application of FA in the both Seasons was
obtained. Consequently, the highest grain yield (2760 and 2655 kg/fed), were
observed in the 1% and 2" Seasons, respectively. FA as an organic fertilizer
stimulates plant productivity and contributes towards cation exchange capacity
of the soil (Malan, 2015) and (Yang et al., 2013), who demonstrate FA as the
optimum choice for the improvement of P availability and soil physicochemical
conditions.

Rasool et al., (2015) recommended that the application of humic acid
and FA increased wheat yield and yield components. The foliar application of
liquid form of FA is more effective for plant growth and metabolic sites in
plant cells because they contain many small microbes, which polarized the soil
and available nutrients to plants (Robert, 2014). Humic substances enter as
supplement source for polyphenols in the early stages of plant growth, which
acts a respiratory chemical mediator and that leads to an increase in the
biological activity of the plant as a result of the increase in the effectiveness of
the enzymatic system that increase in cell division. The development of the root
system and the production of dry matter is increased (Arjumend et al., 2015).

The data in Table (8) and Figure (2) indicated that the soil application PG
had positive and significant effects on the wheat grain yield in both seasons.
The highest grain yields (2839 and 2853 kg /fed) were obtained in soil
application PG in the 1% and 2" seasons, respectively . PG application resulted
higher yield of rice and wheat over the equivalent dose of mineral gypsum
(Nayak et al., 2009).

2.1.3 - Interaction effect of irrigation water salinity and FA and PG on
grain yield:

Figure (1) showed that the interaction of irrigation water salinity and FA had a
significant impact on wheat grain yield in the 1% season. The highest mean
values of grain yield (2945 and 2992 kg/ fed) were obtained by irrigating S;
with FA in the both seasons. The grain yield of wheat was significantly
impacted by the interaction between irrigation water salinity and PG, where the
highest mean values of grain yield (3128 and 3196 kg/ fed) were obtained by
irrigation water S; (control) and soil application of PG in the both seasons. On
the other hand, soil application of FA and PG with fresh water (S;) increased
grain yield compared to that the untreated plots (without soil amendments) .
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Fig(1): Effect of irrigation water salinity on wheat grain
yield

Data in Fig (2) presented the effect of interaction of irrigation water
salinity and soil amendments (FA and PG) on grain yield and showed that
Increased salinity of irrigation water has a detrimental effect on wheat grain
yield, but adding FA and PG have a positive effect on grain yield.

The relationships between grain yield and salinity levels was expressed in
two equations and fitted in linar and quadratic formula as follows:

Linear: GY_ =2800-66.207x R2 =0.9385
Quadratic: GYg =2741.1 -16.062x -6.0098x2  R2=09681
Where: GY_ and GYq are the grain yield (kgfed™), under irrigation water

salinity, x is irrigation water salinity level (dSm™).

These fitted equations indicated that, with respect to grain yield, it is
predicted that PG is more effective at lower salinity levels (below 6.59 dS/m),
while FA is preferable at higher salinity levels (above 6.59 dS/m).
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2.2- Straw yield:
2.2.1 - Effect of irrigation water salinity.

Data in Table (8) and Fig (2) show that there is a significant decrease in
wheat straw yield with increasing salinity levels of irrigation water in the both
growing seasons. In the 1% season the highest straw yield (3629 Kg fed) was
amounted with fresh water S; (control), then it was decreased to 3431, 3228,
4646, 2856 and 2438 Kg/fed with S,, Ss, S4, Ss and Sg respectively. Straw yield
of wheat in the 1% season was decreased by 5.46, 11.03, 16.07, 21.3 and
32.82% with S,, S3, S, Ss and Se, respectively compared to Sy, while in the 2™
season, it was significantly decreased by 4.15, 11.29, 20.81, 25.22 and
30.102% with S, Ss, S4, Ss and Sg, respectively compared to S;.

3.2.2.2 - Effect of Soil amendments (FA and PG):

The results in Table (8) and Fig (2) show a significant increase in the

straw yield of wheat plants with soil application of FA. Where, the highest
straw yield (3128 and 3167 kg/fed), were observed when applying FA in the
both seasons, respectively.
Also, the data indicated that soil application of PG had positive significant
effect on wheat straw yield in both seasons. The highest straw yield (3221 and
3269 kg/ fed) in both seasons were obtained with soil application of FG in the
1% and 2" seasons, respectively.

3.2.2.3 - Interaction effect of irrigation water salinity and FA and PG on
straw yield:

Data in Table (8) and Figure (2) showed that the interaction of irrigation
water salinity and FA had a significant effect on wheat straw yield in both
seasons. The highest mean values of straw yield in the both seasons (3630 and
3704 kg/fed, respectively) were obtained with fresh water and soil application
of FA. The straw yield of wheat was significantly impacted by the interaction
between irrigation water salinity and PG in both seasons where the highest
mean values in the both seasons (7221 and 3814 kg/fed, respectively) were
obtained with S; (control) and soil application of PG.

The relationships between straw yield and salinity levels were expressed in two
equations namely; linear and quadratic formula as follows:

Linear :SY = 3508.1-154.28x R2 =0.9611
Quadratic: SY o = 3506.1 - 15259 x -0.2024 x* R?=0.9611
Where: SY,and SY g, are the straw yield (kgfed™) for linear and quadratic

relationships, respectively, X is irrigation water salinity level (dSm-1).

2.3 .Biological yield:
Biological yield as affected by irrigation water salinity and soil
amendments in the two seasons is presented in Table (8).
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Fig(2): Effect of irrigation water salinity on wheat straw
yield for linear and quadratic relationships

2.3.1 - Effect of irrigation water Salinity:

Wheat biological yield was affected with increasing salinity levels,
where the average biological yield amounted its highest value (6513 and 6124
kg/fed) with fresh water (S;), while the lowest biological yields (4794 and 5038

Kg fed™) were recorded with Sg (8 dSm™) in the 1% and 2™ seasons,
respectively.

2.3.2 - Effect of FA and PG:

A biological yield was significantly increased by the FA application in
both seasons (Table 9) Also, data indicated that the highest biological yield in
both seasons (5888 and 5922 Kg/ fed, respectively), were observed with FA.
The results indicated also that the soil application of PG had positive significant
effect on wheat biological yield in the both seasons. The highest biological
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yields in both seasons (6066 and 6122 Kg /fed, respectively), were obtained
with FG. These results are agreed with that of Al- Naser et al., (2018), AL-
Juboori et al., (2019) and Bossolani et al.,( 2022).

2.3.3-Interaction effect of irrigation water salinity and soil amendments on
wheat biological yield.

Data in Table (8) and Fig (3) show that the effect of interaction of
irrigation water salinity and FA had a significant impact on biological yield of
wheat plant in both seasons. The highest mean values of biological yield (6515
and 6696 kg /fed) were obtained with the fresh water (S;) and FA, in both
seasons, respectively. Organic acids are formed by decomposition of plants in
soil (Morales et al., 2012) which In generate from FA (FA) and humic acid
(HA). These organic acids are called as humic substances and constitutes 60 to
70% of total organic matter. FA has a lower molecular weight than HA,
however, former has more oxygen and carbon- poor functional groups (weng et
al., 2006). It is known that FA increases nutrient uptake from soil and
resistance to drought in plants. It shows significant effects in reducing fertilizer
usage and stabilizing soil pH (Aiken et al., 1985). The application of FA to the
leaves increased the seedling growth and the root weight of the wheat plants, (
Katkat et al., 2009). The biological yield of wheat was Impacted by the
Interaction between soil application of water salinity and PG In the both
seasons .The highest mean values of biological yield (6849 and 7010 kg fed)
were obtained by irrigation fresh water (S;) treatment and soil application of
PG in the first and second seasons respectively. (AL- Naser et al., 2018).

4 - N, P, and K contents in wheat grain:
4.1 - Effect of Irrigation water Salinity on N, P and K in wheat grain: .
Results presented in Table (9) show that N, P, and K contents in grain
wheat was significantly decrease with increasing salinity levels of the irrigation
water in the first and second seasons. The highest N, P and K content (3.19,
4.54%), (0.28 and 0.312) and (1.28 and 1. 30 %.) in both seasons, respectively
when using S1 (control), while The lowest N, P, and K ( 2.43, 2.89%), ( 0.16
and 0.21%), (1.125 and 0.90%) In the 1% and 2" Seasons, respectively, when
using Irrigation water at the level at 56 (8 dS/m-1 equal 6400 ppm),
respectively. The obtained results agree with those reported in wheat plant by
Ragab et al., (2008), Mojid et al. (2013), Nasser,( 2014), and Aiad, et al..
(2017).

4.2 - Effect of FAand PGon N, P and K.:

Data in Table (9) show that the application of FA significantly increased
N, P and K. contents. The highest contents of N (2.83, 3.92%), P (0.24 and
27%) and K (1.15, 1.047) were obtained by adding FA in both seasons,
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Table (9): Available N, P and K concentration in wheat grain as affected by
irrigation water salinity and soil amendments (FA and PG) during 2020/21 and

2021/22 seasons.
Treatments N % P% K%
1¥season | 2™ season 1¥season | 2™season 1¥season | 2™ season
Irrigation water salinity (s)
S1 1.8182a| 1.9987a 0.28a 0.31a 1.28 a 1.30a
S2 1.6743b| 1.8045b 0.27b 0.30b 1.15b 1.09b
S3 1.5900c| 1.7929c 0.26 ¢ 0.283c| 1.138c 105c
A4 1.5664d| 1.6802d 0.24d 0.28d 1.133d 105c
S5 15313e| 15727e 0.22¢e 0.263 e 113e 1.02d
S6 13798 f| 1.2747f 0.16 f 0.21f 1.125f 090e
F_test ** ** * * ** **
LSD 0.05| 0.0066 0.004007 | 0.000563 | 0.000629 | 0.0027 0.0025
LSD 0.01] 0.0536 0.005699 | 0.000802 | 0.000896 | 0.004 0.0037
Soil amendments
C 14804c| 1.4604c 0.22¢c 0.25¢ 1.15¢ 1.001c
FA 1.6112b| 1.7247b 0.24b 0.27b 1.15b 1.0468 b
PG 1.6884a| 1.8767a 0.26a 0.30a 117a 1.07a
F_test ** ** * * ** **
LSD 0.05] 0.002577 | 0.0058 0.000356 | 0.000395 | 0.0017 0.0015
LSD 0.01 0.003493 | 0.0349 0.000483 | 0.000536 | 0.0024 0.0022

Note: Means of each factor designated by the same letter in a column are not significantly
different at 0.05 level using Duncan’s Multiple Range Test (DMRT)

respectively. The application of FA substances increases root mass and volume,
which are the main factor controlling the nutrient uptake (Eyheraguibel et al.,
2008). The FA substances have hydrophobic and hydrophilic surface, which
interact with the phospholipid structures of cell membranes and a nutrient
carrier Therefore, this characteristic of FA substances is closely related to the
uptake of macro elements N, P, and S (pettit, 2004). Also, Mansoor et al.,
(2014) suggested that the application of humic acid and FA improved soil
nutrients availability. The obtained results agreed with those reported by
Manal et al., (2016), Kenawy (2017), and Dinesoy and Sonmez (2019).
Humic substances increase the conversion of nutrients (N, P, K, Ca, Mg, Fe,
Zn, Mn, and Cu) into the available forms to plants.

Humic fertilizers are known for their effectiveness because of their
effects on the physical, chemical and biological properties of soil (Sary and
hamed 2011). According to the results In Table (10), the soil application of PG
had positive and significant effects on nutrient contents, including N, P, and
K% in wheat grains. The highest N, P, and K contents in the 1% season (2.96,
0.26 and 1.17%, respectively) and in the 2" season (4.26, 0.30 and 1.07,
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Table (10): Interaction effects of irrigation water salinity and soil amendments
(FA and PG) on available N, P, and K(%) in wheat grains in
2020/21 and 2021/22 seasons.

Treatments N% P% K%
|I’Ti. 50”_ ) 1st 2nd 1st 2nd 15’( 2nd
water | conditi
- season season season season season | season
salinity | oners

Cont. 3.086 ¢ 4,28 e 0.28b 0.29e 1.28¢ 1.08 ¢

S FA 3.25b 460b 0.29a 0.32¢c 1.29b 1.10c
PG 3.26a 474a 0.29a 0.34a 1.39a 1.11b

Cont. 2.66 397¢g 0.26d 0.28f 1149 1.07 g

S, FA 292e 3.83i 0.27c 0.29e 1.13gh 0.97
PG 3.25hb 440d 0.29a 0.33b 1.18d 1.02h

Cont. 261k 3.32j 0.24f 0.26 h 112k 1.08 ¢

Ss FA 2.827g 423f 0.25e 0.27¢ 1.13hi 1.13a
PG 2.95d 474a 0.29a 0.32¢ 1.16e 1.13a

Cont. 2571 291 m 0.21h 0.25i 112k 0.98i

S, FA 2.27h 3.98¢g 0.24f 0.28f 1.13j 1.06 g
PG 291le 456¢c 0.28b 0.31d 115f 1.11b

Cont. 251n 2.86n 0.19i 0.24 ] 112k 0.95k

Ss FA 2.68i 3.88h 0.23¢ 0.26 h 1.13hi 1.11b
PG 287 f 397¢g 0.25e 0.29e 1149 1.09d

Cont. 2180 2550 0.15i 0.19m 112k 0.85n

Se FA 253 m 297i 0.16 k 0.21i 112jk | 091m
PG 2561 317k 0.18] 0.23k 1.13hi 0.94i

F_test ** ** ** ** ** **

LSD 0.05 0.00584 0.00631 0.00087 0.00097 0.00430 |0.03946
LSD 0.01 0.00791 0.00856 0.00118 0.00131 0.00583 |0.00530

Notes: S;, S,, S3, S4 Ss, Sg are salinity levels with ECw = 0.58, 1, 2, 4, 6 and 8 dS/m,
respectively Means of each factor designated by the same letter in a column are not significantly
different at 0.05 level using Duncan’s Multiple Range Test (DMRT

respectively), were observed by adding PG. The obtained results were agreed
with those reported by Al- Naser, (2018), Al- Jubeori, et al, (2019) and
Bossolani et al., (2022) in wheat plant.

4.4.3 - Interaction effects of Irrigation water salinity and FA and PG on N, P,
and K contents of wheat grain:

Results in Table (10) indicated that the Interaction between of irrigation
water salinity, and FA significantly affected the nutrient Content including N,
P, and K in grains wheat plants . The highest N, P, and K Contents in the first
season were (3.25, 0.29 and 1.29%), respectively, while in The Second Season
were (4. respectively), were recorded in 4 kg/ fed-1 under irrigating. water fresh
(control S; = 0.58dS/m equal 371ppm.
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The nitrogen, phosphorus, and potassium in grains of wheat were significantly
impacted by the interaction between soil application of irrigation water salinity
and phosphogysum in both seasons, where the highest mean values of N, P,
and K Contents in first season were (3.26, 0.29, and 1.30%) respectively, while
in the second season were ( 4.74, 0.34 and 1.11% respectively) were obtained
by irrigation water (Fresh water) and Soil application of PG at the rate 2 ton
fed-1, respectively, on the other hand, soil application of FA at the rate 4Kg
fed-1 and phosphogypsum at rate of 2 ten had with irrigation fresh water
increased N, P, and K content of grains of wheat plants as compared with other
irrigation water salinity treatments and untreated plots ( without FA and PG) in
both seasons.

Conclusively, from the fitted equations of the relationships between grain
yield and salinity levels under some amendments the study indicated that PG is
more effective at lower salinity levels (below 6.59 dS/m), while FA is
preferable at higher salinity levels (above 6.59 dS/m)..

REFERENCES

Abdrabou, M.R., H. Gomah,, A. E Darweesh,. M.A. Eissa, and S. A. H. SeLmy
(2022). Response of saline irrigated quinoa (cheno podum quinoa wild) grown
on- Coarse texture Soils to organic manure. Egyptian Journal of Soil Science, 62
(2), 168-178.

Ahanger, M. A, R. M. Agarwal, (2017). Salinity stress induced alterations in
antioxidant metabolism and nitrogen assimilation in wheat (Triticum aestivum
L)as influenced by potassium supplementation plant. Physiol. Biochem., 115,
449-460.

Ahmad, T., R. Khan, and T. N. Khattak. (2018). Effect of humic acid and fulvic
acid based liquied and foliar fertilizers on the yield of wheat crop, Journal of
plant nutrition. 41:19,2438-2445.

Aiad M.A., G.M.AEl-Sanat, A. Kh. Amer and Kadria M. El-Azab, (2017).
Impact of irrigation water quality, nitrogen fertilization rates and foliar
application of ascorbic acid on wheat yield and some soil properties in the
middle Nile Delta region. International Journal of plant and soil
Science;15(1):1-12

Aiken GR, D. M. McKnight, R. L. Wershaw and P. McCarthy (1985). An
introduction to humic substances in soil, sediment and water In:Humic
Substances in Soil, Sediment and Water: Geochemistry, Book Reviews page
692.

AL- Juboori, J. S. M., H. A Tawfeeq, J. T. Mahmood, A. Sh Falih, I. B. Razzaq
and F. O. K. Al-Grairy, (2019). Effect of phosphogypsum in improving
physical conditions of salt affected soils. International Journal of Academic
Research and Development 4(5): 1-4



J. Product. & Dev.,29,4, 2024 275

Al-Naser, U.H., (2018). Effect of Phosphogypsum on Formation and Development of
Soil Surface Crust and Wheat Crop Growth. Journal Tikrit Univ. For Agri. Sci.
18 (3):90-95

Al-Zubaidi, H. H.(1989). Soil salinity (theoretical and applied foundations). Ministry
of higher Education and Scientific Research. Baghdad University. Faculty of
Agriculture. Bait al Hikmat.

Amer, A. Kh., Kadria M EI-Azab, M. A. Aiad and G. M. El-Sanat (2017). Using
sea water in Agriculture and resistant it's possible hazards on soil and plant.
ZagazigJ. Agric. Res. VVol. 44 No. (2) 535-548.

Amezketa E, R. Aragues, and R. Gazo (2005). Efficiency of sulfuric acid, mined
gypsum and two gypsum by-products in suit crusting prevention and Soidic soil
reclamation. Agronomy Journal. 97: 985-989 .

Arjumend, T.; M. K. Abbasi and E. E. Rafique. (2015). Effects of lignite-derived
humic acid on some selected soil properties, growth and nutrient uptake of
wheat (Triticum aestivum L.) grown under greenhouse conditions. Pak. J. Bot.
47: 2231-2238.

Atwa, A AE.; N.l. Talha; E.S. EI-Gizawy and Kh.A. Amer. (2013). Impact of
water quality on barley varieties, soil properties and their contents of heavy
metals. J. Soil Sci. and Agric. Eng. Mansoura Univ., 4(5): 463-474.

Ayers, R.S. and D. W. westcot, (1985). Water quality for agriculture ( vol.29. p. 114).
Rome: Food and Agriculture organization of the United Nations -

Bossolani J. W, C.A.C. Crusciol and L. G. Moretti (2022). Improving soil fertility
with lime and phosphogypsum enhances soybean yield and physiological
characteristics. Agronomy for Sustainable Development, 42 (2): 26-42.
https://doi.org/10.1007/s13593-022-00765-9

Doneen, L. D. (1964). Notes on Water Quality in Agriculture. Water Sci. and Eng.
Paper No. 4001 Dept. of Water Sci. and Eng. Univ. Calif. Davis. USA.

Duncan, D. B. (1955). Multiple ranges and multiple F-tests. Biometrics, 11:1-42

Eyheraguibel, B.; J. Silvestre and P. E. Morard. 2008. Effects of humic substances
derived from organic waste enhancement on the growth and mineral nutrition of
maize. Bioresour. Technol. 99: 4206-4212.

Fipps, G. (1998). Irrigation Water Quality Standards and salinity Management. The
Texas A and M Univ. System.

Foreign Agricultural Services, USDA. (2021). Grain and Feed Annual Egypt s wheat
production in marketing and trade. PP 2-7

Gomaa, M. A; E. E. Kandil and A. F. Gharib, (2019). Response of Wheat Plants to
Seaweed Extracts and Fluvic Acid under Irrigation with Drainage Water. Egypt.
Acad. J. Biolog. Sci., 10(1):35- 44

Gupta, I. C. (1990) Use of saline water in agriculture. A study of arid and semi-arid
zones of India. New DIhi; Oxfordand IBH Publications.

Hesse, P. R. (1971)." A Text Book of Soil Chemical Analysis". Juan Murry (Publisher)
Ltd, London.


https://doi.org/10.1007/s13593-022-00765-9

276 ASHRAF EL GAMMAL et al.

Hussein, Sarah, A., H. H. Al-Joubary and M. Mumtaz Sohib (2019). Effect of bio-
fertilization and salinity levels of irrigation water on the growth and yield triats
of wheat. Euphrates Journal of Agriculture Science (c3)39-48

Igrejas, G. and G. Branlard, (2020). In: Igrejas, G., lkeda, T.M., Guzman, C.(Eds.),

The Importance of water wheat BT- wheat Quality for Improving processing
and human health. Springer International publishing, cham. Pp. 1-7.

Jackson, M.L. (1967). Soil Chemical Analysis. Prentice-Hall of India, New Delhi

Jha, U.C., A Bohra,., R. Jha, and S.K Parida,. (2019). Salinity stress response and
“omics” approaches for improving salinity stress tolerance in major grain
legumes. Plant Cell Rep. 38, 255-277.

Katkat AV, H Celik, MA Turan, BB Asik (2009). Effects of soil and foliar
applications  of  humic  substances on dry weight and
mineral nutrients uptake of wheat under calcareous soil conditions.
Australian Journal of Basic and Applied Sciences, 3(2): 1266-1273

Klute, A. (1986) . Methods of Soil Analysis (part 1). Amer. soc. of Agron., Inc.
Madison, Wisconsin, USA. 3rd edition.

Kumar, M., Etesami, H. and V. ( Eds.). Kumar, ( 2019). Saline Soil- based
agriculture by haloto levant micro e croorganisms. Springer Singapore .

Kumar, P., M. Choudhary, T. Halder, , N.R Prakash,., V., V, Singh, V.T,,
Sheoran, R. K., N Longmei,., S. Rakshit, and K.H.M Siddique,., (2022).
Salinity stress tolerance and omics approaches: revisiting the progress and
achievements in major cereal crops. Heredity 128, 497-518. H

Machado, R. M. A. and R. P., Serralheiro, ( 2017). Soil salinity effect on vegetable
crop growth management practices to prevent and mitigate soil salinization,
Horticulture 3, 30.

Malan, C. (2015). Review: humic and fulvic acids. A Practical Approach. In
Sustainable soil management symposium. Stellenbosch, 5-6 November 2015,
Agri.librium Publisher

Manal M, Chandrasekar; M. J. J.G. Priya and M.J. Nanjan. (2016) . Inhibitors of
histone deacetylase as antitumor agents: A Critical Review. Bioorganic
Chemistry. 2016 Aug 1;67:18-42.

Mansour HA, Abd El-Hady M.( 2014). Performance of irrigation systems under
water salinity in wheat production. IOSR Journal of Agriculture and Veterinary
Science (IOSR-JAVS) e-ISSN: 2319-2380, p. ISSN: 2319-2372.;7(7):19-24

Mass E. V.& C. M. Grieve 1990 Spike and leaf development in salt stressed wheat.
Crop Sci. 30:1309-1313.

Meena, R. K., R. Meena and B. Ram (2019). Effect of fly ash, phospho- gypsum and
chemical fertilizers on growth, yield and nutrient uptake of wheat ( Triticum
aestivum L.) in inceptisel. Journal of Pharmacognosy and Phytochemistry, 8
(5). 733-736 .

Mojid M. A; K. F. I. Murad, S. S. Tabriz and G. C. L. Wyseure , (2013). An
advantageous level of irrigation water salinity for wheat cultivation. J.
Bangladesh Agril. Univ,. 11(1): 141-146



J. Product. & Dev.,29,4, 2024 277

Mora, O., Le Mouel, C., de lattre- Gasquet, M., Donnare, ¢, Dunas, P.,
Réchauchére, O, and P. Marty, (2020). Exploring the future of land use and
food security: A new set of global scenarios. PLoS ONE 15 (1). 1-29.
E0235597. http// doi.org/ 10.1371/ journal, Pone, 0235597 -

Morales, J., J. A, Manso,A. Cid, and J. C. Mejuto, (2012). Degradation of
carbofuran and carbofuran-derivatives in presence of humic substances under
basic conditions. Chemosphere, 89(11), 1267-1271.

Mostafa, M.M. (2001). Nutrition and productivity of broad bean plant as affected by
quality and source of irrigation water. Zagazig J. Agric. Res., 28(3): 517-532.

Muhanbet A., A. Khusainov and S. Elubaev, (2016) Environmental Safety for
Chernozem Soil Fertilized with Phosphogypsum and Ash for Spring Wheat
Cultivation in North Kazakhstan. MATEC Web of Conferences 7 , 03010
(2016), 1-6

Munns, R. and M.Tester, (2008). Mechanisms Of Salinity Tolerance. Annu. Rev.
Plant Biol. 59, 651-681.

Nassar, M.M.1.; E.A. Moursi and M.M. Kassab (2014). Effect of irrigation water
guality on some soil properties, productivity of some wheat cultivars and their
contents of heavy metals. J. Soil Sci. and Agric. Eng., Mansoura Univ., Vol. 5
(9): 1317-1333.

Nayak A K., D K Sharma, V K Mishra and S K. Jha 2009 Effect of
phosphogypsum amendment on rice — wheat system in sodic soil of Indo-
Gangetic plants. Indian JOURNAL OF Agricultural sciences, 79(8), 615-619

Pettit, R. E. ( 2004). Organic matter, humus, humate, humic acid, FA and humin their
importance in soil fertility and plant health available at www.humate info/ main
page htm C.F. Computer search

Ragab A. A. M. M., F. A. Hellal and M. Abd El-Hady (2008): Irrigation water
salinity effects on some soil water constants and plant Twelfth International
Water Technology Conference, INTC12, Alexandria, Egypt.: 625-638

Rasool G.; A. J. Wahla; M. Nawaz and M. A. Rehman (2015). Determination and
evaluation of the effect of different doses of humic acid on the growth and yield
of wheat (Triticum aestivum L.). Journal of Agriculture and Veterinary Science,
(IOSR-JAVS); Vol 8, Issue 2, Ver. |, PP 05-07.

Rhoades, J. D; A. Kandiah, and A. M.Mashali, (1991). The use of saline water for
crop production. Fao irrigation and Drainage paper no. 48, FAo, Rome, Italy.

Richards, L. A. (1954). "Diagnosis and Improving of Saline and Alkaline Soils". U.
S., Salinity Laboratory Staff. Agric. Handbook, No.60.

Robert, E. P. (2014). Organic matter, humus, humate, humic acid, fulvic acid and
humin: there importance in soil fertility and plant health . In Proceedings of the
IEEE Geoscience and Remote Sensing Symposium (IGARSS) 2014, Quebec
city, Qc Canada, 13-180July 2014;pp 1-5.

Saleh, H. M. and Q. M. Hassan. (1998). The uses of saltwater in Arab agriculture
(frag). Workshop of the Arab Center for the Study of Arid Zones and Dry Lands.
Tunisia, 23-21 of April.



278 ASHRAF EL GAMMAL et al.

Sary H. Dalal and Eman N. hamed (2011). Effect. Of salicylic, humic and FAs
Application on the growth, productivity and Elements Contents of Two wheat
varieties grown under salt stress. J. of soil sciences and Agricultural
Enginearing. Mansoura Univ., Vol_12 ( 10): 651-671.

Seema, Sahay; A. Inam and S. Igbal (2013). Effect of wastewater irrigation on soil,
metal tolerance and its remediation by four oil yield Brassica cultivars.
International Journal of Environmental Sciences, 3(2).

Snell, F. D. and Snell, C T. (1967). Colorimetric Methods of analysis Canadian
Journal of Botany, 63, 729-735.

Sootahar M. K., X. Zeng and Sootahar (2022). Short-Term Impact of Plant and
Liquid derived Fulvic Acids on the Physiological Characteristics, Plant Growth
and Nutrient Uptake of Maize-Wheat Production, Life and Environmental
Sciences 59(1): 37-47, http://doi.org/10.53560/PPASB(59-1)694

Sootahar M.K.; X. Zeng; Y. Wang, (2019). The Short-Term Effects of Mineral- and
Plant- Derived Fulvic Acids on Some Selected Soil Properties: Improvement in
the Growth, Yield, and Mineral Nutritional Status of Wheat (Triticum aestivum
L.) under Soils of Contrasting Textures. Plants, 9:205; doi:10.3390/ plants
9020205.

Todd, D. K. (1980). Ground Water Hydrology. Wiley, New York. USA.

Toma, M and M. saigusa (1997). Effects of phosphoryplans amelioration of strongly
and infiltration. Soil Techno, 3 (3): 241-251

USDA (1954). Diagnosis snd improvement of saline and alkali soils U.S. Department
of Agriculture (USDA). Handbook No. 60 U. S. Govr. Printing Office,
Washington, USA.

Vomocil, J. A. (1957). Measurement of soil bulk density and penetrability: Review of
methods Advan. Agron., 9, 159-175. http:/doi. Org/10.1016/50065-
2113(08)60112-1

Weng L, W. H.V. Riemsdijk, L.K. Koopal and T. Hiemstra (2006). Adsorption of
humic substances on goethite:comparison between humic acids and fulvic acids.
Environ Sci Technol 40:7494-7500

Wolf, (1982). A comprehensive system of leaf analysis and it's use for diagnosing crop
nutrient states. Communic Soil Sci. and Plant Analysis, 13. 1035-1059.

Yang, S.; Z. Zhang; L. Cong; X. Wang and S. Shi (2013). Effect of fulvic acid on
the phosphorus availability in acid soil. Journal of Soil Science and Plant
Nutrition, 13 (3), 526-533.

Zein, F.1.; N.l. Talha; Hamida, M.A. El-Sanafawy and |.A. El-Saiad (2012). Water
Production Functions of Wheat Irrigated with Saline Water Using Line Source
Sprinkler System under the Mediterranean Type Climate. Turkish Journal of
Agricultural and Natural Sciences Special Issue: 1, 2014: 1017-1024.


http://doi.org/10.53560/PPASB(59-1)694
http://doi/

J. Product. & Dev.,29,4, 2024 279
dalla sl s i gl caat duda ) Clicaall g radl) Jsana 4laiu

A Cada FF e Baallae S - FF Gua Sl ) SFJlaad) e L)
A Ay - F IS

G gl 318 a il slogall g (ool ) g g ¢ (il ) Al g (a1 gy it
raa B de) 3

san- RN (385N daaly ¢ daiill g L LS A0S ALY LYY andie

el B YOYYY Y 5 Y XYY Y ) ange e o dlia Gjad ol gl 5
¢ pan Al Sl S e g del )3l Gl Aasay ol V) Alpa s Gauad Sy
i Ao ) ALY AR (50 slae gl i 5w ) Al )l 538 Cings
osally il @) (sl Jie ) Al Cliase () A Galsad Gar s malll J s
E e Al e Unill apaad bl o3 ¢ Al Gallad s el dali) Lo (i s
Opmene s o5 Laty gt )l adall (3 G glll e g s Gl 5 Cas ol S
il gl aes Adlia) 5 Clisas A8lal () 9) Al Clinae (Al 5) J sl ) A8l
‘ Ao Al el B (o g shoa sl
by geail) il g iy} b € ialial ) ol (g0 obie e 33l 5 of il gl
o3 (ja il (8 o e sios il 5 ALl gil) Gmen Adlia) cirel Laiy s Gl ()55 Al
Gl Jpanay gl Jpana (aidd) (Jialhy doel )3l claall oda e e ol il
Ll il aea Al e Caal GS1 i glall il giase L85 )) e S S (sl sl J semnall
& (pomulisdls ¢ st sl (g yiall) A1) jualiall Gl sine Coadd) LS o susin s ol
OSal By o e b oll) 5 Ll @l man aladinl e it (81 dda sl 30k ) pe el s
a5l il Ul (3 (U5 o im) ol Jpmmma (o 280U 6yl ¥obae ) (3820

Dol LS A Vel o3 5 dalle
1ol J pans

Linear: GY_=2800-66.207x R2 =0.9385

Quadratic: GYg =2741.1 -16.062x -6.0098x2  R2=09681
(88 J g

Linear :SY_ = 3508.1-154.28x R2=0.9611

Quadratic: SY o = 3506.1 - 152.59 x -0.2024 x> R*=0.9611
A il g 4badll 3 ) puall (8 g gl J e 58 SY g, SY, GYq, GY &
(/i (o) (M olae ds sl (5 e X
Caxdll (ary Ciad da slall Gl gie s sl Jsane g Gl Lol cValedl dua gl
(ol s o 1,09 (e J1) dadiiiall G slall il sine ie Alad ST PG o ) Al ) @l
(pf Siapms (o2 1,08 (g o) eV daslall <l ginse die JmdY) 58 FA O s



