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ABSTRACT

Afield experiments were carried out during 2021 and 2022 rice grown seasons. The site of experiment was
located at EI-Hamoal, Kafr EI-Sheikh —Egypt. The goal of study to investigate the effect of different treatments
application such as (urea, gypsum, compost and farmyard manure) as well as their duality treatments and water
depths on saline soil properties and productivity of rice (Oryza sativa, cv Gizal79). The main findings were
displayed as following. All treatments reduced the bulk density (BD), electrical conductivity (EC), pH under saline
soil condition except urea treatment. Compost + gypsum treatment under 10 cm water depth caused the lowest
value of BD, EC, pH of surface soil in both seasons, Meanwhile hydraulic conductivity, total porosity, organic
matter increased in two saline soil layers by applying different soil treatments and two water depths especially 10
cm except urea treatment at rice harvesting in the two study seasons. The lowest values of soil nitrogen,
phosphorus, potassium contents were found in control plots. Meanwhile, the highest values of the increments were
obtained by the duality treatment of the tested materials in soil layers of the two seasons. A significant and
progressive increment in all different rice yield components with application of soil treatments and water depths
especially at 10 cm. Additionally, the duality treatment of the tested materials seemed to be the most effective
treatment in increasing measured yield components compared to other treatments.
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INTRODUCTION

Recent and past data have shown that global agricultural
production is continuously being impeded by salinity (Shahid et
al., 2018). Soil salinity, which arises as a result of excessive
accumulation of sodium chloride (NaCl), sodium sulfate
(Na2SOy), sodium carbonate (NaCOs), calcium chloride
(CaCly), and magnesium chloride (MgCL), is a major
environmental constrain hindering crop productivity and growth
in the terrestrial ecosystem (Ahmad et al., 2018; Almeida et al.,
2017). Salinity degrades physical, biological and chemical
properties of the soil; thus, adversely reduce soils capability in
meeting the needs of the required increase in global food security.

In this regard, gypsum has been reported several times
to sustain optimal K*/Na* and Ca?Na" ratios, reduced pH as
well as furnish crops with the required S nutrition in saline
soils (Ahmed et al., 2016; Abdel-Fattah, 2015).

Organic materials such as mulch manures, plant
residues, municipal solid wastes, and agricultural manures are
currently used to ameliorate saline soil (Jones et al., 2012).

Compost has several beneficial effects as a nutrient
source for plant production and does not have deleterious
impacts on soil and plant (Scotti et al., 2016). Compost contains
many enzymes and hormones that can promote plant growth
(Liu et al., 2021). Nitrogen is an essential component of many
vital compounds in plant, such as chlorophyll, nucleotides,
proteins, alkaloids, enzymes, hormones, and vitamins; besides,
N plays an important role in plant photosynthesis by improving
leaf area index (Marschner, 1997). Application of 100%
recommended dose of nitrogen from urea significantly
influenced grain and straw yield of rice (Koushal et al., 2011).
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Combined application of manure and chemical
fertilizer (urea) to soil increases the available N, P, K status of
soil and improves the organic carbon content of soil as well as
increase crop yield (Nilotpal et al., 2018).

Rice (Oryza sativa L.) cultivation in many countries
meets also water shortages and other environmental issues
(He etal., 2016).

Rice is an important crop plant and feeds over 50% of
the global population (Ahmad et al., 2018). It is not only a
food crop, but also an important foundation for the economics
of several developing countries (Van Dis et al., 2015). Rice is
distinct from other crops as it is cultivated in flooded paddy
soils over most growth stages.

In this regard, the current study aims to assess the
effects of compost (organic fertilizer), farmyard manure,
chemical fertilizer (urea) and gypsum with water
management on the nutrient availability, growth and
productivity of rice plant in saline sodic soil. Furthermore, to
investigate the impact of such these treatments on some
physical and chemical properties of this soil.

MATERIALS AND METHODS

A field experiment was conducted at El-Hamoal, Kafr
El-Sheikh —Egypt (31°18'13"5 N and 31°03'30"8 E) during two
growing seasons (2021 and 2022), to study the effect of different
treatments application such as (urea, gypsum, compost and
farmyard manure) as well as their duality treatments and water
depths on saline soil properties and productivity of rice (Oryza
sativa, cv Gizal79). Rice grains were sown at a rate of 140 kg/ha
on 15" April 2021, 2022. The experiment was laid out in a split
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plot design with four replications. The layout was made
distributing two water depths to the main plots and fertilizer plus
soil treatments to the sub plots.

Experiment treatments:

The experiment consists of 2 factors i.e., two water
depths and soil treatments. Two water depths; Li.(=5 cm
water level), L, : (10 cm water level) and soil treatments: (1)-
control(CK), (2)-165 kg urea (N) ha? ,(3)-10 t farmyard
(FYM) ha'l, (4)-10 t compost (C) ha (5)-5 t gypsum (G) ha
1 (6)-165kg N ha'+ 10t FYM ha?, (7)-165kg N ha' + 10t
compost ha*(8)-165kg N ha* + 5t gypsum ha (9)-10t FYM
ha'+10 t compost ha*(10)-10 t FYM ha+5t gypsum ha*
(11)-10t compost ha* +5 t gypsum ha*(12)-10tFYM ha’+ 10
t compost ha™+ 5 t gypsum ha? ,(13)-165 kg N hal+10t
FYMha*+10tcompost ha+5t gypsum ha™.

Field experiment:

Before planting, Soil samples from the surface layer
(0-30 cm) have been taken from the experiment site, air-dried,
ground, sieved through a 2 mm sieve and analyzed for some
physical and chemical properties as recorded in Table 1. The
soil texture is clayey, characterized by high values of salinity.
The chemical composition of compost and farmyard manure
was in Table 2 a, b. Gypsum requirement for soil reclamation
was obtained from the gypsum requirement (GR) determined
by the saturated gypsum solution method (Bao, 2005).

Table 1. Physical and chemical properties of the studied
soil before planting.

. Soil depths
Characteristic 095 2550 5075
Particle size distribution (%)
Coarse Sand 53 6.2 9.6
Find sand 114 10.2 16.1
Silt 364 351 34.0
Clay 469 485 40.3
Texture class Clay
Chemical analysis
PH (1:2.5 soil suspension) 7.81 7.83 .77
OM (%) 132 123 120
EC,dS/m 55 6.0 6.2
Soluble cations (meg/L)
Ca** 8.0 9.6 104
Mg** 43 55 5.6
Na* 425 465 473
K* 12 14 0.7
Soluble anions (meg/L)
COgz - - -
HCOs 0.6 0.5 0.4
Cr 479 532 58.0
SO4~ 75 83 5.6
Available macro nutrients(mg\kg™T)
N 255 268 24.0
P 6.5 71 8.1
K 1816 2095 2114

EC: electrical conductivity (salinity); OM: organic matter.

Table 2 a. Some chemical analysis of compost (C) used in
the experiment.

Analysis N% C:N P% K%
2021 14 185 073 1%
compost 2022 146 185 075 197

Table 2 b. Some chemical analysis of farmyard manure
(FYM) used in the experiment.

Analysis N% C:N P% K%
Farmyard 2021 121 125 0.67 1.00
manure 2022 1.30 123 067 120

Treatments (gypsum, compost and farmyard manure)
were applied before cultivation. The soil was ploughed

followed by laser compromise before planting. Agricultural
practices for rice plants were carried out as a recommendation.
Soil measurements

After harvest, soil samples have been collected from
all plots at the first and second seasons, at two consecutive
depths (0-25, 25-50cm). The soil samples were air-dried and
analyzed for some chemical and physical properties, i.e., Soil
pH according to (McLean, 1982). The total soluble salts (EC)
were determined using electrical conductivity meter at 25C in
soil paste extract as dS/m (Page et al., 1982). Soil available N
was determined according to (Matsumoto et al., 2000),
available P and K were determined according to (Tian et al.,
2021). Organic matter content was determined according to
(Bhattacharyya et al., 2015). Soil bulk density and total
porosity were measured as described by (Campbell, 1994).
Crop Growth and Yield Measurements:

Five plants were chosen at random from each plot to
measure the plant heights, number of tillers, and number of
paniclehill, panicle length, filled grains/ panicle and 1000 grain
weight. The total yield of rice for each plot was harvested,
weighed, and converted to tons ha* for each treatment.
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 were used at P<0.05.

RESULTS AND DISCUSSION

Results
Soil physical properties:

Data presented in Table 3 showed the effect of
different treatments (G, C, FYM and N) and water depths
(L1and L2) on some soil physical properties including (bulk
density (BD), hydraulic conductivity (HC) and total soil
porosity (TSP)) in two soil layers (0- 25, 25- 50 cm) of the
two-year experiment after rice harvesting.

Soil bulk density:

Data showed a progressive reduction in SBD of saline
soil layers (0- 25, 25- 50 cm) with applied the different soil
treatments added separately or together and two water depths in
both seasons Table 3. All treatments reduced the BD under
saline soil condition except N treatment. This reduction was
more pronounced with increasing water depths. Additionally, it
was in surface soil layer (0- 25 cm) more obvious than in
subsurface soil layer (25- 50 cm). It was noticed that the highest
bulk density value was obtained with the control treatment.
Meanwhile, application of the compost + gypsum under 10 cm
water depth had the lowest bulk density value in the two study
seasons. Similar effects of these treatments upon on soil
physical properties were reported by Nilotpal et al., 2018. In the
first season, in 0- 25 c¢cm saline soil layer, the decrement
percentage in SBD was 9.77, 5.26, 3.76 and 11.28 % as result
of application of G, C, FYM and their duality treatment at L2,
respectively and was 6.77, 3.01, 2.26 and 8.27% as a result of
applied the same tested materials under L1 in the same soil
layer, respectively compared to Ck plots. Furthermore, in 25-
50 cm saline soil layer, the application of G, C, FYM and their
duality treatment at L2 recorded a reduction of SBD by 8.15,
3.70, 2.96 and 8.89%, respectively and by 5.19, 2.96, 2.22 and
5.93% decrement of the same materials at L1, respectively after
rice harvesting relative to salinized untreated plots.
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Table 3. Effect of different water depths and soil treatments on bulk density (BD), hydraulic conductivity (HC) and
total porosity (TP) of the studied saline soil in both seasons.

2021
BD (g/cmd) HC (cm/h) TP (%)
Treatments Water depths
(5cm) (10cm) (5cm) (10cm) (5cm) (10cm)

025 2550 025 2550 0-25 2550 0-25 2550 0-25 25-50 0-25 25-50
Ck 133 135 133 135 037 033 037 033 5019 4944 5019 4944
C 129 131 126 13 053 049 060 050 5169 5094 5281 5131
FYM 13 132 128 131 048 039 054 046 5131 5056 5206 5094
FYM+C 131 132 127 131 059 042 065 053 5094 5056 5243  50.94
G 124 128 120 124 076 061 087 073 5356 5206 5506  53.56
G+C 12 124 116 128 081 072 092 08l 5506 5356 5655  52.06
G+ FYM 122 126 118 127 074 068 089 071 5431 5281 5581 5243
G+FYM+C 122 127 118 123 080 071 093 079 5431 5243 5581  53.93
N 133 135 133 135 037 032 039 038 5019 4944 5019 4944
N+C 1.29 13 1.26 13 055 044 060 059 5169 5131 5281 5131
N+FYM 13 132 128 134 077 067 054 049 5131 5056 5206 4981
N+G 1.25 13 120 127 077 063 088 076 5318 5131 5506 5243
N+G+FYM+C 119 123 117 122 070 060 085 076 5543 5393 5618 5431

2022

Ck 132 134 132 134 039 035 039 035 5056 4981 5056  49.81
C 127 129 124 128 055 050 063 051 5243 5169 5356  52.06
FYM 128 130 126 129 049 039 056 046 5206 5131 5281 5169
FYM+C 129 130 125 128 061 045 067 055 5169 5131 5318  52.06
G 123 126 120 124 078 063 08 075 5393 5281 5506  53.56
G+C 12 124 116 128 084 075 092 082 5506 5356 5655  52.06
G+ FYM 121 125 118 127 075 069 08 070 5468 5318 5581 5243
G+FYM+C 121 126 118 123 082 072 09 080 5468 5281 5581  53.93
N 132 134 132 134 039 032 039 036 5056 4981 5056  49.81
N+C 127 128 125 128 057 045 062 059 5243 5206 5318  52.06
N+FYM 128 130 126 132 079 068 055 050 5206 5131 5281  50.56
N+G 125 130 12 127 079 063 088 076 5318 5131 5506 5243
N+G+FYM+C 118 123 117 122 072 061 087 077 5581 5393 5618 5431

Ck=control, FYM =farmyard manure, C=compost, G =gypsum, N=urea

Soil saturated hydraulic conductivity and total soil porosity:

The results in Table 3 revealed that SHC and TSP were
increased in two saline soil layers (0- 25, 25- 50 cm) by
applying different soil treatments as pretreated in soil either
alone or together and two water depths except N treatment at
rice harvesting in two seasons compared to Ck. This increment
was more obvious when L2 was used. Also, this increment of
SHC and TSP were higher in the surface soil layer (0- 25 cm)
than subsurface soil layer (25- 50 ¢cm) at Lland L2. For
instance, in the first season at 0- 25 cm saline soil layer, the
application of G, C, FYM and their duality treatment at L2
caused an increment in SHC represented by 135.14, 62.16,
45.95 and 151.35%, respectively. Moreover, the application of
G, C, FYM and their duality treatment at L1 caused an
increment in SHC by 10541, 43.24, 29.73 and 116.22%,
respectively. Also, the duality treatment of the C, G and FYM
at L1 increased TSP represented by 8.21%, in 0- 25 cm soil
layer and represented by 6.05%, in 25- 50 cm soil layer relative
to salinized untreated plots. The above results demonstrated that
the application of duality treatment of the C, G and FYM at L2
seemed to be the most effective treatment for increasing HC in
two saline soil layers while, C + G treatment at L2 seemed to
be the best one for improving TSP in surface soil layer in two
seasons compared to other treatments at harvest time.

Soil chemical properties:
Soail salinity (EC):

Data recorded in Table 4 showed the effect of different
soil treatments (G, C, FYM and N) as separately or alternatively
and two water depths (L1and L2) on EC in two studied soil
layers (0- 25 and 25- 50 cm) of both seasons at harvest time.
Similar results on soil chemical properties agree well with
previous data by Shahid et al., 2018. It could be observed that
the application of these tested materials and L1, L2 decreased
EC in the two studied saline soil depths except N treatment
compared to Ck plots. This reduction was more obvious at L2

than L1. On the other hand, it could be noticed that, the values
of EC in saline soil can be descended in order 25- 50 cm > 0-
25 cm soil layer in the two seasons. Meanwhile, the lowest
value of reduction EC was obtained by C + G treatment of two
soil layers in both seasons. For instance, in the first season, in O-
25 cm soil layer, the decrement percentage of EC in studied soil
and treated with C, G and FYM as well as their duality
treatment at L2 were 17.31, 40.38, 7.69 and 34.62%,
respectively and at L1 were 11.11, 33.33, 5.56 and 27.78%,
respectively compared to corresponding salinized Ck plots.
Interestingly, in 25- 50 cm soil layer, the decrement of soil EC
in the studied soil and treated with C, G and FYM as well as
their duality at L2 were 16.67, 37.04, 556 and 37.04%,
respectively compared to salinized untreated plots. Similar
trend was detected for plots under the same soil layer and
treated with the same tested materials at L1 after rice harvesting.
Soil pH:

Table 4 revealed that soil pH values in two saline soil
layers were decreased by applying different soil treatments
either alone or alternatively and water depths (L1 and L2)
except N treatment in the two study seasons compared to Ck
at harvest time. This reduction was more obvious at L2. The
lowest values of soil pH were found with G treatment in 0- 25
cm at L2. Meanwhile, the highest values of this character
were scored from Ck treatments.

Soil organic matter:

The effect of both different two water depths and soil
treatments applied separately or alternatively caused a
pronounced increment in the SOM except G treatment of two
soil layers compared to corresponding control values Table 4.
Concerning the values of N+G treatment were in the second
season < the values of the first season at L1and L2. It could be
observed that the duality treatment as pretreated in soil at L1
and L2 seemed to be the best one for improving OM in two soil
layers of both seasons.
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Table 4. Effect of different water depths and soil treatments on electrical conductivity (EC, salinity) dS/m, soil pH values
and organic matter (%) of the studied saline soil in both seasons.

2021
EC (dS/m) pH (1:2.5) OM (%)
Treatments Water depths
(5cm) (10cm) (5cm) (10cm) (5cm) (10cm)

025 25-50 025 2550 025 2550 025 2550 025 2550 025 2550
Ck 54 59 52 54 781 783 781 783 132 123 1.32 123
C 48 50 43 45 7.78 7.8 774 1.76 151 1.40 1.55 141
FYM 51 53 48 51 781 783 779 781 1.48 1.37 151 1.39
FYM+C 49 5.2 45 48 777 779 775 7.76 155 141 157 142
G 36 40 31 34 775 778 770  7.75 1.32 1.23 1.33 123
G+C 35 40 29 31 775 775 771 773 1.49 1.34 1.50 1.40
G+ FYM 38 43 34 39 776 777 175 177 142 1.35 1.46 1.38
G+FYM+C 39 4.2 34 34 7.74 7.8 773 1.78 150 141 154 1.40
N 54 5.7 53 55 781 783 781 783 133 1.25 1.34 1.26
N+C 49 5.2 4.6 50 782 783 1771 7182 1.48 1.39 151 1.39
N+FYM 50 53 50 5.2 781 783 779 782 1.46 1.38 1.50 1.38
N+G 41 49 38 A4 779 781 775 779 133 1.25 1.34 1.25
N+G+FYM+C 4.2 4.6 37 4.1 776 779 175 7.8 1.56 1.44 1.60 1.45

2022

Ck 5.2 58 50 52 781 783 781 783 1.32 1.22 1.32 1.23
C 46 48 41 44 7.78 7.8 774 7.76 152 1.40 1.56 142
FYM 4.8 50 4.6 49 780 782 778 781 1.49 1.38 153 1.40
FYM+C 4.7 49 4.3 4.6 777 7179 774 776 157 1.42 1.59 142
G 34 40 31 34 774 778 770 7.75 132 1.22 1.32 123
G+C 34 40 29 31 774 775 772 773 1.50 1.34 152 141
G+ FYM 3.7 4.2 34 39 775 177 174 177 1.44 1.36 1.50 1.39
G+FYM+C 38 4.2 34 35 7.73 7.8 773 1.78 151 1.42 1.56 141
N 5.2 5.8 50 5.2 781 783 781 783 133 122 1.32 123
N+C 4.7 50 45 49 782 783 177 7182 149 1.40 153 1.40
N+FYM 49 5.2 48 50 781 783 779 782 1.46 1.38 1.50 1.38
N+G 41 49 36 4, 779 781 775 779 132 1.23 1.32 123
N+G+FYM+C 4.2 4.6 3. 4.1 776 779 175 7.8 159 145 161 1.46

Ck=control, FYM =farmyard manure, C=compost, G=gypsum, N=urea

Available nutrients content: seasons compared to untreated plots. These increments were
Data in Table 5 illustrated that nitrogen content in soil ~ more pronounced with increasing water depths. Moreover, it

layers was increased as a result of (C, G, FYM and N) had greater values in 25- 50 cm than 0- 25 cm soil layer. The

treatments applied either alone or together and (L1, L2) inboth  lowest values of soil nitrogen content were found in Ck plots.

Table 5. Effect of different water depths and soil treatments on available nutrients content (mg kg™ soil) of the studied
saline soil in both seasons.

2021
N (mg kg7 soil) P (mg kg? sail) K (mg kg™ sail)
Treatments Water depths
(5cm) (10cm) (5cm) (10cm) (5cm) (10cm)

0-25 2550 0-25 2550 0-25 2550 0-25 25-50 0-25 25-50 0-25 25-50
Ck 255 268 265 278 65 71 67 74 219.6 2264 2295 2352
C 301 318 314 334 81 85 86 88 2655 2814 301.3 3176
FYM 317 331 334 32 71 84 76 87 2954 3136 336.8 349.7
FYM+C 334 345 361 364 85 87 88 90 285.6 2912 3204 325.6
G 285 294 301 314 74 80 81 86 255.9 265.2 279.4 2923
G+C 304 318 321 335 84 86 87 88 2634 270.0 3156 3228
G+ FYM 318 334 341 361 76 84 83 87 3352 350.1 3759 390.2
G+FYM+C 321 338 342 35 85 86 87 89 356.1 370.0 398.6 400.8
N 318 345 32 392 66 72 78 15 2315 290.1 235.6 2365
N+C 331 334 364 371 83 87 88 90 256.1 288.6 300.6 3203
N+FYM 337 319 3w1 372 78 86 79 87 306.2 3151 3403 355.2
N+G 347 367 364 394 76 82 84 86 3113 3305 3421 360.1
N+G+FYM+C 367 385 398 411 86 89 89 91 360.5 3713 400.3 408.7

2022

Ck 274 287 288 297 70 74 72 16 220.0 227.0 230.1 2352
C 304 320 319 335 84 88 87 90 266.5 282.0 303.2 318.1
FYM 327 344 337 3H5 82 B85 86 89 297.1 3152 339.2 350.3
FYM+C 335 346 365 371 87 90 89 91 286.3 2934 3222 326.4
G 295 299 302 318 81 B85 B84 86 255.9 265.2 279.4 2923
G+C 304 328 328 339 86 89 90 91 2655 2720 318.1 3233
G+ FYM 328 349 344 36 85 86 86 89 337.0 3522 376.3 3911
G+FYM+C 329 346 347 361 86 90 91 92 359.3 370.0 399.7 4012
N 329 350 3H5 402 80 85 82 86 2336 2937 236.8 2372
N+C 336 344 359 382 86 90 91 92 258.2 290.1 3029 3220
N+FYM 338 344 369 392 83 88 87 90 309.4 318.1 344.2 355.2
N+G 348 369 369 403 81 85 87 88 312.0 3312 3453 360.1
N+G+FYM+C 372 391 409 421 89 92 92 95 3634 3713 4023 408.7

Ck=control, FYM =farmyard manure, C=compost, G =gypsum, N=urea

Meanwhile, the highest values of the increments of the  treatments. In 0- 25 cm saline soil layer of the first season, the

same character were obtained by the duality treatment of the tested  increment of soil nitrogen content at L2 and pretreated soil with C,
materials in soil layers of the two seasons compared to other G, FYM, N and their duality treatments were 23.43, 18.06, 31.15,
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38.09 and 56.15%, respectively. Additionally, the increments at
L1 were 22.89, 16.49, 29.70, 29.83 and 49.86%, respectively.
Regarding to soil phosphorus content, the effect of (C, G,
FYM and N) treatments applied alone or as alternatively and (L1,
L2) on P content in soil layers were illustrated in Table 5. A
marked increment was detected due to treatments. The results
obtained agree well with previous data by Tian et al., 2021. The
application of different sources of soil treatments ameliorated the
harmful effect of salinity on P content especially at 25- 50 ¢cm
saline soil layer in both seasons. This increment was more
pronounced with increasing water depths. In 0- 25 cm soil layer,
in the first season, the application of G treatment caused an
increment of soil P content represented by 14.66%, this may be
due to presence of sulfate (SO.~) which push phosphate (HPOx)
from adsorption sites to soil solution. Hence increase available-P.
Table 5 showed the effect of applied (C, G, FYM and N)
and their duality treatment as well as (L1, L2) on K content in the
studied soil. The results indicated that all the tested treatments
increased soil K content in the two seasons. The increments in the
soil K content were directly proportional with increasing water
depths. In 0- 25 cm soil layer of the first season, the increment
percentage in soil K content was 20.90, 16.53, 34.52, 5.42 and
64.16% as a result of L1 and application of C, G, FYM, N and

their duality treatment, respectively and was 31.29, 21.74, 46.75,
2.66 and 74.42%increment as a result of applied the same
materials and L2 in the same soil layer, respectively.

Yield components:

Results presented in Table 6 cleared the effect of
different soil treatments (C, G, FYM and N) applied either
alone or duality treatment and (L1, L2) on different yield
components including (plant height, number of tillers,
number of panicles and panicle length) of rice plants at
harvest time under saline soil condition. Data showed a
significant and progressive increment in all different yield
components with application of water depths especially at L2.
Also, different soil treatments caused a pronounced increment
in all studied parameters of rice plants compared to Ck in both
seasons. Similar effects of all treatments applied upon yield
components were reported by Hidetoshi et al. (2021) on rice
plants. Gogoi et al. (2010) found significantly higher effective
tillers/ m?, panicle length, filled grain/ panicle, test weight and
grain yield of rice with the substitution of 50% N with
farmyard manure over control and recommended dose
fertilizer (RDF). The interactive effect between different
water depths and soil treatments had significantly differences
except the plant height and No. of tillers had non-significant.

Table 6. Effect of different water depths and soil treatments on different yield components of rice plants under saline

soil in the two seasons.

arameters Plant height (cm) Number of tillers Number of panicle\hill Panicle length(cm)
P 2021 2022 2021 2022 2021 2022 2021 2022
Water depth (10cm) 99.21a 98.11a 20.45a 21.65a 15.28a 16.28a 14.28a 15.38a
Water depth (5cm) 92.097b 91.097b 16.56b 17.66b 13.60b 14.60b 12.60b 13.62b
Soil treatments

Ck 90.98 | 89.781 15.68g 16.88g 11.55g 12.55g 18.1j 19.13j
o 92.01k 91.01k 16.65f 17.85f 12.65f 13.65f 19.%i 20.11i
FYM 93.4j 92.2j 17.10f 18.15f 13.15¢e 15.15e 19.5h 20.51h
FYM+C 93.61 92.41 17.75e 18.85e 13.38e 14.38e 20.69 21.63g
G 93.9h 92.7h 17.75e 18.85¢ 13.9d 14.9d 20.69 21.36g
G+C 95.1g 94.1g 18.45d 19.55d 14.4c 15.4c 21.2f 22.21f
G+FYM 95.4f 94.3f 18.75¢ 19.95¢ 14.66¢ 14.66¢ 21.4d 22.42d
G+FYM+C 95.58¢ 94.48¢e 18.75¢c 19.95¢ 14.65¢ 15.65¢c 21.35e 22.33e
N 95.71e 94.51e 19.03c 20.05¢c 14.65¢ 15.65¢ 21.35e 22.33¢
N+C 97.01d 96.01d 19.12c 20.15¢ 14.75¢ 14.75¢c 21.4d 22.42d
N+FYM 97.96 ¢ 96.95¢ 19.65b 20.75b 15.86b 16.86b 21.6¢c 22.61c
N+G 100.13b 99.11b 21.12a 22.15a 17.00a 18.00a 21.8b 22.81b
N+G+FYM+C 102.7a 102.7a 21.35a 22.45a 17.2a 18.2a 22.1a 2311a
Interaction Ns Ns Ns Ns faeial falaial faloial faleiel

Ck =control, C=compost, FYM =farmyard manure, G =gypsum, N =urea

The interactive effect among (L1, L2) and (N, FYM, C
and G) treatments separately or alternatively as applied in saline
soil on No. of panicle/hill and panicle length of rice plants were
recorded in Table 7. All treatments markedly improved these
parameters in the two seasons. The application of these tested
materials, especially the duality treatment ameliorated the
harmful effect of salinity on measured yield components.

The effect of both water depths and soil treatments
applied separately or together caused a pronounced increment
in the studied yield components involved (filled grain/
panicle, 1000 grain, grain yield and straw yield) at harvest
time compared to control values Table 8. The increments in
the studied yield components were directly proportional with
increasing water depths. Additionally, the duality treatment of
the tested materials seemed to be the most effective treatment
compared to other treatments in increasing the different yield
components. The results obtained in the present investigation
concerning the effect of tested materials on yield components
agree well with previous data by Laila et al. (2021) and
Hidetoshi et al. (2021) on rice plants. Ranjitha et al. (2013)

indicated that application of 50% recommended dose of
nitrogen through urea + 50% recommended dose of nitrogen
through vermicompost recorded the significantly maximum
grain and straw yield of rice. It could be noticed that the
interactive effect between water depths and different soil
amendments as well as their duality treatment were non-
significant differences to the grain and straw yield.

Concerning filled grain/ panicle and 1000 grain, the
application of (N, FYM, C and G) as pretreated in saline sail
separately or alternatively and (L1, L.2) significantly increased the
studied parameters in both seasons Table 9. It was noticed that
the lowest percentage of the tested characters were achieved from
Ck plots. Meanwhile, the highest values of the increment of the
same characters were obtained by duality treatment of the
different soil treatments at L2, the N + C treatment in filled grain/
panicle was lower than the control at L1 in both seasons. For
instance, the increment percentage of filled grain/ panicle and
1000 grain were 24.08 and 11.49 % as a result of application of
duality treatment of different soil treatments at L2, respectively
relative to Ck plots of the first season.
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Table 7. Effect of interaction between water depths and soil treatments on number of panicle\hill and panicle length
(cm) of rice plants under saline soil in the two seasons.

number of panicle/hill

Panicle length /cm

parameters 2021 2022 2021 2022

Water depth Water depth
Treatments (5cm) (10cm) (5cm) (10cm) (5cm) (10cm) (5cm) (10cm)
Ck 11.7j 13.13ghij 12.7j 15.13ghij 18.6j 21.1fg 17.6j 20.1fg
C 12.7hij 14.73cdefg 13.7hij 15.73cdefg  20.5gh 23bcde 19.5gh 22bcde
FYM 14efghi 14.767cdefg 15efghi 15.767cdefg 21.13fg 235abcd 20.13fg  22.5abcd
FYM+C 14.8cdefg 16.56b 15.8cdefg 17.56b 21.23fg 23.86abc 20.23fy  22.86abc
G 13.1ghij 14.53cdefgh 14.1ghij 1553cdefgh  19.33ij  22.667ef  18.33if  21.667ef
G+C 12.63hij 14.43cdefgh 13.63hij 15.43cdefgh  19.73hi  22.73cde  18.73hi  22.73cde
G+ FYM 13.86efghi 15.3bcdef 14.86efghi 16.3bcdef  2093gh  23.7abc  19.93gh  22.7abc
G+FYM+C 14.06defghi 16.267hc 15.06defghi 17.267bc ~ 20.83gh  24.06ab  20.83gh  23.06ab
N 14.53cdefgh 15.96bcd 15.53cdefgh 16.96bcd 20.1ghi  23.26bcde  19.1ghi  22.26bcde
N+C 12.3ij 14.06defghi 13.3jj 15.06defghi  19.2ij 22.36de 18.2jj 21.36de
N+FYM 13.5fghi 15.4bcdef 14.5fghi 16.4bcdef  20.26ghi 23.96abc  20.26ghi  22.96abc
N+G 14efghi 15.7bcde 15efghi 16.7bcde 20.6gh 24.23ab 19.6gh 23.23ab
N+G+FYM+C 15.667bcde 17.9a 16.667bcde 18.9a 21.13fg 24.63a 20.13fg 23.63a

Ck =control, C=compost, FYM =farmyard manure, G =gypsum, N =urea
Table 8. Effect of different water depths and soil treatments on different yield components of rice plants under saline

soil in the two seasons.

Parameters Filled grain/ pan 1000grain weight(gm) Grainyield Straw yield
2021 2022 2021 2022 2021 2022 2021 2022
Water depth (10cm) 141.45a 143.45a 25.28a 26.28a 6.90a 790a 8.65a 9.65a
Water depth (5cm) 134.87b 136.87b 23.00b 24.00 b 645 b 745 b 7.71b 8.71b
Soil treatments
Ck 120.75m 122.75m 21.7i 22.7i 4.94h 5.94h 5.82m 6.82m
C 121.251 123.25] 22.2h 23.2h 594 ¢ 6.94¢g 6.821 7.821
FYM 125.85k 127.85k 2329 24.29 6.0169 7.0169 6.96 k 7.96 k
FYM+C 126.45j 128.45j 24.3f 25.3f 6.34 7.34f 7.29j 8.29j
G 130.55i1 132.55i1 24.3f 25.3f 6.44 ef 744 ef 76261 8.6261i
G+C 132.35h 134.35h 24.3f 25.3f 6.47 ef 747 ef 8.06 h 9.06 h
G+FYM 138.35g9 140.35g9 24.4e 25.4e 6.51e 7.51e 8569 956 g
G+FYM+C 142.55f 144 55f 24.4e 25.4e 6.71d 7.71d 8.72f 9.72f
N 146.95¢e 148.95¢e 24.5d 25.5d 6.74d 7.74d 8.82¢e 9.82¢e
N+C 147.85d 149.85d 24.5d 25.5d 6.81d 7.81d 8.86d 9.86d
N+FYM 152.45¢c 154.45¢ 26.1c 26.1c 7.11c 8.11c 9.14c 10.14¢
N+G 152.75h 154.75b 26.4b 26.4b 759b 859b 9.74b 10.74b
N+G+FYM+C 158.05a 160.05a 26.6a 26.6a 9.12a 10.12a 9.89a 10.89a
Interaction faleial faleal faleal falaiel Ns Ns Ns Ns

Ck =control, C=compost, FYM =farmyard manure, G =gypsum, N =urea
Table 9. Effect of different water depths and soil treatments on filled grain/ panicle and 1000 grain weight of rice plants

under saline soil in the two seasons.

Parameters Filled grains /panicle 1000grain weight(q)
2021 2022 2021 2022
Water depth Water depth

Treatments (5cm) (10cm) (5cm) (10cm) (5cm) (10cm) (5cm) (10cm)
Ck 131.2jk 135.53ijk 131.2)k 135.53ijk 21.1h 23.63de 22.1h 24.63de
o 138.53hij 142 53fghi 138.53hij 142.53fghi  23.2def 25.4abc 24.2def 26.4abc
FYM 151.36cde  155.36bcd  151.36cde  155.36bcd  23.33de  25.53abc  24.33de  26.53abc
FYM+C 159.767b 163.76ab 159.767b 163.76ab 23.9de 26.1ab 24.9de 27.1ab
G 140.6ghi 146.6efgh 140.6ghi 146.6efgh 22.03g 24.5¢cd 23.03g 25.5cd
G+C 134.36ijk 140.86ghi 134.36ijk 140.86ghi 23ef 25.13bc 24ef 26.13bc
G+FYM 144 5¢efgh 151cde 144 5¢efgh 151cde 2343de  25.56abc  24.43de  26.56abc
G+FYM+C 155.83bc 162.33ab 155.83hc 162.33ab 24de 25.9ab 25de 26.9ab
N 149.76cdef ~ 157.43bc  149.76cdef  157.43bc  23.23def  25.56abc  24.23def  26.56abc
N+C 129.26k 138.26hij 129.26k 138.26hij 22.13fg  24.33cde  23.13fg  25.33cde
N+FYM 138.5hij 147.5defg 138.5hij 1475defg  23.23def 2543abc  24.23def  26.43abc
N+G 150.53cde 159.53h 150.53cde 159.53h 2336de  2556abc  24.36de  26.56abc
N+G+FYM+C 159.16b 168.16a 159.16b 168.16a 24.26c¢de 26.46a 25.26cde 27.46a

Ck =control, C=compost, FYM =farmyard manure, G =gypsum, N =urea

Discussion

Soil physical properties affected by different soil
treatments and water depths:

Bulk density, hydraulic conductivity and total soil porosity:
Data in Table 3 showed that the bulk density in top soil layer
was decreased by applying different soil treatments with
water depths as salt leaching. Beneficial effects of gypsum
reclamation process have been reported by (Laila et al., 2021)
on rice plant. Gypsum receiving treatments may be explained
by ameliorating effects of gypsum a site supplies the Ca®*,
which replaces the adsorbed Na* from exchangeable site and

this excessive toxic Na* is accumulated in subsurface drain
and leaching water removed it from the root zone (Mohamed
etal., 2012) and lead to significant decrease in soil pH (Abdel-
Fattah, 2012). Consequently, this decrease in pH value, results
a decline in other salinity indices, i.e. EC (Qadir and Oster,
2002) and lastly, decrease soil bulk density. Concerning the
soil HC and TP were increased by applying G treatment and
(L1, L2) compared with Ck Table 3 in two studied saline soil
layers of both seasons. The increment of SHC was 135.14%
as a result of applying this tested material at L2 in 0- 25 cm
soil layer of the first season. This result was in agreement with
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(Bayoumy et al., 2019). Thus, the beneficial effects of G
treatment on soil HC primarily due to the fact that gypsum
can improve soil structural stability through enhancing ionic
strength effects and removing exchangeable sodium from the
soil colloid (Rasouli et al., 2013). Hussain et al. (2001) stated
that, physical properties like porosity, water permeability and
hydraulic conductivity were significantly improved when
FYM (10 ton ha*) was applied in combination with chemical
amendments, resulting in enhanced rice and wheat yields in
sodic soil. Similarly, the application of gypsum and farmyard
manure have been reported to have improved soil properties,
including pH, bulk density, EC, organic matter, hydraulic
conductivity, after 3 years of application on a saline-sodic soil
field condition (Ahmed et al., 2015). Compost application
generally influences soil structure in a beneficial may be
lowering soil density due to admixture of low density organic
matter into the mineral soil fractions. The positive effect has
been detected in most cases and it is typically associated with
an increase in porosity because of the interactions between
organic and inorganic fractions (Amlinger et al., 2007). The
soil HC of the subsurface layer (25- 50 cm) in both seasons
was lower than that of the surface soil layer Table 3. Hence,
the efficiency of gypsum and different soil treatments on the
salt leaching is likely to be astricted by the low HC of
subsurface layer. This is indicated that a certain amount of
replaced Na* retained in the soil profile (Rasouli et al., 2013).
Soil chemical properties affected by different soil
treatments and water depths:

Soil salinity (EC):

Salt stress as manifested in saline soils is an important
limitation to agricultural productivity for it reduces water
potential and causes ion imbalance or disturbance in ion
homeostasis and toxicity. The gypsum incorporation at 0- 25
cm soil layer with (L1, L2) as salt leaching decreased the soil
salinity (EC) in both seasons Table 4. In (0- 25, 25- 50 cm) soil
layer of the first season, the decrement in salinity by adding G
treatment and L2 was 40.39 and 37.04%, respectively. Similar
results had been reported by (Gongalo Filho et al., 2019). This
could be attributed to its provision of Ca?. In saline soil, a
substantial percentage of the exchangeable Na* accomplished
using CaS04.2H,0. This exchangeable of Ca?* for Na* in the
soil colloids improves soil stabilization and permeability. The
use of CaS04.2H,0 reduces Na*" from the cations exchange
sites, thereby reducing its uptake by plants (Gongalo Filho et
al., 2019). Additionally, the application of soil amendments (C,
FYM) as pretreated soil and (L1, L2) as salt leaching on such
salt affected soil helps in diminishing salinity and improving
soil characteristics Table 4. These finding are in agreement with
those obtained by (Ding et al., 2021b). In a saline soil (10.6 dS
m?) irrigated with a slightly saline water (4.28 dS m™2), organic
amendments, including vermicompost and cow dung, were
found to improve the soil EC (3.37 dS m™) and pH, thus
increasing maize growth compared to untreated control
(Khatun et al., 2019). Our results could be explained as a
reflection of the activity of microorganisms in reducing salinity
and simultaneously improving soil structure, increasing
drainable pores, total porosity, aggregate stability, and
consequently enhanced leaching process through irrigation
fractions (Shaban et al., 2012).

Soil pH:

The soil pH value was increased in Ck plots due to

salinity. In saline soil, there is excessive Na* and certain amount

of HCO; in the soil solution which accelerate the soil
alkalization (Guo et al., 2006). Application of G treatment and
(L1, L2) as salt leaching maintained lower soil pH values than
Ck plots in both season Table 4. The decline of soil pH value
from adding G to saline soil has been reported by (Bayoumy et
al., 2019). This could be attributed to the formation of
precipitates such as CaCOz; and Ca(HCO3), (Qadir et al., 2001).
The application of CaS04.2H-O reduced the soil pH from 8.1
to 7.64, soil EC from 6.21 to 2.39 dS/m (Lastiri-Hernandez et
al., 2019). Gypsum application, along with humic acid and
organic manure, in a saline-sodic soil has been demonstrated to
improve soil pH, EC (2.65 dS m™ from 6.35 dS m™) and,
consequently, the root growth and yield of rice (Shaaban et al.,
2013). Also, the soil pH values were decreased due to the
application of different soil amendments (C, FYM) with (L1,
L2) as salt leaching especially at L2 in both seasons Table 4.
Similar results have been obtained by Rebeka (2006) who
found that compost fertilizer lowed pH, salinity (EC, for lower
dilutions). The slight decrease of soil pH values may reflect the
activity of microorganisms in decomposing organic matter and
releasing organic acids. These results were in harmony with
these obtained by Shaban and Omar, (2006).

Soil organic matter:

Data in Table 4 indicated that OM was increased against
salinity compared with Ck in the two seasons. This increment due
to the application of different sources of soil treatments with
water depths as salt leaching. Soil salinity reduces the soil organic
matter content, soil-water holding capacity, water infiltration,
weakness the soil structure and disrupts the soil aggregate
stability (Gongalo Filho et al., 2019). Organic matter acts as
chelates for basic cations, such as Ca®* and Mg, in the soil
solution and thus promotes their uptake compared to Na".

Concerning available nutrients content, Soil available
(N, P and K) was decreased in Ck plots due to salinity. While,
they increased by applying (N, C, FYM and G) treatments and
(L1, L2) in the two study seasons. Without proper monitoring,
irrigation water often concentrations a high concentration of
salts, which increases the susceptibility of soils and crops to
salinity stress (Tanji and Kielen, 2002). The excessive uptake
of these salts leads to toxicity, which has negative impacts on
growth and productivity by reducing the availability and
uptake of water and essential nutrients, such as nitrogen (N)
and phosphorus (P) (Khan et al., 2019). Gypsum application
increases the availability of several nutrients, such as P, and
promotes a balanced concentration of electrolytes in the soil
solution (Alcivar et al., 2018). Provision of Ca through
gypsum application can also help with reversing the negative
impact of salinity on P uptake (Cuevas et al., 2019). The
application of FYM at rate 3 ton increased the P and K applied
to the soil by 11 and 55 kg/ha per year (Cathy et al., 2019). In
addition, the combined use of organic materials (e.g., compost
and straw) as bioorganic amendments with gypsum has a
great potential in ameliorating saline soils. This combination
could improve the soil structure, increase the soil organic
carbon, humus and nutrient contents, which are the most
growth-constraining factors in saline soils.

Rice yield affected by different soil treatments and water
depths:

The total rice yield (grain + straw) were negatively
affected by saline soil and resulted in a marked reduction in
control plots. This could be explained to salinity results in a
toxic accumulation of Na* which creates osmotic stress in
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plants eventually leading to cell death due to low water uptake
(Ahanger et al., 2018). This excessive accumulation of Na*
thereby leads to plant wilting even under adequate soil moisture
(Abdelhamid et al., 2013). Therefore, agricultural productivity
under salt stress was significantly declined by reduction in plant
vigor, growth, development and yield (Cheeseman, 2015).
Gypsum application is foremost among the widely known
methods of reclaiming salt-affected soils (Lastiri-Hernandez et
al., 2019). The gypsum increased the total yield (grain, straw)
by 30.36 and 30.93 %, respectively in the first season compared
to un-amended plots. Soil solutions in gypsum treated plots had
better Ca?*/Na* ratio that have been categorized as a reliable
indicator of salt stress in the rooting medium of salt-affected
soils (Munnus and termaat, 1986). Our results clearly
demonstrated that the use of FYM, urea and compost
treatments separately is a practical alternative to mineral
fertilizers. Ranjitha et al. (2013) indicated that application of
50% recommended dose of nitrogen through urea + 50%
recommended dose of nitrogen through vermicompost
recorded the significantly maximum grain and straw yield of
rice. The addition of these organic materials to saline soil may
improve soil quality and health for increased rice production
compared to control plots under different water depths as salt
leaching especially at high levels to reduce the salts in soil
solution. These results were consistent the previous reported by
(Hidetoshi et al., 2021). The application of organic materials in
the topsoil of saline soils help in reducing soil evaporation, salt
water movement and salt accumulation by regulating the
distribution of salt in the rhizosphere (Cuevas et al., 2019). The
duality treatment of different soil amendments and the two
water depths as salt leaching had the best effectiveness for
improving our studied total yield of rice compared to control
one Table 8. This can be primarily due to the lower EC in
duality treatment of soil amendments. Furthermore, the
application of these tested materials also enhanced the salt
tolerance and improved the rice growth.

Yield components affected by different soil treatments
and water depths:

The pattern changes in different yield components of rice
plants including; plant height, number of tillers, number of
panicles and panicle length, filled grain/ panicle, 2000 grain, grain
yield and straw yield were significantly suppressed in response to
saline soil in control plots of two growing seasons. Both of soil
treatments and water depths treatments significantly increased
the yield components Table 6 and 8. On uptake at moderate
levels, Ca?* supplementation promotes crops tolerance to salinity
stress by increasing the hydraulic conductivity and leaf surface
area (Cramer, 1992). Apart from the improvement of nutrients
uptake, the increase of 1000-seed weight by applying gypsum
can also be achieved by extending the days to maturity and filling
period (Rasouli et al., 2013). Concerning the FYM, urea and
compost treatments as pretreated soil and water depths as salt
leaching Table 6 and 8. These tested materials also increased the
yield components compared to un-amended plots in both
seasons. Gogoi et al. (2010) found significantly higher effective
tillers/ m?, panicle length, filled grain/ panicle, test weight and
grain yield of rice with the substitution of 50% N with farmyard
manure over control and recommended dose fertilizer (RDF)
(60: 20: 40 kg N, P, K per ha).

Additionally, the duality treatment of soil
amendments had higher effective on rice yield component
than untreated plots at two water depths in the two seasons

Table 7 and 9. The duality treatment of these tested materials
increased the yield components. This could be due to the
improvement of plant growth conditions and nutritional
balance by applying the tested soil amendments (Qadir et al.,
2001). Generally, the rice plants which growing in saline soil
nutritional deficiency had caused by insufficient supply of
nutrients and toxicity of Na* (Tejada et al., 2006).

CONCLUSION

Under saline sodic soil condition, the results showed that
continual use of water levels in irrigation improves the available
nutrients content, HC, TP, OM in the studied saline soil as well
as the yield components of rice plants in the two growing seasons
but the same time, decreased EC, pH and BD. Application of (G,
C, FYM and N) treatments and (L1, L2) improved the physical
and chemical properties of the studied saline soil layers. The
application of these tested materials separately and (L1, L2)
decreased soil pH value, soil salinity (EC) and BD in surface
saline soil layer. Meanwhile, increased the soil HC, TSP, OM as
well as available nutrients content except N treatment had no
differences effect on BD, TSP, pH value. However, lower HC in
the subsurface layer likely restricted salt leaching and resulted in
the retention of replaced Na* in the soil layer. The improvement
in surface soil conditions under (G, FYM, Cand N) and (L1, L2)
favorably affected rice yield and its components which was
reflected in increased plant height, number of tillers, number of
panicles and panicle length, filled grain/ panicle, 1000 grain, grain
yield and straw yield.
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