J. of Plant Production, Mansoura Univ., Vol. 16 (2):43 - 51, 2025

Journal of Plant Production

Journal homepage & Available online at: www.jpp.journals.ekb.eg

Improving the Performance of Pea Plant Grown on Salt Affected Soil under
Drip Irrigation

Hoda I. Ahmed?; M. A. EI-Sherpiny?” and Asmaa E. El-Bauomy?*

"Horticulture Research Institute, Agriculture Research Center, EI-Gama St., Giza, 12619, Egypt
2S0il & Water and Environment Research Institute, Agriculture Research Center, EI-Gama St., Giza, 12619, Egypt

ABSTRACT

The current agricultural strategy of the Egyptian state, focused on reclaiming degraded soils, including salt-
affected areas in the Delta region, underscores the need for maximizing productivity, particularly in the case of strategic
crops like peas. So, a field experiment was conducted during two consecutive seasons (2023/24 and 2024/25) using a
split-plot experimental design aiming to improve pea production under salt-affected soil conditions through organic
fertilization [control (without), farmyard manure, poultry manure and vermicompost], which was considered as the
main factor. Additionally, cobalt foliar spraying was implemented at different levels (0, 5, 10, 15 mgL™) as a sub-main
factor. Various parameters, such as plant height, fresh and dry weights, chlorophyll (a, b), carotene, chemical
constituents (N,P,K), yield metrics and quality (e.g., No. of pods, pod length, weight of pods, early and total green pods
yield, protein, total sugars, TDS, and vitamin C), were assessed. The results indicated that poultry manure emerged as
the most effective organic treatment, followed by vermicompost, farmyard manure and lastly, the control treatment.
Additionally, the values of growth, yield, and quality traits increased with higher cobalt rates. Generally, optimal growth
performance, yield, and quality traits were observed in pea plants fertilized with poultry manure, combined with cobalt
at a rate of 15 mg L. Therefore, this study recommends the adoption of poultry manure and cobalt supplementation as
a combined approach to enhance pea production, contributing to the sustainable utilization of salt-affected soils in the
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Delta region and supporting the broader agricultural goals of the Egyptian state.
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INTRODUCTION

Nowadays, the agricultural strategy of the Egyptian
state, focused on reclaiming degraded soils, including salt-
affected areas in the Delta region (Mohamed, 2017),
underscores the need for maximizing productivity,
particularly in the case of strategic crops like peas. Garden
peas (Pisum sativum L..) hold significant global importance as
a vital vegetable crop renowned for its nutritional richness,
containing high levels of protein, total dissolved solids,
carbohydrates, vitamins, and essential minerals such as iron,
zinc, calcium, and phosphorus (Hacisalihoglu et al., 2021).

The importance of organic fertilizers in reclaiming
salt-affected soils lies in their ability to address multiple
challenges associated with salinity while promoting
sustainable and healthy agricultural practices. Organic
fertilizers offer several key advantages in soil reclamation.
Organic fertilizers, such as farmyard manure, poultry manure,
and vermicompost, are rich sources of essential nutrients
(Diacono and Montemurro, 2015). They provide a balanced
mix of nitrogen, phosphorus, potassium, and other
micronutrients, fostering improved soil fertility. This nutrient
enrichment is crucial in replenishing the nutrient levels
depleted by salinity. Organic fertilizers support the growth
and activity of beneficial soil microbes (Choudhary and
Yaduvanshi, 2016). These microorganisms contribute to the
breakdown of organic matter, improving soil structure and
nutrient availability. Enhanced microbial activity helps in
reducing soil salinity by facilitating the decomposition of
organic materials and promoting nutrient cycling. Salt-
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affected soils often suffer from low organic matter content
(Leogrande and Vitti, 2019). Organic fertilizers contribute
organic substances to the soil, enhancing its water-holding
capacity, structure, and overall health. Increased organic
matter content aids in mitigating the negative effects of soil
salinity by improving water infiltration and reducing soil
erosion. Organic fertilizers can help regulate soil pH, which is
often disturbed in saline soils. The addition of organic
materials buffers the soil pH, creating a more favorable
environment for plant growth (Gunarathne et al., 2020 a).
Maintaining an optimal pH level is essential for nutrient
availability and uptake by plants. Organic matter improves the
water-holding capacity of soils. In salt-affected soils, where
water availability can be irregular, the ability to retain
moisture becomes vital (Gunarathne et al., 2020 b). Organic
fertilizers contribute to better water retention, supporting plant
growth during periods of water scarcity. Organic fertilizers
promote sustainable agricultural practices by reducing
dependence on synthetic fertilizers (Shaygan and Baumgartl,
2022). They contribute to long-term soil health and resilience,
creating a more sustainable and environmentally friendly
approach to soil reclamation (Basak et al., 2023).

Cobalt plays a crucial role in improving the growth and
health of plants in salt-affected soils, offering several benefits
that contribute to enhanced resilience and productivity (Gad et
al., 2020). Salt-affected soils often induce oxidative stress in
plants due to the accumulation of reactive oxygen species
(ROS) (EL-Bauome et al., 2024). Cobalt acts as a cofactor for
enzymes involved in antioxidant defense mechanisms, such as
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superoxide dismutase (SOD) and peroxidase (POD). These  Experimental Farm of Mansoura University, Egypt using a
enzymes help scavenge ROS, reducing oxidative stress and  split-plot experimental design aiming to improve pea
preventing damage to plant cells (Alkharpotly et al. 2023). production under salt-affected soil conditions through
Therefore, the aim of this study is to investigate the  organic fertilization [control (without addition), farmyard
efficacy of various organic fertilizer types, in combination  manure, poultry manure and vermicompost], which was
with different cobalt levels on the growth, physiological considered as the main factor. Additionally, cobalt foliar
responses, and yield of pea plants cultivated in salt-affected  spraying was implemented at different levels (0, 5, 10, 15
soil. Through a comprehensive analysis, the study aims to  mgL™?) as a sub-main factor.
provide valuable insights into sustainable agricultural 1. Soil sampling and organic fertilizer traits

practices for the reclamation and improvement of Sample of soil (0-25 cm depth) was collected before
productivity in salt-affected soils, with a particular focus on  sowing then analyzed according to the standard methods
optimizing conditions for pea cultivation. according to Dane and Topp (2020) and Sparks et al. (2020),

as outlined in Table 1. Table 2 displays the characteristics
MATERIALS AND METHODS of the organic sources.
A field experiment was conducted during two

consecutive seasons (2023/24 and 2024/25) in the
Table 1. Attributes of the initial soil

Particle size distribution (%) Texture __Available- N Available -P _Available -K EC, H
C.Sand F.Sand Silt Clay class (mg kgD dsm P
2.80 220 25.6 49.60 Clay 49.05 7.10 210.1 6.25 8.00
Table 2. Characteristics of organic sources = Chlorophyll a and b as well as carotene (mg g F.W) were
- Values spectrophotometrically determined using 80% acetone as
Characteristics ~ Poultry Farmyard Vermicompost described by Rajput and Patil (2017).
manure manure . . . .
CNTatio 161 163 162 = Nutrients (N, P, K) in leaves were estimated as described by
ECdSm?! 6.50 6.32 6.15 Walinga et al. (2013).
pH 6.35 6.55 6.44 = Peroxidase enzyme (POD, unit mg?' protein™) and
grgrﬁg'%ﬁa“er é%‘ 8552 g%g superoxide dismutase (SOD, unit mg? protein™) were
K. mg kg 6.05 4.05 4.99 Spectrophotometrically determined according to Alici and
Zn, mgkg?! 29 26 28 Avrabaci (2016).
CEC, cmol kg'* 156 150 152 = Malondialdehyde (MDA, biomarker of lipid peroxidation,
2.Agricultural practices umol.gFW) was Spectrophotometrically ~ determined

Seeds of pea variety Master B, sourced from the  according to Davey et al. (2005).
Agricultural Research Center, were planted at 1% Nov. Of both At a period of 75 days from sowing pea seeds (when pea
seasons on both sides of the ridge in hills within moderately ~ pods reached to the proper maturing stage)
moist soil, with an initial sowing rate of 3-4 seeds per hill. = No. of pods plant?, pod length (cm), weight of pods plant
Subsequently, thinning was carried out post-germination and ! weight of 100 fresh seed (g), early and total green pods
before the first irrigation, reducing the plant density to two yield (ton ha'?) were determined.
plants per hill. The soil addition of organic fertilizers followed = Nutrients (N, P, K) in seeds were estimated as described by
the prescribed treatments in the study one month before sowing Walinga et al. (2013).
atarate of 3.0 ton fed™ for each studied organic source. Cobalt = Protein (%), carbohydrates (%), total sugars(%), total
treatments, as per the experimental design, were administered dissolved solids (TDS,%) and vitamin C (VC, mg 100g™)
three times through foliar application at specific intervals, were determined according to AOAC (2000).
namely at 20, 30, and 40 d?ys from the initial sowing witha g gtatistical analysis
volume of 450 liters per fed™ for each studied cobalt level. The procedure was conducted following Gomez and

. Mineral fertilizers, including phosphoric ac?d, Gomez, (1984), utilizing CoStat (Version 6.303, CoHort,
potassium sulfate, and urea (as a starter dose), along with USA, 1998-2004).

various agricultural practices essential for commercial pea
plant production, were implemented in accordance with the RESULTS AND DISCUSSION
guidelines provided by the Egyptian Ministry of Agriculture.
These practices were executed under a drip irrigation system
as recommended for optimal cultivation.
3.Harvest

The green pods from each sub-plot were harvested at
the appropriate maturing stage, and conducted uniformly
across all sub-plots. The harvesting was carried out after 75 (cm? plant®), fresh and dry weights (g plant®),Table 3]
days from the initial sowing, maintaining consistency in the o0 nthetic pigments] chlorophyll a & b and carotene (mg
2“2%;;:::35:??;;?rOUQhOUt both investigated seasons. g™),Table 4] and chemical constituents: [N,P,K_ (%), Table 5]

of pea plants grown on salt affected soil at period of 55 days

Ata period of 55 days from sowing pea seeds from sowing during seasons of 2023/24 and 2024/25
= Plant height (cm), leaf area (cm? plant?), fresh and dry g g '

weights (g plant?) were measured.

1. Growth performance, photosynthetic pigments and
chemical constituents
Data in Tables 3,4 and 5 show the effect of organic
fertilizer types [control (without), farmyard manure, poultry
manure and vermicompost] and cobalt levels (0, 5, 10, 15
mgL™) on growth parameters [plant height (cm), leaf area
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Table 3. Effect of organic fertilizer types and cobalt levels on growth performance of pea plants grown on salt affected
soil at period of 55 days from sowing during seasons of 2023/24 and 2024/25
Plant height, cm Leafarea, cm?plant®  Fresh weight, g plant® Dry weight, g plant?

Treatments 1tseason 2"9season  1season = 2Mseason 1tseason 2" season 1%tseason 2™ season
Main factor: Organic treatments
Control 44.96d 47.18d 312.03d 325.04d 49.82d 51.35d 8.92d 9.36d
Farmyard manure 51.63c 54.28¢c 321.56¢ 335.03c 57.71c 59.43c 10.61c 11.16c
Vermicompost 56.58b 59.39b 333.93b 346.95b 60.77b 62.67b 1251b 13.14b
Poultry manure 59.60a 62.48a 340.13a 354.22a 63.26a 65.25a 14.17a 14.86a
Sub main factor: Cobalt levels
Co (0.0mgL™) 51.86d 54.53d 323.92¢ 336.67c 56.75¢ 58.42¢ 11.12d 11.70d
Co (5.0mgL™) 53.24c 55.86¢ 326.86hc 340.17b 58.21b 60.15b 11.54c 12.13c
Co (10.0mgL™) 53.66b 56.16b 328.30ab 34198ab  58.17b 60.01ab 11.69b 12.24b
Co (15.0mgL ™Y 54.49 57.31a 329.53a 342.98a 58.81a 60.62a 12.00a 12.60a
Interaction
Co (0.0mgL?) 4343 45.73 308.97 320.53 47.89 49.44 8.55 9.00
Control Co (5.0mgL™) 44.67 46.87 311.73 325.63 50.04 51.59 8.82 9.26
Co(100mgL?) 4583 48.03 313.77 327.17 50.10 5157 9.03 9.47
Co(150mgLh)  45.90 48.10 313.63 326.83 51.24 52.79 9.26 9.70
Co (0.0mgL™) 49.97 52.57 31843 33113 56.41 58.00 10.11 10.63
Farmyard Co (5.0mgL?) 50.90 53.50 320.50 335.27 57.68 59.48 10.40 10.95
manure Co(100mgL?) 5187 54.27 32253 336.17 58.13 59.97 10.77 11.28
Co(150mgLh 5377 56.77 324.77 337.53 58.62 60.25 11.16 1177
Co (0.0mgL™) 55.47 58.37 330.90 344.10 60.06 61.76 12.07 1271
Vermicomp-ost Co (5.0mgL™) 56.20 59.00 332.73 345.07 60.52 62.35 12.35 12.96
Co(100mgL?)  56.97 59.57 335.23 348.30 61.00 62.95 12.66 13.25
Co(150mgLY 5767 60.63 336.83 350.33 61.52 63.63 1297 13.63
Co (0.0mgL™) 58.57 61.47 337.37 350.90 62.65 64.47 13.75 14.44
Poultry manure Co (5.0mgL™) 59.23 61.93 338.60 35243 63.07 65.18 14.04 14.69
Co(100mgL?)  59.97 62.77 341.67 356.30 63.45 65.54 14.29 14.97
Co(150mgLY  60.63 63.73 342.87 357.23 63.86 65.79 1459 15.32
LSD at 5% 0.75 0.79 6.32 5.52 111 131 0.24 0.26

Means within a row followed by a different letter (s) are statistically different at a 0.05 level

Table 4. Effect of organic fertilizer types and cobalt levels on photosynthetic pigments in fresh leaves of pea plants
grown on salt affected soil at period of 55 days from sowing during seasons of 2023/24 and 2024/25

Chlorophyll a, mg g* Chlorophyll b, mg g* Carotene, mg g*
Treatments 1%t season 2" season 1%t season 2" season 15t season 2™ season
Main factor: Organic treatments
Control 0.745d 0.777d 0.512d 0.532d 0.301d 0.316d
Farmyard manure 0.799c 0.833c 0.552¢ 0.575¢ 0.340c 0.358¢c
Vermicompost 0.847b 0.879b 0.583b 0.607b 0.368b 0.387b
Poultry manure 0.918a 0.956a 0.635a 0.660a 0.406a 0.425a
Sub main factor: Cobalt levels
Co (0.0mgL™) 0.810d 0.843d 0.561d 0.584c 0.344d 0.362d
Co (5.0mgL™) 0.826¢ 0.862c 0.569c 0.592c 0.352c 0.370c
Co (10.0mgL?) 0.832b 0.867b 0.574b 0.597b 0.357b 0.374b
Co (15.0mgL Y 0.844a 0.878a 0.579% 0.603a 0.364a 0.382a
Interaction
Co (0.0mgL?) 0.726 0.756 0.503 0.523 0.294 0.310
Control Co (5.0mgL™) 0.742 0.775 0.510 0.529 0.298 0.313
Co (10.0mgL?) 0.751 0.782 0.516 0.536 0.304 0.319
Co (15.0mgL ™ 0.764 0.796 0.519 0.541 0.307 0.322
Co (0.0mgL ") 0.783 0.814 0.543 0.565 0.330 0.347
Farmyard Co (5.0mgL™) 0.794 0.831 0.548 0.570 0.337 0.355
manure  Co (10.0mgL™?) 0.803 0.837 0.555 0.578 0.344 0.360
Co (15.0mgL ™) 0.816 0.849 0.562 0.586 0.351 0.370
Co (0.0mgL™) 0.832 0.863 0.575 0.598 0.360 0.379
Vermico- Co (5.0mgL?) 0.842 0.874 0.579 0.602 0.365 0.383
mpost Co (10.0mgL) 0.852 0.885 0.585 0.613 0.370 0.387
Co (15.0mgL %) 0.860 0.895 0.591 0.616 0.378 0.398
Co (0.0mgL™) 0.901 0.937 0.625 0.649 0.394 0414
Poultry Co (5.0mgL™) 0.913 0.950 0.632 0.657 0.399 0417
manure  Co (10.0mgL™?) 0.923 0.964 0.638 0.661 0411 0.430
Co (15.0mgL ™Y 0.935 0.974 0.646 0.670 0419 0.439
LSD at 5% 0.017 0.017 0.007 0.012 0.006 0.009

Means within a row followed by a different letter (s) are statistically different at a 0.05 level
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Table 5. Effect of organic fertilizer types and cobalt levels on chemical constituents in dry leaves of pea plants grown
on salt affected soil at period of 55 days from sowing during seasons of 2023/24 and 2024/25

N,% P.% K,%
Treatments 15season 2" season 15season 2" season 15season 2"9%season
Main factor: Organic treatments
Control 2.80d 2.94d 0.333d 0.339d 2.42d 2.47d
Farmyard manure 3.06c 3.21c 0.366¢ 0.371c 2.67c 2.70c
Vermicompost 3.39b 3.56b 0.396b 0.402b 2.88b 2.93b
Poultry manure 3.64a 3.82a 0.423a 0.430a 3.1la 3.16a
Sub main factor: Cobalt levels
Co (0.0mgL™) 3.15d 0.371c 0.377c 2.70d 2.74d
Co (5.0mgL™) 3.22¢c 3.39%c 0.380b 0.387b 2.77c 2.82c
Co (10.0mgL™) 3.23b 3.38b 0.383a 0.389% 2.80b 2.84b
Co (15.0mgL ™Y 3.3la 349 0.386a 0.392a 2.83a 2.87a
Interaction

Co (0.0mgL?) 2.73 2.89 0.324 0.331 2.34 2.38
Control Co (5.0mgL?) 2.76 2.90 0.330 0.336 240 245
Co (10.0mgL™?) 2.83 297 0.337 0.344 2.46 251
Co (15.0mgLh 2.87 3.01 0.342 0.345 2.50 2.53
Co (0.0mgL?) 2.96 311 0.358 0.363 2.60 2.63
Farmyard Co (5.0mgL™?) 3.01 3.17 0.366 0371 2.65 2.70
manure Co (10.0mgL%) 3.04 318 0.369 0.375 2.68 271
Co (15.0mgL ™Y 321 3.39 0.372 0.377 273 277
Co (0.0mgL‘i) 334 351 0.388 0.395 2.85 2.90
. Co (5.0mgL™) 3.38 355 0.394 0.400 2.86 2.90
Vermicomp-0st 4 (10, omgL ) 341 3.56 0.399 0.405 2.90 294
Co (15.0mgL ™Y 342 3.60 0.402 0.408 293 297
Co (0.0mgL‘i) 3.56 374 0412 0.420 3.02 3.07
Co (5.0mgL™) 361 3.78 0.422 0.429 3.10 314
Poultry manure = 16 omgL %) 3.64 3.81 0427 0433 315 319
Co (15.0mgL ™) 3.76 3.95 0.430 0.436 317 3.23
LSD at 5% 0.05 0.06 0.008 0.009 0.07 0.06

Means within a row followed by a different letter (s) are statistically different at a 0.05 level

The results demonstrate that the organic fertilizer
types can be arranged in order of effectiveness, with poultry
manure being the most effective, followed by vermicompost,
farmyard manure, and finally, the control treatment. This
suggests that the application of poultry manure significantly
enhances the growth, photosynthetic pigments and chemical
constituents of pea plants compared to other organic fertilizers
and the absence of organic fertilization.

Additionally, all aforementioned growth parameters,
photosynthetic pigments, and chemical constituents of pea
plants exhibited an upward trend with increased cobalt rates.
Specifically, the highest values were observed with plants
sprayed with 15 mg Co L?, followed by those sprayed with
10, 5, and 0 mg Co L, respectively. This suggests that cobalt
plays a crucial role in promoting pea plant development and
enhancing their physiological processes, particularly under
salt stress conditions.

Generally, optimal growth parameters,
photosynthetic pigments, and chemical constituents were
observed in pea plants fertilized with poultry manure,
combined with cobalt at a rate of 15 mg L. This combined
approach demonstrated the highest values across all evaluated
parameters, indicating a synergistic effect between poultry
manure and cobalt in enhancing the overall performance and
stress resistance of pea plants.

The superior effectiveness of poultry manure
compared to other organic fertilizers and the positive impact
of cobalt supplementation on pea plants' growth and stress
resistance can be explained through several scientific reasons:

Poultry manure is rich in essential nutrients such as
nitrogen, phosphorus, and potassium (NPK), as well as other
micronutrients. These nutrients play vital roles in plant
growth, development, and overall health (Diacono and
Montemurro, 2015). The unique composition of poultry
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manure provides a more balanced and nutrient-rich
environment for plants compared to other organic fertilizers
(Choudhary and Yaduvanshi, 2016).

Cobalt is known to have a positive impact on various
physiological processes in plants. It is a component of vitamin
B12, which plays a crucial role in plant metabolism (Gad et al.,
2020). Cobalt is also involved in nitrogen fixation and helps
improve plant resilience to environmental stresses, including
soil salinity. The application of cobalt, especially at higher
concentrations, stimulates these processes, leading to
improved growth parameters and enhanced stress tolerance in
pea plants (Alkharpotly et al., 2023).

Cobalt's influence on photosynthetic pigments, such
as chlorophyll a and b, can be attributed to its role in
chlorophyll synthesis. Higher cobalt levels promote
chlorophyll production, enhancing the plant's ability to
capture light energy for photosynthesis. This, in turn,
contributes to increased biomass and improved overall plant
health (Akeel and Jahan, 2020).

Poultry manure, with its nutrient-rich content,
complements the positive effects of cobalt by providing a
favorable environment for nutrient uptake and utilization by
the plants. The combination of poultry manure and cobalt
ensures that the essential nutrients are efficiently absorbed and
utilized, leading to optimal growth and development.
Generally, the combination of poultry manure and cobalt at
specific concentrations creates a synergistic effect, addressing
the nutrient needs of pea plants and enhancing their
physiological processes. This holistic approach results in
improved resistance to soil salinity stress and overall better
performance of pea plants in challenging environmental
conditions. The obtained results are in harmony with those of
Alkharpotly et al. (2023); Amer et al. (2023).
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2.Enzymatic antioxidants (POD, SOD) and indicators of
oxidative stress (MDA)

Data presented in Table 6 illustrate the impact of
various organic fertilizer types (control, farmyard manure,
poultry manure, and vermicompost) and cobalt levels (0, 5,
10, 15 mg L) on enzymatic antioxidants, specifically
peroxidase enzyme (POD) and superoxide dismutase (SOD)
expressed in units mg? protein?, and indicators of oxidative

stress, including malondialdehyde (MDA, pmol g* F.W).
The assessment was conducted on fresh leaves of pea plants
cultivated in salt-affected soil after 55 days from sowing,
spanning the seasons of 2023/24 and 2024/25.

In terms of enzymatic antioxidants, poultry manure
emerged as the most effective organic fertilizer, with
vermicompost ranking second, followed by farmyard
manure, and finally, the control treatment.

Table 6. Effect of organic fertilizer types and cobalt levels on enzymatic antioxidants and indicators of oxidative stress
in fresh leaves of pea plants grown on salt affected soil at period of 55 days from sowing during seasons of

2023/24 and 2024/25
Treatments POD, unit mg™ protein™ SOD, unit mg? protein™ MDA, umol gTF.W
15season 2" season 1% season 2" season 1% season 2" season
Main factor: Organic treatments
Control 0.253d 0.258d 11.37d 9.57d 13.55a 11.32a
Farmyard manure 0.350c 0.357c 12.76¢ 10.92¢c 12.30b 10.36b
Vermicompost 0.448b 0.457b 14.57b 12.60b 11.08c 9.51¢c
Poultry manure 0.597a 0.610a 16.55a 14.34a 9.53d 8.16d
Sub main factor: Cobalt levels
Co (0.0mgL?) 0.378d 0.386d 13.33d 11.45¢ 12.14a 10.31a
Co (5.0mgL™) 0.403c 0.412c 13.72c 11.42d 11.67b 10.00b
Co (10.0mgL?) 0.422b 0.431b 14.01b 12.26b 11.45¢ 9.59¢
Co (15.0mgL ™1 0.449a 0.459% 14.31a 12.40a 11.12d 9.38d
Interaction

Co (0.0mgL™) 0.221 0.226 11.01 9.57 14.00 12.19

Conirol Co (5.0mgL?) 0.248 0.252 11.29 9.82 13.75 1155
Co (10.0mgL™) 0.255 0.260 11.48 9.43 13.44 10.99

Co (15.0mgL ) 0.288 0.294 11.71 9.47 13.02 10.54

Co g0.0mg Lg 0.309 0.315 12.14 10.45 12.76 10.97

Co (5.0mgL" 0.329 0.336 12.38 10.42 12.44 1043

Farmyard manure =, (16 omgL %) 0.367 0.376 13.09 11.13 12.14 9.83
Co (15.0mgL ) 0.394 0.402 13.44 11.68 11.88 10.22

Co g0.0mg Lg 0.413 0.420 14.09 12.27 1153 9.68

. Co (5.0mgL" 0.432 0.439 14.39 11.80 1121 9.55

Vermicomp-ost - = (19 omgL) 0.460 0.470 14.75 13.42 10.94 952

Co (15.0mgL*) 0.486 0.497 15.04 12.91 10.64 9.27

Co (0.0mgL'i) 0.568 0.581 16.07 13.50 10.27 8.41

Co (5.0mgL) 0.585 0.598 16.35 13.24 9.58 8.71

Poultry manure = (36 omgL %) 0.606 0619 16.72 15.07 9.30 8.00

Co (15.0mgL Y 0.630 0.641 17.05 15.53 8.95 751

LSD at 5% 0.009 0.008 0.31 0.19 0.24 0.22

Means within a row followed by a different letter (s) are statistically different at a 0.05 level

Conversely, the highest levels of Malondialdehyde
(MDA), an indicator of oxidative stress, were observed in the
control treatment, followed by farmyard manure and
vermicompost. In contrast, plants fertilized with poultry
manure exhibited the lowest MDA values. Poultry manure is
known for its rich content of organic compounds and
nutrients, including antioxidants. The application of poultry
manure enhances the activity of enzymatic antioxidants like
peroxidase (POD) and superoxide dismutase (SOD) in plants
(Leogrande and Vitti, 2019). These enzymes play a crucial
role in scavenging reactive oxygen species, mitigating
oxidative stress, and promoting overall plant health.
Vermicompost, being a product of decomposition by
earthworms, fosters a microbial-rich environment. The
microbial activity in vermicompost contributes to the release
of bioactive compounds and enhances the plant's ability to
combat oxidative stress. While not as potent as poultry
manure, vermicompost still provides valuable support for
enzymatic antioxidant activities (Gunarathne et al., 2020 b).
The variation in Malondialdehyde (MDA) levels among
treatments can be linked to the nutrient composition of the
fertilizers. Poultry manure, being nutrient-dense, aids in the
prevention of lipid peroxidation and the accumulation of
MDA. In contrast, the control treatment, lacking these
beneficial nutrients, experiences higher oxidative stress,
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leading to elevated MDA levels. The differences observed in
antioxidant levels may be a result of variations in nutrient
uptake and utilization by plants. Poultry manure not only
provides essential nutrients but also supports the plant's ability
to efficiently utilize these nutrients, leading to superior
antioxidant defense mechanisms (Shaygan and Baumgartl,
2022). Generally, the superior performance of poultry manure
in enhancing enzymatic antioxidants and reducing oxidative
stress can be attributed to its rich nutrient content, antioxidant
properties, and the overall favorable microbial environment it
promotes (Basak et al., 2023).

On the other hand, the application of cobalt at a
concentration of 15 mg L™ proved to be the most efficacious in
terms of enhancing enzymatic antioxidants, with the 10 mg L™
concentration ranking second, followed by 5.0 and 0.0 mg L%,
respectively. In contrast, the control treatment (0.0 mg L™)
exhibited the highest levels of Malondialdehyde (MDA), a key
indicator of oxidative stress, and these MDA values exhibited a
decreasing trend as the cobalt concentration increased.

Cobalt is recognized for its role as a cofactor in
various enzymatic reactions, including those involving
antioxidants. The higher concentrations of cobalt, particularly
at 15 mg L?, contribute to the activation of enzymatic
antioxidants such as peroxidase (POD) and superoxide
dismutase (SOD), enhancing the plant's defense mechanisms
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against oxidative stress (Akeel and Jahan, 2020).The
observed decrease in Malondialdehyde (MDA) levels with
increasing cobalt concentrations aligns with the antioxidant
properties of cobalt. As cobalt enhances enzymatic
antioxidant activities, it concurrently reduces lipid
peroxidation and the formation of MDA, indicative of a
diminishing oxidative stress level within plant tissues
(Alkharpotly et al., 2023).The hierarchy in enzymatic
antioxidant effectiveness and the reduction in MDA levels
suggest that there is an optimal concentration of cobalt that
positively influences the physiological processes in pea
plants. The concentrations of 15 mg L* and 10 mg Lt emerge
as the most favorable for promoting antioxidant defense
mechanisms and mitigating oxidative stress.

Concerning the interaction effect, the best
performance, in terms of enzymatic antioxidants and
indicators of oxidative stress, were observed in pea plants
fertilized with poultry manure, combined with cobalt at a rate
of 15mg L%
3.Yield and pods physical and quality characteristics

Tables 7, 8, and 9 elucidate the impact of various
organic fertilizer types (control, farmyard manure, poultry
manure, and vermicompost) and cobalt levels (0, 5, 10, 15 mg
L") on the yield and its components, chemical constituents of
pea seeds, and quality traits of pea seeds. The assessment
includes parameters such as the No. of pods plant?, pod
length (cm), weight of pods plant™?, weight of 100 fresh seed
(9), early and total green pods yield (ton ha?) presented in
Table 7. Additionally, Table 8 provides information on the
chemical constituents of pea seeds, including nitrogen (N, %),
phosphorus (P, %), and potassium (K, %). Furthermore,
Table 9 details the quality traits of pea seeds, encompassing

protein content (%), carbohydrates (%), total sugars (%), total
dissolved solids (TDS %), and vitamin C (VC) content (mg
100g™). This comprehensive analysis was conducted on pea
plants cultivated in salt-affected soil at the harvest stage
during the seasons of 2023/24 and 2024/25.

The results indicated that poultry manure emerged as
the most effective organic treatment, followed by
vermicompost, farmyard manure and lastly, the control
treatment. Additionally, the values of all aforementioned traits
increased with higher cobalt rates. Generally, the highest
values were realized with the combined treatment of poultry
manure and spraying cobalt at a rate of 15 mg L™ The
observed superiority of poultry manure over other organic
treatments, such as vermicompost and farmyard manure, and
its outperformance compared to the control treatment can be
attributed to its rich nutrient composition and beneficial
microbial content. Poultry manure provides essential nutrients
and fosters a favorable microbial environment, enhancing soil
health and nutrient availability for pea plants. The positive
impact of cobalt on all assessed traits suggests its role in
promoting plant growth and stress tolerance. The synergistic
effect observed with the combined treatment of poultry
manure and cobalt at 15 mg L? underscores the
complementary nature of these factors, where poultry manure
serves as a nutrient source, and cobalt further enhances
physiological processes, resulting in optimal yield, seed
chemical constituents, and seed quality traits. Overall, the
combined treatment demonstrates a holistic approach that
addresses both nutrient requirements and stress resilience in
pea plants. The findings are in agreement with those of
Alkharpotly et al. (2023); Amer et al. (2023).

Table 7. Effect of organic fertilizer types and cobalt levels on yield and its components of pea plants grown on salt
affected soil at harvest stage during seasons of 2023/24 and 2024/25

No. of pc1>ds Pod length,  Weight oflpods Weightof 100  Early yielld, Total yie{d,

Treatments 15lplan‘rznd = cm - lstplalnt = flrs?sh seeg,ng 1S'Eon ha2nGI 1stton ha2nGI
Season season season  Season  Season  Season  season  season  season  season  season  season

Main factor: Organic treatments
Control 8.08d 9.25d 6.60d 6.91d 39.15d 39.86d 37.77d 38.54d 1.79d 1.84d 597d 6.22d
Farmyard manure 9.75¢c 1050c 7.85c 828c 43.25c 43.85c 39.87c 40.69c 213c 219¢ 7.3lc 7.6lc
Vermicompost 11.42b 11500 8.92b 9.34b 46.82b 4750b 41.67b 4256b 2.48b 256b 842b 8.76b
Poultry manure 12.67a 12.92a 10.02a 10.52a 49.84a 50.62a 42.60a 4350a 2.82a 29la 9.3la 9.70a
Sub main factor: Cobalt levels
Co (0.0mgL™) 9.83b 10.50c 7.95c 835c 43.87d 44.58c 39.99b 4093c 222d 229c 7.45d 7.75d
Co (5.0mgL™) 10.29b 10.93bc 8.33bc 8.66bc 44.81c 4558b 4045b 41.21bc 231c 23% 7.75¢ 8.09c
Co (10.0mgL?) 10.83a 11.17ab 853ab 8.93ab 45.13b 45.84a 40.70a 4149%b 233b 241lab 7.86b 8.18b
Co (15.0mgL Y 11.08a 1158a 8.68a 9.13a 45.56a 46.22a 40.96a 418la 239%9a 246a 804a 8.37a
Interaction

Co (0.0mgLY) 767 867 627 657 3802 3877 3714 3805 172 178 554 577

Control Co (50mgL?) 767 933 643 677 3886 3961 3755 3828 177 182 58 612

Co (10.0mgL%) 833 933 680 710 3959 4039 3799 3863 180 18 614 640

Co (15.0mgL?) 867 967 690 720 4014 4068 3842 3920 187 193 633 6.60

Co (0.0mgLY) 900 1000 730 770 4212 4269 3905 3978 202 208 695 723

Farmyard Co (5.0mgL?) 933 1033 770 810 4282 4342 3940 4024 210 217 720 754

manure Co (10.0mgLh) 10.33 1067 8.17 857 4384 4447 4039 4124 217 224 744 1.74

Co(150mgLY) 1033 11.00 823 873 4423 4482 4063 4148 223 229 764 794

Co (0.0mgL) 1067 11.00 857 897 4618 4690 4142 4249 240 247 820 852

Vermicomp-ost Co (5.0mgL?) 1133 1133 890 930 46.67 4733 4154 4233 246 253 832 865

Co(100mgL?) 1167 1167 900 940 4705 4765 4177 4260 250 259 848 881

Co(150mgL) 1200 1200 920 970 4740 4811 4194 4284 255 264 869 9.05

Co (0.0mgL?Y) 1200 1233 967 1017 4917 4995 4237 4339 274 282 912 948

Poultry Co (50mgL?) 1233 1267 990 1040 49.63 5038 4255 4340 281 290 925 9.62

manure Co(100mgL?) 1300 13,00 1013 10.63 5006 5085 4264 4350 285 295 937 978

Co(150mgL) 1333 1367 1037 10.87 5048 5129 4284 4373 290 299 951 991

LSD at 5% 100 115 075 075 067 093 069 0.89 005 012 017 016

Means within a row followed by a different letter (s) are statistically different at a 0.05 level
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Table 8. Effect of organic fertilizer types and cobalt levels on pea seeds chemical constituents at harvest under salt
affected soil conditions during seasons of 2023/24 and 2024/25

Treatments N.% P.% K.%
15season 2" season 15season 2" season 15season 2Mseason
Main factor: Organic treatments
Control 2.54d 2.59d 0.233d 0.239d 2.15d 2.24d
Farmyard manure 2.83c 2.89c 0.260c 0.265¢ 2.44c 2.54c
Vermicompost 3.19b 3.26b 0.334b 0.340b 2.80b 2.91b
Poultry manure 3.49% 3.56a 0.374a 0.383a 3.09a 3.22a
Sub main factor: Cobalt levels
Co (0.0mgL™) 2.92d 2.98b 0.291c 0.297c 2.52¢c 2.61d
Co (5.0mgL™) 3.01c 3.05b 0.303bc 0.311b 2.62b 2.72¢c
Co (10.0mgL™) 3.05b 3.1la 0.305ab 0.312a 2.66ab 2.77h
Co (15.0mgL ™Y 3.10a 3.16a 0.307a 0.314a 2.72a 2.83a
Interaction
Co (0.0mgL?) 247 252 0.226 0.231 2.06 214
Control Co (5.0mgL™) 251 255 0.236 0.243 213 2.22
Co (10.0mgL™) 257 2.62 0.242 0.247 219 2.28
Co (15.0mgL ™ 2.60 2.66 0.230 0.234 2.23 2.32
Co (0.0mgL™) 2.74 2.79 0.251 0.255 233 242
Farmyard manure Co (5.0mgL?) 2.79 284 0.258 0.265 240 251
Co (10.0mgL?) 2.88 294 0.262 0.268 249 2.59
Co (15.0mgL ™) 293 2.99 0.268 0.274 255 2.65
Co (0.0mgL™) 3.07 313 0.324 0.330 2.67 2.77
. Co (5.0mgL™) 3.16 322 0.329 0.335 2.78 2.89
Vermicomp-0st - 4 10 omgL %) 3.24 3.30 0.336 0.343 284 295
Co (15.0mgL ™) 3.29 3.37 0.348 0.353 2.92 3.04
Co (0.0mgL™) 342 3.50 0.364 0.372 3.02 3.14
Poultry manure Co (5.0mgL?) 347 354 0.372 0.379 3.06 3.19
Co (10.0mgL™) 351 357 0.379 0.389 311 3.26
Co (15.0mgL ™ 357 3.63 0.381 0.394 317 331
LSD at 5% 0.05 0.13 0.016 0.005 0.13 0.11

Means within a row followed by a different letter (s) are statistically different at a 0.05 level

Table 9. Effect of organic fertilizer types and cobalt levels on pea seeds quality traits at harvest under salt affected soil
conditions during seasons of 2023/24 and 2024/25

Protein, %  Carbohydrates, % Total sugars, % TDS, % V.C, mg 100g*
Treatments 1t 2nd 1t 2nd 1 2nd I 2nd I 2nd
Season  season  season  Season  season  season  season  season  season  season
Main factor: Organic treatments
Control 1586d 16.16d 42.11d 42.94d 1045d 10.63d 12.90d 1344d 2549d 26.48d
Farmyard manure 17.72c 18.06c 44.78c 45.72c 1241c 1258c 14.78c 1541c 28.31c 29.49c
Vermicompost 1993b 20.35b 4657b 4759 1390b 14.10b 1593b 16.56b 29.90b 31.16b
Poultry manure 2183a 22.25a 483la 4937a 1542a 1565a 17.18a 1793a 3156a 32.76a
Sub main factor: Cobalt levels
Co (0.0mgL™) 1827d 1864b 44.84a 4586c 1258d 12.78d 14.77d 1539d 28.32d 29.44b
Co (5.0mgL™) 1881c 19.08b 4549a 46.36bc 13.03c 1325¢c 15.17c 1582c 28.84c 30.07ab
Co (10.0mgL?) 19.05b 1943a 45.62a 4655ab 1320b 1340b 1534b 1599 28.99b 30.17ab
Co (15.0mgL ™Y 19.36a 19.75a 4599a 46.98a 1348a 1367a 156la 16.27a 29.28a 30.47a
Interaction

Co(0.0mgL') 1542 1573 4140 4228 979 9.96 1234 1285 2497 2593

Control Co(5.0mgL) 1567 1592 4205 4289 1033 1052 1269 1323 2527 2621

Co(100mgL?) 1606 1638 4232 4307 1060 1082  13.07 1362  25.63 26.60

Co(150mgLY) 1627 1661 4266 4353 1108 1123 1349 1408 2609 2717

Co(0.0mgLl) 1713 1742 4406 4488 1186 1202 1429 1488 2764 2876

Farmyard manure Co(5.0mgL™) 1746 17.77 4444 4541 1223 1242  14.67 1535 2811 29.20

Co(100mgL?Y) 1798 1838 4500 4596 1261 1276  14.92 1556 2859 29.84

Co(150mgLY) 1829 1867 4563  46.63 1294 1313 1521 1583 2891 30.15

Co(0.0mgL') 1919 1954 4597 4716 1345 1367 1558 1623 2939 3062

Vermicomp-ost Co(5.0mgL) 1977 2015 4654 4738 1374 1393 1580 1638 29.86 31.05

Co(100mgL?) 2023 2063 4674 4776 1412 1431 1608 1673 3008 3142

Co(150mgLY) 2054 21.06 4702 4807 1428 1448 1625 1691 3029 3153

Co(0.0mgLl) 2136 2186 4794 4912 1523 1548 1688 1760 3128 3245

Poultry manure Co(5.0mgLl) 2169 2213 4825 4922 1535 1556 17.08 1778 3146 3271

Co (10.0mgL™h) 21.92 2234 4841 4943 1546 1571 17.27 18.05 31.68 3283

Co(150mgLY) 2233 2267 4865 4970 1562 1585 1750 1828 3182 33.04

LSD at 5% 0.31 0.84 2.37 1.00 0.10 0.30 0.35 0.38 0.21 1.56

Means within a row followed by a different letter (s) are statistically different at a 0.05 level
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Economic feasibility of the applied treatments

The cost of pea cultivation was determined based on
the prevailing market rates of agricultural inputs, including
fertilizers, irrigation, labor, and other associated expenses.
The gross income was calculated based on the market price of

Table 10. Economic analysis

peas in Egypt, reflecting the revenue generated from the
harvested yield. The net income was derived by subtracting
the total cost of cultivation from the gross income, following
the formula:

Net income = gross income — cost of cultivation

Treatments Total yield (ton/fed) Total cost(L.E/ffed)  Gross return (L.E/fed) Net return (L.E/fed)
Co (0.0mgL™Y) 2.30-2.40 10,500 46,000 - 48,000 35,500 - 37,500
Control Co (5.0mgL?) 2.44-255 10,500 48,800 - 51,000 38,300 - 40,500
Co (10.0mgL?) 2.55-2.66 10,500 51,000 - 53,200 40,500 - 42,700
Co (15.0mgLh 2.63-2.75 10,500 52,600 - 55,000 42,100 - 44,500
Co (0.0mgL‘i) 2.89-3.01 12,500 57,800 - 60,200 45,300 - 47,700
Co (5.0mgL?) 3.00-3.14 12,500 60,000 - 62,800 47,500 - 50,300
Farmyard manure = (1 omg ) 310-3.22 12,500 62,000 - 64,400 49,500 - 51,900
Co (15.0mgLh 3.18-3.30 12,500 63,600 - 66,000 51,100 - 53,500
Co (0.0mgL™) 3.41-3.55 12,500 68,200 - 71,000 55,700 - 58,500
Vermicomp-ost Co (5.0mgL?) 3.46 - 3.60 12,500 69,200 - 72,000 56,700 - 59,500
Co (10.0mgL) 3.53-3.67 12,500 70,600 - 73,400 58,100 - 60,900
Co (15.0mgL ™Y 3.62-3.77 12,500 72,400 - 75,400 59,900 - 62,900
Co (0.0mgL™) 3.80-3.95 12,500 76,000 - 79,000 63,500 - 66,500
Poultry manure Co (5.0mgL?) 3.85-4.00 12,500 77,000 - 80,000 64,500 - 67,500
Co (10.0mgL™?) 3.90-4.07 12,500 78,000 - 81,400 65,500 - 68,900
Co (15.0mgL ™Y 396-4.12 12,500 79,200 - 82,400 66,700 - 69,900

This calculation provides a clear assessment of the
economic viability of the applied treatments compared to
conventional practices, highlighting their potential to enhance
profitability and sustainability in pea production.

According to the Table 10, the economic feasibility
analysis of the applied treatments was assessed by comparing
their total production costs, yield performance, and revenue
with the control treatment. The total costs per feddan included
fixed expenses for land preparation and infrastructure, as well
as variable costs such as organic fertilizers, labor, irrigation,
and harvesting. The treated plots exhibited a significant
increase in yield compared to the control, leading to higher
revenue. The net profit per feddan was calculated by
subtracting total costs from the gross income, which was
determined based on the market price of the harvested crop
(20,000 EGP per ton). The economic return was notably
higher in the treated plots, demonstrating the cost-
effectiveness of organic amendments and cobalt foliar
application. The return on investment (ROI) indicated a
substantial profitability margin, suggesting that the
implemented treatments not only enhanced crop productivity
but also improved economic sustainability compared to
conventional practices.

CONCLUSION

Optimal outcomes under salt-affected soil conditions,
in terms of growth performance, yield, and quality traits, were
notably observed in pea plants fertilized with poultry manure
and supplemented with cobalt at a rate of 15 mg L. As a
result, this study recommends the adoption of a combined
approach involving poultry manure and cobalt
supplementation to improve pea production, thereby
contributing to the sustainable utilization of salt-affected soils
in the Delta region and aligning with the broader agricultural
objectives of the Egyptian state.
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