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1. Introduction

EVELOPING a modern approach to sustain strategic crop productivity under conditions of water

scarcity is a matter that occupies the thoughts of all researchers in the field of agricultural
scientific research. So, a research trial was performed during the growing season of 2022/ 2023 for
improving the onion growth performance and its quantitative and qualitative yield under deficit
irrigation via some soil amendments and some beneficial element spraying. Three irrigation regimes
[1;: Four irrigations, I,: Three irrigations and I3: Two irrigations were evaluated as main plots. The
soil amendments [T,: Without soil amendments), T,: Biochar, T3: Zeolite, T4: Compost (plant
residues), at rate of 10 Mg ha™ for each soil amendment] were evaluated as sub main plots. Also, the
foliar application of nutrient elements [F;: Without foliar application, F,: Boron, F3: Copper, Fy:
Selenium, at rate of 10 mg L™ for each element) was assessed as sub-main plots. Parameters
expressing the growth performance (e.g., foliage dry weight, chlorophyll, proline and catalase enzyme) at
the period of 75 days from transplanting were determined. Also, traits expressing quantitative yield (e.g.,
total and marketable bulb yield) and qualitative yield (e.g., carbohydrate, protein, vitamin C, total dissolved
solids and pyruvic acid) were estimated. The findings indicate that the traditional irrigation approach (1)
caused the best performance in terms of both quantitative and qualitative yield. Following this, the water
deficit treatments (I, and 13) resulted in lower performance, as the I3 treatment led to the lowest
performance. When considering soil amendments, compost proved to be the most effective, followed by
zeolite, then biochar, while, the control treatment ( without soil amendments) was the least effective.
Regarding the beneficial elements, the order of effectiveness from most to least was Se > Cu > B > F;
(control). Generally, the most favorable outcomes were observed when combining compost (T,) with
selenium foliar application (F,), within the framework of the traditional irrigation treatment (I,).
Notably, the growth performance, as well as the quantitative and qualitative yield, were better when
employing the combined approach of compost (T,) and selenium foliar application (F,) under the water
deficit treatment (I,) compared to plants grown traditionally without any of the studied substances (I, X T X
F,). In conclusion, this research underscores the potential of soil amendments, and nutrient application
strategies to enhance onion growth and yield under water scarcity. By continuously refining these
approaches and embracing a holistic perspective, the agricultural community can move closer to ensuring
food security and sustainability in challenging environmental conditions.

Keywords: Biochar, zeolite, compost, boron, copper, selenium.

landscape (Sidhu et al. 2019). Beyond their culinary
value, onions boast a remarkable nutritional profile,

Egypt has harnessed the potential of onions as both a
strategic resource for export and a staple for local
consumption. With their distinctive flavor and
versatile culinary applications, onions play a vital
role in shaping the country's agro-economic

offering a spectrum of vitamins, minerals, and
antioxidants that contribute to overall health and
well-being (Eksi et al. 2020; Abd EIl-Nabi et al.
2021). However, the prosperity of Egypt's onion
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production is not without challenges. Water scarcity
looms as a critical factor affecting crop productivity
and quality (Elsherpiny and Helmy 2022). Onions,
known for their sensitivity to variations in irrigation
water, are particularly susceptible to the harmful
consequences of water deficit (Amiri-Forotaghe et
al. 2023). Irrigation scheduling is an important factor
that  significantly influences onion  growth,
development, and yield (Wakchaure et al. 2023).
Onion cultivation is sensitive to soil moisture deficit,
which significantly affects its physiological
processes (El-Metwally et al. 2022), such as
diminished photosynthetic activity and altered
nutrient uptake. The result is growth rate reduction
and yield (Almaroai and Eissa 2020; Ouda et al.
2020). Recently, the challenge has been ensuring a
stable onion production system in Egypt
(Elsherpiny, 2023).

There is a necessity for innovative strategies that are
used to mitigate the adverse effects of soil moisture
deficit. The use of organic and mineral amendments
like biochar, compost, and zeolite is considered an
important strategy (Elsherpiny 2023). They save
irrigation water because of their high water-holding
capacity. Furthermore, they enhance soil to retain
water and improve its structure, resulting in an
optimal environment for root growth and
development. The importance of organic and mineral
amendments in saving irrigation water and increasing
soil nutrients is indicated by many researchers
(Ghazi et al. 2023)

Furthermore, many researchers confirmed the role of
beneficial elements e.g., selenium (Sattar et al.
2019; Mahmoud et al. 2023; Elsherpiny and Kany
2023), copper (Pérez-Labrada et al. 2019) and
boron (Abdel-Motagally et al. 2018) in adding
another layer of complexity to the equation. These
micronutrients are not only essential for optimal
plant growth but also exhibit the potential to enhance
plant tolerance to soil moisture deficit conditions.
Selenium can help plants combat the oxidative stress
associated with drought conditions. It may improve
the overall resilience of plants to environmental
stressors, including drought (Elsherpiny and Kany
2023). Copper has been found to help in the
activation of stress-related enzymes and antioxidants,
which can mitigate the damage caused by drought
conditions (Pérez-Labrada et al. 2019). Boron plays
a role in the regulation of stomatal function. Proper
stomatal function is crucial for water-use efficiency
in plants. Adequate boron levels can help plants
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optimize their water use and adapt to moisture-deficit
conditions (Abdel-Motagally et al. 2018). By
enhancing plant defense mechanisms and metabolic
pathways, these elements contribute to improved
stress tolerance, ultimately translating into enhanced
crop performance under water-limited circumstances.
In light of these considerations, the primary aim of
this research is to explore and evaluate novel
approaches that can mitigate the negative effects of
water deficit on onion cultivation in Egypt. By
investigating the effectiveness of various irrigation
regimes, soil amendments, and beneficial element
applications, this study seeks to uncover strategies
that can enhance onion growth, quantitative and
qualitative yield, and overall resilience under
conditions of limited water availability. The findings
of this research hold the promise of providing
valuable insights and practical solutions to sustain
and elevate Egypt's onion production, securing its
pivotal role both locally and on the global
agricultural stage.

2. Material and Methods

This investigation was conducted in the 2022/2023
cropping season to assess the response of onion
plant, cultivated under soil moisture deficit
conditions, to certain soil amendments and beneficial
element spraying at the Farm of Agric. Fac.,
Mansoura Univ., Egypt, (31°03'00”N 31°22'9"E), El-
Dakahlia Governorate, Egypt.

- Initial soil characteristics

Before initiating the experiment, a soil sample was
collected from a depth of 0.0 to 25 cm. Soil physical
and chemical analysis was done by standard methods
outlined by Dewis and Freitas (1970), and they are
shown in Table 1.

- Studied substances

Biochar

Biochar production followed the methodology
outlined by Wang and Wang (2019). Various
organic materials, such as wood chips, agricultural
waste, and other plant-based substances, were
selected for the process. The chosen feedstock
underwent chopping or shredding into smaller
fragments to enhance surface area and ensure
uniform charring. Subsequently, the prepared
feedstock was confined within a container equipped
with a lid. This enclosure restricted the oxygen
supply, and the feedstock remained in this controlled
environment for 30 minutes, subjected to
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temperatures ranging from 752 to 1292°F (400-
700°C). The characteristics of the studied biochar are
detailed in Table 2.

Zeolite

Natural zeolite used in the study was procured from
the commercial market in Egypt. It is a naturally
occurring sedimentary mineral with volcanic origins
and constitutes a significant structural element in the
formation of zeolite crystals. These crystals consist
of crystalline tetrahedrons involving [SiO.]* and
[AlO,]”® units. The chemical composition of zeolite is
listed in Table 2.

Compost

Compost preparation involved acquiring plant
residues, specifically rice straw, along with the
banana tree residues (peels, stems, leaves), The
composting procedure was initiated half a year prior
to conducting the field experiment at the designated
research site, following the approach outlined by
Inckel et al. (2005). The compost properties are
presented in Table 2.

Boron (B), copper (Cu) and selenium (Se)

Boric acid as the B source, copper sulphate as the Cu
source and sodium selenite as the Se source were
used in this investigation. All sources were obtained
from Sigma Company. The absorbed forms and
concentrations of the studied elements in the higher
plant tissue are shown in Table 3. Standard solutions
were created individually for B, Cu, and Se, each
with a specific concentration. This was accomplished
by dissolving precise amounts of the respective salts
in the selected solvent (water), separately. These
standard solutions were then used to generate the
specified concentrations needed for the research.

Table 1. Characteristics of the initial soil.

- Onion seedling

The onion cultivar "Cv. Giza Red, 70 days old " was
used in this investigation, as the thin, injured, injured
and broken seedlings were excluded. The seedlings
were obtained from private nurseries.

- Treatments and experimental design

The current research trial was executed under a split
split-plot design with three replicates. Three
irrigation water deficit treatments were evaluated as
main plots as follows;

I;: Five irrigation events (control treatment; full
irrigation; 0% irrigation water deficit; 100% of
Irrigation Requirements, IR), the same as the
irrigation method used by farmers in the study
area.

I, Three irrigation events (75% of IR; 25%
irrigation water deficit).

I3: Two irrigation events (50% of IR; 50% irrigation
water deficit).

The soil amendments treatments were devoted in the
sub-plots and took the following symbols;

T1: Without soil amendments

T,: Biochar, applied at a rate of 10 Mg ha™

Ts: Zeolite, applied at a rate of 10 Mg ha™

T,: Compost, applied at a rate of 10 Mg ha™

Mg "mega gram”=10°g (equivalent metric ton)
The foliar application treatments allocated in the sub-
sub plots and took the following symbols;

F.: Without exogenous application

F,: Boron, at rate of 10 mg B L™

F5: Copper, at rate of 10 mg Cu L™

F,: Selenium, at rate of 10 mg Se L™

Fig 1 shows the flowchart of the experiment.

1
Clay, Sand, Silt, Texture | N, mg P, K, EC-, ds m_ ) pH . Wat.er CEC, 1
o % o class kot makat  ma kot O.M,% (1:2.5,s0il (1:2.5,s0il  holding | cmolc kg
0 0 0 g 9 xg 9 xg extract) suspension) capacity,%
49.3 20.0 30.7 Clayey 495 10.3 215.6 1.35 3.036 8.03 44 42.6
. . Using Walkly Mixing and Using
Pgrtnf:le s:|2e soil Kjeldahl Spectroph Flame and Using EC- Using pH- burette sodium
distribution otometric
. texture | method photometer|Balck meter meter acetate
(pipette method) - method
triangle method
. . Black
Gee and Baudet (1986) Hesse, (1971) Dewis and Freitas, (1970) (1965)
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Table 2. Characteristics of the studied substances.

Soil addition substances

Characteristics Values
Biochar Zeolite Compost
1 4.85 2.870 3.54
EC, dSm (Extract 1:10) (Extract 1:10) (Extract 1:10)
pH 8.45 / 6.160
CEC, cmolc kg™ 69.0 167 245.0
N,% / / 1.660
P,% / 0.50 1.470
K,% / 5.20 1.330
C,% / / 18.30
O,M,% / / 31.50
CIN ratio / / 11.02
SiO; % / 72.00 /
Al,O3 % / 11.90 /
Foliar application substances
Characteristics Values
Boric acid Copper sulphate  Sodium selenite
. HsBO:s CuSO, Na,SeO; (45.56
Chemical Formula (1Y%B) (25%Cu) %Se()
- 2529100 mL™ (0 °C)
-1 o
. - 4.129100 ml__l (200 ©) -316gL*(0°C) - 85gl100mL*
Solubility - 579100 mL™ (25 °C) - 2033 gL (100 °C) (20 °C)
- 19.10 g 100 mL™ (80 °C)
- 27.53 g 100 mL* (100 °C)
Purity 99% 98% 99%
Density 1.435 g cm® 3.60gcm 3.1lgcm?s
_ _ _ Blue crystalline White crystalline
Appearance White crystalline powder or solid solid powder or
crystals
Melting Point Approximately 170.9°C 110°C Appr701>8:12:ately
Toxic, can be
Toxicity Low to moderate toxicity Toxic t? aquatic _harmful if
life ingested or
inhaled
Molecular Weight Approximately 61.83 g mol™ 159.61 g mol™ 172.49 g mol™*
A dilute boric acid solution is slightly . May slightly
acidic, with a pH below 7. As the AC'Q'C raise pH in
pH Level L (approximately
concentration increases, the pH can 2) aqueous
move closer to neutral (pH 7). solutions

/ :Not determined

Table 3. The absorbed forms and concentrations of B, Cu, and Se in the higher plant tissue.

Elements Form absorbed Concentration range in
dry higher plant tissue

B HsBO; 6-60, ug kg™

Cu Cu*? 5-20, ug kg
Se Selenite (SeO,”) or selenite (SeOs%) or in  0.010lessthan 1.0 ugg ™

organic form as Se-amino acid, for example as
Se-methionine (Se-met)

Egypt. J. Soil Sci. 64, No.
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First replicate
Soil addition Irrigation treatments
treatments I, | I, | I5
Foliar treatments
T, Frl R | FRs| R B | R FR|F|F|FR|[F]|F
T, Frl Rl FRs| R | B | R FR|F|F|FR|[F]|F
T; FLl Rl Rl BR[| FR|FR|F|F|FR|F]|FR
T, Fil| Rl Fs| R |Fi | R | R | R | Fi | F | Fs| Fy
Second replicate
Soil addition Irrigation treatments
treatments I, | I | I3
Foliar treatments
T, Fi|l| Rl Fs| F |Fi | R | R | Fg | Fi | Fp | Fs| Fy
T, Fi| Fo| Fs| Fa | Fi | Fo | Fs | Fa | Fi | Fp | Fs| Fy
T; Fi| Rl FRs| R | R | R | R | Fa | Fi | R | Fs| Ry
T, FFl Rl R KRB FR|IR|IFR|IF|FR|F]|FR
Third replicate
Soil addition Irrigation treatments
treatments I, | I, | I5
Foliar treatments
T, Frl FRp| Rs| R | R | R | FR|F|F|F|F|F
T, Firl Rl Rl R R | R FR|F|F|FR|F]|F
T, Fi|l| Bl Fs| Ry |Fi | R | R | Ry | Fi | F | Fs| Fy
T, Fi| Bl Fs| R |F | R | R F|F|F|F]|F

Fig. 1. Flowchart of the experiment.

- Preparation of field and experimental layout

On the 14™ of November 2022, following soil
irrigation through a flood regime, seedlings were
meticulously positioned, maintaining a 7.0 cm
spacing between them, within double-row ridges
spanning 60 cm in width. The onion plants were
subjected to a total nitrogen dosage of 288 kg N ha™,
applied in two equal doses. The initial dose was
administered approximately one month after
transplanting, with the subsequent dose applied after
an additional month had elapsed. Before
transplanting two weeks, calcium super-phosphate
(15.5% P,05) was added at a rate of 150 kg P,Os ha’
! Concurrently, the treatments of soil amendments
were implemented. The foliar application of
solutions containing boron (B), copper (Cu), and
selenium (Se) was initiated alongside the first
irrigation event, which took place 30 days after
transplanting with a volume of 1000 L ha™ for each
studied solution, by hand sprayer. The irrigation
process was executed using a flood regime, with the
specified irrigation treatments as previously outlined.
Adherence to the onion cultivation practices
stipulated by the Ministry of Agriculture and Land
Reclamation (MASR) was strictly observed. The
harvesting was manually conducted after 155 days
from transplanting.

- Measurements

a- At 70 days from transplanting

Five plants were chosen at the period of 70 days to
determine the following traits;

- Foliage plant height (cm), fresh and dry weights
(g plant™) were manually and visually measured.

- Chlorophyll [SPAD-502, Soil-Plant Analysis
Development (SPAD) Section, Minolta Camera,

Osaka, Japan] was measured as reported by Castelli
et al. (1996).

- Carotene (mg g?¥ in fresh leaves tissues under
different treatments were measured using the
spectrophotometric  method as described by
Lichtenthaler and Wellburn (1983).

- Dry weight of foliage samples were digested via
mixed of HCIO, + H,SO, as described by
Peterburgski (1968).

- N, Pand K (% DW) were determined using
Micro-Kjeldahl, spectrophotometric and flame
photometer methods, respectively as described by
Walinga et al. (2013).

- Proline (umol g~ FW) was estimated via
colourimetric measurement according to Abraham
et al. (2010).

- Enzymatic antioxidants such as peroxidase
(POD), catalase (CAT) and superoxide dismutase
(SOD) (unit g* protein™) were spectrophotometry
determined as described by Alici and Arabaci
(2016).

b- At harvest stage (155 days from planting)

The following parameters were determined.

- Yield and its components like average bulb
diameter (cm) and weight (g), nick diameter (cm),
total bulb yield (Mg ha™) and marketable bulb yield
(Mg ha*) were measured.

- Carbohydrates, protein, total dissolved solids
percentage (TDS), fiber, total sugars, vitamin C (mg
100g™) and dry matter D.M (%) were estimated
according to AOAC (2000), while the anthocyanin
pigment (mg 100g™) was determined as described by

Schoefs (2004). Pyruvic acid (umol g™) was measured
as described by Anthon and Barrett (2003).

-1
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c- Soil post-harvest analysis

Soil available nutrients such as nitrogen, phosphorus
and potassium (mg kg™) as well as water holding
capacity (%) and cation exchange capacity of soil
(CEC, cmol kg™) were determined at harvest stage as
formerly mentioned in initial soil sample.

- Statistical analysis

To facilitate the comparison of means across
different treatments, Duncan's Multiple Range Test
was employed by using the least significant
difference. This analysis was conducted using the
CoStat computer software package (Version 6.303,
CoHort, USA, 1998-2004), following the
methodology outlined by Gomez and Gomez
(1984).

3. Results

1.1. Onion performance at
transplanting

The individual effects of different irrigation regimes
(traditional and water deficit), soil amendments
(biochar, zeolite, and compost), and beneficial
elements (boron, copper, and selenium) are
demonstrated in Tables 4 and 6 at a period of 75 days
from transplanting during the onion growing season.
Table 4 presents various parameters that reflect
growth criteria such as plant height, fresh foliage and
dry weights, as well as photosynthetic pigments

75 days from

(chlorophyll and carotene), and chemical constituents
in foliage (nitrogen, phosphorus, and potassium).
Concurrently, Table 6 outlines the impact of these
factors on leaf antioxidant activity, including the
non-enzymatic antioxidant expressed proline, as well
as enzymatic antioxidants like peroxidase (POD),
catalase (CAT), and superoxide dismutase (SOD), all
evaluated at the same period ( 75 days from
transplanting). Furthermore, Tables 5 and 7 provide
insights into the interactions among the studied
factors across all the previously mentioned traits.

- Growth criteria, photosynthetic pigment and
leaves chemical constitutes

Table 4 indicates that the traditional irrigation
approach (I;) caused the best performance in terms
of plant height, fresh foliage and dry weights,
chlorophyll reading, carotene content and foliage
NPK contents. Following this, the water deficit
treatments (I, and 1) resulted in lower performance,
as the Is treatment led to the lowest performance.
When considering soil amendments, compost proved
to be the most effective, followed by zeolite, then
biochar, while, the check treatment (without soil
amendments) was the least effective. Regarding the
beneficial elements, the order of effectiveness from
most to least was Se > Cu > B > F; (control).

Table 4. Individual effect of soil amendments and spraying beneficial element on growth performance of onion plant
grown under various irrigation treatments (traditional and deficit treatments) at a period of 75 days from

transplanting.

Growth criteria

Leaves photosynthetic

Leaves chemical constitutes

(foliage ) pigment
Plant Fresh Dr N P K
Treatments height weight weig{n Chlorophyll Carotene
[0)
(cm) (g plant-1) iy (mgg) o)
Main factor : Irrigation treatments
11 76.80a 69.12a 8.31a 44.01a 0.505a 3.47a 0.329a 2.96a
12 70.42b 65.98b 7.85b 43.03b 0.445b 3.16b 0.298b 2.74b
13 63.62¢c 61.67¢c 7.11c 41.25¢ 0.380c 2.46¢ 0.238c 2.10c
LSD at 5% 0.11 0.58 0.04 0.12 0.003 0.01 0.001 0.04
Sub main factor: Soil additions
T1 65.66d 62.80d 7.33d 41.74d 0.392d 2.71d 0.258d 2.35d
T2 69.71c 65.44c 7.71c 42.65¢ 0.441c 3.00c 0.287c 2.58¢c
T3 72.09b 66.47b 7.88b 43.06b 0.460b 3.15b 0.298b 2.68b
T4 73.65a 67.64a 8.11a 43.61a 0.480a 3.26a 0.310a 2.78a
LSD at 5% 0.67 0.78 0.07 0.22 0.003 0.03 0.002 0.04
Sub-sub main factor: Foliar applications
F1 69.56¢ 65.11b 7.68c 42.59 0.436d 2.98c 0.283d 2.56¢
F2 70.10bc  65.49ab 7.73bc 42.71ab 0.442c 3.01bc 0.287c 2.59bc
F3 70.54ab  65.70ab  7.79ab 42.83ab 0.446b 3.05ab 0.290b 2.61b
Fa 70.91a 66.04a 7.84a 42.94a 0.450a 3.08a 0.292a 2.64a
LSD at 5% 0.79 0.67 0.08 0.24 0.002 0.04 0.002 0.03

Means within a row followed by a different letter (s) are statistically different at a 0.05 level
I,: Four irrigations (100% of Irrigation Requirements IR), I,: Three irrigations (75% of IR), I5: Two irrigations (50
% of IR), T: Control (without soil amendments), T,: Biochar (plant residues), Ts: Zeolite, T,: Compost (plant

residues), F,: Control, F,: Boron, F3: Copper, F4: Selenium.
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Concerning the interaction effect, Table 5 indicate
that the most favorable outcomes in terms of the
values of plant height, fresh foliage and dry weights,
chlorophyll reading, carotene content and foliage
NPK contents were observed when combining
compost (T,) with selenium foliar application (F,),
within the framework of the traditional irrigation

treatment (1,). Notably, the performance was better
when employing the combined approach of compost
(T4) and selenium foliar application (F,) under the
water deficit treatment (I,) compared to plants grown
traditionally without any of the studied substances (I,
X Ty X Fl)

Table 5. Interaction effect among soil amendments and beneficial element on growth performance of
onion plant gown under various irrigation treatments (traditional and deficit treatments) at a

period of 75 days from transplanting.

Growth criteria

Leaves photosynthetic Leaves chemical

(foliage ) pigment constitutes
Plant  Fresh Dry
Treatments height weight  weight Chlorophyll Carotene N P K
. SPAD .
@m  (gplant?) ey (mag) (%)

Fi 68.53  63.98 7.57 42.39 0.412 294 0.281 2.59

T F» 68.60 64.18 7.61 42.45 0.417 296 0.284 2.62

! F. 68.93  64.20 7.67 42.55 0.422 3.01 0.285 2.65

F. 69.30 64.72 7.74 42.71 0.424 3.03 0.287 2.68

F 7473  68.74 8.20 43.78 0.498 3.44  0.326 2.92
noEORE BE B pm o tm o e 0w gn
F. . . . . . . . .

| Fa 7833  69.98 8.34 43.95 0.521 354  0.336 2.98
' F 78.60  69.91 8.36 44.08 0.528 3.62 0.340 3.04
T F- 7993  70.52 8.42 44.33 0.531 3.63 0344 3.06

8 F 80.53  71.16 8.50 44.44 0.538 370  0.347 3.10

Fa 80.80  71.46 8.62 44.66 0.543 370 0.348 311

F. 8143 7164 8.66 44.87 0.550 373 0351 3.13

T F> 8190 71.93 8.75 45.19 0.553 375 0354 3.14

4 F 8197  72.27 8.96 45.36 0.561 3.77  0.356 3.17

Fa 8223  72.66 9.03 4558 0.568 3.79  0.360 3.19

F. 66.27 63.24 7.47 42.20 0.403 2.86 0.262 2.45

T F> 67.07  63.45 7.48 42.23 0.407 2.86  0.265 2.47

! F 67.23  63.68 7.54 42.28 0.408 290 0.272 2.50

Fa 67.43  63.79 7.55 42.26 0.408 293 0.275 2.63

F 70.00 64.80 7.80 42.83 0.430 3.05 0.291 2.70

T F» 70.07  65.42 7.83 42.91 0.435 3.09 0.295 2.74

2 F2 7017  66.04 7.88 43.01 0.436 310 0.299 2.73

I Fa 70.73  66.11 7.92 43.08 0.442 316  0.301 2.77
2 F 71.07  66.33 7.94 43.18 0.448 320 0.303 2.80
T F> 7133  66.73 7.95 43.18 0.453 3.28  0.306 2.80

8 F. 7170  66.75 7.97 43.29 0.459 329 0.310 2.81

Fa 7193  67.29 7.97 43.47 0.465 332 0.310 2.83

F 7190 67.42 8.01 43.48 0.472 332 0.315 2.85

T F> 7277  67.97 8.09 43.67 0.481 336 0.318 2.88

4 F2 7310  67.99 8.09 43.66 0.487 337  0.319 2.89

Fa 7390 68.63 8.14 43.78 0.493 339 0.322 2.92

F 60.53  59.88 6.76 40.18 0.341 220 0.215 1.85

T F- 60.83  60.69 6.83 40.34 0.350 224  0.218 1.88

! F 6157 60.81 6.87 40.52 0.355 228 0.221 1.90

Fa 61.63  60.97 6.94 40.75 0.362 231  0.226 1.95

F. 6197 6123 6.97 40.97 0.366 236 0.229 1.99

T F> 62.30 61.39 6.99 41.02 0.379 240 0.232 2.03

2 F 6257 6149 7.05 41.16 0.382 243  0.236 2.07

I Fa 62.73  61.56 7.07 41.26 0.382 247  0.238 211
3 F 63.73  61.58 7.09 41.35 0.387 250 0.238 2.15
T F> 64.60  61.63 7.19 41.44 0.388 252  0.241 2.16

8 F 65.23  61.94 7.20 41.65 0.392 255  0.242 2.18

Fa 65.60  62.33 7.32 41.63 0.393 256  0.245 2.19

F 65.93  62.60 7.31 41.77 0.397 258  0.251 2.21

T F- 6597  62.80 7.33 41.86 0.398 2.62  0.254 2.30

4 F- 66.47  62.82 7.43 41.98 0.402 2.68  0.259 2.32

Fa 66.23  62.99 7.45 42.10 0.402 275 0.262 2.37
LSDat5% 275 2.33 0.27 0.84 0.009 0.13  0.006 0.12

Means are statistically different at a 0.05 level
1,: Four irrigations (100% of Irrigation Requirements IR), I,: Three irrigations (75% of IR), I5: Two irrigations (50
% of IR), T: Control (without soil amendments), T,: Biochar (plant residues), Ts: Zeolite, T,: Compost (plant

residues), F;: Control, F,: Boron, F3: Copper, F4: Selenium
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- Proline and enzymatic antioxidants

Tables 6 and 7 indicate the influences of the studied
factors (either solely or in combination) on the plant's
self-production of antioxidants i.e., proline, POD,
CAT and SOD. It's important to note that the trends
of these antioxidants differed from those observed in
the growth performance parameters. For instance,
within the irrigation treatments, the I; treatment
exhibited the highest values. Similarly, the T,
treatment (control) among soil amendments and the
F, treatment (control) among foliar treatments
resulted in the highest levels of proline, POD, CAT,
and SOD. This implies that the combined treatment
of I3 x T, x F; vyielded the most significant
production of all studied antioxidants (Table 7).

In contrast, plants irrigated traditionally (I;) or
cultivated in soil treated with compost (T,) displayed
the lowest levels of proline, POD, CAT, and SOD.
Similarly, plants subjected to foliar application of

selenium exhibited the lowest values. In general, the
combined treatment of I; x T, x F, resulted in the
lowest antioxidant production (Table 7). Regarding
irrigation treatments, the order of antioxidant
production from highest to lowest was I3 >I,>1;. In
terms of soil amendments treatments, the sequence
was T; (control) > T,> Ts> T4. Concerning foliar
treatments, the sequence was F; (control) > F,> F3>
F, (Table 6).

Overall, it's apparent that the application of soil
amendments (biochar, zeolite, and compost) and the
application of beneficial elements (boron, copper,
and selenium) contributed to a reduction in the need
for the synthesis of proline, POD, CAT, and SOD by
the plants especially under water deficit treatments
(I, and 13). This suggests that these treatments helped
enhance the plant's natural antioxidant mechanisms.

Table 6. Individual effect of soil amendments and spraying beneficial element on leaves content of onion
plant grown under various irrigation treatments (traditional and deficit treatments) from proline
and enzymatic antioxidants at a period of 75 days from transplanting.

Enzymatic antioxidants

Treatments Proline, umol g™ F.W POD CAT sSOD
(Unit min* g protein)
Main factor : Irrigation treatments
Iy 7.57c 44.27c 147.05¢ 112.53c
I, 8.79b 50.98b 162.52b 119.34b
I3 10.20a 62.81a 190.44a 133.05a
LSD at 5% 0.08 0.05 0.17 2.22
Sub main factor: Soil additions
T, 9.36a 55.46a 175.52a 125.31a
T, 9.03b 53.61b 168.90b 122.83b
T; 8.67c 51.80c 163.66¢ 120.31c
T, 8.35d 49.87d 158.60d 118.10d
LSD at 5% 0.06 0.10 0.27 0.70
Sub-sub main factor: Foliar applications
Fi 8.98a 53.32a 168.79a 122.50a
F, 8.89b 52.99b 167.13b 121.87b
F3 8.80c 52.38c 166.15¢ 121.44b
Fs, 8.74d 52.05d 164.60d 120.75¢
LSD at 5% 0.05 0.10 0.34 0.48

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

I;: Four irrigations (100% of Irrigation Requirements IR), I,: Three irrigations (75% of IR), I3: Two

irrigations (50 % of IR), T;: Control (without soil amendments), T,: Biochar (plant residues), T5: Zeolite, T:

Compost (plant residues), F;: Control, F,: Boron, F3: Copper, F,: Selenium
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Table 7. Interaction effect among soil amendments and beneficial element on leaves content of onion
plant grown under various irrigation treatments (traditional and deficit treatments) from
proline and enzymatic antioxidants at a period of 75 days from transplanting.

Enzymatic antioxidants

Treatments Prog:iln'e:, \L;VmOI POD CAT SOD
' (Unit min* g protein)

Fi 7.98 45.98 152.72 114.70
T F, 7.87 45.70 151.82 114.25
! F; 7.74 45.24 151.26 114.21
Fa 7.67 45.15 149.40 11341
Fq 7.64 44.30 149.15 112.83
T F, 7.65 44.08 148.17 112.79
2 F3 7.64 44,01 147.35 112.77
I Fa 7.61 43.97 147.25 112.58
1 Fq 7.58 43.87 147.03 112.35
T F, 7.56 43.84 145.92 111.91
8 F3 7.55 43.76 145.26 111.92
F4 7.53 43.76 144.70 111.75
Fq 7.40 43.81 143.62 111.46
T F, 7.31 43.65 143.13 111.39
4 F3 7.25 43.65 143.06 111.12
Fa 7.16 43.53 142.98 111.04
Fq 9.48 55.46 17441 124.32
T F, 9.45 55.26 172.25 124.17
! F; 9.41 54.37 171.58 123.90
F, 9.23 54.08 167.84 123.22
F. 9.15 53.56 166.00 122.78
T F, 9.13 53.37 163.93 120.64
2 Fs 9.08 51.46 163.67 119.73
I Fa 8.94 50.65 161.47 118.44
2 Fq 8.81 50.02 160.66 117.92
T F, 8.60 49.88 159.45 117.56
3 Fs 8.33 48.90 158.48 116.89
F, 8.28 48.64 157.96 116.83
Fq 8.24 48.03 157.48 116.67
T F, 8.21 47.89 156.00 115.94
4 F3 8.18 47.13 155.53 115.36
F4 8.08 47.02 153.56 114.99
Fq 11.10 66.50 205.75 138.49
T F, 10.93 66.13 205.13 137.99
! F3 10.80 65.90 203.27 137.79
F4 10.72 65.76 200.73 137.27
Fq 10.58 64.90 198.63 136.28
T F, 10.39 64.54 196.23 135.62
2 F3 10.26 64.30 193.71 135.26
I Fa 10.24 64.18 191.21 134.22
3 F, 10.13 63.48 189.01 133.28
T F, 10.00 62.55 187.04 132.07
3 [=A 9.87 61.97 185.25 131.19
Fa 9.85 60.89 183.14 130.05
Fy 9.75 59.94 181.04 128.91
T F, 9.52 59.00 176.48 128.07
4 [=A 9.53 57.88 175.39 127.11
Fa 9.52 56.97 174.97 125.17

LSD at 5% 0.19 0.31 1.17 1.67

Means within a row are statistically different at a 0.05 level

I;: Four irrigations (100% of Irrigation Requirements IR), I,: Three irrigations (75% of IR), I5: Two
irrigations (50 % of IR), T,: Control (without soil amendments), T,:

Zeolite, T,: Compost (plant residues), F1: Control, F,: Boron, F;: Copper, F4: Selenium.

- Quantitative and qualitative yield

The utilization of diverse soil amendments (biochar,
zeolite, and compost) alongside beneficial elements
(boron, copper, and selenium), whether administered

Biochar (plant residues), Ts:

alone or in combination, exerted significant influence
on multiple aspects concerning the quantitative and
qualitative yield of onion plants which subjected to
varying irrigation regimes (l,: Four irrigations, I:
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Three irrigations, l5: Two irrigations). These effects
on average bulb weight, bulb diameter, neck
diameter, total bulb yield and marketable bulb yield are
presented in Tables 8 and 9, detailing both individual
contributions and interactions among factors.
Additionally, certain quality attributes, such as
carbohydrates, protein, total dissolved solids (TDS),
fiber, total sugar, anthocyanin pigment, vitamin C
(VC), dry matter (DM) and pyruvic acid (Tables 10
and 11 for individual and interactions effects,
respectively), were also assessed during the harvest
stage. Also, Figs from 2 to 4 show the individual
effect of the studied treatments on total and
marketable bulb yield.

The traditional irrigation approach (l;) caused the
maximum values of quantitative and qualitative
parameters followed by the water deficit treatments
(I, and I3, respectively). The outcomes reveal that
among the soil amendments, the most effective in
achieving the maximum values was the compost
treatment (T,4), followed closely by the zeolite treatment
(T3) and then biochar treatment (T,), all of which

surpassed the control group (T,). In terms of foliar
spraying treatments, the selenium treatment (Fj,)
showed the most favorable results, ranking first for all
the mentioned quantitative and qualitative yield
characteristics. While the copper came in the second
order and boron came the third order. On the other
hand, the check treatment (T;) realized the lowest
values. Regarding the interaction effect, Table 9 and
11 demonstrate that the highest values of average
bulb weight, bulb diameter, neck diameter, total bulb
yield, marketable bulb yield carbohydrates, protein,
total dissolved solids (TDS), fiber, total sugar,
anthocyanin pigment, vitamin C (VC), dry matter
(DM) and pyruvic acid were observed when
combining compost (T,) with selenium foliar
application (F,;), within the framework of the
traditional irrigation treatment (I;). Notably, the
values of all aforementioned traits were more when
employing the combined approach of compost (T,)
and selenium foliar application (F4;) under the water
deficit treatment (1) compared to those of the plants
grown traditionally without any of the studied
substances (I; X Ty x Fy).

Table 8. Individual effect of soil amendments and spraying beneficial element on yield and its components
of onion plant grown under various irrigation treatments (traditional and deficit treatments) at

harvest stage.

Average Bulb diameter Neck Total bulb Marketable bulb
Treatments bulb weight diameter yield yield
Mg ha™
© (cm) (Mg ha)
Main factor : Irrigation treatments

I 111.75a 7.11a 2.22a 42.55a 40.91a

I 102.86b 6.34b 1.52b 39.17b 37.76b

I 85.26¢ 4.41c 0.75¢ 32.47c 30.70c
LSD at 5% 0.72 0.03 0.04 0.27 0.27

Sub main factor: Soil additions

T, 91.81d 5.09d 0.94d 34.96d 33.41d

T> 99.56¢ 5.90c 1.43c 37.91c 36.20c

T 102.63b 6.24b 1.66b 39.08b 37.41b

Ta 105.80a 6.58a 1.96a 40.29% 38.81a
LSD at 5% 0.64 0.07 0.04 0.24 0.23

Sub-sub main factor: Foliar applications

F 98.66d 5.81d 1.40d 37.57d 35.99¢

F> 99.46¢ 5.92c 1.48c 37.88c 36.33b

Fa 100.36b 6.00b 1.54b 38.22b 36.65a

Fa 101.33a 6.08a 1.58a 38.59a 36.86a
LSD at 5% 0.61 0.60 0.04 0.23 0.22

Means within a row followed by a different letter (s) are statistically different at a 0.05 level
I;: Four irrigations (100% of Irrigation Requirements IR), I,: Three irrigations (75% of IR), I5: Two
irrigations (50 % of IR), T,: Control (without soil amendments), T,: Biochar (plant residues), T3: Zeolite,
T,: Compost (plant residues), F1: Control, F,: Boron, F;: Copper, F4: Selenium.
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H Total bulb yield ® Marketable bulb yield
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. .
12 13

Fig. 2. Individual effect of irrigation treatments on total and marketable bulb yield.
I,: Four irrigations (100% of Irrigation Requirements IR), I,: Three irrigations (75% of IR), I5: Two irrigations (50 % of IR).
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c by a
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Soil addition treatmens

Fig. 3. Individual effect of soil amendments on total and marketable bulb yield.
T,: Control (without soil amendments), T,: Biochar (plant residues), T3: Zeolite, T,: Compost (plant residues).
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Fig. 4. Individual effect of spraying the beneficial elements on total and marketable bulb yield.
F,: Control, F,: Boron, F5: Copper, F4: Selenium.
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Table 9. Interaction effect among soil amendments and beneficial element on yield and its components of
onion plant grown under various irrigation treatments (traditional and deficit treatments) at
harvest stage.

Average Bulb Neck Total bulb yield Marketable
Treatments bulb yield diameter diameter bulb yield
(@) (cm) (Mg ha)
=4 96.86 5.90 1.21 36.88 35.90
T F, 98.49 5.96 1.31 37.50 36.15
1 Fs 99.41 5.98 1.33 37.86 36.44
Fa 100.74 6.13 1.33 38.36 36.81
= 111.15 7.13 2.10 42.33 40.66
T F, 112.19 7.20 2.14 42.72 41.08
2 Fs 112.64 7.21 2.16 42.89 41.33
| Fa 113.52 7.21 2.25 43.23 41.70
! F, 114.44 7.33 2.31 43.58 41.97
T F, 115.93 7.38 2.44 44.15 42.26
8 Fs 116.59 7.47 2.50 44.40 42.65
Fa 118.28 7.52 2.55 45.04 42.88
F, 118.29 7.63 2.75 45.04 43.19
T F, 118.56 7.73 2.87 45.15 43.58
4 Fs 120.16 7.94 3.11 45.76 43.82
Fa 120.70 8.05 3.19 45.96 44.16
F, 92.28 5.32 0.99 35.14 34.76
T F, 92.32 5.57 1.02 35.16 35.04
! Fs 94.84 5.64 1.10 36.11 35.36
Fa 96.34 5.78 1.13 36.69 35.60
F, 100.97 6.17 1.37 38.45 37.06
T F, 101.56 6.22 1.45 38.68 37.35
2 Fs 102.70 6.37 1.46 39.11 37.66
| Fa 103.83 6.40 1.52 39.54 37.93
2 = 104.64 6.49 1.54 39.85 38.20
T F, 106.29 6.69 1.63 40.48 38.58
3 Fs 106.85 6.71 1.72 40.69 38.91
Fa 106.88 6.71 1.78 40.70 38.11
= 108.02 6.79 1.82 41.13 39.45
T F, 108.75 6.79 1.93 41.41 39.78
4 Fs 108.76 6.81 1.94 41.41 40.07
Fa 110.67 6.91 1.99 42.14 40.32
= 81.57 3.35 0.39 31.06 28.28
T F, 82.49 3.66 0.41 3141 28.56
! Fs 83.05 3.87 0.55 31.62 28.86
Fa 83.34 3.97 0.56 31.74 29.16
= 83.66 4.16 0.61 31.86 29.43
T F, 84.09 417 0.66 32.02 29.82
2 Fs 84.07 4,18 0.68 32.02 30.02
| Fa 84.38 4.33 0.78 32.13 30.31
8 = 84.51 451 0.82 32.18 30.74
T F, 84.74 4.60 0.88 32.27 31.12
3 Fs 85.45 471 0.88 32.54 31.52
Fa 87.02 4.76 0.90 33.14 31.91
= 87.55 4,91 0.92 33.34 32.22
T F, 88.14 5.04 0.99 33.56 32.58
4 Fs 89.82 5.13 0.99 34.20 33.12
Fa 90.24 5.26 0.99 34.36 33.47
LSD at 5% 2.13 0.21 0.14 0.81 0.77

Means within a row are statistically different at a 0.05 level

I,: Four irrigations (100% of Irrigation Requirements IR), I,: Three irrigations (75% of IR), I3: Two irrigations
(50 % of IR), T;: Control (without soil amendments), T,: Biochar (plant residues), Ts: Zeolite, T,: Compost
(plant residues), F;: Control, F,: Boron, F;: Copper, F4: Selenium.
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Table 10. Individual effect of soil amendments and spraying beneficial element on bulb quality of onion
plant grown under various irrigation treatments (traditional and deficit treatments) at harvest

stage.
Carbohy o tein  TDs  Fiber - Anthoya o pm YW
Treatments  _drates Sugar -nin ic
(%) (mg 100g™) (%)  (amol.
Main factor : Irrigation treatments
Iy 18.41a 8.73a 12.14a 3.9la 7.77a 28.90a 13.13a 12.47a 7.06a
I, 17.55b 8.16b 11.33b 3.33b  7.02b 27.91b 12.45b 11.46b 6.22b
I3 15.32¢ 7.31c 9.64c 2.41c 5.53c 25.76¢ 10.04c 9.43c 4.41c
LSD at 5% 0.06 0.03 0.09 0.03 0.13 0.02 0.45 0.08 0.02
Sub main factor: Soil additions
T, 16.08d 7.58d 10.21d 2.71d  5.92d 26.54d 10.91c 10.10d 4.87d
T, 17.06¢c 8.04c 10.95¢c  3.18c 6.72¢c 27.39c 11.59b 11.02c 5.91c
T3 17.41b 8.22b 11.32b  3.38b 7.08b 27.80b 12.31a 11.51b 6.27b
T, 17.83a 8.41a 11.68a 3.59a 7.37a 28.36a 12.70a 11.85a 6.54a
LSD at 5% 0.10 0.09 0.07 0.04 0.03 0.05 0.42 0.07 0.04
Sub-sub main factor: Foliar applications
F, 16.94c 7.99c 10.91d 3.14d  6.66d 27.37d 11.51b 10.96d 5.76d
F, 17.05b 8.05bc  10.99c¢ 3.19c 6.72¢ 27.45¢c 11.88ab  11.06c 5.84c
Fs 17.12b 8.09ab  11.07b 3.24b  6.83b 27.58b 12.02a 11.18b 5.94b
Fa 17.27a 8.13a 11.17a 3.30a 6.88a 27.69a 12.09a 11.29a 6.03a
LSD at 5% 0.10 0.08 0.07 0.04 0.03 0.05 0.39 0.07 0.07

Means within a row followed by a different letter (s) are statistically different at a 0.05 level
I;: Four irrigations (100% of Irrigation Requirements IR), I,: Three irrigations (75% of IR), I5: Two
irrigations (50 % of IR), T,: Control (without soil amendments), T,: Biochar (plant residues), Ts: Zeolite, Ty:

Compost (plant residues), F1: Control, F,: Boron, F3: Copper, F,: Selenium.

- Soil post-harvest analyses

Table 12 shows the effects of different irrigation
regimes (traditional and water deficit), soil
amendments (biochar, zeolite, and compost), and
beneficial elements (boron, copper, and selenium)
on the soil's nutrient availability (N, P, and K),
water holding cabacity (WHC) and cation exchange
capacity (CEC) following the onion harvest as
average values. The same Table shows that the
irrigation treatments did not have any clear effect
on the studied soil properties as well as the foliar
While the

amendments clearly affected those properties.

applications. treatments of soail

Generally, the obtained data indicate that the levels

of available N, P, K, water-holding capacity

(WHC), and cation exchange capacity (CEC)
exceeded those of the original soil (pre-sowing).
Additionally, Table 12

incorporation of plant compost into the soil resulted

illustrates that the

in the highest values for all the aforementioned soil
attributes, except WHC, followed by zeolite and
then  biochar, with the control group's
corresponding soil exhibiting the lowest values.
Regarding the WHC, the highest values were
achieved due to biochar followed by zeolite then

compost and lately group control.

In essence, the data underscore the significant role
played by all the investigated soil amendments in
improving the chemical characteristics of the soil,

with compost exhibiting the highest efficacy.
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Table 11. Interaction effect among soil amendments and beneficial element on bulb quality of onion plant
grown under various irrigation treatments (traditional and deficit treatments) at harvest stage.

Carbohy- o ein  TDS  Fiber - AMhova o gy, Pyruvic
Treatments drates Sugar -nin acid
(%) (mg 100g™) (%)  (amolg?)

Fy 16.97 7.89 10.84 3.07 6.32 27.38 11.87  10.97 5.57
T F, 17.12 7.95 10.99 311 6.37 27.38 12.05 10.98 5.59
F3 17.14 7.99 11.01 3.15 6.46 27.45 1213 11.04 5.80

F4 17.25 8.01 11.06 3.17 6.51 27.59 1224 1125 5.88

Fy 18.35 8.69 12.06 3.83 7.83 28.81 9.88 12.37 7.15
T, F, 18.41 8.74 12.13 3.90 7.85 28.88 1325 1242 7.16
F3 18.54 8.80 12.22 3.95 7.94 29.09 1335 1259 7.35

I, F4 18.64 8.84 12.31 4.05 8.08 29.09 1345 1272 7.36
Fi 18.65 8.89 12.40 4.04 8.14 29.20 1366 12.80 7.49
T F, 18.73 8.95 12.47 4.15 8.18 29.34 13.67 1292 7.54
F3 18.71 9.00 12.55 4.17 8.24 29.39 13.88 12,97 7.58

Fa 18.88 9.09 12.66 4.30 8.25 29.51 13.89  13.16 7.58

F, 18.95 9.11 12.72 4.30 8.39 29.66 1408 13.18 7.64
T, F, 19.20 9.17 12.83 4.33 8.47 29.71 1416  13.26 7.66
F3 19.39 9.20 12.90 4.44 8.59 29.91 1428  13.33 7.70

Fa4 19.63 9.33 13.04 4.57 8.65 29.99 1428 1353 7.84

Fi 16.43 7.61 10.60 2.80 6.09 26.97 11.37 1054 5.08
T F, 16.60 7.70 10.64 2.88 6.16 27.03 1153 10.73 521
F3 16.73 7.72 10.73 2.93 6.19 27.22 11.65 10.78 5.22

Fa4 16.84 7.73 10.80 3.01 6.25 27.27 11.72 1081 5.36

Fy 17.34 8.04 11.16 3.22 6.56 27.65 1241  11.27 5.97
T, F, 17.50 8.12 11.23 3.25 6.61 27.68 1240 11.30 6.15
F3 17.52 8.16 11.30 3.30 7.06 27.85 1249  11.46 6.19

I, Fy4 17.73 8.17 11.39 3.36 7.11 27.97 1262 1149 6.32
Fy 17.77 8.26 11.40 3.39 7.28 28.02 1264 1152 6.40
T, F, 17.74 8.29 11.56 3.40 7.42 28.07 1269 11.68 6.49
F3 17.88 8.29 11.55 3.49 7.47 28.26 1285 11.73 6.62

Fy4 17.98 8.37 11.71 3.51 7.51 28.29 1285 11.90 6.68

F, 18.07 8.41 11.72 3.62 7.58 28.44 1286  11.93 6.81
T, F, 18.15 8.49 11.74 3.62 7.63 28.50 13.01 11.95 6.92
F3 18.24 8.55 11.89 3.71 7.72 28.64 13.06 1215 6.98

Fa4 18.28 8.58 11.89 3.79 7.74 28.66 1311 1216 7.05

F, 14.34 7.01 8.86 2.02 5.10 24.92 8.86 8.34 3.49
T F, 14.39 7.09 8.91 2.09 5.16 24.98 8.97 8.44 3.58
F3 14.48 7.13 8.99 2.12 521 25.09 9.14 8.62 3.72

Fa 14.67 7.16 9.09 2.18 5.27 25.18 9.35 8.73 3.93

F, 14.84 7.19 9.23 2.24 5.32 25.30 9.55 8.91 4.07
T, F, 15.11 7.20 9.37 231 5.37 2541 9.72 9.07 4.25
F3 15.31 7.24 9.46 2.36 5.43 25.45 9.91 9.24 441

I Fy4 15.47 7.27 9.52 2.44 5.50 25.54 10.04 9.44 4.53
Fy 15.58 7.30 9.68 2.51 5.54 25.65 10.20 9.68 4.60
T, F, 15.63 7.34 9.71 2.52 5.57 25.76 10.34 9.85 4.65
F3 15.70 7.38 9.93 2.54 5.65 25.97 10.49 9.92 4.71

Fy4 15.67 7.45 10.17 2.54 5.69 26.17 10.53 9.96 4.85

Fy 15.95 7.45 10.25 2.60 5.82 26.46 1069  10.06 4.87
T, F, 15.99 7.50 10.34 2.70 5.87 26.66 10.76  10.06 4.93
F3 15.85 7.55 10.37 2.71 5.95 26.70 11.02 10.29 5.01

Fy4 16.21 7.61 10.41 2.73 6.03 26.97 11.04 10.32 5.03
LSD at 5% 0.36 0.28 0.23 0.13 0.12 0.18 1.35 0.23 0.21

Means within a row are statistically different at a 0.05 level
I;: Four irrigations (100% of Irrigation Requirements IR), I,: Three irrigations (75% of IR), l5: Two
irrigations (50 % of IR), T;: Control (without soil amendments), T,: Biochar (plant residues), Ts: Zeolite, T,:

Compost (plant residues), F1: Control, F,: Boron, F3: Copper, F,: Selenium.
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Table 12. Effect of soil amendments and spraying beneficial element on the soil nutrient availability,
water-holding capacity (WHC) and CEC following onion plant (as means).

Available-N | Available-P [  Available-K WHC CEC
Treatments T T
(mg kg™) (%0) (cmol kg™)

E. 50.5 1051 225.1 44.1 429

T E. 50.3 10.42 2243 44.2 427

! E. 50.1 10.64 2225 44.1 426

[ 50.1 10.43 2234 44.2 428

E. 51.4 1091 229.3 46.3 436

T E. 51.4 11.12 228.1 46.1 436

2 E. 51.1 10.93 2272 46.1 434

| [ 51.0 11.10 227.1 46.2 436

! E. 52.2 11.20 2312 45.9 457

T [ 52.4 11.33 229.1 459 45.6

8 E. 51.9 11.31 229.2 45.8 458

[ 51.9 11.21 229.9 459 45.3

E. 53.9 11,52 2355 443 452

T [ 53.2 11.60 2349 45.2 475

4 [ 53.2 11.31 2326 453 475

E, 53.2 11.52 2323 453 47.6

[ 50.6 10.66 228.1 44.2 473

T [ 50.5 10.56 2271 44.2 425

! E. 50.2 10.75 225.1 443 425

[ 50.1 10.50 226.3 44.2 427

[ 51.5 11.06 232.2 46.2 424

T [ 51.4 11.26 231.1 46.5 433

2 E. 51.0 11.06 230.2 46.3 438

| [ 51.2 11.26 230.1 46.5 437

2 [ 52.3 11.37 2342 455 434

T [ 52.2 11.47 232.2 45.6 45.6

8 E. 52.0 11.45 2322 457 457

E, 51.9 11.37 2324 45.2 459

[ 53.6 11.67 238.3 44.4 456

T [ 53.3 11.73 237.3 453 459

4 [ 53.0 11.44 235.3 45.3 474

[ 53.1 11.70 2352 45.1 47.9

E. 51.23 10.70 228.6 44.3 424

T E, 51.15 10.70 2277 44.2 424

! E. 50.05 10.88 225.6 441 423

[ 50.85 10.70 226.8 44.4 427

[ 52.17 11.20 2327 46.3 432

T E. 52.17 11.40 2318 46.2 435

2 E. 51.87 11.19 230.8 46.3 433

I E, 51.76 11.40 230.7 46.5 432

8 E. 53.19 11,50 234.7 451 454

T [ 52.98 11.60 232.6 45.6 45.6

8 E. 52.88 11.65 2327 454 454

[ 52.67 1151 2325 451 45.6

E. 5471 11.81 238.4 44.2 45.9

T E, 53.99 1191 237.9 451 47.9

4 E. 53.89 11.60 2353 45.1 47.8

[ 53.89 11.81 235.8 452 47.3

I, Four irrigations (100% of Irrigation Requirements IR), l,: Three irrigations (75% of IR), I3: Two

irrigations (50 % of IR), T;: Control (without soil amendments), T,:

Biochar (plant residues), T3: Zeolite, Ty:

Compost (plant residues), F;: Control, F,: Boron, F3: Copper, F,: Selenium.

4. Discussion

The observed results can be explained by
considering the physiological and biochemical
responses of onion plants to different irrigation
regimes, soil amendments, and beneficial elements.
A scientific explanation will be provided for each
aspect as follows:

- Growth criteria, photosynthetic pigment and
leaves chemical constitutes
Plant height, fresh foliage, and dry weights:
Adequate water availability is crucial for plant
growth. The traditional irrigation approach (l,)
provided the optimal water supply, leading to the
best performance in terms of plant height, fresh
foliage, and dry weights. Water shortage in the
water deficit treatments (I, and 13) would have
induced physiological stress, resulting in reduced
cell expansion and overall plant growth (Parkash

Egypt. J. Soil Sci. 64, No. 2 (2024)



538 AYMAN M. EL-GHAMRY, et al.,

and Singh (2020). The gradual decrease in
performance from 1; to I; indicates a dose-
dependent response to water availability.
Chlorophyll is essential for photosynthesis, and
carotenes contribute to photosynthetic pigment
content (Stirbet et al. 2020). Insufficient water
supply can lead to decreased chlorophyll synthesis
and degradation, as well as reduced -carotene
accumulation. This can result in lower chlorophyll
readings and carotene content in water deficit
treatments (I, and 1) compared to the traditional
irrigation (I,). Nitrogen, phosphorus, and potassium
are key macronutrients required for onion plant
growth and development. Water scarcity can
negatively impact these nutrient elements' uptake
due to reduced root activity (Moustafa-Farag et al.
2020). The higher NPK contents in traditional
irrigation (I;) suggest that plants had better access
to these essential nutrients, resulting in improved
overall growth and development. The compost used
is rich in organic matter and nutrients (Table 2),
enhancing soil structure and nutrient availability
and this positively reflected on the growth traits and
photosynthetic pigments as well as leaves chemical
constituents of onion plants (Elsherpiny et al.
2023). All of these positives made it come in the
first order. Zeolite, which came in the second order,
could improve water retention and nutrient
exchange capacity, while biochar, which came in
the third order, contributes to soil water-holding
capacity and nutrient retention (Ghazi et al. 2023).
These amendments positively affect soil properties,
promoting better root development, nutrient uptake,
and water availability, leading to improved plant
growth. The order of effectiveness (compost >
zeolite > biochar) likely reflects their varying
impacts on soil's physical and chemical properties.
The studied elements are essential for
various  biochemical processes, including
antioxidant defense and enzyme activation.
Selenium was superior due to its role in water
deficit stress tolerance and antioxidant mechanisms
(Rady et al. 2020). Copper came in the second
order due to it is important for enzyme functions,
including those involved in photosynthesis and
stress response (Pérez-Labrada et al. 2019). Boron
came in the third order due to it is involved in cell
wall structure and membrane integrity (Abdel-
Motagally et al. 2018). The order of effectiveness
(Se > Cu > B) suggests that selenium has a more
significant positive impact on stress tolerance and
overall biochemical processes compared to copper
and boron. The control treatment (F,) lacking these
beneficial elements might exhibit suboptimal stress
responses and reduced enzymatic activities. When
compost (T,) and selenium (F,) are combined
within the traditional irrigation treatment (l,), the
observed favorable outcomes in terms of plant
height, fresh foliage, dry weights, chlorophyll
reading, carotene content, and foliage NPK contents
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suggest that the combined effect of these two
factors enhances various aspects of plant growth
and physiology. Interestingly, under water deficit
conditions (l,), the combined application of
compost (T,) and selenium (F,) resulted in better
performance compared to plants grown traditionally
without any additives (I, x T, x Fy). This finding
highlights the potential synergy between compost
and selenium in improving plant responses to water
scarcity.

The interaction between compost and selenium
suggests that compost-enhanced soil properties,
such as increased nutrient availability and water-
holding capacity, combined with the stress-
tolerance and antioxidant properties of selenium,
contribute to improved plant growth, photosynthetic
efficiency, and nutrient uptake. This combined
approach likely supports the plant's ability to cope
with water deficit stress and maintain its
physiological functions.

- Proline and enzymatic antioxidants

The variations in antioxidant levels compared to
growth performance parameters highlight the
complex interactions between plant responses to
stress, nutrient availability, and physiological
processes.

The highest levels of self-produced antioxidants
(proline, POD, CAT, and SOD) were observed in
the |5 treatment, which received the lowest amount
of irrigation water (50% of IR). This is indicative of
a stress response mechanism where plants under
water deficit conditions often increase antioxidant
production to counteract the adverse effects of
stressors like dehydration and oxidative damage.
The sequence of antioxidant production from
highest to lowest was I3 > I, > I;. This sequence
reflects the escalating response of onion plants to
increasing water deficit, suggesting that more
severe water scarcity triggers a stronger antioxidant
defense response. The control treatment (T,)
resulted in the highest levels of antioxidants among
the soil amendments. This might be due to a lack of
external factors that could potentially mitigate the
need for increased antioxidant production. Soil
amendments like biochar, zeolite, and compost
likely create conditions that support better nutrient
and water availability, leading to reduced stress and
subsequently  lower levels of self-produced
antioxidants. The sequence of antioxidant
production from highest to lowest was T, > T, > T,
> T,. This sequence suggests that the application of
soil amendments (especially T4, compost) assists in
alleviating stress and, as a result, lowers the need
for self-produced antioxidants. Similar to the
control treatment in soil amendments, the F;
treatment exhibited the highest antioxidant levels
among the foliar treatments. This indicates that the
absence of beneficial elements might lead to a lack
of support for plant defense mechanisms, resulting
in increased self-production of antioxidants. The
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sequence of antioxidant production from highest to
lowest was F; > F, > F3 > F,. This order suggests
that the application of beneficial elements like
selenium, copper, and boron can contribute to
enhancing the plant's antioxidant defense systems,
reducing the reliance on self-produced antioxidants.
The combined treatment of I3 x T; x F; resulted in
the highest production of antioxidants. This
suggests that under severe water deficit conditions,
the absence of external support (no soil
amendments, no beneficial elements) leads to a
strong antioxidant defense response. Conversely,
the combined treatment of I; x T, x F, displayed
the  lowest antioxidant  production.  This
combination involves traditional irrigation (I,),
which provides ample water, compost (T4) which
supports soil health, and selenium (F4) which
enhances stress tolerance. The low antioxidant
production here suggests that these treatments
effectively reduce the need for self-produced
antioxidants.

In summary, the observed trends indicate that the
application of soil amendments and beneficial
elements can contribute to the enhancement of the
plant's natural antioxidant defense mechanisms.
This helps the plants better cope with water deficit
conditions by reducing the need for excessive self-
produced antioxidants, ultimately improving their
overall stress tolerance and physiological resilience.
These findings underscore the potential of
integrated strategies to mitigate the negative effects
of environmental stressors on crop plants.

- Quantitative and qualitative yield

Data highlights the intricate interactions between
different treatments, irrigation regimes, and their
combined effects on onion plant yield and quality
attributes. The traditional irrigation approach (1,)
resulted in the highest quantitative and qualitative
yield parameters, indicating the importance of
adequate water supply for achieving optimal crop
performance. The water deficit treatments (I, and
I3) led to lower values in comparison to 11,
highlighting the adverse impact of reduced water
availability on onion yield and quality. Among the
soil amendments, compost (T,) exhibited the most
significant positive influence on both quantitative
and qualitative parameters. This suggests that
compost contributes to improved soil fertility, water
retention, and overall plant health, resulting in
higher yields and better quality attributes. Zeolite
(T3) and biochar (T,) also showed positive effects
on yield and quality attributes, demonstrating their
potential to enhance soil properties and support
plant growth compared to the control treatment
(Ty). Selenium (F,4) stood out as the most effective

foliar treatment, leading to the highest values for all
yield and quality characteristics. The order of
effectiveness among the beneficial elements
suggests that selenium plays a critical role in
enhancing crop yield and quality attributes. Copper
and boron (F; and F3) also contributed positively to
yield and quality attributes, underlining the
importance of these micronutrients in promoting
plant growth and development. The combination of
compost (T,) with selenium foliar application (Fj)
under the traditional irrigation treatment (I,)
resulted in the highest values for various yield and
quality traits. This indicates a synergistic effect
where both treatments enhance each other's positive
impacts, leading to superior crop outcomes.
Notably, even under water deficit treatment (1), the
combined approach of compost (T,4) and selenium
foliar application (F4) vyielded higher values
compared to traditional irrigation without any
treatments (I, x T, x Fy). This suggests that these
combined strategies can mitigate the negative
effects of water scarcity on yield and quality. The
findings underline the significance of incorporating
diverse approaches to enhance crop productivity
and quality under wvarying conditions. The
interaction effects highlight the potential for
tailored combinations of soil amendments and
beneficial elements to achieve optimal results,
especially in challenging environments.

- Soil post-harvest analyses

Compost, zeolite, and biochar are three soil
amendments that play distinct yet complementary
roles in enhancing soil properties. Each of these
amendments brings unique benefits to the soil,
contributing to improved nutrient availability, water
retention, and overall soil health. Their functions
of them in enhancing soil properties were as
follows:

Compost: When added to the soil, compost acts as
a valuable source of organic matter. This organic
matter improves soil structure, aggregation, and
porosity, creating a more favorable environment for
root growth and microbial activity. The presence of
organic matter in compost increases the soil's
water-holding capacity. It helps the soil retain
moisture, reducing water stress on plants during dry
periods (Singh et al. 2020).

Zeolite: When added to soil, zeolites increase
water-holding capacity, reducing water runoff and
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enhancing plant access to moisture. Also, Zeolites
have a high cation exchange capacity (CEC), which
allows them to hold onto and exchange nutrients
with plant roots. This contributes to improved
nutrient retention in the root zone and more
efficient nutrient uptake by onion plants (Ghazi et
al. 2023).

Biochar: It is rich in carbon and resistant to
decomposition, making it an effective means of
carbon sequestration in the soil. Similar to compost
and zeolite, biochar can enhance water retention in
the soil due to its porous structure. This helps
mitigate drought stress and improves onion plant
resilience to water scarcity (Mosa et al., 2020).

Data indicates that the irrigation treatments and
foliar applications had limited direct effects on the
studied soil properties. This suggests that the
changes in irrigation frequency and foliar
applications might not have immediate, significant
impacts on soil nutrient availability or physical
characteristics. It's important to note that the lack of
clear effects might stem from the relatively short-
term nature of the experiment or the specific
conditions of the study. The treatments involving
soil amendments clearly impacted soil properties.
This highlights the ability of soil amendments to
influence the soil's chemical and physical
characteristics over the course of the onion growth
cycle. The data show that incorporating biochar,
zeolite, and especially compost led to
improvements in  available nitrogen  (N),
phosphorus (P), potassium (K), water holding
capacity (WHC) and cation exchange capacity
(CEC) compared to the original soil properties (pre-
sowing). Among the soil amendments, compost
(plant compost) exhibited the highest efficacy in
improving the most of the studied soil attributes.
This suggests that the addition of organic matter
through compost contributes significantly to
nutrient availability and soil structure improvement.
The variations in soil Water Holding Capacity
(WHC) values observed among biochar, zeolite,
compost, and the control group stem from the
distinct attributes inherent to each amendment. The
porous structure of biochar, the water adsorption
capabilities of zeolite, and the organic matter
enrichment of compost synergistically amplify their
aptitude for retaining water when juxtaposed with
the control group. Notably, zeolite and biochar
exhibit particularly favorable impacts on soil water
dynamics. Biochar augments  water-holding
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proficiency and nutrient preservation, while zeolite
is likely to bolster water retention and foster
nutrient exchange capacity. These reasons make the
biochar come in the first order in terms of its ability
in raising the values of soil WHC followed by
zeolite then compost. The improvements in soil
nutrient availability, water-holding capacity, and
cation exchange capacity have positive implications
for crop growth and health. Enhanced nutrient
availability can support better plant nutrition, while
improved soil structure (higher water-holding
capacity and CEC) promotes root development and
nutrient uptake efficiency. It's important to consider
that the effects of soil amendments might continue
to develop and strengthen over the long term,
contributing to sustained improvements in soil
health and crop productivity. The findings suggest
that adopting these soil amendments can be
beneficial for improving soil conditions and
potentially reducing the need for synthetic
fertilizers in the long run.

In summary, this study underscores the substantial
role of soil amendments, particularly compost, in
enhancing soil chemical and physical attributes.
While the effects of irrigation regimes and foliar
applications on soil properties might not be
immediate, the incorporation of organic matter and
other amendments can lead to lasting improvements
in soil health and nutrient availability.

5. Conclusion

This research offers valuable insights into
sustainable approaches for enhancing onion growth
and vyield. Through meticulous examination of
irrigation strategies, soil amendments, and foliar
nutrient applications, this study has illuminated key
factors influencing crop performance. The
traditional irrigation approach (l;) demonstrated its
superiority, vyielding optimal results in both
quantitative and qualitative onion vyield. This
reaffirms the significance of adequate water supply
in promoting crop success. However, in scenarios
of reduced water availability (I, and I3), a
combination of strategic soil amendments and
targeted nutrient applications showcased their
potential to mitigate the negative effects of water
deficit. Compost emerged as a standout soil
amendment, followed by zeolite and biochar,
emphasizing their positive influence on onion
growth under various irrigation conditions. The
effectiveness hierarchy of beneficial elements —
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selenium (Se), copper (Cu), boron (B), and control
— underscores the role of micro-nutrient
supplementation in enhancing yield. The combined
application of compost (T,) and selenium foliar
spraying (F4;) emerged as an especially promising
strategy. Its success in improving growth,
quantitative, and qualitative yield, particularly
under water deficit conditions (l,), highlights the
potential of synergy between organic amendments
and targeted nutrient delivery.

Based on the findings, the following
recommendations are suggested:

1. Farmers are recommended to use compost and
selenium together, as this combined application
can provide a multifaceted approach to improve
water-use efficiency, stress tolerance, and
nutrient acquisition in crop plants.

2. Further research into refining the application
rates and combinations of soil amendments can
offer insight into achieving even more robust
crop performance.

3. In-depth studies could delve into the intricate
interplay of beneficial elements and their
synergistic  effects. Experimentation  with
various nutrient combinations and
concentrations may uncover novel ways to
enhance growth and vyield under various
conditions.

4. ldentifying and cultivating onion varieties with
increased tolerance to water scarcity could
provide an additional tool for sustainable onion
production under challenging conditions.

5. Exploring holistic approaches that combine
irrigation management, soil amendments, and
nutrient applications could yield comprehensive
solutions for addressing water scarcity
challenges. Such integrated strategies could
provide greater resilience against environmental
stressors.

6. Dissemination of the study's findings to farmers
can equip them with the knowledge to make
informed  decisions  regarding irrigation
practices, soil amendments, and nutrient
applications, enhancing overall crop
productivity and sustainability.

Finally, this research underscores the potential of
soil amendments and nutrient application strategies
to bolster onion growth and yield under water
scarcity. By continuously refining these approaches

and embracing a holistic perspective, the
agricultural community can move closer to ensuring
food security and sustainability in challenging
environmental conditions.
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