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ATER scarcity in Egypt presents significant challenges to agriculture, necessitating the development

of innovative strategies to enhance vegetable crops resilience and productivity under limited water
conditions. This study investigates the effects of organic fertilization and melatonin application on the
performance of crisphead lettuce (Lactuca sativa L.) under water stress conditions. The experiment was
conducted over two growing seasons (2022 and 2023) at the research farm of the Faculty of Agriculture,
Mansoura University, Egypt and evaluated the impact of three irrigation regimes as a main factor (100%,
80%, and 60% of evapotranspiration, ETo) combined with different organic fertilization treatments as a
sub-main factor ( without, plant compost, chicken manure compost and vermicompost) and foliar
application of melatonin as a sub-sub main factor (0.0 and 70 mmol L%). Results indicated that reducing
irrigation levels significantly increased enzymatic antioxidant activities, including superoxide dismutase,
peroxidase, and catalase. Organic fertilization, particularly with plant compost, improved leaf chemical
constituents and photosynthetic pigments, while melatonin application further enhanced these traits. Growth
performance metrics, such as fresh and dry weight, leaf area, and relative water content, showed significant
improvements with combined treatments of organic fertilizers and melatonin under water-limited
conditions. For example, in the first season, the maximum head weight of 1124.38 g was achieved with full
irrigation (100% ETo). However, reducing the irrigation level to 80% and 60% resulted in lower head
weights of 955.67 g and 653.67 g, respectively. Among the organic fertilization treatments, plant compost
produced the highest head weight at 972.56 g, while the control treatment had the lowest at 770.50 g.
Additionally, foliar application of melatonin increased the head weight to 931.94 g, compared to 890.53 g
in the control treatment. This study highlights the potential of integrated organic and hormonal treatments to
mitigate the adverse effects of water stress on lettuce production. Future research should focus on refining
these strategies and exploring their applicability to other crops to further address the challenges posed by
water scarcity in arid regions like Egypt.
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Introduction

Water scarcity is a pressing issue in Egypt, posing a significant threat to its agricultural sector. The country's limited
freshwater resources are under increasing pressure due to population growth, urbanization, and climate change,
making it crucial to develop innovative strategies to enhance the resilience and productivity of vegetable crops under
water-limited conditions (Doklega et al. 2023). Addressing this challenge is vital for ensuring food security and
sustainable agricultural practices in the region (Elsherpiny and Helmy, 2022). Water deficiency has significant
negative effects on plant growth and productivity. When plants are exposed to water stress, photosynthesis rates
decrease, and the ability of roots to absorb nutrients from the soil is reduced, negatively affecting the
development of vegetative parts and fruiting. Additionally, water deficiency disrupts the balance of plant
hormones, leading to a reduction in crop size and weight, which in turn deteriorates its quality (Ghazi et al.
2023).

One promising approach to mitigating the adverse effects of water stress is the use of organic fertilization.
Organic fertilizers can improve soil health, enhance water retention, and supply essential nutrients, which are critical
for plant growth and development under drought conditions. Among various organic fertilizers, plant compost,
chicken manure compost (ChM compost), and vermicompost have gained attention for their beneficial effects on soil
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and plant health (Kareem and Hamed 2024). Plant compost is composed of decomposed organic matter, primarily
derived from plant residues. It enhances soil structure, increases nutrient availability, and improves water-holding
capacity, making it an excellent amendment for supporting plant growth under water stress (Elsherpiny, 2023).
Chicken manure compost (ChM compost) is produced by the decomposition of chicken manure. It is rich in nutrients
and organic matter, providing a steady supply of essential elements that can boost plant growth and improve soil
fertility. ChM compost has been shown to enhance microbial activity in the soil, leading to better nutrient cycling and
increased resilience of plants to environmental stresses (Abumere et al. 2019). Vermicompost, produced through the
breakdown of organic waste by earthworms, is another effective organic amendment. It is rich in beneficial
microorganisms, enzymes, and plant growth-promoting hormones, which can enhance nutrient uptake, improve root
growth, and increase plant tolerance to abiotic stress factors, including drought (Elsaied et al. 2024).

In addition to organic fertilization, the application of melatonin has emerged as a promising strategy to enhance
plant resilience to water scarcity (Sadak et al. 2020). Melatonin is a naturally occurring hormone in plants, known for
its role in regulating growth, development, and stress responses. It acts as an antioxidant, protecting plants from
oxidative damage caused by drought stress, and has been reported to improve photosynthetic efficiency, enhance root
growth, and increase water-use efficiency (Elsherpiny et al. 2024; Elsaied et al. 2024). Crisphead lettuce (Lactuca
sativa L.), commonly known as iceberg lettuce, is a popular leafy vegetable sensitive to water stress. Under limited
water conditions, lettuce exhibits reduced growth, lower leaf quality, and decreased yield, impacting both productivity
and marketability. Therefore, identifying effective strategies to improve lettuce performance under water stress is
essential (Mostafa et al. 2023; Elsherpiny et al. 2024).

The major aim of the current study is to evaluate the effects of organic fertilization and melatonin application
on the growth, physiological responses, and productivity of crisphead lettuce under varying irrigation regimes. By
exploring the synergistic effects of these treatments, this research aims to develop practical solutions for enhancing
lettuce resilience and productivity under water-limited conditions, contributing to sustainable agriculture in arid
regions like Egypt.

2. Material and Methods

The study was conducted at the research farm of the Faculty of Agriculture, Mansoura University, Egypt.
The experimental design employed was a split-split plot with three replicates. The experiment was conducted
over two growing seasons (2022 and 2023) to evaluate the impact of three irrigation regimes as a main factor
(100%, 80% and 60% of evapotranspiration, ETo) combined with different organic fertilization treatments as a
sub-main factor [without organic fertilization, plant compost (sourced from banana tree residues), chicken
manure compost and vermicompost) and foliar application of melatonin as a sub-sub main factor (0.0 and 70
mmol L™). Each sub-sub plot had an area of 9.0 m? (3.0 m x 3.0 m), and contains 6 planting lines. The distance
between the irrigation treatments was 3 meters, separating each treatment from the others. The flowchart of the
experiment is illustrated in Fig 1.

Main factor Measurements
(100%, 80% and 60% of

evapotranspiration, ETO)

Sub-main factor ~

(without organic fertilization, plant Enzymatic Leaves chemical
compost, chicken manure compost and antioxidants P> constituents
vermicompost) —J Ll/_

A 4

Sub-sub main factor
melatonin at two rates Photosynthetic Head traits
(0.0 and 70 mmol L-1) pigments quality

Fig. 1. The flowchart of the experiment.
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Before the experiment, initial soil properties were analyzed to determine baseline conditions.
The soil was characterized for parameters such as texture, pH, organic matter content, and nutrient
levels. Also, the studied composts were analyzed to identify their properties. Both initial soil and
compost were analyzed according to the standard methods following Tandon's (2005) guidelines
(Tablel). Transplanting was carried out at the appropriate growth stage of crisphead lettuce seedlings.
Crisphead lettuce seedlings (Lactuca sativa L. cv Kharga), aged 30 days, were transplanted on
October 10" in both seasons. Transplanting was carried out in the center of the ridges, maintaining a
plant spacing of 45 cm. Prior to plowing, all plots received calcium superphosphate (6.6% P) at a rate
of 72 units P ha™. Nitrogen fertilization was administered in two equal doses. The first dose was
applied two weeks after transplanting, followed by the second dose two weeks later, using urea (46%
N) at a rate of 120 units N ha™. Potassium sulfate, containing 48% K0, was applied simultaneously
with the nitrogen, at a rate of 60 units K-O ha™. The irrigation treatments were calculated based on
evapotranspiration (ETo) rates. To estimate evapotranspiration in this study, evaporation pans were
utilized. This method involves measuring the amount of water evaporated from a standardized pan
over a specific period, which is then used to calculate the evapotranspiration rate.

Table 1. Properties of the initial soil and studied organic fertilizers (Data is the combined data
over both studied seasons) using the stander methods as described by Tandon (2005).

Initial Organic fertilizers

Property soil Plant ChM Vermicompost
compost compost
pH 8.2 6.28 6.14 6.16
(sui;:)ze-rés)lon (suspension 1:10)

EC, dSm™ 2.95 4.00 4.60 4.25
Total C, % / 18.2 17.8 18.0
Total N, % / 1.50 1.35 144
Total P, % / 1.60 1.15 1.35
Total K, % / 1.45 1.08 1.26
C:N ratio / 12.13 13.2 125
Available N, mgKg™ 29.9 / / /
Available P, mg kg™ 7.89 / / /
Available K, mg kg™ 208 / / /
Mn, mg kg™ 1.66 98.0 75.2 88.5
Zn, mg kg™ 1.45 24.5 19.6 21.0
Organic matter, % 1.33 31.4 30.7 31.0
Sand 18.0 / / /
Clay 49.5 / / /
Silt 325 / / /
Textural Clayey / / /

The study included three irrigation regimes: 100%, 80%, and 60% of ETo. Water application
was adjusted to match these regimes throughout the growing season. Organic fertilizers were applied
two months before transplanting according to the studied treatments at a rate of 10 ton ha™ for each
organic fertilizer under study. Foliar application of melatonin was performed three times: on days 30,
40, and 50 post-transplant according to the studied treatments. Melatonin was applied at a
concentration of 70 mmol L™. At 70 days post-transplant, three crisphead lettuce plants were randomly
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sampled from each replicate to measured and determined performance traits and yield attributes (Table
2).

Statistical analysis of the data was performed using the methodology outlined by Gomez and
Gomez (1984) with CoStat version 6.303 (1998-2004). Treatment means were compared using the
least significant difference (LSD) at a significance level of 0.05 probability.

Table 2. Measurements during the studied stages.
Parameters Methods Refs.
Enzymatic antioxidants in fresh leaves
Superoxide dismutase, unit mg™ protein™
Peroxidase, unit mg™ protein™ Spectrophotometrically [1]
Catalase, unit mg™ protein™
Leaves chemical constituents and photosynthetic pigments

Leaves digestion Using a mixture of HCIO, + H,SO4 [2]
Micro-Kjeldahl (for N)
Leaf chemical NPK (% DW) Spectrophotometric (for P) [3]
Flame photometer (for K)
SPAD meter
Chiorophyll (SPAD-502, Minolta Camera, Osaka, Japan) [4]
Carotene (mg g FW) Spectrophotometrically, using acetone [5]

Growth criteria and head traits
Fresh and dry weights (g plant™), leaf area

(cm? plant™), relative water content (%) . .
head weight (g), head diameter (cm), head Manually, visually and Mathematically

height (cm), and the number of outer

leaves
Head quality parameters
Total carbohydrates percentage Anthrone method [6]
Protein percentage Micro-kjeldahl [6]
Total sugar, % Sulfuric acid and phenol [6]
Fiber Sulfuric acid and sodium hydroxide [6]
Total dissolved solids, % Hand refractometer [6]
Dry mater, % Using the oven [7]
Vitamin C, mg 100 g (F.W) Spectrophotometrically using potassium [8]
permanganates

Vitamin E, mg 100 g™ (F.W) Spectrophotometrically [8]

List of refs: [1] Elavarthi and Martin, (2010), [2] Peterburgski (1968), [3] Walinga et al. (2013), [4] Uddling et
al. (2007), [5] Dere (1998), [6 ] A.O.A.C (2000), [7] Garnier et al. (2001), [8] Saeed et al. (2018)

3. Results

3.1 Enzymatic antioxidants
Data in Table 3 illustrate the effects of different irrigation regimes, organic fertilizers and

melatonin application on enzymatic antioxidant activities, specifically superoxide dismutase (SOD),
peroxidase (POD) and catalase (CAT) in crisphead lettuce leaves. As expected, water stress
represented by reduced irrigation levels (80% and 60% of ETy), led to a significant increase in the
activity of these enzymes compared to the full irrigation treatment (100% ET,). This suggests that the
plants activated their antioxidant defense systems in response to drought stress to mitigate oxidative
damage. Organic fertilization significantly impacted enzymatic activities, with plant compost and
vermicompost treatments showing the highest decreases in SOD, POD, and CAT activities under
water stress conditions (80% and 60% of ET,) compared to the full irrigation treatment (100% ETo).
This indicates the potential of organic amendments to enhance the plant's stress tolerance by bolstering
its antioxidant capacity. The application of melatonin further decreased the enzymatic antioxidant
activities across all irrigation and fertilization treatments, highlighting melatonin's role as a protective
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agent against oxidative stress. Under water deficit treatments (80% and 60% of ET), the addition of
any organic fertilizer in conjunction with spraying melatonin led to decrease the values of SOD, POD,
and CAT compared to the values of plants grown under control groups.

Table 3. Impact of different irrigation regimes, along with different organic fertilization
treatments and spraying melatonin on leaves enzymatic performance of crisphead lettuce during
seasons of 2022and 2023.

Super oxidase

p Peroxidase, Catalase, unit mg™
Ismutase, : 1 - .
Treatments unit mg™ protein™ unitmg™ protein protein
1st 2nd 1st 2nd 1st 2nd
season season season season season season
Irrigation treatments
1;: 100% of ETo 179.07c 181.13c 0.327c 0.333c 29.82c 30.16¢
I,: 80% of ETo 242.24b 245.24h 0.636b 0.647b 43.56b 44.08b
I3: 60% of ETo 306.24a 309.78a 0.924a 0.942a 57.26a 58.18a
Organic fertilization treatments
Cy: Control (without) 262.96a 266.30a 0.727a 0.743a 48.65a 49.40a
C,: Plant compost (10 ton ha™) 229.06d 231.94d 0.563d 0.573d 40.25d 40.79d
C,: ChM compost (10 ton ha™) 235.93c 238.49b 0.597b 0.608c 41.75¢ 42.40c
Cs: Vermicompost (10 ton ha™) 242.11b 244.80c 0.629c 0.638b 43.54b 43.96b
Foliar application treatments
Fo: Control (without) 250.89a 253.98a 0.670a 0.683a 45.57a 46.17a
F1: Melatonin (70 mmol L") 234.14b 236.78b 0.588b 0.599b 41.53b 42.11b
Interaction
c Fo 204.97 207.50 0.460 0.470 35.59 36.08
0 F. 196.20 198.24 0.418 0.426 33.74 34.13
C, Fo 170.10 171.80 0.281 0.287 28.65 28.91
| F. 164.03 165.84 0.233 0.237 25.02 25.31
! C, Fo 177.71 180.07 0.331 0.338 30.47 30.85
F. 165.00 166.59 0.245 0.249 25.41 25.76
Cs Fo 186.29 188.93 0.379 0.385 32.10 32.35
F. 168.24 170.07 0.268 0.272 27.60 27.90
c Fo 272.34 276.65 0.773 0.789 49.64 50.14
0 F. 264.05 267.81 0.735 0.750 48.58 48.61
C, Fo 238.04 241.72 0.614 0.626 42.55 43.26
| F. 212.90 215.46 0.503 0.513 37.39 37.83
2 C, Fo 246.07 248.51 0.659 0.666 44.45 44.83
F. 220.83 223.40 0.537 0.548 38.84 39.45
Cs Fo 254.44 256.92 0.691 0.704 46.41 47.06
F, 229.24 23141 0.574 0.585 40.61 41.44
c Fo 320.71 324.49 0.995 1.025 62.49 63.94
0 F, 319.48 323.10 0.979 0.999 61.84 63.51
C, Fo 307.50 311.91 0.934 0.952 56.49 57.37
| F. 281.78 284.91 0.814 0.826 51.41 52.09
3 C, Fo 315.98 319.05 0.954 0.973 58.27 59.73
F. 289.97 293.33 0.855 0.873 53.02 53.76
Cs Fo 316.46 320.26 0.968 0.978 59.68 59.49
F. 298.00 301.22 0.892 0.907 54.84 55.52
LSD 450 1.67 411 0.012 0.009 0.50 0.99

Means within a row followed by a different letter (s) are statistically different at a 0.05 level
3.2 Leaves chemical constituents and photosynthetic pigments
Table 4 presents the impact of different irrigation regimes, organic fertilization treatments and
melatonin application on the leaf chemical constituents and photosynthetic pigments of crisphead
lettuce over two growing seasons (2022 and 2023). The results highlight how these factors influence
nitrogen (N), phosphorus (P), potassium (K), chlorophyll (measured as SPAD reading) and carotene
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contents. The nutrient contents (N, P and K) were highest under full irrigation (100% ETo) and
decreased with increasing water stress. The lowest values of NPK contents were recorded under the
60% ETo treatment, indicating a reduction in nutrient uptake and assimilation under drought
conditions. This trend underscores the necessity of sufficient water supply for optimal nutrient uptake
in lettuce plants. Chlorophyll content, as indicated by SPAD readings, and carotene levels were
significantly higher at 100% ETo compared to lower irrigation levels. This decrease in pigment
content under water stress reflects a decline in photosynthetic efficiency and leaf quality due to
reduced water availability.

Among the organic fertilizers, plant compost treatment consistently resulted in the highest
nutrient content across both seasons, followed by ChM compost and then vermicompost and lately
control treatment. This suggests that plant compost may be more effective in enhancing nutrient
availability and uptake compared to other organic amendments. Similarly, plant compost led to the
highest chlorophyll and carotene content, enhancing photosynthetic pigments and potentially
improving photosynthesis and plant vigor. This indicates that organic fertilizers can mitigate some of
the negative effects of water stress by enhancing soil nutrient status and plant nutrient uptake.
Melatonin-treated plants exhibited significantly higher nutrient content, chlorophyll, and carotene
values compared to untreated controls. This enhancement suggests that melatonin may play a crucial
role in protecting photosynthetic apparatus and enhancing nutrient assimilation under stress
conditions, likely due to its antioxidant properties and ability to improve plant stress responses.

The interaction between irrigation levels, organic fertilizers and melatonin applications reveals
that the highest nutrient and pigment contents were recorded under the combination of full irrigation
with plant compost and melatonin application. Even under reduced irrigation levels, the combination
of organic fertilization and melatonin substantially improved plant nutrient and pigment levels,
underscoring the synergistic benefits of these treatments. Overall, these findings highlight the potential
of integrating organic fertilization and melatonin application to improve nutrient status and
photosynthetic pigment content in crisphead lettuce under varying irrigation conditions, providing a
strategy to enhance lettuce resilience and productivity under water stress.

3.3 Growth criteria and head physical traits

Tables 5 and 6 show the effect of the studied treatments on the growth performance of
crisphead lettuce, including parameters such as fresh and dry weight, leaf area, and head physical traits
[head weight (Fig 2), diameter and height as well as No. of outer leaves]. As anticipated, reduced
irrigation levels negatively affected growth metrics and head traits, with plants under 60% ETg
showing the most significant declines in biomass and leaf area. This impact underscores the
importance of adequate water supply for optimal lettuce growth. In other words, I, treatment (100% of
ETo) consistently yielded the highest values across all growth parameters and head physical traits
being significantly greater than other irrigation treatments. This suggests that full irrigation is optimal
for lettuce growth, providing sufficient moisture for maximum biomass production and leaf area
expansion. The relative water content was also the highest under this treatment, indicating better water
status and turgidity in the plants. I, treatment (80% of ETo) showed a moderate reduction in these
parameters compared to I, treatment. Fresh weight and dry weight were slightly lower, and leaf area
and relative water content, head weight, diameter and height as well as No. of outer leaves were also
reduced. This implies that reducing water to 80% of ETo begins to stress the plants, affecting their
growth and water retention abilities, but not as severely as more restricted irrigation. I treatment (60%
of ETo) resulted in the lowest growth performance and head physical traits, with significant reductions
in fresh weight, dry weight, leaf area, and relative water content, head weight, diameter and height as
well as No. of outer leaves. This indicates that severe water deficit conditions greatly inhibit lettuce
growth, likely due to insufficient water availability for cellular processes and expansion. Organic
fertilization, particularly with plant compost and ChM compost, substantially improved growth criteria
and head traits even under water-limited conditions. These treatments likely enhanced soil fertility and
moisture retention, supporting better plant growth. Generally, the superior organic treatment was plant
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compost followed by ChM compost then vermicompost and lately control group. Melatonin
application further boosted growth parameters and head physical traits, suggesting its role in

promoting cell division, elongation, and overall biomass accumulation.

Table 4. Impact of different irrigation regimes, along with different organic fertilization
treatments and spraying melatonin on leaves chemical constituents and photosynthetic pigments
of crisphead lettuce during seasons of 2022and 2023.

o o o Chlorophyll, Carotene,
Treatments st N nd St 7 nd st i nd SF:{A\D readinlgq st ma q-l nd
1 2 1 2 1 2 1 2 1 2
$eason  season  season  season  season  season  season  season  season  season
Irrigation treatments
1,: 100% of ETo 3.63a 3.70a 0.457a 0.465a 3.4la 3.47a 48.20a 48.88a 0.398 0.405a
1,: 80% of ETo 3.25b 3.31b 0.407b 0.414b 3.06b 3.12b 46.42b 47.17b 0.351a 0.358b
13: 60% of ETo 2.43c 2.48c 0.308c 0.314c 237c 2.42c 42.13c 42.79c 0.241b 0.245c
Organic fertilization treatments
Co: Control 2.70d 2.76d 0.341d 0.348a 2.59d 2.63d 43.74c 44.33c 0.279d 0.284d
C,;: Plant compost 3.32a 3.39c 0.416c 0.424c 3.14a 3.20a 46.69a 47.36a 0.357a 0.363a
C;: ChM compost 323b 3.29b 0.408b 0.415b 3.06b 3.12b 46.09b 46.83ab 0.347b 0.353b
Cs;:  Vermicompost 3.16c 3.22a 0.398a 0.405a 3.01c 3.06c 45.81b 46.59b 0.337c 0.343c
Foliar application treatments
Fo: Control 3.01b 3.07b 0.380b 0.387b 2.87b 2.92b 45.05b 45.73b 0.317b 0.323b
Fi: Melatonin (70 3.20a 3.26a 0.402a 0.408a 3.03a 3.08a 46.12a 46.83a 0.342a 0.349a
Interaction
C, Fo 2.97 3.03 0.375 0.383 2.79 2.84 45.62 46.07 0.316  0.322
F. 3.04 3.11 0.387 0.394 2.88 2.93 45.58 46.14 0.330  0.337
C F 3.85 3.92 0.485  0.495 3.61 3.69 49.01 49.74 0.423 0.431
| F. 3.95 4.04 0.496  0.502 3.70 3.77 49.90 50.54 0.436  0.446
! C, F 3.76 3.82 0.474  0.482 3.53 3.59 48.11 48.88 0.414 0.422
F. 3.91 4.00 0.490 0.499 3.67 3.73 49.73 50.52 0.434  0.443
C: F 3.68 3.75 0.461  0.470 3.45 3.51 48.09 48.76 0.403  0.407
F, 3.88 3.95 0.488  0.498 3.64 3.70 49.55 50.36 0.428 0.435
C, Fo 2.78 2.84 0.352  0.359 2.65 2.69 44.42 44,97 0.292 0.298
Fi 2.88 2.95 0.362 0.369 2.72 2.78 44.87 45,58 0.306  0.312
C: F 3.37 3.42 0.418 0.426 3.15 3.21 46.76 47.45 0.367 0.374
" F, 3.61 3.68 0.450  0.459 3.38 3.44 47.96 48.71 0.391 0.395
C, Kk 3.26 3.32 0.410 0.418 3.05 3.10 46.48 47.32 0.353  0.360
F, 3.52 3.56 0.439  0.443 3.32 3.38 47.61 48.37 0.383 0.391
C: Fy 3.15 3.22 0.398  0.406 2.98 3.03 45.99 46.97 0.342  0.350
F. 3.45 3.50 0.430 0.434 3.24 3.30 47.26 47.97 0.374 0.381
c Fo 2.25 2.30 0.283  0.289 2.22 2.26 40.91 41.38 0.213  0.217
° F 2.27 2.32 0.288  0.293 2.26 2.30 41.01 41.84 0.218 0.221
C: F 2.45 2.50 0.310 0.316 2.39 2.44 42.41 43.04 0.243 0.248
| Fi 2.72 2.78 0.340 0.347 2.59 2.62 44.10 44.68 0.282 0.285
3 C, F 2.33 2.36 0.301 0.308 2.31 2.35 41.54 42,12 0.224 0.228
F, 2.62 2.68 0.332 0.339 2.51 2.56 43.09 43.78 0.272  0.277
C: Fy 2.30 2.33 0.291 0.298 2.29 2.33 41.22 42.03 0.220 0.224
Fi 2.52 2.57 0.320 0.323 2.44 2.49 42.76 43.44 0.257 0.262
LSD at506 0.18 0.16 0.009 0.005 0.15 0.08 0.97 2.32 0.005 0.006

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

The interaction between irrigation, organic fertilization, and melatonin spraying revealed that
the combination of full irrigation (1,), plant compost (C,) and melatonin (F;) produced the best growth
outcomes and head parameters. This combination optimally supports lettuce growth under favorable
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and stress conditions. Under the most restrictive irrigation (l3), the addition of plant compost and
melatonin still improved growth outcomes, but overall performance remained lower compared to
higher irrigation levels, highlighting the critical role of water availability. Overall, the data
underscores the importance of adequate irrigation, the beneficial impact of organic fertilization, and
the potential of melatonin to enhance growth performance and stress tolerance in crisphead lettuce.

Table 5. Impact of different irrigation regimes, along with different organic fertilization
treatments and spraying melatonin on growth performance of crisphead lettuce during seasons
of 2022and 2023.

Fresh weight, Dry weight, Leaf area, Relative water
-1 -1 2 -1 o
Treatments 1Stg plant - 1Stg plant - 1S(im plant2nd fsct)ntent, ;;

season season season season season season season  season

Irrigation treatments

I,: 100% of ETgo 1308.83a 1326.54a 351.86a 351.86a 2492.33a 2526.08a 92.05a 93.73a
I,: 80% of ETo 1143.29b 1158.75b 311.35b 311.35b 2267.58b 2296.04b 88.64b  90.46b
I5: 60% of ETo 855.46c  866.17c 226.91c 226.91c 1751.71c 1777.25¢c 81.70c 83.27c
Organic fertilization treatments

Co: Control (without) 955.33¢  967.78d  255.31d 255.31d 1919.22d 1945.39d 84.05d 85.81c

C,: Plant compost (10 ton 1168.33a 1183.89a 318.39a 318.39a 2299.28a 2327.33a 89.26a 91.00a
C,: ChM compost (10 ton 1160.56a 1174.83b 309.80b 309.80b 2255.17b 2287.11b 88.56b 90.29ab
Cs: Vermicompost (10 ton  1125.89b  1142.11c  303.34c 303.34c 2208.50c 2239.33c 87.99c 89.53b

Foliar application treatments

Fo: Control (without) 1080.61b 1094.64b 287.05b 287.05b 2111.36b 2138.53b 86.68b 88.37b
Fi: Melatonin (70 mmol L™ 1124.44a 1139.67a 306.36a 306.36a 2229.72a 2261.06a 88.25a 89.94a

Interaction

c Fo 1051.33  1067.67 283.05 283.05 2097.33 2127.67 86.36  87.89
° K 1110.00 112433 29256 29256 2161.33 218533 87.22 88.71
C. Fo 1405.00 1423.67 37452 37452 2607.00 2634.00 94.05  95.67
| F, 1418.67 1435.00 384.96 38496 2701.33 2735.00 9457  96.47
! C, F 1399.67  1415.00 365.16  365.16  2556.67 2595.67 93.31 9511
F, 1412.33  1429.33 380.31 380.31 2669.00 271467 9430  96.29
C: Fo 1264.67 1284.67 356.23 356.23 2509.00 2539.00 9249  94.09
F, 1409.00 1432.67 378.05 378.05 2637.00 2677.33 94.13  95.64
c Fo 948.33 959.33 264.03 264.03 1997.33 2026.00 84.67  87.09
° R 952.33 968.00 27442 27442 2067.33 2099.00 8555  87.45
C: Fo 1197.67 121433 320.04 320.04 232233 2350.33 89.40 9159
| Fi 1255.00 127433 34824 34824 2456.33 2485.00 91.72 9342
2 C, F 1181.00 1195.67 310.98 310.98 2271.67 230467 88.64 90.24
F, 1240.00 125433 339.17 339.17 2434.00 2461.00 90.96  92.58
C: Fo 1140.00 1156.33 303.26 303.26 2212.67 2236.67 87.86  89.49
Fi 1232.00 1247.67 330.68 330.68 2379.00 2405.67 90.33 9181
c Fo 831.00 838.67 206.94 206.94 1573.33 159233 80.11  81.69
° R 839.00 848.67 210.83 210.83 1618.67 1642.00 80.40  82.02
C: Fo 851.33 862.67 228.03 228.03 1781.00 1800.33 81.83 83.12
| F, 882.33 893.33 25452 25452 1927.67 1959.33 84.00 8571
3 C, F 849.33 860.00 217.43 21743 172800 1747.67 80.83  82.45
Fi 881.00 894.67 24573 24573 187167 1899.00 83.30  85.05
C; Fo 848.00 857.67 21494 21494 1680.00 1708.00 80.61  81.99
F, 861.67 873.67 236.86 236.86 1833.33 1869.33 82.55  84.17
LSD 4t 50 26.04 6.89 6.20 14.88 47.62 17.06 0.53 1.69

Means within a row followed by a different letter (s) are statistically different at a 0.05 level
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Table 6. Impact of different irrigation regimes, along with different organic fertilization
treatments and spraying melatonin on head traits of crisphead lettuce during seasons of 2022

and 2023.
Head weight, Head diameter, Head height, No. of outer
Treatments 1 2" 1 2" 1t 2" 1 2"
season season  season  season  season  season  season  season
Irrigation treatments
1;: 100% of ETo 1124.38a 1138.13a 22.88a 23.38a 21.25a 21.59a 9.79a 12.54a
I,: 80% of ETo 955.67b  967.63b 21.33b 21.73b  19.58b 19.90b  8.33b 11.29b
13: 60% of ETo 653.67c  661.29c 17.71c  18.08c  16.60c 16.89c 6.33c  8.58c
Organic fertilization treatments
Cy: Control (without) 770.50d  779.78d  18.93d 19.33¢ 17.51d 17.81c 6.89c  9.44b
Cy: Plant compost (10 ton 972.56a  984.44a  21.53c 22.04a 20.03a  20.4la 889 11.56a
_Cz:g‘ChM compost (10 ton 962.72b  973.67b  21.19b 21.53b  19.62b 19.89ab 8.6lab 11.22a
_Cs:mVermicompost (10 ton  939.17c  951.50c  20.89a 21.35b  19.41c 19.72a 8.22h  11.00a
Foliar application treatments
Fo: Control (without) 890.53b  901.42b  20.23b 20.66b  18.76b 19.06b  7.81b  10.42b
Fi: Melatonin (70 mmol L) 931.94a  943.28a 21.05a 21.47a 19.53a 19.85a 8.50a 11.19a
Interaction
Fo 891.33 904.33 20.40 20.97 18.57 18.90 7.67 10.67
Co F, 914.00 924.00 20.70 21.10 18.80 19.07 8.00 11.00
C. Fy 1209.00 122433  23.60 24.10 22.00 22.53 10.33  13.00
F, 1225.00 1238.00 24.27 25.03 22.80 23.20 1133  13.67
h C. kR 1198.67  1209.67  23.30 23.80 21.60 21.83 10.00 12.67
Fi 1219.33 123133  24.07 24.43 22.50 22.77 11.00 13.33
C: F 112133  1136.33  22.90 23.40 21.40 21.70 9.33 12.67
F, 1216.33  1237.00 23.80 24.20 22.30 22.70 10.67  13.33
Fo 758.33 767.33 19.40 19.70 18.00 18.23 7.33 10.00
Co F, 784.00 795.33 19.80 20.03 18.37 18.70 7.67 10.33
C. Fy 995.33  1007.67  21.70 22.00 19.93 20.33 8.67 11.67
L F. 1071.33  1087.00  22.60 23.17 20.90 21.23 9.00 12.33
C. Fy 982.00 995.33 21.50 21.90 19.40 19.67 8.33 11.33
F. 1055.67 1067.33  22.40 22.77 20.53 20.87 9.00 12.00
C: Fy 952.33 966.67 21.20 21.77 19.20 19.53 8.00 11.00
F. 1046.33  1054.33  22.00 22.50 20.30 20.60 8.67 11.67
C, Fo 634.67 640.33 16.50 16.90 15.50 15.80 5.00 7.00
F. 640.67 647.33 16.80 17.31 15.80 16.13 5.67 7.67
C. Fy 651.33 657.00 17.97 18.47 16.90 17.13 6.67 8.67
| F. 683.33 692.67 19.07 19.47 17.67 18.00 7.33 10.00
3 C. F 647.00 655.00 17.30 17.47 16.40 16.63 6.33 8.33
F. 673.67 683.33 18.60 18.80 17.30 17.60 7.00 9.67
C F 645.00 653.00 16.97 17.40 16.17 16.43 6.00 8.00
F, 653.67 661.67 18.50 18.83 17.10 17.37 6.67 9.33
LSD at50 4.98 22.01 0.43 2.07 0.34 1.50 1.80 1.34

Means within a row followed by a different letter (s) are statistically different at a 0.05 level
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Fig. 2. Effect of the studied treatment on head weight during both studied seasons.
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W 1st season
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FO: Control (without) F1: Melatonin (70 mmol L-1)

3.4 Head quality parameters

Table 7 summarizes the effects of the studied treatments on head quality parameters, including total
carbohydrates, protein, total sugar, fiber, total dissolved solids, dry mater, vitamin C and vitamin E.
Water stress generally reduced head quality, with lower values of all aforementioned traits observed
under 60% ETO. However, organic fertilizers, especially plant compost, improved head quality traits,
likely due to enhanced nutrient availability and water retention. ChM compost came the second order,
while the vermicompost treatment came in the third order. The last order was set to control group.
Melatonin application positively influenced head quality. This indicates melatonin's potential role in
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enhancing the nutritional value and stress resilience of lettuce heads, contributing to better quality
produce under adverse conditions.

The interaction between irrigation levels, organic fertilizers and melatonin applications reveals that
the highest values of total carbohydrates, protein, total sugar, fiber, total dissolved solids, dry mater,
vitamin C and vitamin E were recorded under the combination of full irrigation with plant compost
and melatonin application. Even under reduced irrigation levels, the combination of organic
fertilization and melatonin substantially improved plant nutrient and pigment levels, underscoring the
synergistic benefits of these treatments.

Table 7. Impact of different irrigation regimes, along with different organic fertilization
treatments and spraying melatonin on quality parameters of crisphead lettuce during seasons of
2022and 2023

Carbolydrates,  protein, % . Sugar% Fiber,% TDS,%

Treatments 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st an

season season season seasoOn season seasoOn season  season  season  season

Irrigation treatments

1;: 100% of ETo 2.25a 3.26a 3.22a 228a 1.2la 125a 1.74a 177a 6.50a 6.57a
1,: 80% of ETo 1.99b 288 2.84b 2.03b 093b 096b 1.44b 146b 581b 5.86b
I5: 60% of ETo 1.45¢ 2.24c 221c 150c 0.38c 040c 0.81lc 0.82c 3.99c 4.04c
Organic fertilization treatments

Co: Control (without) 1.62c 2.44d 241d 158c 0.57d 059d 1.00d 1.02d 4.70d 4.75d

Cy: Plant compost (10  2.05a 2.98a 294a 211a 099 1.0la 1.50a 1.53a 5.80a 5.87a
C,: ChM compost (10  1.99ab 2.91b 287b 2.05ab 0.94b 0.97b 1.43b 1.46b 570b 5.73b
Cs: Vermicompost (10  1.94b 2.84c 280c 2.00b 0.88c 0.90c 1.38c 1.40c 553c  5.60c

Foliar application treatments

Fo: Control (without) 1.83b 2.70b 267b 189 0.78b 0.80b 1.25b 1.27b 5.24b  5.31b
Fi: Melatonin (70 mmol  1.96a 2.88a 284a 198a 09l1a 0.94a 14la 1.43a 5.63a  5.68a

Interaction

c Fo 1.80 2.68 2.65 1.88 0.75 0.78 1.18 121 5.37 5.42

° F, 1.87 2.69 2.66 1.59 0.82 0.85 1.26 1.28 5.56 5.62

C Fy 2.39 3.45 341 2.45 1.36 1.39 191 1.94 6.90 6.98

| Fy 2.50 3.59 3.55 2.57 1.47 1.52 2.04 2.07 7.01 7.10
! C, Fy 2.32 3.36 3.31 2.38 1.28 1.33 1.85 1.87 6.69 6.77
Fi 2.44 3.55 3.51 2.52 1.46 1.49 1.97 2.01 6.98 7.04

C kK 2.28 3.28 3.23 2.34 1.21 1.25 1.79 1.82 6.50 6.61

F; 241 3.49 3.45 2.47 1.37 1.42 1.95 1.98 6.95 7.02

c Fo 1.67 2.54 2.50 1.74 0.64 0.66 1.09 111 4.90 4.97

° F, 1.74 2.62 2.58 1.57 0.68 0.70 1.14 1.16 5.14 5.22

C, Fy 2.06 291 2.88 2.12 0.99 1.02 1.50 1.53 5.95 6.02

I F; 2.23 3.18 3.14 2.31 1.16 1.19 1.72 1.75 6.35 6.43
2 C, Fy 1.99 2.84 2.81 2.07 0.93 0.96 1.43 1.45 5.84 5.89
Fi 2.17 3.12 3.08 2.23 1.13 1.16 1.67 1.70 6.46 6.33

C; Fy 1.94 2.79 2.75 2.00 0.88 0.91 1.36 1.36 5.72 5.82

Fi 2.12 3.03 2.99 2.19 1.04 1.07 1.59 1.62 6.10 6.18

c Fo 1.30 2.04 2.02 1.35 0.25 0.26 0.65 0.66 3.58 3.61

R 1.34 2.07 2.05 1.38 0.28 0.29 0.69 0.70 3.65 3.69

C: Fy 1.47 2.27 2.24 1.52 0.39 0.40 0.81 0.83 3.89 3.96

I F; 1.63 2.48 2.45 1.68 0.55 0.57 1.02 1.04 4.70 4.75
s C, Fy 1.41 2.17 2.14 1.45 0.33 0.34 0.74 0.76 3.80 3.86
F; 1.59 2.40 2.37 1.64 0.50 0.52 0.94 0.96 4.43 4.49

C; Fy 1.36 2.13 2.10 1.41 0.30 0.31 0.72 0.73 3.71 3.75

F; 1.53 2.33 2.30 1.59 0.45 0.47 0.87 0.88 4.18 4.23

LSD ats0 0.15 0.06 0.05 0.23 0.09 0.05 0.14 0.07 0.15 0.14

Means within a row followed by a different letter (s) are statistically different at a 0.05 level
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Cont. Table 7.
D.M % V.C, mg 100g™ V.E, mgkg™
Treatments 1t ond e ond e ond
season season season season season season
Irrigation treatments
1;: 100% of ETo 7.17a 7.27a 3.93a 3.98a 4.53a 4.57a
I,: 80% of ETo 6.42h 6.54h 3.39h 3.44h 3.78b 3.82b
13: 60% of ETo 5.01c 5.06¢ 2.36¢ 2.40c 2.39c 2.43c
Organic fertilization treatments
Cy: Control (without) 5.45d 5.51d 2.70d 2.71d 2.84d 2.84d
C1: Plant compost (10 ton ha™) 6.64a 6.70a 3.51a 3.57a 3.94a 4.01a
C,: ChM compost (10 ton ha™) 6.43b 6.56b 3.39h 3.45b 3.77b 3.84b
Cs: Vermicompost (10 ton ha™) 6.30c 6.40c 3.31c 3.35¢ 3.71c 3.75¢
Foliar application treatments
Fo: Control (without) 6.04b 6.11b 3.10b 3.15b 3.40b 3.43b
F1: Melatonin (70 mmol L) 6.36a 6.47a 3.35a 3.40a 3.73a 3.79a
Interaction
c Fo 5.92 5.94 3.00 2.98 3.26 3.13
0 Fi 6.05 6.01 3.14 3.05 3.42 3.33
C, Fo 7.59 7.74 4.27 4.34 4.98 5.08
I Fi 7.74 7.88 4.36 4.43 5.09 5.20
C, Fo 7.43 7.56 411 4.18 4.78 4.86
Fy 7.70 7.85 4.32 4.40 5.04 5.15
Cs Fo 7.29 7.41 3.98 4.06 4.62 4.69
F, 7.64 7.78 4.30 4.37 5.01 5.12
C, Fo 5.57 5.69 2.81 2.86 2.93 2.99
F. 5.75 5.87 291 2.94 3.12 3.18
C, Fo 6.59 6.71 3.52 3.58 3.94 4.01
| Fi 7.14 7.25 3.89 3.96 4.43 453
2 C, Fo 6.39 6.52 3.37 3.42 3.75 3.81
Fi 6.97 7.14 3.76 3.83 4.14 4.20
C; Fo 6.22 6.18 3.24 3.19 3.59 3.50
F. 6.75 6.92 3.64 3.72 431 4.37
c Fo 4.68 4.78 2.15 2.22 2.15 2.21
0 Fi 471 477 2.18 2.19 2.18 2.18
C, Fo 5.30 5.06 2.37 2.41 2.37 2.41
| F. 5.44 5.53 2.68 2.73 2.80 2.86
3 C, Fo 4.77 4.86 2.23 2.27 2.22 2.26
F. 531 5.41 2.58 2.62 2.67 2.74
C; Fo 4.75 4.85 2.20 2.24 2.20 2.24
Fi 5.14 5.24 2.47 2.52 2.51 2.56
LSD 450 0.24 0.15 0.08 0.09 0.22 0.08

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

4. Discussion

The results from the study indicate that various irrigation regimes, organic fertilization
treatments, and foliar application of melatonin significantly affect the quality and growth of crisphead
lettuce. Here are the scientific reasons behind the observed results:
4.1 Enzymatic antioxidants

Adequate water supply (Full Irrigation, 1;) ensures optimal physiological and metabolic
functions in plants, leading to enhanced antioxidant enzyme activity. This increases the plant’s ability
to scavenge reactive oxygen species (ROS) generated during photosynthesis, especially under stress
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conditions. Reduced Irrigation (I,, 13 expressed water stress) generally increased oxidative stress, but
moderate stress (I,) may still maintain sufficient enzymatic antioxidant levels. Severe water stress (l3)
reduces antioxidant capacity, leading to cellular damage and reduced plant growth and quality. The
obtained results agree with those of Elsherpiny and Helmy (2022) and Ghazi et al. (2023).

Plant Compost (C;) provided essential nutrients and enhanced soil microbiota, leading to
increased production of antioxidant enzymes such as superoxide dismutase (SOD), catalase (CAT),
and peroxidase (POD). These enzymes protect plants from oxidative stress. Chiken manure compost
(ChM) and vermicompost (C,, C3) amendments may have improved soil structure and nutrient
availability, enhancing antioxidant enzyme activities but to a lesser extent compared to plant compost.
These results are in harmony with those of Abumere et al. (2019);Elsherpiny, (2023); .Kareem and
Hamed (2024); Elsaied et al. (2024). Melatonin acts as a powerful antioxidant, directly scavenging
free radicals and upregulating antioxidant enzyme activities, thus enhancing the plant’s ability to cope
with abiotic stress and improving overall plant health. These results are in accordance with those of
Sadak et al. (2020); Elsherpiny et al. (2024); Elsaied et al. (2024).

4.2 Leaves chemical constituents and photosynthetic pigments

Full Irrigation (I;) supported higher concentrations of chlorophyll and carotenoids, which are
crucial for efficient photosynthesis. Adequate water availability ensures proper nutrient uptake (NPK)
and optimal functioning of photosynthetic machinery. Reduced Irrigation (I, 15) may have led to
decreased chlorophyll content and impaired photosynthetic capacity due to stomatal closure and
reduced carbon dioxide assimilation under water stress. These findings align with the results reported
by Elsherpiny and Helmy (2022) and Ghazi et al. (2023).

Plant Compost (C;) may have increased the availability of macro and micronutrients, improving
nutrient absorption, enhancing chlorophyll synthesis and maintaining high levels of essential nutrients
such as nitrogen, phosphorus, and potassium, which are critical for photosynthetic efficiency (Abd
El-Hady et al. 2021). ChM and vermicompost (C,, C3) also may have improved chlorophyll
content but are slightly less effective than plant compost. These results are in harmony with those of
Abumere et al. (2019);.Elsherpiny, (2023); .Kareem and Hamed (2024); Elsaied et al. (2024).

Melatonin Foliar Application (F;) may have enhanced the synthesis of chlorophyll and other
pigments by protecting the photosynthetic apparatus from oxidative damage, thereby improving
photosynthetic efficiency and plant growth (EI-Bauome et al. 2022, 2024). These results align with
the findings of Sadak et al. (2020); Elsherpiny et al. (2024); Elsaied et al. (2024).

4.3 Growth criteria and head traits

Full Irrigation (l,) resulted in optimal cell expansion and division, leading to better growth and
larger head size. Sufficient water supports metabolic activities essential for growth. Reduced Irrigation
(I, 13) caused reduced cell turgor and impaired growth due to limited water availability, resulting in
smaller head size and less biomass. The results obtained are consistent with those reported by
Elsherpiny and Helmy (2022) and Ghazi et al. (2023). Plant Compost (C;) may have supplied a
steady release of nutrients, enhancing root development and nutrient uptake, which supports robust
plant growth and improved head traits. ChM and vermicompost (C,, C3) also may have improved soil
fertility and structure, contributing to better growth but slightly less effective compared to plant
compost. These results are in harmony with those of Abumere et al. (2019);.Elsherpiny, (2023);
.Kareem and Hamed (2024); Elsaied et al. (2024). Melatonin foliar application (F,;) may have
promoted growth by reducing stress-induced damage and enhancing cell division and elongation,
leading to improved head size and weight. These results are in accordance with those of Sadak et al.
(2020); Elsherpiny et al. (2024); Elsaied et al. (2024).

Egypt. J. Soil Sci. 64, No. 4 (2024)



1598 AMAL A. HELMY, et al.,

4.4 Head quality parameters

Full Irrigation (1;) ensured high-quality lettuce heads with better carbohydrate, protein, sugar
content, and improved texture due to optimal metabolic activity and nutrient translocation. Reduced
Irrigation (I, 13) decreased quality parameters due to restricted nutrient movement and metabolic
disruptions caused by water stress. The obtained results agree with those of Elsherpiny and Helmy
(2022) and Ghazi et al. (2023). Plant Compost (C;) may have improved head quality by enhancing
nutrient content and availability, resulting in higher carbohydrate, protein, and sugar concentrations in
lettuce heads. ChM and vermicompost (C,, Cs) contributed to improved quality but are slightly less
effective than plant compost in enhancing nutrient density and head quality. These results are in
harmony with those of Abumere et al. (2019);.Elsherpiny, (2023); .Kareem and Hamed (2024);
Elsaied et al. (2024). Melatonin foliar application (F;) may have enhanced head quality by improving
nutrient assimilation and reducing oxidative damage, leading to better texture, taste, and nutritional
value of lettuce heads. These results are in accordance with those of Sadak et al. (2020); Elsherpiny
et al. (2024); Elsaied et al. (2024). Overall, the combination of optimal irrigation, organic fertilization,
and melatonin application synergistically improves lettuce quality by enhancing physiological
processes, nutrient availability, and stress resilience.

5. Conclusion

This study underscores that optimizing irrigation regimes, incorporating organic fertilization,
and applying melatonin significantly enhance the quality and growth of crisphead lettuce.
Specifically, irrigation at 100% ETo combined with plant compost and foliar melatonin treatment
delivered the most favorable outcomes, boosting enzymatic antioxidant activity, improving leaf
chemical constituents, enhancing photosynthetic pigments, and optimizing growth and head quality
parameters. In the context of water scarcity in Egypt, using 80% of the ETO for irrigation with the
application of organic fertilization is a practical approach to conserve water while still achieving
satisfactory lettuce growth and quality. as the application of organic fertilization under irrigation level
80% achieved better than 100% without organic fertilization. The research highlights the crucial role
of organic fertilizers and melatonin in augmenting plant tolerance to drought conditions. These
practices not only enhance enzymatic and photosynthetic efficiency but also improve plant resilience
to water stress. Implementing these methods can support agricultural productivity and food security in
arid and semi-arid regions, maintaining crop quality and yield despite limited water availability.
Future research should focus on the long-term impacts of these treatments in various soil types and
climates, and explore the potential of integrating additional biostimulants with melatonin to further
improve crop resilience and productivity.
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