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ABSTRACT

Salinity stress poses a significant challenge in the Egyptian agricultural sector, contributing to
physiological disorders in plants. To address this issue, two field trials were conducted over consecutive seasons
(2022-2023) aiming to evaluate the impact of various soil amendments, including vermicompost and potassium
humate, along with a control group, as the main factor. Additionally, external applications of melatonin hormone
at different concentrations (0.0, 50, 100 mmol L) were introduced as subplots, on maize grown on salt affected
soil. The growth characteristics of the plants, such as fresh and dry weights and leaf area, were assessed.
Additionally, the yield and its components, including the number of seeds per cob, the weight of 1000 seeds and
seed yield, were also measured. Also, the soil fertility was assessed by determining the availability of nutrients,
including nitrogen (N), phosphorus (P), and potassium (K). The results indicate that potassium humate was the
most effective soil addition in terms of enhancing plant performance and productivity, followed by
vermicompost, with the control treatment showing the least favorable outcomes. Additionally, as the
concentration of melatonin increased, there was a corresponding increase in the values of all studied parameters
related to plant performance and productivity, contrasting with the control group which exhibited the lowest
values. Generally, the combined treatment of potassium humate and melatonin at rate 0f100 mmol L resulted in
the maximum values of growth parameters and productivity of maize plant. Finally, these findings provide
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valuable insights for sustainable agricultural practices in salinity-affected regions.
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INTRODUCTION

Salinity stress is a pervasive challenge in agricultural
ecosystems, particularly in regions like Egypt, where it poses
a substantial threat to plant health and productivity. This
environmental condition arises when soil accumulates
excessive salts, leading to physiological disturbances in
plants. The detrimental effects of salinity include impaired
nutrient absorption, water imbalance, and oxidative stress,
ultimately hindering plant growth and yield (Jouyban, 2012).

In addressing the complex issue of salinity stress,
researchers have explored alternative approaches to mitigate
its impact on plants. This study focuses on the potential
benefits of employing soil amendments, specifically
vermicompost and potassium humate, along with the
application of melatonin hormone. These amendments are
considered potential strategies to enhance plant tolerance to
salinity, promoting growth and productivity even in
challenging soil conditions.

Vermicompost, a nutrient-rich organic fertilizer
produced through the decomposition of organic matter by
earthworms, is known for improving soil structure and
nutrient availability (Lim et al. 2015). Potassium humate, a
substance derived from humic acid and potassium, has
shown promise in enhancing plant resilience to
environmental stressors (Kadam et al. 2011). Melatonin, a
hormone well-known for its role in regulating circadian
rhythms in plants, is explored for its potential to alleviate
salinity-induced stress (Nawaz et al. 2016).
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Maize, Zea mays L., holds the position of the third
most significant cereal crop globally, trailing only wheat and
rice. This status extends to its importance in Egypt as well.
The maize grain serves a multitude of purposes, being
extensively utilized in the production of corn starch, corn ail,
corn syrup, dextrose, corn flakes, gluten, lactic acid and
grain cake (Awwad et al. 2015). These products find
applications in diverse industries such as textiles, foundries,
fermentation, and the food sector. The surge in the poultry
and livestock industry has further led to a substantial
increase in maize consumption in animal feeds. Recognized
as a lucrative grain crop, maize stands out as one of the most
versatile globally (EI-Sherpiny et al. 2020).

The objective of this research work is to
comprehensively  evaluate  the  effectiveness  of
vermicompost, potassium humate, and melatonin in
enhancing the tolerance of maize plants to salinity stress. By
understanding how these amendments and hormone
applications influence maize plant growth, nutrient uptake,
and overall productivity, the study aims to contribute
valuable insights for developing sustainable agricultural
practices in salinity-affected regions.

MATERIALS AND METHODS

Two field trials were conducted over consecutive
seasons (2022-2023) at the Experimental Farm, Agricultural
Research Station (ARS), Tag El-Ezz village, Egypt (31°31'
47.64" N latitude and 30°56' 12.88" E longitude) aiming to
evaluate the impact of various soil amendments, including
vermicompost at rate of 1.5 ton fed! and potassium
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humate15 kg fed?, along with a control group, as the main
factor. Additionally, external applications of melatonin
hormone at different concentrations (0.0, 50, 100 mmol L?)
were introduced as subplots, on maize grown on salt-
affected soil having EC value of 6.25 dsm.  The attributes
of the initial soil are outlined in Table 1, with the soil sample
analysis conducted using standard methods as per the
protocols derived from Smith and Mullins, (1991). The
attributes of the examined vermicompost are presented in
Table 2, whereas the properties of potassium humate are
documented in Table 3.

Table 1. Characteristics of initial soil

Properties Values
Sand 18.0
Silt 330
Clay 49.0
Textural class is clay

EC dSm 6.25
pH™ 7.99
CaCO3 % 2.130
Organic matter, % 1.35
Nitrogen , mgKg* 50.2
Phosphorus , mgKg?t 115
Potassium , mgKg! 214

Table 2. Characteristics of the studied vermicompost
Properties Values

pH 6.00
EC, dSm 425
P, mgkg? 172
K, mg kg? 1.23
C:Nratio 10.8
Total C, % 17.3
Total N, % 1.60

Table 3. Characteristics of the studied potassium humate
Humic acid,% Moisture,% Water solubility,% pH Appearance
70 15 100 89 Black

Experimental set up

Maize seeds of the "Cv Single Hybrid 10" variety
were planted on April 29" in both seasons using a split-split-
plot design with three replicates. The sub-plot area for the
experiment was 9.0 m2. One month before cultivation,
vermicompost was applied based on the aforementioned
treatments. Additionally, potassium humate was introduced
30 days after sowing. All plots received calcium
superphosphate (6.6%P) at a rate of 30 kg fed-1 during the
preparation stage, which took place one month before
sowing. Subsequently, ammonium nitrate (33.5% N) was
incorporated at a rate of 120 kg fed-1 30 days after sowing.
Finally, potassium sulfate (39.8% K) was administered at a
rate of 50 kg fed-1 before the fourth irrigation. Melatonin
was externally applied following the specified treatments,
commencing from the third irrigation and administered three
times at 10-day intervals. In addition to melatonin
application, traditional agricultural practices were carried out
in accordance with MASR recommendations. The harvest
process took place on August 19%.
Measurement traits

At the 70-day mark from sowing, various parameters
were measured, including plant height cm), fresh and dry
weights (g plant?), leaf area (cm? plant?). Leaves' nitrogen
(N), phosphorus (P), and potassium (K) percentages were
determined following the methods described by Walinga et
al. (2013), utilizing the Kjeldahl method for nitrogen,
spectrophotometer for phosphorus, and flam photometer for

potassium. Additionally, chlorophyll (a&b) and carotene
content (mg g') were determined simultaneously, following
the protocol outlined by Val et al. (1986). Proline (ng.g™
F.W) and malondialdehyde (MDA, pmol.g? F.W) levels
were also assessed at the 70-day mark, following the
methodologies of Abraham et al. (2010) and Draper and
Hadley (1990), respectively. Superoxide dismutase (SOD,
unit mg™! protein') and catalase enzyme (CAT, unit mg™*
protein') activities were estimated after 70 days from
sowing, utilizing the standard methods described by Alici
and Arabaci (2016).

Upon reaching the harvest stage, various
measurements were taken, including weight of cob (g), cob
length and diameter (cm), number of seeds cob™* and weight
of 1000 seeds (g).The harvest index was calculated based on

the specified equation.
Economical yield (grain yield)
Harvest index = ¥ 100

Nitrogen (N), phosphorus (P), and potassium (K)
percentages were assessed in the seeds using the previously
mentioned methods with leaves. Additionally, protein and
total carbohydrates (%) in the grain were assessed following
the standard methods outlined in AOAC (2000). Crude
protein content was calculated by multiplying the nitrogen
percentage in maize seeds by 5.75.

Post-harvest ~ soil  analyses, including the
determination of available nitrogen, phosphorus, and
potassium, were conducted using the Kjeldahl method for
nitrogen, spectrophotometer for phosphorus, and flam
photometer for potassium (Smith and Mullins, (1991).
Statistical analysis

The statistical analysis of the data was performed
using CoStat version 6.303, copyrighted (1998-2004), in
accordance with the methodology outlined by Gomez and
Gomez (1984).

RESULTS AND DISCUSSION

Growth criteria and chemical constituents

Data of Tables 4 and 5 illustrate the effect of
vermicompost, potassium humate and melatonin on maize
plant's growth criteria (Table 4) as well as chemical
constituents in maize tissues and photosynthetic pigments
(Table 5) after 70 days from sowing during two successive
seasons (2022-2023). The data show that the potassium
humate treatment led to the highest values of plant height
cm), fresh and dry weights (g plant?), leaf area (cm? plant™),
leaves N, P, K (%),chlorophyll (a&b) and carotene content
(mg.g™t) followed by vermicompost treatment and lately
control treatment. Regarding foliar application, the plants
sprayed with melatonin at rate of 200 mmol L? had the
highest values of plant height cm), fresh and dry weights (g
plant?), leaf area (cm? plant?), leaves N, P,
K(%),chlorophyll (a&b) and carotene content (mg.g?)
followed by those sprayed with melatonin at rate of 50 mmol
L%, while the corresponding plants grown without
melatonin (control) possessed the lowest values. Therefore,
it can be noticed from the data in Tables 4 and 5 that the
maximum values were recorded with the combined
treatment of potassium humate x spraying melatonin at rate
of 100 mmol L% The observed effects on maize plant
growth and chemical constituents, as illustrated in Tables 4
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and 5, stem from the distinctive properties of potassium
humate, vermicompost, and melatonin. Potassium humate
enhances growth by improving nutrient uptake, resulting in
elevated plant height, fresh and dry weights, and leaf area.
Vermicompost, acting as a slow-release fertilizer, enriches
the soil with essential nutrients, contributing to overall plant
vigor. Melatonin, applied foliarly, serves as a growth

conditions. The combined treatment of potassium humate
and melatonin at a rate of 100 mmol L? demonstrates
superior outcomes, suggesting a potential synergistic effect
between the substances, emphasizing the importance of
integrated approaches for optimizing plant growth and
productivity under salinity conditions. These results are in
harmony with those of Ye et al. (2016); Akhtar et al. (2022).

regulator and facilitates nutrient absorption under salinity

Table 4. Effect of vermicompost, potassium humate and melatonin on maize plant's growth criteria after 70 days
from sowing during two successive seasons (2022-2023)

f 1 1 H 1 2
Treatments Pllz;nt helghztr,] cg:m Fresltgtwelght, gZELant Dryl \S/tvelght, g g!ﬁnt’ Iigaf area, CZTd
Main
Control 19242c 198.44c 904.44c  92467c  22533c 231.33c 575.33a 584.44c
Vermicompost 20853b 214.64b 953.67b  974.22b  246.67b 252.33b 605.67a 617.67b
Potassium humate 217.92a 22430a 988.00a 1015.00a 262.56a 268.67as 619.44a 627.89%
LSD at 5% 247 4.33 1255 12.54 295 3.05 N.S 6.76
Sub
Control 20436b 21052b 937.78b  960.33b  24167b 247.67b 593.89a  603.00b
Melatonin (50 mmol L) 205.78ab 211.96b 947.11b  969.33b  244.67b 250.33b 600.89a 611.00ab
Melatonin (100 mmol L1) 208.73a 21491a 961.22a 984.22a 24822a 254.33a 605.67a 616.00a
LSD at 5% 3.28 2.77 13.05 13.23 345 3.39 N.S 10.09
Interaction
Control 19146 197.34  894.67 915.33 220.67 226.67 570.00 579.33
Control Melatonin (50 mmol L) 192.14 19834  904.00 922.00 224.67 230.67 577.00 585.67
Melatonin (100 mmol L) 19367 199.65  914.67 936.67 230.67 236.67 579.00 588.33
Control 20417 21005  934.33 953.33 24367 249.67 596.00 606.67
Vermicompost ~ Melatonin (50 mmol L)  207.08 213.16 949.00 971.67 246.67 251.67 608.00 620.67
Melatonin (100 mmol LY) 21435 220.72  977.67 997.67 249.67 255.67 613.00 625.67
Control 21746 22416 98433 101233  260.67 266.67 615.67 623.00
Potassium humate Melatonin (50 mmol L) 21812 22439 98833  1014.33  262.67 268.67 617.67 626.67
Melatonin (100 mmol L) 218.18 22435 991.33 101833  264.33 270.67 625.00 634.00
LSD at 5% 5.68 4.79 22.60 22.92 5.98 5.87 24.04 17.48

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

Table 5. Effect of vermicompost, potassium humate and melatonin on chemical constituents in maize tissues and
photosynthetic pigments after 70 days from sowing during two successive seasons (2022-2023)

N, P, K, Chloroph%/lla, Chloroph}/ll b, Carotene,

Treatments % % % mg.g- mg.g- mg.g?
1st 2nd 1st 2nd 1st 2nd 151 2nd 151 2nd 1st 2nd

Main
Control 272c 287c 0315c 0.329c 2.49c 2.62c 0.869c 0.904c 0590c 0.602c 0.532c 0.540c
Vermicompost 310b 326b 0.352b 0.367b 2.82b 2.97b 0.947b 0.988b 0.635b 0.647b 0.572b 0.583b
Potassium humate 328a 345a 0.372a 0.388a 3.19a 3.35a 1.032a 1.071a 0.705a 0.719a 0.619a 0.628a
LSD at 5% 011 001 0010 0004 004 004 0023 0020 0016 0017 0007 0011
Sub
Control 296b 3.10b 0.338c 0.353c 2.75b 2.89b 0.927c 0.966¢c 0.632c 0.645¢ 0.560c 0.569¢c
Melatonin (50 mmol L% 3.06a 322ab 0.345b 0.359b 2.87a 3.01a 0.948b 0.986b 0.644b 0.655b 0.575b 0.584b
Melatonin (100 mmol L) 309 325a 0.356a 0.372a 2.89a 303a 0972a 10l1la 0.655a 0.668a 0.588a 0.597a
LSD at 5% 010 012 0003 0004 005 005 0011 0013 0006 0.008 0.09 0.008
Interaction

Control 260 274 0310 0323 244 257 0859 0.896 0582 0594 0.518 0527
Control Melatonin (50 mmol L) 278 292 0312 0326 251 264 0867 0902 0591 0601 0531 0538
Melatonin(100 mmol L) 279 294 0324 0338 254 2.66 0.880 0914 0598 0.611 0.546 0554
Control 306 321 0341 0355 271 284 0913 0955 0.619 0.632 0563 0.573
Vermicompost ~ Melatonin (50 mmol L) 311 327 0355 0369 287 3.02 0952 0993 0638 0648 0.572 0583
Melatonin (100 mmol LY 313 330 0361 0378 289 3.04 0977 1016 0648 0.661 0.581 0593
Control 321 336 0365 0380 311 327 1008 1.047 0.694 0.708 0.599 0.608
Potassium humate Melatonin (50 mmol L) 329 347 0368 0383 322 338 1025 1.064 0.702 0.716 0.621 0.630
Melatonin (100 mmol LY) 335 351 0385 0400 325 341 1061 1104 0718 0.732 0.635 0.645
LSD at 5% 017 021 0.006 0.008 0.08 0.08 0.020 0.023 0.010 0.014 0.016 0.014

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

Plant's self-production of antioxidants

Table 6 presents the impact of vermicompost,
potassium humate, and melatonin on maize plants' synthesis
of proline (ug.g* F.W) and malondialdehyde (MDA,
umol.g® F.W) as non-enzymatic antioxidants, along with
enzymatic antioxidants, namely superoxide dismutase
(SOD, unit mg* protein™) and catalase enzyme (CAT, unit
mg? protein™) after a 70-day growth period in the 2022-
2023 seasons. The results reveal a reduction in proline and

MDA levels compared to control groups, indicating that
both soil addition and foliar treatments mitigate the plant's
self-production of these stress indicators. Conversely, SOD
and CAT exhibited a different pattern, with potassium
humate treatment yielding the highest values, followed by
vermicompost, and control treatments. Melatonin foliar
application at 100 mmol L resulted in the highest SOD and
CAT values, followed by the 50 mmol L application, while
untreated plants exhibited the lowest enzyme activity.
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Overall, the most effective performance was observed with
the combined treatment of potassium humate and melatonin
sprayed at a rate of 100 mmol L. These outcomes suggest
that the studied substances play a crucial role in modulating
antioxidant responses, with the combined treatment
demonstrating superior efficacy in alleviating stress
indicators and enhancing enzymatic antioxidant activity.
Vermicompost, potassium humate, and melatonin
collectively play pivotal roles in alleviating the detrimental
effects of salinity on maize plants. Vermicompost, rich in
organic matter, enhances soil structure and nutrient
availability, mitigating salinity stress by promoting robust

root development and nutrient uptake (Lim et al. 2015).
Potassium humate contributes to salinity tolerance by
improving water and nutrient retention in the soil, aiding in
osmotic regulation and minimizing ion toxicity (Kadam et
al. 2011). Melatonin, acting as a potent antioxidant and
growth regulator, helps mitigate salinity-induced oxidative
stress, promoting overall plant health (Nawaz et al. 2016).

The combined application of these substances
synergistically addresses salinity challenges, fostering a
more resilient and productive maize crop by enhancing
nutrient utilization, regulating osmotic balance, and
combating oxidative damage.

Table 6. Effect of vermicompost, potassium humate and melatonin on plant’s self-production of antioxidants and
MDA bio-indicator after 70 days from sowing during two successive seasons (2022-2023)

Proline, uiggT MDA, pmol.g?! SOD, unit mg? CAT, unit mg!
Treatments F.W F.W protein™ protein™
1st 1st 2nd 1st 2nd 1st 2nd
Main
Control 1054a 10.72a 1156a 11.79a 52.18c  5340c 67.45c 68.50c
Vermicompost 955b 9.72b 1065b 10.85h  57.11b  5834b 72.05b 73.41lb
Humate K 845c 86lc 9.8lc 10.0lc 6253a 6349a 837la 84.87a
LSD at 5% 0.01 011 012 0.21 0.72 1.25 0.59 1.29
Sub
Control 98la 997a 1099a 112la 5572c  56.96c 73.54b  74.60c
Melatonin (50 mmol L) 952b 9.70b 1064b 10.84b  57.02b 58.09b 7425b 75.48b
Melatonin (100 mmol L) 9.21c 937c 10.39c 10.60c 59.08a 60.19a 7542a 76.70a
LSD at 5% 0.05 015 017 0.15 0.71 0.72 113 0.76
Interaction
Control 1077 1094 1184 12.07 50.92 52.17 66.01 67.01
Control Melatonin (50 mmol L'lg 1054 1073 1155 11.76 52.16 53.37 66.87 67.95
Melatonin (100 mmol L) 1032 1050 11.30 1154 53.46 54.67 69.46 70.54
Control 991 1007 1111 11.32 55.15 56.42 71.16 72.35
Vermicompost Melatonin (50 mmol L) 9.47 9.65 10.56 10.75 56.36 57.53 72.14 7351
Melatonin (100 mmol LY 9.26 943 10.28 10.48 59.81 61.08 72.84 74.36
Control 8.75 891 10.02 10.23 61.09 62.30 8345 8445
Potassium humate  Melatonin (50 mmol L% 8.55 873 981 10.01 62.53 63.37 83.72 84.98
Melatonin (100 mmol LY 8.04 818 9.60 9.77 63.96 64.80 8398  85.20
LSD at 5% 0.08 027 029 0.26 1.23 1.24 1.97 131

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

Yield and its components at harvest stage

Tables 7, 8, and 9 delineate the impact of
vermicompost, potassium humate, and melatonin on grain and
biological yield (ton ha?), as well as harvest index (%), as
presented in Table 7. Maize yield components, including the
weight of cob (g), cob length and diameter (cm), number of
seeds cob® and weight of 1000 seeds (g), are detailed in Table 8.
Additionally, grain chemical and biochemical traits such as N,
P, K, protein, and total carbohydrates (%) are outlined in Table
9. The results indicate that potassium humate was the most
effective soil addition in terms of enhancing maize productivity,
followed by vermicompost, with the control treatment showing
the least favorable outcomes. Additionally, as the concentration
of melatonin increased, there was a corresponding increase in
the values of all studied parameters related to plant productivity,
contrasting with the control group which exhibited the lowest
values. Generally, the combined treatment of potassium humate
and melatonin at rate 0f100 mmol L resulted in the maximum
values of parameters related to maize plant productivity. The
scientific reasons for the observed results were as follows.
Potassium is a vital macronutrient for plant growth and
development. Humic substances in potassium humate enhance
soil structure, nutrient availability, and water retention. The
positive effects observed in grain and biological yield and
harvest index may be attributed to improved nutrient uptake and
utilization by maize plants. VVermicompost is rich in organic

matter, essential nutrients, and beneficial microorganisms. Its
application enhances soil fertility, promotes nutrient cycling, and
provides a favorable environment for plant growth. The positive
impact on maize productivity observed in the study aligns with
the role of vermicompost in improving soil health and nutrient
availability. Melatonin is a multifunctional molecule with roles
in plant growth, stress response, and defense mechanisms. Its
presence in plant systems can contribute to improved
photosynthesis, nutrient uptake, and overall plant vigor. The
study's results, indicating increased values with higher
melatonin concentrations, suggest a positive correlation between
melatonin application and maize productivity. The observed
synergistic effect of combining potassium humate and
melatonin at a rate of 100 mmol L may be attributed to
complementary mechanisms. Potassium humate improves soil
conditions and nutrient availability, while melatonin contributes
to enhanced physiological processes within the plant. Together,
they likely create an optimal environment for maize growth and
productivity.

The observed trends align with established scientific
principles related to nutrient availability, soil fertility, and the
physiological effects of melatonin on plant growth (EI-Beltagi et
al. 2023). The combined application of potassium humate and
melatonin appears particularly promising for maximizing maize
plant productivity under salinity conditions. These results are in
agreement with those of Ibrahim and Ali (2018).
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Table 7. Effect of vermicompost, potassium humate and melatonin on maize yield during two successive seasons
(2022-2023) at harvest stage

Grainyield, ton/hectare  Biological yield, ton/hectare Harvest index, %
15[

Treatments E ond ona = ond
Main
Control 5.67c 5.79¢c 11.56¢c 11.78c 49.08¢c 49.12b
Vermicompost 6.11b 6.22b 12.20b 12.43b 50.07b 50.10b
Humate K 6.66a 6.79 12.72a 13.00a 52.32a 52.22a
LSD at 5% 0.08 0.13 0.25 0.28 0.57 1.40
Sub
Control 5.98b 6.12b 12.05b 12.28b 49.62b 49.76b
Melatonin (50 mmol L?) 6.20a 6.31a 12.21ab 12.45a 50.76a 50.66a
Melatonin (100 mmol L?) 6.25a 6.37a 12.22a 12.47a 51.08a 51.02a
LSD at 5% 0.08 0.08 0.16 011 0.91 0.64
Interaction
Control 5.49 5.61 11.28 11.47 48.65 48.87
Control Melatonin (50 mmol L%) 5.74 5.84 11.68 11.92 49.18 49.02
Melatonin (100 mmol L™) 5.78 5.91 11.71 11.95 49.40 49.47
Control 6.00 6.14 12.18 12.42 49.29 49.44
Vermicompost Melatonin (50 mmol L%) 6.12 6.22 12.20 12.42 50.18 50.10
Melatonin (100 mmol L?) 6.19 6.31 12.20 12.44 50.75 50.76
Control 6.46 6.60 12.69 12.95 50.93 50.98
Potassium humate ~ Melatonin (50 mmol L2) 6.74 6.87 12.73 13.01 52.93 52.85
Melatonin (100 mmol L™ 6.76 6.89 12.74 13.03 53.09 52.84
LSD at 5% 0.13 0.14 0.27 0.19 157 111

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

Table 8. Effect of vermicompost, potassium humate and melatonin on maize yield components during two successive
seasons (2022-2023) at harvest stage

Weight of cob, Cob length, Cob No. seeds Weight of 100
Treatments g cm diameter, cm per cob grain, g
15[ 2n0 lst 2n0 1s‘t 2nd 1s‘t 2nd 15[ 2n(1
Main
Control 164.57¢ 167.70c 17.59¢ 18.53c 293c 3.12a 295.33c 302.11c 38.32¢ 39.21c
Vermicompost 220.14b224.51b 19.92b 20.86b 3.40b 3.54a 342.11b 349.44b  41.68b 42.71b
Humate K 24591a251.02a 22.38a 23.49a 394a 3.47a 384.33a 390.33a  43.85a 44.87a
LSD at 5% 260 250 022 044 014 NS 615 394 1.38 0.10
Sub
Control 204.74c 209.19c 19.27c 20.12c 3.28b 3.12c 335.44bh 342.67b  40.35b 41.26b
Melatonin (50 mmol L?) 210.44h214.49b 19.85b 20.94b 3.43a 3.38b 339.78b 346.44b 4157ab  42.60ab
Melatonin (100 mmol L?) 215.44a219.55a 20.77a 21.8la 3.57a 3.63a 346.56a 352.78a 41.93a 42.93a
LSD at 5% 364 346 034 026 014 018 576 5.83 1.35 1.59
Interaction
Control 16142 16496 17.07 1799 270 280 293.00 300.00 38.04 3801
Control Melatonin (50 mmol L) 16354 166.10 1749 1861 3.00 317 29500 301.67 38.35 39.16
Melatonin (100 mmol L) 168.75 172.05 1821 1898 3.10 340 298.00 304.67 38.58 39.55
Control 21595 22059 19.17 19.88 330 333 336.00 34267 39.35 40.07

Vermicompost ~ Melatonin (50 mmol L)  219.18 22339 1989 2081 340 350 340.67 349.00 42.72 43.95
Melatonin (100 mmol L) 225.28 229.54 20.71 21.88 350 3.80 349.67 356.67 42.96 4412
Control 236.86 242.04 2157/ 2248 383 323 37733 38533 43.66 44.80
Potassium humate Melatonin (50 mmol L)  248.60 253.98 22.16 2340 390 347 383.67 38867 43.66 44.69
Melatonin (100 mmol L) 252.28 257.05 2340 2458 410 3.70 392.00 397.00 44.24 45.13
LSD at 5% 630 599 058 045 024 031 998 10.09 2.33 2.716
Means within a row followed by a different letter (s) are statistically different at a 0.05% level

Table 9. Effect of vermicompost, potassium humate and melatonin on seed quality of maize during two successive
seasons (2022-2023) at harvest stage

[0) [0) 0, T2 ) 0,

Treatments lstN /% - . P A)Z”" . K AJZ”" Iz;oteln é)nd Carl:l)ghydratezsndA)
Main

Control 162c 1.70c 0.221c 0.231c 1.33c 1.39c 930c 9.78c 64.0lc 65.01c

Vermicompost 1.85b 1.95b 0.246b 0.258b 1.81b 1.90b 1066b 11.19b 67.12b 68.37b

Humate K 2.09a 2.19a 0.268a 0.281a 1.97a 2.04a 12.00a 1259a 68.71a 69.68a

LSD at 5% 0.07 020 0.003 0.005 0.10 0.10 0.38 1.14 145 0.76
Sub

Control 1.78b 1.87b 0.240c 0.252b 1.65a 1.72b 10.24b 10.73b 66.04b 67.02b

Melatonin (50 mmol L% 1.85b 1.94b 0.245b 0.258a 1.71a 1.79ab 10.61b 11.15b 66.79ab 67.87ab

Melatonin (100 mmol L?) 193a 2.03a 0.249%9 026la 1.76a 1.83a 11.12a 1169a 67.0la 68.18a

LSD at 5% 008 0.08 0.003 0.004 ns 0.11 0.43 0.47 0.82 0.86

Interaction

Control 152 160 0217 0227 128 1.34 8.76 9.20 63.87 64.87

Control Melatonin (50 mmol L) 163 1.72 0221 0232 134 141 9.37 9.87 63.92 64.92

Melatonin (100 mmol L%) 1.70 179 0224 0235 1.38 142 9.78  10.27 64.24 65.26

Control 180 188 0244 0255 1.78 1.87 1033 10.79 66.63 67.69

Vermicompost Melatonin (50 mmol L) 183 1.92 0247 0259 181 1.88 1052 11.06 67.26 68.54
Melatonin (100 mmol L%) 1.94 204 0248 0261 1.85 1.94 1114 1173 67.46 68.88
Control 202 212 0260 0274 189 1.94 1163 1221 67.61 68.50
Potassium humate  Melatonin (50 mmol L) 208 218 0.269 0.282 1.98 2.07 1194 1252 69.20 70.15
Melatonin (100 mmol L) 216 227 0275 0288 204 212 1244  13.05 69.32 70.38
LSD at 5% 013 014 0.006 0.006 0.19 0.19 0.75 0.81 141 1.50
Means within a row followed by a different letter (s) are statistically different at a 0.05% level
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Post-harvest soil properties

The data presented in Table 10 delineates the influence
of vermicompost, potassium humate, and melatonin on the
availability of soil nutrients, namely nitrogen (N), phosphorus
(P), and potassium (K) (mg kg?), during two consecutive
seasons (2022-2023) at the harvest stage. Both vermicompost
and potassium humate demonstrated a capacity to enhance the
availability of the studied soil nutrients in comparison to the
control treatment, which exhibited the lowest values for soil
nutrients (N, P, K, mg kg?). Notably, the vermicompost
treatment resulted in the highest levels of soil available nitrogen
and phosphorus (mg kg™, followed by the potassium humate
treatment, with the control treatment registering the lowest
values.

Conversely, the potassium humate treatment led to the
highest levels of soil available potassium (mg kg?), followed by
the vermicompost treatment, with the control treatment
exhibiting the least favorable outcomes. Intriguingly, the
application of melatonin through spraying did not exert a
significant impact on the availability of soil nutrients, including
N, P, and K (mg kg™). This indicates that, in the context of this

study, melatonin did not play a substantial role in altering the
soil nutrient dynamics at the harvest stage.

The observed variations in soil nutrient availability
among the treatments can be aftributed to the distinct
characteristics of vermicompost and potassium humate.
Vermicompost, rich in organic matter and microbial activity,
likely contributed to increased nitrogen and phosphorus
availability, enhancing soil fertility (Moradi et al. 2014). On the
other hand, potassium humate, being a source of organic
potassium, had a pronounced effect on elevating soil available
potassium levels. The control treatment, lacking these
amendments, displayed lower nutrient availability (Shujrah et
al. 2010).  Notably, the application of melatonin through
spraying did not yield significant changes in soil nutrient levels,
suggesting that, in the specific context of this study, melatonin
did not exert a discernible influence on soil nutrient dynamics at
the harvest stage. The results emphasize the importance of soil
amendments in influencing soil nutrient status, with
vermicompost and potassium humate showing efficacy in
enhancing nutrient availability, while melatonin exhibited no
significant impact in this regard.

Table 10. Effect of vermicompost, potassium humate and melatonin on soil available nitrogen, phosphorus and
potassium after harvest during two successive seasons (2022-2023) at harvest stage

1 -1 1 -1 H -1
Treatments A\llgllable N mg.nlgg Avallls?ble P m%.rlgg Ai\s/tallable K mg.l;%d
Main
Control 42.29¢c 42.95¢ 10.05¢c  10.35¢ 223.20c 227.56¢
Vermicompost 46.19a 47.04a 11.16a  11.48a 244.09b 247.10b
Humate K 44.74b 45.34b 1050b  10.81b 249.81a 252.53a
LSD at 5% 0.52 0.46 0.12 0.15 3.16 3.10
Sub
Control 44.85a 45.46a 10.70a  11.03a 240.24a 24343a
Melatonin (50 mmol L) 44.41a 45.12a 1056a  10.86b 239.26a 24311a
Melatonin (100 mmol L1) 43.96 44.75a 1045a  10.75b 237.61a 240.65a
LSD at 5% N.S N.S N.S N.S N.S N.S
Interaction

Control 42.81 43.39 10.22 1054 22483 229.61
Control Melatonin (50 mmol L) 42.37 43.07 10.01 10.31 223.28 227.83

Melatonin (100 mmol L) 41.70 42.39 9.91 10.20 22150 225.26

Control 46.74 4743 11.27 11.60 244.83 247.23
Vermicompost ~ Melatonin (50 mmol L) 46.06 46.95 11.15 11.46 24455 248.09

Melatonin (100 mmol L) 45.76 46.73 11.05 11.38 242.90 245.97

Control 45,00 4557 10.60 10.94 251.04 253.46
Potassium humate Melatonin (50 mmol L) 44.80 45.33 1051 10.82 249.96 25341

Melatonin (100 mmol L?) 4441 45.13 10.38 10.68 248.44 250.71
LSD at 5% 1.22 133 0.31 0.25 5.65 6.57
Means within a row followed by a different letter (s) are statistically different at a 0.05% level
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These findings provide valuable insights for sustainable
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forward, it is recommended to explore the long-term effects
of these interventions.

Abraham, E., Hourton-Cabassa, C., Erdei, L., & Szabados,
L. (2010). Methods for determination of proline in
plants. Plant stress tolerance: methods and protocols,
317-331.

Akhtar, N., Khan, M. U. H., Igbal, M. M., Javed, M. H.,
Abdullah, M., Ullah, M., ... & Ahmed, W. (2022).
Effectiveness of compost, potassium humate, and
inorganic fertilizers on maize growth. Plant Cell
Biotechnology and Molecular Biology, 1-10.

Alici, E. H ., & Arabaci, G. (2016). Determination of SOD,
POD, PPO and cat enzyme activities in Rumex
obtusifolius L. Annual Research & Review in
Biology, 1-7.

AOAC,(2000).” Official Methods of Analysis’ 18" Ed.
Association of Official Analytical Chemists, Inc.,
Gaithersburg, MD, Method 04.

382



J. of Soil Sciences and Agricultural Engineering, Mansoura Univ., Vol. 14 (12), December, 2023

Awwad, M., El-Hedek, K., Bayoumi, M., & Eid, T. (2015).
Effect of potassium humate appliction and irrigation
water levels on maize yield, crop water productivity
and some soil properties. Journal of Soil Sciences
and Agricultural Engineering, 6(4), 461-482.

CoStat version 6.303 copyright (1998-2004). CoHort
Software 798 Lighthouse Ave. PMB 320, Monterey,
CA, 93940, USA.

Draper, H. H., & Hadley, M. (1990). Malondialdehyde
determination as index of lipid Peroxidation.
In Methods in enzymology (\Vol. 186, pp. 421-431).
Academic press.

El-Beltagi, H. S., El-Yazied, A. A.,, El-Gawad, H. G. A,
Kandeel, M., Shalaby, T. A., Mansour, A. T., ... &
Ibrahim, M. F. (2023). Synergistic impact of
melatonin and putrescine interaction in mitigating
salinity stress in snap bean seedlings: reduction of
oxidative damage and inhibition of polyamine
catabolism. Horticulturae, 9(2), 285.

El-Sherpiny, M. A; Baddour, A. G ., & El-Kafrawy, M. M.
(2020). Effect of zeolite soil addition under different
irrigation intervals on maize yield (Zea mays L.) and
some soil properties. Journal of Soil Sciences and
Agricultural Engineering, 11(12): 793-799.

Gomez; K. A ., & Gomez, A.A (1984). “Statistical
Procedures for Agricultural Research”. John Wiley
and Sons, Inc., New York.pp:680.

Ibrahim, S. M., & Ali, A. (2018). Effect of potassium
humate application on yield and nutrient uptake of
maize grown in a calcareous soil. Alexandria Science
Exchange Journal, 39(July-September), 412-418.

Jouyban, Z. (2012). The effects of salt stress on plant
growth. Technical Journal of Engineering and
Applied Sciences, 2(1), 7-10.

Kadam, A. S., Wadje, S. S., & Patil, R. (2011). Role of
potassium humate on growth and yield of soybean
and black gram. International J. Pharama Biol. Sci, 1,
243-246.

Lim, S. L., Wu, T. Y., Lim, P. N., & Shak, K. P. Y. (2015).
The use of vermicompost in organic farming:
overview, effects on soil and economics. Journal of
the Science of Food and Agriculture, 95(6),
1143-1156.

Moradi, H., Fahramand, M., Sobhkhizi, A., Adibian, M.,
Noori, M., Abdollahi, S., & Rigi, K. (2014). Effect of
vermicompost on plant growth and its relationship
with soil properties. International Journal of Farming
and Allied Sciences, 3(3), 333-338.

Nawaz, M. A., Huang, Y., Bie, Z., Ahmed, W., Reiter, R. J.,
Niu, M., & Hameed, S. (2016). Melatonin: current
status and future perspectives in  plant
science. Frontiers in plant science, 6, 1230.

Shujrah, A. A., Mohd, K. Y., Hussin, A., Othman, R., &
Haruna, O. (2010). Impact of potassium humate on
selected chemical properties of an Acidic soil.
In19th World Congress of Soil Science, Soil
Solutions for a Changing World.

Smith, K., & Mullins, C. E. (1991). Soil analysis. Marcel

Decker..
Val, J., Abadia, J., Heras, L., & Monge, E. (1986). Higher
plant photosynthetic pigment analysis.

Determination of carotenoids and chlorophylls by
HPLC. J. Micronutr. Anal, 2(4), 305-312.

Walinga, 1., Van Der Lee, J. J., Houba, V. J., Van Vark, W.,
& Novozamsky, 1. (2013). Plant analysis manual.
Springer Science & Business Media.

Ye, J.,, Wang, S., Deng, X., Yin, L., Xiong, B., & Wang, X.
(2016). Melatonin increased maize (Zea mays L.)
seedling drought tolerance by alleviating drought-
induced photosynthetic inhibition and oxidative
damage. Acta physiologiae plantarum, 38(2), 48.

Cila g 9 o gaaSa il dpa W1 g o gBDsall Ao AN ABLGYL 34 clily o alall il Cadls

p sl g3l
S SN U e Al g 9 (BIAY a8 Juan 2aa

a3l Lol 53l i) S e Al g sbaall 5 al Y1 s e

odldl

o g (3 Ain By jad ¢l ja) o5 AISEA o3 Aalra daf (go ) 33 d g ) ol iy 4l 3 ¢ gae B del ) g U 35S Gond (S5 ald) dgaY) o
dn‘;‘\.m,‘yg,g.,E:)JA\,s‘djl;asmmqumyg‘eﬁm}gmujm(mﬁ@)g)@}mmm)ys,.&‘asmmﬂum)ﬁ:ﬁﬁs@e(zozyzozz)wm
Ao 3501 e ) g it i 8 Al 5 Al 53 i e ¢33 JdaS (U 500 100 €50 €0.0) Adine 581 5 048 52D ¢y 30 ) (oS 5N s 5
G 33 (3l (e &y 1 Ay gk a9l e 55 5% 1000 0395 58 IS sl e s 8 Ly ol S J scmnall 5 Al ) ALYl 38 ) gl bl 5 Al
el s G o5 el Ay a5 il 1 e B SEY) Ol el S gaodl o) o g o () el ) shos ll 5 g sl i il Al
) O el g S0 e ganna (o) G eianl) 5 ) ool Al A 5 ynall bl maen a3 ¢ bl 3 5B ) el gl Y Al i) QB J g 53S0 e panne
Aod (o) il ol i ) L5 5 0 A dalil 5 sadl i y53d B e e Jsmnd) ) U 500 100 Jomes (i 55al 5 sl s o o) 46 i) Aldaall ol e S
s bl Sl sl i At de ) ) 3 s fuad

383



