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ABSTRACT

Enhancing the performance of garlic plants is crucial to meet the growing demand in the Egyptian
market. Consequently, a field trial was conducted to assess the impact of varying levels of compost
(0.0,7.0,10.0 ton fed™) and potassium silicate (0.0, 200, 300 gL™) on two prominent garlic cultivars (Balady
and Chinese) in the Egyptian market. Despite differing performances between the two cultivars, all growth
parameters, such as No. of leaves plant?, fresh and dry weights (g plant?), as well as quantitative and
qualitative yield traits including bulb diameter (cm), neck diameter (cm), No. of cloves bulb, bulb yield (ton
hal), dry matter (%) vitamin C (mg 100g™) and carbohydrates (%) significantly increased with higher
compost levels. Similarly, improvements in these parameters were observed with increasing rates of potassium
silicate. The most effective combined treatment involved the soil application of 10 tons of compost per feddan
and spraying of potassium silicate at rate of 300 gL simultaneously. Based on these findings it can be
concluded that incorporating compost and potassium silicate into fertilizer management practices is beneficial
to enhance soil fertility and improve garlic plant performance. The recommended application rates of 10 tons
of compost per feddan and 300 gL of potassium silicate can serve as a guideline for achieving optimal
results. Overall, by implementing these recommendations and building upon the findings of this study, garlic
producers in Egypt can improve their agricultural practices, meet the increasing market demand, and
contribute to the sustainable growth of the garlic industry.
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INTRODUCTION

Garlic (Allium sativum) holds profound importance
across multiple domains due to its rich nutritional, medicinal,
and economic value. Nutritionally, garlic is a powerhouse,
boasting significant levels of essential nutrients such as
vitamins C and Bs, manganese, and selenium, alongside
antioxidants like allicin, which contribute to overall health
and immune function (Ahmed et al., 2010). Medically, garlic
has been revered for its therapeutic properties for centuries,
with research supporting its role in lowering blood pressure,
reducing cholesterol levels, and combating microbial
infections due to its antimicrobial and anti-inflammatory
properties (Ali, 2017). Economically, garlic serves as a
lucrative crop, contributing substantially to agricultural
economies worldwide through its high demand in culinary
and pharmaceutical industries, further bolstered by its
versatility and long shelf life. Thus, garlic stands as a
multifaceted crop with immense nutritional, medical, and
economic significance, playing a pivotal role in human health
and well-being while driving economic growth globally
(Awad-Allah et al., 2020).

Enhancing the performance of garlic plants is
imperative to meet the escalating demand in the Egyptian
market while ensuring optimal productivity and quality.
Garlic holds significant importance in Egyptian cuisine and
culture, thus, its consistent availability at high standards is
crucial for both consumers and producers (Hamam et al.,
2021). Firstly, elevating garlic plant performance directly

" Corresponding author.
E-mail address: M_elsherpiny2010@yahoo.com
DOI: 10.21608/jpp.2024.289212.1341

contributes to meeting the rising demand, ensuring a stable
and sufficient supply to meet consumer needs. As the
population grows and dietary preferences evolve, there is a
heightened reliance on garlic as a culinary staple, making it
essential to enhance its production capabilities. Moreover,
maximizing the productivity of garlic plants not only
addresses current market demands but also prepares for
potential future growth. By implementing strategies to
improve yield per feddan, farmers can effectively scale
their operations to match the market's expanding
requirements, thereby maintaining a balance between
supply and demand (Ibraheim, 2022). Furthermore,
emphasizing the quality of garlic produced is vital for
maintaining consumer satisfaction and loyalty. With
increased awareness of health and nutrition, consumers are
not only seeking quantity but also quality in their food
choices. High-quality garlic, rich in flavor and nutritional
value, not only meets consumer expectations but also
enhances the reputation of Egyptian garlic in both domestic
and international markets. Additionally, enhancing garlic
plant performance aligns with sustainable agricultural
practices, promoting environmental conservation and long-
term agricultural viability (Mohamed et al., 2023).

By adopting organic fertilization methods and
innovative techniques such as potassium silicate application,
farmers can improve soil health, reduce reliance on chemical
inputs, and mitigate environmental impact, ensuring the
sustainability of garlic production for future generations
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(Patle et al., 2021; El-Shal and Ahmed 2021; Abd El-Hady
etal., 2021; Abd ELhamied et al., 2024).

Organic fertilization offers a promising avenue for
sustainable agriculture (Doklega et al., 2017; Abd
ELhamied et al., 2024), presenting numerous benefits for
soil health, crop productivity, and environmental
conservation (Sharma et al., 2021). Unlike synthetic
fertilizers, organic fertilizers, derived from natural sources
such as compost, manure, and plant residues, nourish the
soil with essential nutrients while fostering microbial
activity and improving soil structure (Al-Obeidi and Al-
Obeidi, 2023). This leads to enhanced nutrient availability,
water retention, and overall soil fertility, promoting
healthier plant growth and resilience to stressors such as
drought and disease (Kumawat et al., 2023).

Potassium silicate, often referred to as potassium
metasilicate or soluble potash silicate, is a compound derived
from potassium and silica (Yousif et al., 2023). It plays a
crucial role in agriculture as a source of both potassium and
silicon, two essential nutrients for plant growth and
development (Gad et al., 2023). Potassium is vital for
various physiological processes in plants, including enzyme
activation, osmotic regulation, and stress tolerance, while
silicon contributes to enhanced plant resilience against biotic
and abiotic stresses (Youssef, 2023).

Therefore, the major aim of this study was to assess
the impact of varying levels of compost and potassium
silicate on the growth, yield, and quality of two prominent
garlic cultivars in the Egyptian market.

MATERIALS AND METHODS

A field trial was conducted to assess the impact of
varying levels of compost (0.0,7.0,10.0 ton fed?) as main
factor and spraying potassium silicate (0.0, 200, 300 gL™)
as sub main factor on two prominent garlic cultivars
(Balady and Chinese) in the Egyptian market. The
experimental design was split plot with three replicates.
Experimental site

During the agricultural seasons of 2022/23 and
2023/24, the trial was implemented at a private farm
located in Met Antar village, Talkha district, EI-Dakahlia
Governorate, Egypt.

Soil sampling

Soil samples collected from a depth of 0-30 cm
before sowing in both seasons under investigation were
routinely analyzed following the methods outlined by Dane
and Topp, (2020) and Sparks et al., (2020). During the first
season (2022/23) and the second season (2023/24), the initial
soil characteristics were analyzed. The particle size
distribution was measured, showing variations in sand, silt
and clay content. In the first season, the percentage of sand
was recorded at 22.0 %, while in the second season; it
increased slightly to 22.2%. In the first season, the
percentage of silt was recorded at 28.0 %, while in the
second season; it decreased slightly to 27.8%, while clay
content was 50% during both seasons. The textural class of
the soil was predominantly clay in both seasons. Other soil
characteristics were also evaluated. Electrical conductivity
(EC, dSm-1) was measured, showing values of 2.4 and 2.7
for the first and second seasons, respectively. Soil pH levels
were recorded at 8.0 and 8.05 for the first and second
seasons, respectively. The percentage of calcium carbonate

(CaCO03) in the soil was also determined, with values of
215% and 2.13% for the first and second seasons,
respectively. Furthermore, organic matter content, field
capacity, and saturation percentage were examined. Organic
matter content increased from 1.2% in the first season to
1.33% in the second season. Field capacity, representing the
soil's ability to retain water, showed a slight increase from
34.60% to 35.00% between the two seasons. Similarly,
saturation percentage increased from 69.20% to 70.00%
over the same period. Additionally, the availability of
macronutrients and boron in the soil was assessed. Nitrogen
content (mgKg-1) increased from 32.09 to 35.05 between
the first and second seasons. Phosphorus content also
showed a slight increase from 9.00 mgKg-1 to 10.00 mgKg-
1 over the same period. Potassium content (mgKg-1) rose
from 216.3 to 225.0 between the two seasons.
Compost

Compost was prepared in the field from plant
residues, as it exhibited the following characteristics:
phosphorus (P) content at 0.82 mg/kg, zinc (Zn) at 28.0
mg/kg, manganese (Mn) at 23.0 mg/kg, potassium (K) at
0.95 mg/kg, with a carbon-to-nitrogen (C:N) ratio of 12.0.
Additionally, it contained 18% total carbon (C) and 1.50%
total nitrogen (N). The pH of the compost measured at 6.3,
with an electrical conductivity (EC) of 3.2 dSm-1 and an
organic matter (OM) content of 31%.
Potassium silicate

The potassium silicate utilized in this study,
comprising 12.0% K>0 and 25% SiO,, was sourced from
Atanor for Fertilizer Manufacture, Egypt. Subsequently,
solutions at various studied rates were prepared.
Cultivation

The experimental plot covered an area of 86.4 m?.
Garlic cloves of cultivars Balady and Chinese were sourced
from the Ministry of Agriculture and Soil Reclamation
(MASR). The cloves were separated and soaked in running
water for 18 hours before planting. Prior to sowing, the
experiment area were pre-irrigated one day in advance.
Planting took place on October 15" in both seasons, with
cloves manually placed on one side of the ridges at 10 cm
intervals. Compost application according to the designated
treatments was carried out a month before sowing.
Traditional agricultural practices, including fertilization,
irrigation, and weed control, followed MASR guidelines.
Forty-five days after sowing, potassium silicate was
externally applied at the studied rates, repeated five times at
two-week intervals. Harvesting occurred when bulbs reached
maturity on April 15" in both seasons, approximately 180
days after sowing.
Measurements
At a period of 100 days from sowing

Plant height (cm), No. of leaves plant?, fresh and dry
weight (g plant®) were measured. Nitrogen, phosphorus and
potassium (%) in leaves were analyzed as outlined by
Walinga et al., (2013). Chlorophyll content was assessed by
chlorophyll meter (SPAD-502), while carotene pigment (mg
g™) was determined by the spectrophotometer according to
the method described by Dere et al., (1998).
At a period of 180 days from sowing (maturity stage)

Physical traits and yield of garlic including average
bulb weight (g), bulb diameter (cm), neck diameter (cm),
bulbing ratio (BR), No. of cloves bulb™, bulb and
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marketable yields (ton ha') were measured at harvest time.

BR was measured as the following formula as mentioned

by Mann, (1952);
BR =

Neck diameter (cm}

Bulb diameter {(cm)

Dry matter (DM, %), vitamin C (mg 100g%),
carbohydrates (%), total dissolved solid (TDS, %) were
determined according to AOAC, (2000). Pungency
(purvate content,umol.ml™) was determined according to
Anthon and Barrett, (2003).

Statistical analysis

The collected data were subjected to analysis of
variance following the methodology described by Gomez
and Gomez, (1984) using the CoStat computer software
package (Version 6.303, CoHort, USA, 1998-2004).

RESULTS AND DISCUSSION

Plant growth parameters, leaves photosynthetic
pigments and leaves chemical constituents at a period
of 100 days from sowing

Table 1 shows the effect of compost and potassium
silicate on growth parameters of garlic (Cv. Balady). It's
evident that the application of compost, especially at higher
rates (10 ton fed™), significantly increased plant height (cm)
compared to the control. Similarly, potassium silicate
treatments also led to an increase in plant height, with the
highest concentration (300 gL?) showing the most
substantial effect. Also, compost and potassium silicate
treatments resulted in a significant increase in the No. of
leaves plant® compared to the control. Again, higher rates of
compost and higher concentrations of potassium silicate led
to more pronounced effects. Similar trends were observed
for fresh and dry weight (g plant?), with compost and

potassium silicate treatments significantly enhancing these
parameters compared to the control. Generally, The most
effective combined treatment involved the soil application
of 10 tons of compost per feddan and spraying of potassium
silicate at rate of 300 gL™ simultaneously. The observed
increases in plant height (cm), No. of leaves plant* and
fresh, dry weight (g plant®) with compost and potassium
silicate treatments can be attributed to their positive effects
on soil fertility and nutrient availability. Compost application
enriches the soil with organic matter and essential nutrients,
promoting better plant growth (Sharma et al., 2021).
Additionally, potassium silicate is known to enhance plant
tolerance to various stresses, including nutrient deficiencies,
thus leading to improved growth parameters. Potassium
silicate plays a pivotal role in influencing the growth of
garlic plants by enhancing structural integrity and stress
tolerance (Yousif et al., 2023). It serves as a soluble silicon
source, which contributes to the formation of robust cell
walls, thereby fortifying plant tissues and providing
structural support. This reinforcement promotes upright
growth and overall plant vigor (Gad et al., 2023).
Furthermore, the strengthened cell walls act as a physical
barrier against pathogens and pests, reducing susceptibility
to biotic stresses and minimizing yield losses due to disease
or pest infestations. Additionally, potassium silicate
supplementation stimulates the expression of stress-
responsive genes and activates defense mechanisms,
enhancing the plant's ability to withstand environmental
stressors such as drought, salinity, and temperature extremes.
By bolstering growth and resilience, potassium silicate plays
a crucial role in maximizing the productive potential of
garlic crops, ensuring optimal performance and yield under
challenging growing conditions (Youssef, 2023).

Table 1. Effect of compost and potassium silicate on growth parameters of garlic (Cv. Balady) at 100 days after

sowing during the season of 2022/23 and 2023/24

Plant height,cm  No. of leaves plant?

Fresh weight, g plant* Dry weight, g plant*

Treatments 1t 2nd 1t 2nd 1t 2nd 1 2nd
season _ season season season season season season_ season
Main factor: Organic fertilization treatments (soil addition)
Without compost (control ) 7492c  78.47b 4.33b 4.89b 72.08c 73.54c 15.75¢c  16.06c
With compost (7 ton fed?) 80.83b  83.62a 5.00b 5.67b 75.81b 76.26b 16.18b  16.49b
With compost (10 ton fed™) 82.20a  86.29% 6.22a 7.00a 76.57a 77.79 16.42a  16.79a
LSD at 5% 0.95 2.74 1.05 1.25 0.24 0.25 0.19 0.18
Sub main factor: Potassium silicate treatments (foliar application)
Without potassium silicate (control)  78.55b  81.84a 4.78b 5.56a 74.51b 75.35¢ 1592b  16.23b
With potassium silicate (200gL™1) 79.443h  82.55a 5.22ab 5.89% 74.80b 7579  16.15ab  16.49a
With potassium silicate (300gL™) 79.96a  83.98a 5.56a 6.11a 75.15a 76.45a 16.28a  16.62a
LSD at 5% 0.12 *NS 0.67 *NS 0.34 0.37 0.26 0.21
Interaction
Without Control 73.42 76.98 4.00 4.67 71.79 72.96 15.35 15.64
compost  Potassium silicate (200gL™%)  75.09 78.39 433 5.00 72.06 73.19 15.86 16.21
(control )  Potassium silicate (300gL™) 76.26 80.03 4.67 5.00 72.39 74.47 16.05 16.31
With Control 80.32 83.26 4.67 5.33 75.50 75.87 16.12 16.41
compost  Potassium silicate (200gL%) 80.94 83.17 5.00 5.67 75.76 76.20 16.14 16.47
(7 ton fed™) Potassium silicate (300gL1) 81.23 84.41 5.33 6.00 76.17 76.70 16.28 16.60
With Control 81.89 85.29 5.67 6.67 76.23 77.23 16.30 16.64
compost (10 Potassium silicate (200gL™%) 82.31 86.09 6.33 7.00 76.57 77.97 16.44 16.79
tonfed?)  Potassium silicate (300gL?) 82.39 87.50 6.67 7.33 76.90 78.16 16.52 16.94
LSD at 5% 2.18 5.87 1.16 1.30 0.58 0.64 0.44 0.36

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

*NS=Non-significant

Table 2 illustrate the effect of compost and potassium
silicate on growth parameters of garlic (Cv. Chinese). Similar

trends were observed for garlic Cv. Chinese regarding plant
height (cm), No. of leaves plant® and fresh, dry weight per
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plant with compost and potassium silicate treatments. The
findings for Cv. Chinese are consistent with those for Cv.
Balady, indicating that the effects of compost and potassium

silicate on garlic growth parameters are consistent across

different cultivars.

Table 2. Effect of compost and potassium silicate on growth parameters of garlic (Cv. Chinese) at 100 days after

sowing during the season of 2022/23 and 2023/24

Plant height,cm No. of leaves plant® Fresh weight, g plant? Dry weight, g plant?

Treatments 1t 2nd 1t 2nd 1t 2nd 1t 2nd
Season  season  season  season season season season  season
Main factor: Organic fertilization treatments (soil addition)
Without compost (control ) 63.02c 65.71c  8.67b 9.00b 78.78¢c 81.56¢ 17.30c  17.51c
With compost (7 ton fed™?) 64.68b 67.13b 9.78ab  10.22ab 84.81b 85.65b 18.54b  18.75b
With compost (10 ton fed?) 66.36a 68.37a 11.00a 11.33a 85.80a 88.34a 19.22a  19.47a
LSD at 5% 0.21 0.22 1.94 1.50 0.28 0.33 0.19 0.19
Sub main factor: Potassium silicate treatments (foliar application)
Without potassium silicate (control) 64.31lb 66.67b  9.44b 9.78a 82.85b 84.38¢c 18.12b  18.34b
With potassium silicate (200gL) 64.53b 66.88b 9.78ab 10.22a 83.06b 84.86b 18.40ab  18.66a
With potassium silicate (300gL?) 65.22a 67.66a 10.22a  10.56a 83.49a 86.31a 18.55a  18.72a
LSD at 5% 0.31 0.33 0.72 *NS 0.40 0.39 0.31 0.20
Interaction
Without Control 62.67 65.24 8.33 8.67 78.50 81.02 17.18 17.39
compost Potassium silicate (200gLY) 62.82  65.59 8.67 9.00 78.67 81.14 17.28 17.56
(control ) Potassium silicate (300gLY) 6358  66.31 9.00 9.33 79.18 82.51 17.45 17.59
With Control 64.06  66.79 9.33 9.67 84.60 84.06 18.33 18.52
compost Potassium silicate (200gL?) 64.39  67.01 9.67 10.33 84.73 85.11 18.60 18.85
(7 ton fed™) Potassium silicate (300gL™®) 6558  67.60  10.33 10.67 85.10 87.80 18.70 18.86
With Control 66.22 68.00 10.67 11.00 85.45 88.06 18.85 19.10
compost Potassium silicate (200gL™Y) 66.39  68.05 11.00 11.33 85.78 88.35 19.32 19.58
(10 ton fed!) Potassium silicate (300gL)) 66.49  69.08 11.33 11.67 86.18 88.63 19.49 19.72
LSD at 5% 0.55 0.57 1.23 1.76 0.70 0.67 0.54 0.34

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

*NS=Non-significant

Table 3 indicates the effect of compost and
potassium silicate on photosynthetic pigments and chemical
constituents in leaves of garlic (Cv. Balady). Compost
application, especially at higher rates, and potassium silicate
(especially at a rate of 300g L?) treatments resulted in
increased chlorophyll content in garlic leaves compared to

the control. Similar to chlorophyll, compost and potassium
silicate treatments led to higher carotene content in garlic
leaves. Compost application and potassium silicate
treatments positively influenced the nitrogen, phosphorus
and potassium content in garlic leaves.

Table 3. Effect of compost and potassium silicate on photosynthetic pigments and chemical constitutes in leaves of
garlic (Cv. Balady) at 100 days after sowing during the season of 2022/23 and 2023/24

Chlorophyll, SPAD Carotene, mg g* N, % P, % K, %

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

Season  season  Season  season season  Season  season  Season season season

Main factor: Organic fertilization treatments (soil addition)
Without compost (control ) 4058c  42.60c 0417c 0435c 3.70b 3.14c 0.317c 0.330c 2.44c 2.52c
With compost (7 ton fed?) 4155b  4351b 0.447b 0467b 3.780 342b  0.330b 0.344b 2.69b 2.77b
With compost (10 ton fed™) 42.68a 43.90a 0464a 0483a 3.70a 3.73a 0.347a 0.36la 2.8la 209la
LSD at 5% 0.04 0.04 0.013 0.006 005 0.01 0.009 0.003 0.09 0.01
Sub main factor: Potassium silicate treatments (foliar application)
Without potassium silicate (control ) 41.34c  43.09b 0435b 0453b 368b 3.36b 0.326c 0.339c 2.58b 2.66b
With potassium silicate (200gL) 4160b  43.40a 0.445a 0.464a 3.74a 344a 0.331b 0.345b 2.66ab 2.75a
With potassium silicate (300gL™) 41.86a 4352a 0449 0468a 3.75a 349a 0.337a 0.35la 2.69a 2.78a
LSD at 5% 0.20 021 0.004 0006 005 0.05 0.003 0.005 0.09 0.04
Interaction

Without Control 40.19 4227 0407 0424 365 3.09 0314 0326 234 241
compost Potassium silicate (200gL™) 40.65 4268 0422 0441 372 3.15 0316 0329 248 256
(control)  Potassium silicate (300gL™Y) 40.88 4284 0424 0442 373 318 0320 0335 250 259
With Control 41.26 4321 0441 0460 376 332 0324 0338 265 273
compost  Potassium silicate (200gL™)  41.46 4363 0448 0466 378 344 0331 0344 269 277
(7tonfed!)  Potassiumsilicate (300gL™?) 41.92 4370 0453 0474 380 352 0337 0350 272 280
With Control 42.56 4379 0458 0477 364 367 0.340 0353 276 285
compost Potassium silicate (200gLY) 42.68 4388 0465 0484 372 375 0.347 0361 283 293
(10tonfed?)  Potassium silicate (300gL™Y) 42.79 4403 0471 0489 373 378 0355 0370 2.86 294
LSD at 5% 0.35 0.36 0.007 0010 009 0.10 0.005 0.008 0.5 0.07

Means within a row followed by a different letter (s) are statistically different at a 0.05 level
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From the same Table, it can be noticed that the
superior combined treatment was the addition of
compost at a rate of 10 ton fed in conjunction with
spraying potassium silicate at a rate of 300g L. The
observed increases in photosynthetic pigments and
chemical constituents in garlic leaves can be attributed
to the improved nutrient availability and uptake
facilitated by compost and potassium silicate
treatments. These nutrients are essential for various
physiological  processes in  plants, including
photosynthesis, thus leading to enhanced pigment
synthesis and overall plant health (Al-Obeidi and Al-
Obeidi, 2023; Kumawat et al., 2023).

Table 4 shows the effect of compost and
potassium silicate on photosynthetic pigments and

chemical constituents in leaves of garlic (Cv. Chinese).
Similar trends were observed for Cv. Chinese regarding
photosynthetic pigments and chemical constituents in
garlic leaves with compost and potassium silicate
treatments. Also, it can be noticed that the superior
combined treatment was the addition of compost at a
rate of 10 ton fed! in conjunction with spraying
potassium silicate at a rate of 300g L*.Consistent with
the findings for Cv. Balady, compost and potassium
silicate  treatments  positively  influenced  the
photosynthetic pigments and chemical constituents in
leaves of Cv. Chinese, indicating the robustness of these
treatments across different garlic cultivars.

Table 4. Effect of compost and potassium silicate on photosynthetic pigments and chemical constitutes in leaves of
garlic (Cv. Chinese) at 100 days after sowing during the season of 2022/23 and 2023/24

Chlorophyll, SPAD Carotene, mg g*

N, % P, % K, %

Treatments 1t 2nd 1t 2nd 1 2nd 1 2nd 1 2nd
Season  season  season  season  season  season  season  season season season
Main factor: Organic fertilization treatments (soil addition)
Without compost (control ) 40.00b  40.74c 0.349c 0.362c 2.78c 2.92c 0.265c 0.277c 2.08c 2.15c
With compost (7 ton fed?) 4097a 4181b 0.369 0.385b 299 3.13b 0.28lb 0.293b 2.20b 2.27b
With compost (10 ton fed?) 41.32a 4231a 0.386a 0.402a 3.07a 3.23a 0.29la 0.302a 2.34a 24la
LSD at 5% 0.48 041 0011 0005 001 0.08 0003 0.002 0.01 002
Sub main factor: Potassium silicate treatments (foliar application)
Without potassium silicate (control ) 40.46a  41.31b 0.361c 0.375c 291b 3.05b 0.274c 0.286b 2.17b 2.24c
With potassium silicate (200gL ™) 40.78a  41.64ab 0.368b 0.382b 2.95ab 3.10a 0.280b 0.292a 2.21a 2.28b
With potassium silicate (300gL?) 41.05a 4191a 0.376a 0.392a 2.99a 3.14a 0.283a 0.295a 2.24a 2.32a
LSD at 5% *NS 0.45 0004 0004 005 004 0003 0.005 0.04 003
Interaction
Without Control 39.44 40.22 0342 0355 272 286 0262 0274 204 210
compost Potassium silicate (200gL™)  40.05 4085 0346 0359 280 294 0264 0275 209 215
(control) Potassium silicate (300gL™)  40.52 41.14 0358 0373 2.83 297 0271 0282 212 219
With Control 40.75 4159 0361 0375 295 309 0275 0286 218 226
compost Potassium silicate (200gL™) ~ 40.91 41.77 0371 0386 2.98 313 0284 0297 220 226
(7tonfed!) Potassium silicate (300gL?Y)  41.24 42.07 0376 0393 3.03 318 0285 0297 223 230
With Control 41.19 42.13 0380 0.39% 3.05 319 0287 0298 229 237
compost Potassium silicate (200gL)  41.37 4229 0387 0403 3.07 323 0291 0304 235 242
(10ton fed?) Potassiumsilicate (300gL™) 4141 4252 0393 0409 311 327 0294 0306 238 246
LSD at 5% 1.19 0.78 0006 0006 008 0.07 0006 0.008 0.06 0.05

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

Garlic yield and its quality at maturity stage

Data of Tables 5 and 7 show the effect of compost
and potassium silicate on bulb physical traits and yield of
garlic (Cv. Balady), including average bulb, weight (g), bulb
diameter (cm), neck diameter( cm), bulbing ratio, No. of
cloves bulb?, bulb and marketable yields (ton ha?) at
maturity stage during the season of 2022/23 and 2023/24,
while Tables 6 and 8 show the studied treatments on the
same traits of garlic (Cv. Chinese). On the other hand,
Tables 9 and 10 indicate the effect of the studied treatments
on bulb quality parameters of Balady and Chinese varaiets,
respectively, including dry matter (DM, %),vitamin C ( mg
100g™), carbohydrates (%), total dissolved solid (TDS, %)
and pungency (purvate content,umol.ml?). Despite differing
performances between the two cultivars, the most of
aformantioned traits significantly increased with higher
compost levels. Similarly, improvements in these parameters
were observed with increasing rates of potassium silicate.
The most effective combined treatment involved the soil
application of 10 tons of compost per feddan and spraying of
potassium silicate at rate of 300 gL* simultaneously.

The increase in bulb weight, diameter, bulbing ratio,
and number of cloves per bulb with compost application
suggests that organic fertilization positively impacts the
physical traits of garlic bulbs. This can be attributed to the
nutrient-rich composition of compost, providing essential
elements for bulb development, such as nitrogen,
phosphorus, and potassium. Additionally, compost improves
soil structure, water retention, and microbial activity,
promoting better nutrient uptake and utilization by the garlic
plants. Similar trends in both cultivars indicate the
robustness of compost application across different garlic
cultivars. The increase in bulb size and other physical traits
with compost application reaffirms its role in enhancing
garlic growth and development. Varietal differences may
account for slight variations in response to compost,
highlighting the importance of considering cultivar-specific
requirements in agricultural practices.

The significant increase in bulb yield with compost
application, particularly at higher rates, underscores the
importance of organic fertilization in maximizing garlic
productivity. Compost not only provides essential nutrients
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but also improves soil health and fertility, resulting in
increased bulb formation and size. The positive impact of
potassium silicate treatments further enhances yield, possibly
through improved nutrient uptake, stress resistance, and
overall plant vigor. Consistent with the Balady cultivar, the
Chinese cultivar also  exhibits  substantial  yield

Table 5. Effect of compost and potassium silicate on bulb
during the season of 2022/23 and 2023/24

improvements with compost and potassium silicate
treatments. The synergistic effects of these treatments on
yield highlight their potential for enhancing garlic
production and addressing yield-limiting factors such as
nutrient deficiencies and environmental stresses.

physical traits of garlic (Cv. Balady) at maturity stage

Average bulb Bulb Neck diameter, Bulbing No. of cloves
weight, g diameter, cm cm ratio bulb?

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

Season  season  season season  season  Season season  season  season  season
Main factor: Organic fertilization treatments (soil addition)

Without compost (control ) 38.25c 39.24c 3.08c 2.75c 0.67c 0.71c 0.219b 0.257a 23.33c 24.11c
With compost (7 ton fed?) 39.58b 41.87b 3.29b 3.04b 0.76b 0.80b 0.231a 0.26la 24.56b 25.67b
With compost (10 ton fed ) 4274a  44.79a 34la 342a 0.80a 0.85a 0.236a 0.248b 26.22a 26.78a

LSD at 5% 0.85 050 006 004 002 0.03 0.008 0007 067 025

Sub main factor: Potassium silicate treatments (foliar application)

Without potassium silicate (control ) 39.57c 4131b 321b 293¢ 0.72b 0.76b 0.224a 0.261b 24.22b 25.11a
With potassium silicate (200gL ™) 40.20b 42.04a 3.24b 3.07b 0.75ab 0.79ab 0.230a 0.258a 24.67ab 25.44a
With potassium silicate (300gL™) 40.80a 4255a 3.33a 322a 0.76a 0.80a 0.231a 0.248a 25.22a 26.00a

LSD at 5% 0.50 067 004 004 003 003 *NS 0010 078 *NS

Interaction

Without Control 3779 3914 303 257 063 066 0210 0257 2300 2367
compost Potassium silicate (200gL™?) 38.12 3920 3.08 280 069 073 0220 0260 2333 24.00
(control ) Potassium silicate (300gL)) 3884 39.38 315 288 0.71 0.74 0227 0257 2367 24.67
With Control 3899 4033 325 299 075 079 0230 0263 2400 2533
compost Potassium silicate (200gL™?) 39.82 4206 326 303 076 080 0233 0263 2433 2567
(7 ton fed) Potassium silicate (300gL™?) 3993 4321 335 312 076 0.80 0230 0257 2533 26.00
With Control 4194 4446 337 322 079 084 0233 0263 2567 26.33
compost Potassium silicate (200gL™?) 42.65 4485 340 339 080 084 0237 0250 2633 26.67
(10 ton fed!) Potassium silicate (300gL™?) 4362 4506 348 366 082 086 0237 0230 2667 27.33

LSD at 5% 0.86 115 006 007 005 006 0010 *NS 134 164

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

Table 6. Effect of compost and potassium silicate on bulb physical traits of garlic (Cv. Chinese) at maturity stage

during the season of 2022/23 and 2023/24

Average bulb  Bulb diameter, Neck diameter, Bulbing No. of cloves
weight, g cm cm ratio bulb*!
Treatments 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd
Season  Season  season  Season  Season  season  Season season season  season
Main factor: Organic fertilization treatments (soil addition)
Without compost (control ) 4333c 4482c 347c 3.76c 1.04c 1.05c 0.303a 0.280a 11.67b 12.33b
With compost (7 ton fed?) 4564b 46.790 4.04b 429p 1.15b 1.17b 0.284b 0.273a 12.78ab 13.33ab
With compost (10 ton fed™) 47.16a 49.15a 4.37a 4552 124a 128a 0.281b 0.280a 13.89a 14.33a
LSD at 5% 0.20 062 001 006 002 004 0004 *NS 115 1.02
Sub main factor: Potassium silicate treatments (foliar application)
Without potassium silicate (control ) 4481b 4599b 3.80c 4.06c 11lc 1.13b 0.293a 0.278a 12.44b 13.00a
With potassium silicate (200gL™1) 4537ab 47.22a 397b 421b 1.15b 1.16b 0.290ab 0.277a 12.78ab 13.33a
With potassium silicate (300gL™) 45952 4755a 4.12a 433a 1.18a 1.21a 0.286b 0.279a 13.1l1a 13.67a
LSD at 5% 0.65 064 006 006 002 003 0005 *NS 0.66 *NS
Interaction
Without Control 4256 4330 318 351 101 102 0320 0290 1133 12.00
compost Potassium silicate (200gLY) 4351 4541  3.49 3.77 105 105 0300 0277 1167 1233
(control ) Potassium silicate (300gL™Y) 43.92 4574 374 401 108 109 0290 0273 1200 12.67
With Control 4526 4616 390 4.18 110 113 0280 0270 1233 13.00
compost Potassium silicate (200gL™?) 45.61 47.06 404 430 117 117 0290 0273 1267 1333
(7ton fed)  Potassium silicate (300gLY)  46.04 4715 419 439 119 121 0283 0277 1333 1367
With Control 46.60 4851 431 448 121 123 0280 0273 1367 14.00
compost Potassium silicate (200gL™?) 47.00 49.20 4.38 4.56 124 127 0280 0280 1400 1433
(10ton fed?) Potassiumsilicate (300gL™Y) 47.88 4975 442 460 126 133 0283 0.287 14.00 14.67
LSD at 5% 113 111 011 010 003 007 0.009 0012 114 1.39

Means within a row followed by a different letter (s) are statistically different at a 0.05 level
*NS=Non-significant
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Table 7. Effect of compost and potassium silicate on bulb yield of garlic (Cv. Balady) at maturity stage during the
season of 2022/23 and 2023/24

Bulb yield, ton ha Marketable yield, ton ha*
Treatments 1season 2"9season 1 season 2" season
Main factor: Organic fertilization treatments (soil addition)
Without compost (control ) 6.12c 6.28¢ 5.03c 5.27¢c
With compost (7 ton fed'lz 6.33b 6.70b 5.33b 5.66b
With compost (10 ton fed™) 6.84a 7.17a 5.69a 5.97a
LSD at 5% 0.14 0.08 0.13 0.06
Sub main factor: Potassium silicate treatments (foliar appllcatlon)
Without potassium silicate (control) 6.33c 6.61b 5.25¢c 5.52¢
With potassium silicate (200gL %) 6.43b 6.73a 5.35b 5.64b
With potassium silicate (300gL?) 6.53a 6.81a 5.45a 5.75a
LSD at 5% 0.08 0.11 0.07 0.09
Interaction
Without Control 6.05 6.26 492 5.17
compost Potassium silicate (200gL ™) 6.10 6.27 5.04 5.29
(control ) Potassium silicate (300gL™) 6.21 6.30 5.12 5.36
With Control 6.24 6.45 5.23 5.54
compost Potassium silicate (200gL™) 6.37 6.73 5.31 5.66
(7 ton fed™) Potassium silicate (300gL™) 6.39 6.91 5.46 5.79
With Control 6.71 7.11 5.60 5.86
compost Potassium silicate (200gL™) 6.82 7.18 5.70 5.98
(10 ton fedh) Potassium silicate (300gL™) 6.98 7.21 5.78 6.08
LSD at 5% 0.14 0.19 0.12 0.17

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

Table 8. Effect of compost and potassium silicate on bulb yield of garlic (Cv. Chinese) at maturity stage during the
season of 2022/23 and 2023/24

Bulb yield, ton ha Marketable yield, ton ha™
Treatments 1season 2"9season 1%'season 2"dseason
Main factor: Organic fertilization treatments (soil addition)
Without compost (control ) 6.93c 7.17c 5.69¢c 5.99¢c
With compost (7 ton fed‘? 7.30b 7.49b 6.11b 6.41b
With compost (10 ton fed™) 7.55a 7.87a 6.47a 6.77a
LSD at 5% 0.03 0.10 0.08 0.08
Sub main factor: Potassium silicate treatments (foliar application)
Without potassium silicate (control) 7.17b 7.36b 5.96¢ 6.26c
With potassium silicate (200gL?) 7.26ab 7.56a 6.11b 6.36b
With potassium silicate (300gL?) 7.35a 7.61a 6.20a 6.55a
LSD at 5% 0.10 0.10 0.08 0.09
Interaction
Without Control 6.81 6.93 5.53 5.86
compost Potassium silicate (200gL™) 6.96 7.26 5.73 5.93
(control ) Potassium silicate (300gL™) 7.03 7.32 5.81 6.18
With Control 1.24 7.38 5.98 6.28
compost Potassium silicate (200gL™) 7.30 7.53 6.12 6.38
(7 ton fed™?) Potassium silicate (300gL™) 7.37 754 6.23 6.56
With Control 7.46 7.76 6.37 6.65
compost Potassium silicate (200gL™) 7.52 7.87 6.48 6.77
(10 ton fed?) Potassium silicate (300gL™) 7.66 7.96 6.56 6.91
LSD at 5% 0.18 0.18 0.15 0.15

Means within a row followed by a different Tetter (s) are statistically different at a 0.05 level
Table 9. Effect of compost and potassium silicate on bulb quality of garlic (Cv. Balady) at maturity stage during
the season of 2022/23 and 2023/24

I%M, Vitamin Ci Carbogydrates, TPS, Pungency (purvatle
Treatments - %) - 1rgg lOOgnd - ) - - ) - conltgnt umolzml)
Season  season $eason Season  Season  season  Season  season  season  season
Main factor: Organic fertilization treatments (soil addition)
Without compost (control ) 23.30c 23.72c 15.10c 16.78c 24.86c 27.29c 23.90c 24.29c 10.61c  12.86¢c
With compost (7 ton fed'lz 24.78b 25.30b 16.37b 17.14b 26.31b 27.87b 24.84b 2529b 12.10b  13.36b
With compost (10 ton fed™) 25.69a 26.30a 16.88a 17.51a 27.66a 28.38a 25.70a 26.03a 13.33a  13.60a
LSD at 5% 0.29 071 012 0.3 0.03 011 029 0.29 0.17 0.14
Sub main factor: Potassium silicate treatments (foliar application)
Without potassium silicate (control ) 24.41b 2491b 15.92c 17.00b 26.10c 27.65¢c 24.56b 24.91b 11.86b  13.12b
With potassium silicate (200gL™) 24.47b 24.97ab 16.16b 17.17ab 26.27b 27.87b 24.85ab 25.24ab 12.01b  13.24ab
With potassium silicate (300gL™?) 24.89a 25.43a 16.27a 17.27a 26.45a 28.0la 25.03a 25.46a 12.18a  13.45a
LSD at 5% 0.41 049 0.06 0.26 0.13 013 039 043 0.16 0.22
Interaction
Without ~ Control 2310 2355 1491 1657 2468 27.10 2378 2414 10.37 12.62

compost Potassiumsilicate (200gL™) 2320 23.63 1517 1687 2485 2727 2388 2430 1057 12.78
(control)  Potassiumsilicate (300gL™) 2359 2398 1521 1691 25.06 2749 2403 2442 10.88 13.17
With Control 2461 2513 1617 1707 2614 2759 2459 2497 11.92 13.18
compost Potassiumssilicate (200gL?Y)  24.62 25.11 1640 17.06 26.29 2797 2492 2537 1215 13.37
(7tonfed?) Potassiumsilicate (300gLY) 2512  25.65 16,53 17.28 2649 28.05 25.01 2554 1223 13.53
With Control 2551 2606 1666 1737 2750 2825 2531 2562 13.28 13.56
compost Potassiumssilicate (200gL™Y) 25.60 26.18 16.90 1757 27.69 2839 2574 26.06 13.30 13.56
(10tonfed?) Potassiumsilicate (300gLY)  25.96  26.65 17.07 17.60 2781 2851 26.05 2642 1342 13.67
LSD at 5% 0.72 085 011 046 0.22 0.23 0.68 0.74 0.27 0.39
Means within a row followed by a different letter (s) are statistically different at a 0.05 level
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Table 10. Effect of compost and potassium silicate on bulb quality of garlic (Cv. Chinese) at maturity stage during

the season of 2022/23 and 2023/24

DM, Vitamin Ci Carbohydrates, TDS, Pungency (purvatle
0, K [v) [v) -
Treatments - % - instg 1OOgnd - % - - % - coni[setnt, umolz.rngl )
Season  season  season Season  season  Season  season season  season  season
Main factor: Organic fertilization treatments (soil addition)
Without compost (control ) 20.97c¢ 21.23c 12.88c 13.15c 21.90b 22.27¢ 20.48c 20.88c 10.02c  10.53c
With compost (7 ton fed) 2149 21.73b 13.56b 13.83b 22.76a 23.18b 21.00b 21.40b 10.52b  11.06b
With compost (10 ton fed?) 22.12a 22.39a 14.10a 14.36a 23.07a 23.5la 21.76a 22.18a 11.0la 11.58a
LSD at 5% 0.08 0.23 0.02 0.16 0.55 0.04 0.02 0.22 0.02 0.09
Sub main factor: Potassium silicate treatments (foliar application)
Without potassium silicate (control ) 21.32a 21.54b 13.30b 1354b 22.41b 22.78b 20.90c 21.31a 10.33c  10.84c
With potassium silicate (200gL™) 2158a 21.87ab 13.58a 13.85a 22.56ab 23.00ab 21.10b 21.47a 10.52b  11.07b
With potassium silicate (300gL%) 21.68a 2193a 13.67a 13.96a 22.76a 23.18a 21.24a 21.67a 10.71a 11.26a
LSD at 5% *NS 0.37 023 0.23 0.31 0.37 0.10 *NS 0.17 0.17
Interaction
Without Control 2066 2090 12.68 1290 2162 2190 2032 20.73 9.82 10.35
compost Potassiumsilicate 200gL") 21.09 21.40 12.96 1325 2184 2229 2047 20.82 9.96 10.46
(control ) Potassiumsilicate (300gL") 21.15 21.39 13.01 1330 2225 2261 20.65 21.09 10.29 10.78
With Control 2123 2142 1340 1362 2258 2296 2080 2120 10.32 10.83
compost Potassiumsilicate (200gL") 21.58 21.84 1357 13.84 2277 2317 21.03 2140 1055 11.09
(7tonfed?)  Potassiumsilicate (300gL™) 21.66 2193 1372 1403 2294 2340 2116 2159 10.69 11.25
With Control 2206 2231 1382 14.09 2304 2349 2159 2201 10.84 11.34
compost Potassiumsilicate (200gL™") 22.09 22.38 1420 1445 2308 2353 21.79 2221 11.04 11.65
(10tonfed!) Potassiumsilicate (300gLY) 2221 2248 1429 1455 23.09 2352 2191 2232 1116 11.74
LSD at 5% 1.28 064 040 0.40 0.53 064 017 0.63 0.29 0.30
Means within a row followed by a different letter (s) are statistically different at a 0.05 level
The improvement in bulb quality parameters, CONCLUSION

including dry matter, vitamin C, carbohydrates, and
pungency, with compost application indicates its positive
influence on garlic nutritional value and flavor profile.
Compost enhances soil fertility and microbial activity,
leading to increased nutrient availability and uptake by garlic
plants. The observed increase in pungency may be attributed
to the accumulation of sulfur-containing compounds in
response to improved nutrient availability and stress
mitigation. Similar to the Balady cultivar, the Chinese
cultivar shows improvements in bulb quality parameters with
compost application. The enhanced nutritional value and
flavor profile of garlic bulbs highlight the potential of
compost as a sustainable soil amendment for improving crop
quality and market value (Sharma et al., 2021; Al-Obeidi and
Al-Obeidi, 2023; Kumawat et al., 2023). Varietal differences
in response to compost underscore the need for tailored
fertilizer management strategies based on specific cultivar
requirements and environmental conditions.

Potassium silicate plays a pivotal role in enhancing
garlic growth and development through its multifaceted effects
on plant physiology and stress tolerance. By providing a source
of soluble silicon, potassium silicate strengthens cell walls,
enhancing structural integrity and resistance to biotic and abiotic
stresses such as pests, diseases, and environmental fluctuations.
Additionally,  silicon-mediated  activation of defense
mechanisms promotes plant health and resilience, reducing the
incidence of yield-limiting factors and improving overall
productivity. Furthermore, potassium silicate supplementation
enhances nutrient uptake and utilization efficiency, optimizing
plant growth and metabolic processes. The observed
improvements in bulb yield, physical traits, and quality
parameters with potassium silicate treatments underscore its
potential as a valuable component of integrated nutrient
management strategies for sustainable garlic production,
offering growers a versatile tool for enhancing crop
performance and resilience in diverse agricultural environments
(Yousif etal., 2023; Gad et al., 2023; Youssef, 2023).

The obtained results demonstrate the significant
impact of compost and potassium silicate applications on
enhancing the performance of garlic plants, particularly in
terms of productivity and quality. Both Balady and Chinese
garlic cultivars exhibited notable improvements in growth
parameters and yield traits with increasing levels of compost
and potassium silicate. The combined treatment of 10 tons of
compost per feddan and 300 grams per liter of potassium
silicate emerged as the most effective strategy for
maximizing garlic yield and quality.

Based on these findings, several recommendations can be
made for garlic cultivation in the Egyptian market:

Farmers should consider incorporating compost and
potassium silicate into their fertilizer management practices
to enhance soil fertility and improve garlic plant
performance. The recommended application rates of 10 tons
of compost per feddan and 300 grams per liter of potassium
silicate can serve as a guideline for achieving optimal results.
Given the observed differences in performance between
Balady and Chinese garlic cultivars, growers should tailor
their fertilizer regimes to the specific needs of each variety.
This might involve adjusting application rates or considering
other cultivars that respond differently to fertilizer
treatments. The use of organic fertilizers such as compost
aligns with principles of sustainable agriculture by
promoting soil health and reducing reliance on synthetic
inputs. Farmers are encouraged to adopt environmentally
friendly practices that support long-term agricultural
sustainability. Continued research warranted to explore
additional factors that may influence garlic yield and quality,
such as irrigation management, pest and disease control
strategies, and  post-harvest handling techniques.
Investigating the interactions between different agronomic
practices can provide valuable insights for optimizing garlic
production in the Egyptian context.

Overall, by implementing these recommendations
and building upon the findings of this study, garlic producers
in Egypt can improve their agricultural practices, meet the
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increasing market demand, and contribute to the sustainable
growth of the garlic industry.

REFERENCES

Abd El-Hady, M.AM., Doklega, S. M. A., Abo El-Ezz, SF.
(2021). Influence of organic and potassium fertilization
on potato yield and quality. Plant Archives Vol. 21,
Supplement 1: 560-568.

Abd ELhamied, A.S., Abd El-Hady, M.A.M., Mosaad, |.S.M.
(2024). Integrated organic and inorganic amendments for
improving productivity of okra (Abelmoschus esculentus
L.) in alkaline soil. Egypt. J. Soil Sci., 64(1): 207-219.

Ahmed, D.I., Kandeel, N.M., Metwaly, A.K., Ahmed, M.A.
(2010). Performance of some Egyptian garlic strains
(Allium sativum L.) under Assiut conditions. Assiut
Journal of Agricultural Sciences, 41(3):1-12.

Ali, M.AAM. (2017). Effect of some bio-stimulants on growth,
yield and bulb quality of garlic grown in newly
reclaimed soil, new Valley-Egypt. Journal of Plant
Production, 8(12), 1285-1294.

Al-Obeidi, M.M.H., Al-Obeidi, H.S.H. (2023). Effect of organic
fertilizer spraying from various sources and agricultural
sulfur in the growth and harvest of garlic. Inlop IOP
Conference  Series: Earth and  Environmental
Science (Vol. 1158, No. 4, p. 042067). IOP Publishing.

Anthon, A., Barrett, D. (2003). Modified method for the
determination of pyruvic acid with di-nitrophenyl
hydrazine in the assessment of onion pungency. J Sci.
Food Agric., 83:1210-1213.

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

Awad-Allah, E.F., Attia, M.G., Mahdy, A.M. (2020). Salinity stress
alleviation by foliar bio-stimulant, proline and potassium
nutrition promotes growth and yield quality of garlic
plant. Open Joumnal of Soil Science, 10(9), 443-458.

Dane, JH., Topp, C.G. (Eds) (2020). “Methods of soil
analysis”, Part 4: Physical methods (Vol. 20). John
Wiley & Sons.

Dere, S., Giines, T., Sivaci, R. (1998). Spectrophotometric
determination of chlorophyll-A, B and total carotenoid
contents of some algae species using different
solvents. Turkish journal of Botany, 22(1), 13-18.

Doklega, S.M., Abd El-Hady, M.A. (2017). Impact of Organic,
Mineral and Bio-Fertilization on Broccoli. J. Plant
Production, Mansoura Univ., 8(9):945 —951.

El-Shal, Z.A., Ahmed, B. H. (2021). Effect of irrigation intervals
under different sources of potassium on growth and
productivity of garlic. Journal of Plant Production, 12(7),
689-699.

Gad, D.A., Radwan, G.U., Abdrabbo, M.A. (2023). Effect of
spraying with potassium silicate and phosphorus
fertilizer levels on growth, yield, and fruit quality of
eggplant plants under low temperatures stress. Egyptian
Journal of Agricultural Research, 101(1), 213-223.

Gomez, KA., Gomez, A/A. (1984). “Statistical procedures for
agricultural research”. John Wiley and Sons, Inc., New
York.pp:680.

Hamam, M.A., Moustafa, Y.M.M., Ali, MAAM,, SH, AS.
(2021). Effect of foliar spray with licorice root extract on
production and quality of Egyptian and Chinese
garlic. Journal of Plant Production, 12(8), 929-940.

Ibraheim, S.K.A. (2022). Effect of organic and mineral nitrogen
fertilizers on growth, productivity and bulb quality of
garlic plants grown under sandy soil conditions. Egyptian
Journal of Horticulture, 49(1, 59-72.

Kumawat, S., Yadav, S.R., Pareek, N.K., Shekhawat, D.S.,
Kumawat, S. (2023). Comparative evaluation of organic
sources and fertilizer levels on performance of garlic
(Allium sativum L.) in arid region of Rajasthan. Journal
of Soil and Water Conservation, 22(4), 414-420.

Mann, LK. (1952). Anatomy of the garlic bulb and factors
affecting bulb development. Hilgardia, 21: 195-228.

Mohamed, I.H., Abdelrasheed, K.G., Abbas, H.S., Shehata, M.N.
(2023). Effect of foliar application by chitosan on five garlic
genotypes in Aswan the southern Egypt. Aswan University
Journal of Sciences and Technology, 3(2), 67-90.

Patle, A.K., Singh, S.S., Jadia, M., Verma, K.S. (2021). Effect of
organic, inorganic sources of nutrients on growth of
garlic (Allium sativum L.). Journal of Pharmacognosy
and Phytochemistry, 10(1), 2214-2217.

Sharma, A., Asati, K.P., Yadav, S.S., Namdeo, K.N. (2021).
Impact of organic and inorganic fertilizers on growth,
yield and economics of garlic (Allium sativum
L.). Annals of Plant and Soil research, 23(4), 477-480.

Sparks, D.L., Page, A.L., Helmke, P.A., Loeppert, R.H. (Eds.).
(2020).”Methods of soil analysis”, part 3: Chemical
methods (Vol. 14). John Wiley & Sons.

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

Yousif, R.A., Ismail, HE.M.A., Arisha, M.H., Abdelkader, M.A.l.
(2023). Influence of intercropping system between coriander
and garlic as well as potassium fertilization source on
growth and productivity of garlic plant. Zagazig Journal of
Agricultural Research, 50(4), 451-562.

Youssef, E. (2023). Effect potassium silicate foliar application
and water stress by using different amounts of irrigation
water supply on potato plants (Solanum tuberosum
L.). Egyptian Journal of Chemistry, 66(11), 317-326.

adill (e Cpiia Baga g L) Lo & ganali gl cilSalud B 6l (A g (5 guard) dpanl) il
Ymiﬁh‘ﬁ!(éﬁj“QEM‘SJﬁc“ﬁﬂ‘&bw‘\J‘sgd&mi

e IYVA 53‘;\9.;.“ s&v.a\;ﬂuis:\:\c‘)j“&)a,\n S ‘w\,aw\,‘;@\)“j\aﬁs&u‘

H\Y"l\q ‘E)';\.;.“‘LA@\&‘%:\)J\&M\)S)AsWW\&ﬁA@MY

uadlall

o e Ailide il givne 5l anil Alia 3 505 ol ja) a5 el Aaii s (5 el §smdl 8 ) il Callall Al Apaa ¥l A ) el o g I el e aey
O ot M (nall 5 aldl) (g ) B sudl (B il (g (5 e e (T aa Yo r Yoecn ) il Sy (Mgl gl Y5V s ) s s S
Al Ly e il 5 40aSl J grmmall il SIS g ol )y Adlal) g A Sl (55 5Y1 5 ¢l Byl dae i salll Y hae gen o V) cpiall g o121 (D)
L <3 (%) <) 50 Sl g (Van) + + pale) C el (%) Alad) aalall (S Gla) s W Al Ml 5l (m gucail) 2o () Gindl L g o((ans) ol ) k8
\-ZAL‘;:‘\L;A@M)E?\ASJW\W\asls},eﬁuu}g\alss\lguguz)l\a‘yMs;lﬁ)@a‘yMlm@am;:q}s;}hdmg},mﬂ}ﬂqgﬁmgm)!e
s spe 5K ad o LY Sy il 020 (e oliyg gl (il (81 A e Yo Sy sl sl Sy o) Il G 55 3l ) il s a0 S0 (e
s gaa S o s ) BRI gy pacm ) AlAEY) e (585 (0 (S s L ool e s By 0 B et 5y 3 e dnenil B 1) s Jlan (B sl gl Sl g
MMshbﬂ\b%@&é&;Mb@L}m}ﬂ\a&A:ﬁﬁd)\auasebdsﬁu#\@N\Méd@)‘dﬂd&ﬂm(")ﬂe|);T~~)?PU}J\Q15:\X:\u‘5u\M“

s Aelal ahvical) gl (8 Aaalusall 5 (3 sudl (8 ) Fiall allall 3l 5 ey 31 agilas e Cpen joaae a5l

283



