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ABSTRACT

Agriculture in Egypt faces increasing challenges related to soil fertility and suitability for crop
production, particularly with the growing reliance on marginal lands. Therefore, this study aims to evaluate the
impact of certain inorganic soil amendments (bentonite and zeolite), applied alone or in combination with
different sources of organic fertilizers (farmyard manure, chicken manure and compost) on improving the
physical and chemical properties of a medium-textured soil and their effects on the garlic performance. The
results show that applying zeolite, bentonite and organic fertilizers significantly improved the studied soil
properties, including enhanced water holding capacity, total porosity, reduced bulk density and improved nutrient
retention, as the superior combined treatment was compost+ zeolite. Regarding the plant growth performance
(e.g., plant height, leaf area, chlorophyll and NPK) , garlic yield (e.g., bulb diameter and weight, total and
marketable yield) and quality (e.g., carbohydrate, vitamin C), the sequence order of inorganic amendments from
top effective to less was zeolite followed by bentonite then control, while the sequence order of organic
amendments from top effective to less was compost followed by ChM, FYM and control, respectively.
Regarding the interaction effect, the superior combined treatment for obtaining the highest values was zeolite x
compost. Based on these findings, it is recommended to adopt an integrated soil amendment strategy that
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Agriculture in Egypt faces increasing challenges
related to soil fertility and suitability for crop production,
particularly with the growing reliance on marginal lands (El-
Ramady et al. 2019). Medium-textured soils (with medium
sand content) are considered favorable for agriculture due to
their balanced properties, moderate water retention,
acceptable aeration, and good fertility. However, they are not
without challenges. One of the main issues is the gradual
loss of water and nutrients, especially under improper
irrigation or low organic matter content. While these soils
can retain moisture reasonably well, a portion of the water
may still percolate down to deeper layers, carrying with it
soluble nutrients like nitrates and potassium, leading to
leaching losses. Additionally, the moderate porosity does not
entirely prevent downward seepage, particularly when the
soil surface becomes compacted or develops cracks during
dry periods. As a result, inefficient irrigation and fertilization
practices can lead to significant wastage of both water and
fertilizers, ultimately reducing crop productivity (Selmy et
al. 2022; Abdullahi et al. 2025). Therefore, it is essential to
apply materials capable of enhancing their physical and
chemical properties to improve their productivity and ensure
sustainable agricultural use and enhance its capacity to retain
both moisture and nutrients effectively (El-Khalifa et al.
2022). Bentonite, a type of clay mineral, is known for its
high water-holding capacity and cation exchange properties.
Its application can significantly improve the moisture and
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losses through leaching (Abdel-Motaleb et al. 2025; Weijing
et al. 2025). Zeolite, on the other hand, is a natural
crystalline mineral with a porous structure and high cation
exchange capacity. It is capable of regulating nutrient release
in the soil, thereby enhancing soil fertility and supporting
sustainable crop production (Jabbar, 2025; Kukowska &
Szewczuk-Karpisz, 2025). Additionally, organic fertilizers,
such as farmyard manure, chicken manure and compost,
play a crucial role in enriching the soil with organic matter,
improving soil structure, and stimulating beneficial
microbial activity (Subbaiah, 2019; Singh et a/. 2020). This
leads to a natural and sustainable increase in soil fertility and
overall soil health. Therefore, this study aims to evaluate the
impact of certain inorganic soil amendments (bentonite and
zeolite), applied alone or in combination with different
sources of organic fertilizers (farmyard manure, chicken
manure and compost), on improving the physical and
chemical properties of a medium-textured soil and their
effects on the growth, yield and quality of garlic crop.

MATERIALS AND METHODS

A field experiment was implemented under a sandy
clay loam soil conditions, characterized by 50% sand, 18%
silt and 32% clay, during two successive growing seasons
(2023/24 and 2024/25). The experiment was implemented in
a private farm located at El-Dakahlia Governorate near
Takha City. Soil samples were collected before planting and
after harvest for analyses, following the standard procedures
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outlined by Tandon, (2005). The experimental design used
in this investigation was a split-plot design with three
replicates. The main factor was inorganic amendments
[Control (without), bentonite (at rate of +.8 tons fed™) and
zeolite (at rate of +.8 tons fed™)], while the sub-plots
included four organic fertilizers [Control (without), farmyard
manure FYM (applied at 5.0 tons fed™), chicken manure
ChM (applied at 5.0 tons fed™) and compost (applied at 5
tons fed™)]. The organic and inorganic amendments were
analyzed using the standard methods described by Tandon,
(2005), as their characteristics are shown in Tablel.

Table 1. Organic and inorganic amendments
characteristics
.. Organic amendments
Characteristics Chicken manure Compost Farmyard manure
pH 6.34 6.10 6.30
EC,dSm’! 420 3.30 3.95
P,% 0.69 0.88 0.44
K, % 0.88 1.06 0.66
Mn, mg kg'! 232 27.6 20.0
Zn, mgkg’! 28.0 30.1 18.7
Total C, % 20.0 193 17.22
Total N, % 1.35 1.50 1.25
C:N ratio 14.81 12.87 13.78
OM,% 344 33.2 29.62
Inorganic amendments
Properties Bentonite Zeolite
SiO2 59.2 65.0
Fe03 33 6.0
ALOs3 19.3 13.0
CEC, cmol kg! 79.5 159
EC, dSm! (1:10) 2.30 251

All amendments (organic and inorganic) were
incorporated into the soil prior to planting. Garlic cloves (cv.
Seds 40) were obtained from Ministry of Agricultural and
Soil Reclamation (MASR) in Egypt then were planted on
November 1% each season with 15 cm spacing between
plants. Fertilization was carried out via fertigation using 120
kg N fed™ as urea, 60 kg P-Os fed as phosphoric acid and
48 kg K20 fed™! as potassium sulphate. Standard agronomic
practices were followed throughout the growing season as
mentioned by MASR.

At 100 days after planting, vegetative growth
parameters [e.g., plant height (cm), No. of leaves plant”,
fresh and dry weights (g plant™), leaf area (cm? plant™)] were
measured. Additionally, at the same period, the
photosynthetic pigments [chlorophyll a, b and carotene (mg
gh] were determined according to Rai, (1973) using
spectrophotometer apparatus as well as leaf chemical
constituents (e.g., NPK, %) were estimated as described by
Walinga et al. (2013), as the sample digestion was done as
reported by Peterburgski, (1968).

At harvest (175 days after planting), yield traits
[including average bulb weight (g), Bulb diameter (cm),
neck diameter (cm), bulbing ratio, No. of cloves bulb’, total
and marketable bulb yield (ton ha™)] were measured. Also,
quality traits were determined according to AOAC, (2007) at
harvest stage including carbohydrates (%), TSS (%), vitamin
C (mg 100g"), dry matter (%) and pungency (purvate
content mol.ml™).

Additionally, post-harvest soil analysis was carried
out [including bulk density (gcm?), total porosity (%), cation
exchange capacity CEC (cmolkg™), available NPK (mg kg™)

and water holding capacity WHC (%)] according the
standard methods as described by Sparks et al., (2020) and
Dane and Topp, (2020) to evaluate soil properties at harvest
time. The obtained data of plant performance were subjected
to statistical analysis as described by Gomez and Gomez
(1984) using analysis of variance (ANOVA).

RESULTS AND DISCUSSION

1.Soil Properties at Harvest

All soil properties at harvest time, including bulk
density (gem?®), total porosity (%), cation exchange capacity
CEC (cmolkg™), available NPK (mg kg™) and water holding
capacity WHC (%) pronouncedly affected due to the studied
organic amendments (FYM, ChM AND compost) and
inorganic amendments (bentonite and zeolite) during both
studied seasons (Table 2), as there were an improvements in
these physical and chemical characteristics. Bulk density
decreased with all treatments compared to initial soil, as the
lowest value was achieved with the combination of compost
and zeolite. This reduction is attributed to the incorporation of
low-density organic matter, which improves soil structure and
reduces compaction.

The high porosity and structural benefits of zeolite
and Dbentonite that promote better soil aggregation.
Enhanced microbial activity stimulated by organic inputs,
which contributes to the formation of stable soil aggregates
with lower density. An increase in total porosity was
observed in most treatments, particularly with organic
amendments combined with zeolite. This is likely due to
improve the soil aggregation and reduced bulk density.
Additionally, the organic matter creating micro and
macrospores in the soil matrix.

Better aeration and water movement because of a
more open soil structure. CEC improved pronouncedly in all
treatments, most notably with zeolite application. Zeolite and
bentonite had high natural cation exchange capacities, which
enhance nutrient retention. The addition of organic materials
may have contributed to CEC through humic substances and
colloidal particles. Improved soil structure and moisture
retention may have increased the contact between exchange
sites and soil solution.

All nutrient levels (NPK) increased as a result of the
treatments and this trend may be attributed to the nutrient-rich
content of organic amendments, especially chicken manure
and compost. Additionally the ability of zeolite and bentonite
to reduce nutrient leaching by retaining cations and anions
may have played an unique role in increasing the values of
NPK. Gradual mineralization of organic matter may have
caused ensuring a continuous supply of nutrients throughout
the season. Moreover, there were an enhanced root access to
nutrients due to improved soil porosity and aeration. Also, it
can be noticed that the water retention capacity (WHC)
improved markedly, particularly with bentonite and zeolite
applications, as this may be due to the swelling and water-
absorbing capacity of bentonite, which traps moisture within
its layered structure as well as zeolite’s high internal surface
area and porous nature, which increase the soil’s ability to
retain water. Generally, it can be said that the combined effect
of organic matter and minerals improving the overall water-
holding characteristics of the soil profile. The obtained results
are in harmony with those of Singh et al. (2020); Weijing et
al. (2025); Kukowska & Szewczuk-Karpisz, (2025).
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Table 2. Effect of soil amendments on the soil physical and chemical properties (as average) at harvest time during

both studied seasons (2023/24 and 2024/25)

Parameters Bulk density, g cm® Total porosity,%o CEC, cmolkg! N, mg kg P, mg kg K, mg kg WHC,%
Initial status 1412 2.4 210 1942 465 14838 23.58
(before sowing)
Treatments lst znd lst 2nd lst 2nd lst znd lst 2nd lst 2nd lst 2nd
Control 14 141 41.8 42.1 207 205 2085 21.73 552 570 156.02 157.19 23.68 23.83
Control FYM 1.35 1.37 449 46 223 225 2211 2299 567 5.85 158.06 159.25 23.74 2395
ChM 1.31 1.3 459 455 233 231 2229 2332 578 595 15949 161.02 23.79 23.93
Compost  1.29 1.28 46.9 467 244 245 2252 2347 591 6.09 161.58 163.25 23.83 23.97
Control  1.38 1.39 439 434 244 241 23.12 2404 6.10 627 167.01 16841 2395 24.13
Benonite FYM 1.29 1.29 469 470 259 257 2332 2423 6.19 642 169.05 170.6 24.06 242
ChM 1.27 1.29 479 475 269 270 2347 2436 626 648 170.69 17226 24.16 24.33
Compost  1.24 1.23 49.0 493 280 278 23,69 2461 634 652 17272 17419 2432 2451
Control  1.36 1.34 449 445 259 258 2414 2513 655 6.73 176.18 177.57 24.50 24.67
Zeolite FYM 1.26 1.22 479 473 290 290 2462 2560 6.73 693 17846 18039 24.76 25.00
ChM 1.23 1.22 489 48.0 17.5 180 25.05 26.08 6.88 7.11 130.34 157.19 24.88 25.18
Compost  1.20 1.20 499 493 19.1 193 2544 2656 7.02 726 13246 15925 2523 255
2.Growth Criteria, Photosynthetic Pigments and or bentonite). Concerning the organic amendments, the

Chemical Constituents at 100 Days from Sowing

All studied treatments (organic and in organic
amendments) significantly affected vegetative growth
parameters [e.g., plant height (cm), No. of leaves plant?,
fresh and dry weights (g plant?), leaf area (cm’? plant™)],
photosynthetic pigments [chlorophyll a, b and carotene (mg
g")] and leaf chemical constituents (e.g., NPK, %) at 100
days after planting during both studied seasons. regarding
the individual effect of inorganic amendments the highest
values of all aforementioned traits were recorded with
zeolite followed by bentonite then control (without zeolite

superior organic fertilizer for obtaining the maximum values
of all aforementioned traits was compost followed by ChM
then FYM, while the lowest values were recorded with
control treatment (without any organic fertilizers). In terms
of interaction effect, the superior combined treatment for
obtaining the highest values was zeolite x compost. The
observed improvements in garlic performance at 100 days
from planting can be scientifically attributed to the beneficial
effects of soil amendments on soil physical and chemical
properties.

Table 3. Effect of the soil amendments on the growth criteria of garlic at 100 days from sowing during season of

2023/24 and 2024/25
Plant height, cm _ No. of leaves plant! Fresh weight, g plant! Dry weight, g plant! Leaf area, cm? plant!
Treatments 1t 2nd 1t 2nd 18t 2nd 1% 2nd 1 2nd
season  Season season Season season Season season  Season season Season
Main factor
Control 70.57¢  72.73c 5.00b 6.92¢ 76.93¢ 80.20c 16.86¢ 17.52¢ 272.08¢ 276.04¢
Bentonite 73.87b  76.23b 7.75a 8.25b 81.10b 84.29b 18.06b 18.83b 309.13b 313.27b
Zeolite 7621a  78.64a 8.25a 9.25a 83.04a 86.47a 18.61a 19.40a 322.67a 32727a
FteSt sksk sksk * * sksk sk sksk sksk sksk sksk
LSD at 5% 132 0.60 0.65 0.79 0.77 1.77 0.05 0.17 5.62 5.13
Sub main factor
Control 7190c  73.97c 6.00b 6.89¢ 78.56b 81.77b 17.39¢ 18.09¢ 289.70¢ 293.46¢
FYM 73470  7591b 7.11a 8.11b 80.53a 83.71ab 17.88b 18.58b 299.32b 303.53b
ChM 74.09ab  76.54ab 733a 8.56ab 80.83a 84.27a 18.01ab 18.78ab  302.37b 306.78b
Compost 74742 77.05a 7.56a 9.00a 81.51a 84.87a 18.10a 18.87a 313.78a 318.34a
FteSt sksk sksk * sksk * * sksk sksk sksk sksk
LSD at 5% 0.90 091 0.60 0.66 1.20 247 0.21 0.22 3.63 3.40
Interactions
Control  69.87 72.03 4.00 6.33 76.42 79.62 16.70 17.34 26347 267.07
Control FYM 70.03 7227 433 6.33 76.47 79.46 16.75 17.39 265.57 269.28
ChM 71.03 73.09 5.67 733 76.96 80.60 16.99 17.64 266.03 269.54
Compost  71.34 73.54 6.00 7.67 77.86 81.13 17.00 17.70 293.23 298.26
Control ~ 72.81 74.74 7.00 7.00 79.28 82.47 17.70 18.43 302.40 306.14
Bentonite FYM 73.75 76.52 8.33 8.33 81.34 84.61 18.12 18.83 307.37 31145
ChM 74.38 77.08 833 8.67 81.51 84.61 18.16 18.98 311.24 316.02
Compost  74.53 76.58 7.33 9.00 82.29 85.46 18.28 19.06 315.50 319.48
Control ~ 73.02 75.14 7.00 733 79.99 83.23 17.76 18.49 303.23 307.17
Zeolite FYM 76.63 78.93 8.67 9.67 83.77 87.04 18.76 19.53 325.01 329.87
ChM 76.85 79.47 8.00 9.67 84.03 87.59 18.88 19.73 329.83 334.79
Compost  78.34 81.04 9.33 10.33 84.38 88.03 19.02 19.83 332.61 337.27
F test k sk * * * * * * skk skok
LSD at 5% 1.56 1.56 1.04 1.14 2.08 4.28 0.36 0.39 6.29 5.89

Means within a row followed by a different letter (s) are statistically different at a 0.05 level
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Table 4. Effect of the soil amendments on the photosynthetic pigments and chemical constituents in leaves of garlic at
100 days from sowing during season of 2023/24 and 2024/25

Chlorophyll a,mg g Chlorophyllb,mg g! Carotene, mg g! N, % P, % K, %

Treatments 1% season 2nd 1% 2nd 1% 2nd 1% 2nd 1% 2nd 1% 2nd

Season season  Season  season Season season Season season Season season Season
Main factor

Control 0.835¢ 0.873¢ 0.609c  0.636¢ 0268c 028lc  2.99¢ 3.03¢c 0299c 0.314c 248 2.5l1c
Bentonite 0.868b 0909b 0.653b 0.687b  0314b 0.330b 339 3.44b 0326b 0.343b 2.78b 2.82b
Zeolite 0917a 0963a 0.680a 0.714a 0327a 0344a 3.55a 3.60a 0.339a 0.355a 2.83a 2.88a

Ftest ek sksk sk sk sk sk gk sk sk ek ek sk
LSD at 5% 0.015 0.017  0.013 0.007 0.003  0.005 0.05 0.07 0.005 0.006 012 0.03

Sub main factor

Control 0.846¢ 0.889¢ 0.631c  0.659  0279d 0293d 3.13d 3.17b 0310c 0.326c 2.60c 2.64c
FYM 0.873b 0917b 0.649b  0.681a 0306c 032Ic  3.33¢ 3.37a 0.322b 0338 2.69 2.73b
ChM 0.882ab  0.924ab 0.653ab  0.686a  0.311b 0.327b 3.37b 3.42a 0.324b 0.341ab 2.73ab 2.77a
Compost 0.890a 0931la 0.657a 0.689a 03152 0.332a 34la 346a 0329a 0.344a 2.76a 2.8la

Ftest sksk 3k sk * sksk sksk sksk * * sksk sk sksk
LSD at 5% 0.010 0.011 0.005 0.009 0.002 0004 0.04 0.10 0.004 0004 0.07 0.03

Interactions

Control 0.825 0.867  0.602 0.623 0248 0260 293 297 0293 0308 241 244

Control FYM 0.834 0.877  0.608 0.634 0269 0282 297 301 0298 0313 248 251
ChM 0.836 0.875  0.610 0.640 0275 0290  3.00 304 0301 0317 250 254

Compost 0.843 0.874  0.616 0.645 0280 0294  3.06 311 0305 0320 253 257

Control 0.854 0.895  0.642 0.675 0293 0307 321 327 0316 0333 269 273

Bentonite FYM 0.864 0906  0.652 0.686 0317 0332 342 346 0327 0344 278 282
ChM 0.871 0912  0.658 0.692 0322 0338 343 348 0328 0345 281 285

Compost 0.880 0924  0.661 0.694 0326 0343 348 354 0333 0349 284 289

Control 0.858 0904  0.648 0.678 0298 0312 325 328 0322 0337 271 276

Zeolite FYM 0.922 0969  0.687 0.723 0333 0350 3.59 363 0341 0358 281 285
ChM 0.939 0984  0.690 0.725 0336 0353 3.67 373 0343 0361 289 294

Compost 0.947 0994  0.695 0.728 0341 0360  3.69 374 0348 0364 292 296

F test e *% e * w5 * o * ¥ * * =
LSD at 5% 0.019 0.019 0.010 0.017 0.004  0.007 0.07 0.17 0.007 0.007 0.13 0.06

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

Organic amendments like compost, farmyard manure
(FYM), and chicken manure (ChM) improved nutrient
availability, especially nitrogen, phosphorus, and potassium,
through the gradual mineralization of organic matter, thereby
enhancing plant growth. Simultaneously, inorganic
amendments such as bentonite and zeolite contributed to
improved soil structure, moisture retention, and nutrient-
holding capacity due to their high cation exchange capacity
and porous structure. These physical enhancements created a
more favorable rhizosphere environment, leading to better
root development and nutrient uptake. Notably, treatments that
combined zeolite or bentonite with organic matter showed the
greatest growth responses, likely due to synergistic effects that
improved both the immediate availability and long-term
retention of essential nutrients. The enhancement in
photosynthetic pigments (chlorophyll a, chlorophyll b, and
carotenoids) is directly linked to better nitrogen availability,
which is crucial for chlorophyll synthesis. The increase in leaf
nitrogen content, observed particularly in compost and zeolite
treatments, likely contributed to the higher pigment
concentrations, thereby improving photosynthetic efficiency
and plant vigor. Furthermore, the improved potassium and
phosphorus levels in leaves reflect enhanced root activity and
nutrient absorption, facilitated by the amendments' effects on
soil water-holding capacity and aeration. This, in turn,
supports key physiological processes such as ATP synthesis,
enzyme activation, and stomatal regulation, which are vital for
efficient photosynthesis and biomass accumulation (Subbaiah,
2019; Abdel-Motaleb et al. 2025; Kukowska & Szewczuk-
Karpisz, 2025).
3.Bulb Yield Traits

Table 5 show the effect of the studied treatments on
the yield traits, including average bulb weight (g), bulb
diameter (cm), neck diameter (cm), bulbing ratio, No. of
cloves bulb’, total and marketable bulb yield (ton ha') at

harvest stage during both studied seasons. While Table 6
illustrates the effect of the studied treatments on the quality
traits at harvest stage including, carbohydrates (%), TSS (%),
vitamin C (mg 100g™), dry matter (%) and pungency (purvate
content tmol.ml™') during both studied seasons. The sequence
order of inorganic amendments from top effective to less was
zeolite followed by bentonite then control, while the sequence
order of organic amendments from top effective to less was
compost followed by ChM, FYM and control, respectively. In
terms of interaction effect, the superior combined treatment
for obtaining the highest values was zeolite x compost. The
enhancement in garlic bulb yield and quality traits observed
across the studied seasons can be scientifically explained by
the beneficial impacts of soil amendments on soil fertility,
structure, and nutrient availability. Treatments with zeolite and
bentonite significantly outperformed the control in bulb
weight, diameter, neck thickness, bulbing ratio, and total yield.
This is attributed to their high cation exchange capacity and
water retention properties, which improve nutrient availability
and reduce leaching, particularly of potassium and ammonium
ions critical for bulb development. Zeolite, in particular, led to
the highest yield values, suggesting its superior capacity to
sustain nutrient release throughout the growing season.

Organic amendments also contributed positively to
yield traits by gradually mineralizing organic matter, thus
enriching the soil with essential macro and micronutrients.
This continuous nutrient supply supported vigorous vegetative
growth and optimal bulb formation. The interaction between
mineral (zeolite or bentonite) and organic amendments
resulted in synergistic effects, enhancing both immediate
nutrient availability and long-term soil health, leading to
increases in bulb size, number of cloves, and marketable yield.
Compost, in particular, showed the highest performance
among organic treatments due to its balanced nutrient profile
and improvement of soil microbial activity.
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Table 5. Effect of the soil amendments on the bulb yield traits of garlic at 175 days from sowing (harvest time) during
season of 2023/24 and 2024/25

Average bulb Bulb diameter, Neck Bulbing No. of cloves Bulb yield, ton Marketable
weight, g cm diameter, cm ratio bulb’! ha! yield, ton ha™!
Treatments lst 2nd lst 2nd lst 2nd lst 2nd lst 2nd lst 2nd lst 2nd
season Season season Season season Season season Season season Season season Season season Season
Main factor
Control 39.40c 40.26c 3.30c 3.35¢c 087c 0.89¢c 026b 0.26b 20.92c 2542b 14.66¢c 14.88¢c 13.77¢ 14.01c
Bentonite 47.00b 48.15b 3.72b 3.79p 1.06b 1.08b 0.29a 0.29a 25.42b 28.00a 16.73b 17.00b 15.50b 15.70b
Zeolite 4831a 49.45a 392a 3.99a 1.16a 1.18a 0.30a 030a 27.33a 28.83a 17.48a 17.73a 1591a 16.13a
Ftest sksk sksk sksk sksk sksk sksk * * K3k * K3k sksk sksk sk
LSD at 5% 015 077 008 004 007 007 002 002 18 116 005 016 017 013
Sub main factor
Control 43.57c 44.62c 348c 3.55d 094b 096¢c 027b 0.27b 22.22c¢c 25.89b 15.62c¢ 15.88¢c 14.59¢ 14.78¢
FYM 4491b 4585b 3.62b 3.68c 1.04a 1.06b 029ab 0.29a 24.89b 27.78a 16.36b 16.61b 15.08b 15.31b
ChM 4537ab 4647a 3.69ab 3.75b 1.05a 1.07ab 0.28ab 0.28a 2522ab 27.56a 16.50ab 16.71ab 15.22ab 15.46ab
Compost 4575a 4687a 3.79a 3.86a 1.08a 1.10a 028a 028a 2589 28.44a 16.68a 1695a 15.33a 15.56a
FteSt sk sk sk sk % sk 3k * sk 3k sk ek ek ek
LSD at 5% 053 051 011 004 004 004 002 001 084 165 019 025 019 0.23
Interactions

Control 38.81 39.68 320 325 084 085 026 026 1933 2633 1433 1456 1349 13.66
FYM 3907 3987 324 329 086 0.88 027 027 21.00 2333 14.61 1483 13.65 13.89
ChM 3975 4065 332 338 087 089 026 026 2133 2433 1468 1487 1390 1415

Compost  39.96 40.83 343 349 090 092 026 026 22.00 27.67 1500 1527 14.04 1431

Control 4585 4694 359 366 098 100 027 027 23.00 2533 16.19 1649 1501 15.19

Bentonite FYM 4690 47.78 369 376 107 109 029 029 2567 29.67 1672 17.04 1554 15.75
ChM 4740 4880 375 382 1.08 110 029 029 2600 29.00 1697 17.18 1564 1587

Compost 47.84 49.08 385 392 111 114 029 029 27.00 28.00 17.05 17.30 15.80 16.00

Control  46.05 4724 366 373 101 103 028 028 2433 2600 1635 1659 1527 1547

Zeolite FYM 4875 4991 392 400 119 121 030 030 2800 3033 17.74 1797 1605 1630

ChM 4897 4996 400 4.07 121 123 030 030 2833 2933 1784 1807 16.14 1637

Compost 4945 50.70 409 417 122 124 030 030 28.67 29.67 1798 1828 16.16 1637
* % % % % *

F test * EX * * % * * *

LSD at 5% 091 088 018 008 007 007 003 001 145 284 033 043 033 040

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

Table 6. Effect of the soil amendments on the bulb quality traits of garlic at 175 days from sowing (harvest time)
during season of 2023/24 and 2024/25

Carbohydrates, TSS, Vitamin C, Dry matter, Pungency, purvate
Treatments % % mg 100g™! % content rmol.ml!
1% season 2"9Season 1%season 2"iSeason 1% season 2"'season 1%season 2"%season 1% season 2"season
Main factor

Control 24.80c 25.15b 2547¢ 25.82¢ 15.00c 15.25¢ 21.92b 22.40c 1141c 11.62¢

Bentonite 26.49b 26.86a  26.98b 27.37b 15.82b 16.11b 24.12a  24.71b 12.41b 12.63b

Zeolite 27.08a 2747a  27.62a 28.04a 16.15a 16.44a 24.71a 25.30a 1291a 13.11a
Ftest ks * Kk kek kek Kk * Kk kek kek
LSD at 5% 0.53 0.88 0.25 045 0.25 0.13 0.79 0.49 0.12 0.13

Sub main factor

Control 25.44c¢ 2582b  26.09¢ 26.47b 15.23b 15.48¢ 22.40b 22.93¢ 11.82¢ 12.03¢

FYM 26.10b 2643a  26.62b  27.0lab 15.66a 15.94b 23.71a  24.22b 12.25b 12.48b

ChM 26.44a 26.84a 269lab  27.30a 15.80a 16.09ab  24.03a 24.61a 12.34b 12.55b

Compost 26.51a 26.88a  27.13a 27.54a 15.93a 1622a  24.19a  24.79a 12.56a 12.75a
F test k3 * kk * * kk * kk kk kk
LSD at 5% 0.23 0.60 040 0.73 0.40 0.24 0.53 0.21 018 0.10

Interactions

Control 24.48 24.89 25.16 25.53 14.61 14.83 21.36 21.81 11.15 11.33

Control FYM 24.62 24.90 25.29 25.66 14.98 15.24 21.80 22.28 11.32 11.53
ChM 25.00 25.36 25.67 25.99 15.14 15.38 2222 22.74 11.47 11.69

Compost  25.09 2545 25.75 26.10 15.27 15.56 2229 22.78 11.71 11.93

Control 25.76 26.16 2647 26.82 1548 15.76 22.84 23.35 12.07 12.29

Bentonite FYM 26.44 26.77 26.83 2722 15.80 16.12 2436 24.86 1241 12.64
ChM 26.85 27.25 27.04 2745 15.90 16.19 2445 25.13 12.49 12.71

Compost  26.90 27.26 27.57 28.01 16.08 16.36 24.85 25.51 12.68 12.89

Control 26.08 26.42 26.65 27.04 15.60 15.84 23.01 23.63 12.25 12.48

Zeolite FYM 27.23 27.62 27.73 28.15 16.20 16.46 24.97 25.53 13.03 13.27
ChM 27.48 27.90 28.03 28.46 16.37 16.70 2541 25.96 13.05 13.26

Compost ~ 27.55 27.94 28.08 28.50 16.44 16.75 25.45 26.09 13.30 13.44
F test * % * % * k * skek * kok
LSD at 5% 040 103 069 1.26 0.69 041 092 036 0.32 0.17

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

Regarding quality parameters, soil amendments ascorbic acid synthesis, and sulfur-containing compound
significantly improved carbohydrate content, total soluble  formation, respectively. Zeolite-amended soils produced
solids (TSS), vitamin C, dry matter, and pungency (pyruvate  garlic with the highest quality attributes, likely due to
content). These improvements are closely linked to better  enhanced nutrient efficiency and reduced nutrient losses.
nutrient uptake, especially nitrogen, potassium, and sulfur, —Compost again showed superior performance among
which play essential roles in carbohydrate metabolism, organic sources, improving dry matter and bioactive
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compounds, which are key quality indicators for garlic
flavor, storage, and nutritional value. The obtained results
are in agreement with those of Subbaiah, (2019); Singh ef al.
(2020); Abdel-Motaleb et al (2025); Kukowska &
Szewczuk-Karpisz, (2025); Weijing et al. (2025).

CONCLUSION

The present study clearly demonstrates that the
application of soil amendments such as zeolite, bentonite, and
organic fertilizers significantly improved the physicochemical
properties of the medium-textured soils, including enhanced
water holding capacity, total porosity, reduced bulk density,
and improved nutrient retention. These improvements had a
direct positive impact on garlic plant growth, bulb
development, and quality traits during both growing seasons.
Among all treatments, zeolite combined with compost was the
most effective, resulting in the highest yield and quality
parameters. This indicates the strong synergistic effect
between mineral and organic amendments, which enhanced
nutrient availability, reduced nutrient losses through leaching
or volatilization, and improved soil moisture conservation.

Based on these findings, it is recommended to adopt
an integrated soil amendment strategy that combines natural
mineral conditioners like zeolite or bentonite with organic
matter sources. This approach not only boosts garlic
productivity and quality but also contributes to long-term
soil fertility and sustainability, especially in medium-
textured soils.
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