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ABSTRACT

Two successful field trials were conducted in the 2022/2023 and 2023/2024 growing seasons to examine the
effect of harvest dates (1% April, 15" April, 1% May) and the foliar application of potassium nitrate, calcium nitrate, and
magnesium sulfate at a rate of 0.20% (2 gL!) on plant growth, yield, quality, and nutrient contents of garlic plant
(cultivar Sids 40). The first harvest date, 1% April, scored the highest values of total yield at harvest time. The second
harvest date, 15" April, produced the highest values for total garlic yield after curing, bulb weight and the contents of
nitrogen, protein, potassium, and calcium in the garlic bulbs. However, the maximum sulfur content was achieved
under the third harvest date, 1¥ May.In addition, K nitrate foliar spray recorded the highest values of bulb diameter,
fresh and dry weight of plant, total yield at harvest and the cured yield, cured bulb weight and diameter, protein and
N, K contents in the bulb. Mg sulfate foliar spray produced the highest values of plant length, neck diameter, bulbing
ratio, and Mg content. While Ca nitrate foliar spray recorded the highest values of Ca bulb content.The highest total
yield at harvest and after curing, bulb weight, and diameter recorded were assigned for the first harvest date in
interaction with K nitrate foliar spray in both tested seasons. Furthermore, on the second harvest date, K nitrate foliar
spray highly enhanced significant differences in total yield after curing, garlic bulb quality, and bulb nutrient contents.
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INTRODUCTION

Garlic (Allium sativum L.) is considered one of the
main Allium vegetable crops after onion. Garlic is primarily
used for home consumption, like using it as a condiment in
cooking (Sung et al., 2014). Moreover, garlic has important
medicinal values and is used to treat various cardiovascular
diseases, stomach diseases, sore eyes, and earaches, as it
contains significant quantities of minerals, vitamins, and
allicin (Kamel and Saleh, 2000, and Elosta et al., 2017).
Garlic is a healthy food that may also possess antimicrobial
properties, it is an important export crop, and the price of
garlic has been rising all over the world during the new
coronavirus epidemic (COVID-19).

Harvesting time on garlic can significantly influence its
yield, quality, and storage potential. Garlic, being a sensitive
crop, requires precise timing for planting and harvest to
maximize benefits. Bayat et al. (2010) found that the
differences between harvest dates have little effect on the yield
and firmness of garlic cloves; for that reason, it is possible to
harvest the bulbs at the first stage, when the leaf tips turn yellow.
Bazon et al. (2020) reported that there were no differences
between three different harvest dates for garlic (5" of June, 21
of June, and 5" of July), and the bulbs had reached maturity at
the first harvest date. Also, evidence suggests that harvesting
garlic bulbs at the stage of 80% top fall ensures both good yield
and bulb quality (Desta et al., 2021).

A majority of the research on the nutrition of garlic
limits the recommendations concerning significant nutrients
such as NPK, but other nutrients such as calcium and
magnesium also play a vital role in the growth, development,
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and quality of plants. As well, which positive and strong
effects were observed on garlic yield attributes through these
nutrient applications (Chanchan et al., 2013).

Potassium plays an essential role in the energy
dynamics of plants, movement and storage of assimilates, and
the regulation of tissue water balance. It is also crucial for the
quality of crops, as well as necessary for the translocation of
sugars and carbohydrates formation (Marschner, 1995). The
enhancement of bulb characteristics depends on various
factor, one of which is K fertilization (Barakat et al., 2019).
The application of K leads to a considerable increase
throughout the growth period and yield of garlic plants
(Ahmed et al., 2010; Osman, 2015; Mounir et al.; 2020, and
Mansour et al., 2024).

To support the cell walls and membrane, the plants
need Ca nutrient. Ca is important to develop the calcium
pectate in the cell middle lamella, which regulates the entry of
nutrients that are only non-toxic to plants (McLaughlin and
Wimmer, 1999). High levels of Ca?*" can modify both
growing and Na” exclusion roots of plants exposed to NaCl
stress (Mahajan et al., 2008). Ca is a crucial nutrient that is
essential to the plant structure of parts such as roots, as well as
the quality of marketable yield and nutrient contents (Hamail
etal.,2018; Sajid et al.,2019; and Shaban et al., 2019). Giilser
et al. (2010) reported that fresh and dry leaf weight, fresh and
dry root weight, stem diameter, root length, and shoot length
of pepper seedlings were significantly enhanced by the Ca
(NOs), treatment. Likewise, Shaban et al. (2019) showed
increased plant height, number of leaves/plant, number of
cloves/bulb, bulb diameter (cm), yield, and bulb quality of
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garlic under applications of different Ca sources and rates.
Ibrahim et al. (2017) revealed that Ca (NOs), significantly
improved plant growth and tuber production of Jerusalem
artichoke. Abd-El-Hamied and Abd El-Hady (2018) added
enhanced and increased tomato growth, yield, and nutrient
uptake by calcium nitrate application. Ghoname et al. (2007)
were convinced that onion foliar spray by Ca (NO3), was very
useful in increasing the yield. The foliar spray of Ca has more
advantages in correcting deficiency disorders of Ca (Hosein-
Beigi et al., 2019; and Correia et al., 2020).

Magnesium sulfate is pivotal in affecting the growth,
yield, and quality of garlic. The sufficient quantity delivered
via foliar application is significant an important role in the
plants physiological and biochemical processes (Adnan et al.,
2020, and Adnan et al., 2021). Mg is a component of the
chlorophyll molecule; research shows that 15-30% of plants
total Mg content is linked to the chlorophyll molecule. Since
photosynthesis is directly related to Mg deficiency, it will
have a significant impact on plant growth and development
(Marschner, 1995). Conferring to several researchers,
applying Mg spray to plants enhanced their growth, promoted
the formation of dry matter, and raised their yield, quality, and
chemical composition (Osman and El-Sawah, 2009, on
tomato; and El-Morsy, et al., 2011, on garlic ). In addition, Al-
Barzinji and Naif (2014) confirmed that spraying garlic plants
with MgSO4 twice increased yield and its quality.

The aim of this work was to elucidate the impact of
harvest dates and the effects of foliar spray of potassium
nitrate, calcium nitrate and magnesium sulfate in enhance the
growth, yield, quality, and nutrient contents of garlic plant
cultivar Sids 40.

MATERIALS AND METHODS

Field Experiment and Treatments

The current trial was carried out during two
successive seasons of 2022/2023 and 2023/2024 at Kaha
Vegetable Research Farm, Kaliobia Governorate, affiliated to
Horticulture Research Institute, ARC, Egypt, located at
latitudes 30° 17’ 22.5" N and longitude 31° 11’ 53.8" E. This
trial was concerned with the influence of harvest dates (1%
April, 15" April, 1% May), as well as, foliar application with
potassium nitrate (K NO3), calcium nitrate (Ca (NO3),), and
magnesium sulfate (MgSOy) at a rate of 0.20% (2 gL™), and
their interaction on growth, yield, bulb quality, main
components, and nutrient contents of garlic (Allium sativum
L.) using cultivar Sids 40.

Initially, the garlic cloves were soaked in tap water for
a full 24 hours before planting, and were later cultivated on
both sides of the row, with a spacing of 10 cm between each
clove. The experimental plot area was 10.5 m? consisting of 3
rows of 5 m length and 0.70 m width each. The planting date
was on the 19" and 24% of September in the first and second
seasons. Furrow irrigation was followed. The experimental
design was a split-plot in 3 replicates that was adopted. The
main plots are three treatments, i.e., harvest date 1% (15 April),
harvest date 2™ (15" April), and harvest date 3 (1% May). The
sub-plots were foliar application treatments, i.e., control
(water), potassium nitrate, calcium nitrate, and magnesium
sulfate at a rate of 0.20% (2 gL"). Garlic plants were sprayed
3 times through the growing seasons. The 1% foliar application
was sprayed 60 days after planting and on 21 days intervals
between the first, second and third foliar applications. In

adding, K NOs has (solubility is 45%, 13.8% N, 46% KO,
and purity 96%), Ca (NO3); has (solubility is 120%, 15.55%
N, 19% Ca, and purity 97%), and MgSOs has (solubility is
113%, 9.8% Mg, 13.1% S, and purity 95%).

Followed to the recommendations of the Egyptian
Ministry of Agriculture for diseases and pest control programs.
Calcium super-phosphate (15% P,Os) at 714 kg/ha. was added
at the experiment preparation. Ammonium sulfate (20.5% N)
at 595 kg/ha. and potassium sulfate (48% K»SOy) at 357 kg/ha.
were applied at three doses; the first one was added after four
weeks from planting, while the second and third editions were
carried out at one-month intervals. NPK fertilizer requirements
were implemented, taking into account the soil's available NPK
content, which was determined by subtracting the amount of
mineral fertilizers recommended from the amount of available
nutrients in the soil.

Soil analyses

Before planting, samples of the experiment plots
topsoil (0-30 cm) were collected. The soil samples were
sieved through a 2 mm sieve after being lightly crashed and
allowed to air dry. Then, using the techniques outlined by Soil
Survey Staff (2014), laboratory analyses were conducted to
identify the primary physicochemical properties of the soil,
including the particle size distribution, pH, OM contents,
CaCOs, EC, and soluble ions in the soil past extract (Ca®',
Mg?", Na" and K', CI, HCOs, and COs*). The flame
photometer measured the available K, and the Kjeldahl
method was used to determine the available N (Page et al.,
1982). Using a spectrophotometer, available P was extracted
by Olsen et al. (1954) methodology.

Water analysis

A sample from the source of irrigation water was
analyzed to determine its chemical characteristics (pH, EC,
cations, anions, and SAR) according to USDA methodology
(USDA, 2004).

Plant vegetative characters

After duration of 150 days since planting, three
randomly selected plants were collected from each
experimental plot. Length of plant (cm), number of leaves per
plant, neck diameter (cm), bulb diameter (cm), bulbing ratio,
fresh weight (g), and dried weight (g) were the vegetative test
characteristics.

Total yield and its components

Total yield was determined for each experimental plot
at harvest for every harvest date. After curing the harvested
plants were reserved in a shaded place for 30 days, plants of
each experimental plot were weighted, and the total cured
yield was calculated. Five bulbs were selected at random from
each plot to calculate the average bulb weight (gm), bulb
diameter (cm), and bulb dry matter (%). Weight loss after
curing was estimated as the following formula:

Weight loss after curing (%) =
(Total yield at harvest time — Cured yield) x 100

[ Total yield at harvest time ]
Nutrient contents in garlic bulb

Five cured bulbs were randomly taken from each plot,
oven-dried at 70C” till constant weight, and then ground to
passa 1 mm sieve. 0.2 g of the dry samples was digested using
an H,SO4 and HCLO4 mixture, following A.O.A.C. (2016).
In the digested product, N was determined using a micro-
Kjeldahl apparatus, P by spectrophotometer, as well as K
using a flame photometer (Page et al., 1982). Proteins were
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calculated as N content multiplied by 6.25. Ca and Mg were
determined by Inductively-Coupled Plasma (ICP) according
to A.O.A.C. (2016). On the other hand, after digesting bulb
tissue in an HNO;3;-HClO4 mixture, S in garlic was determined
by spectrophotometer (Bianchor et al., 1965).
Statistical analysis

According to Di Rienzo er al. (2012), InfoStat
modeling software (V. 2014) was used for the statistical
analyses of the current study. The results of the various
experimental treatments were compared via Duncan's
Multiple Comparisons Test to determine their respective
means. Additionally, the Duncan multiple range tests at the
5% level indicate that values within the column or rows
followed by the same capital or small letter(s) do not
substantially differ from one another.

RESULTS AND DISCUSSION

The field experiment
Soil analysis:

The physicochemical characteristics of the soil
selected for the field experiment are exhibited in Table 1. The

data revealed that the soil was of clay texture, where the clay
amounted to 64.27%, and therefore, it had a massive structure.

The soil was non-saline and non-alkaline, having 2.15
dSm!, pH 7.91, and SAR of 4.57.

It was slightly calcareous soil containing about 5.18%
of total calcium carbonate and was fertility characterized by a
low OM content of about 1.15%, while the available
macronutrient status, namely N and P, was medium at 42.36
and 6.40 mg kg'!, respectively, and K was high at almost
41844 mg kg,

Irrigation water analysis:

Furrow irrigation was employed to irrigate the current
field experiment. Table 1 contains the analytical data of the
irrigation water.

The water was slightly saline (1.16 dSm™) and non-
alkaline (SAR of 2.93); therefore, it was suitable for irrigation
with percussions where FAO (1985) stated that the water of
EC values between 0.75 and 3.00 dSm™ has an increasing
problem for irrigation.

Table 1. Physicochemical soil properties and chemical analyses for irrigation water.

Physiochemical properties of the soil

Particle Size Distribution (%) Chemical properties Available macronutrients (mg kg™
Sand Silt Clay Texture (Class) pH (1:2.5) OM (gkg!)  Total CaCOs (g kg™!) N P K
10.50 2523 6427 Clay 791 11.50 51.77 42.36 6.40 418.44
Soluble cations and anions (mmolc L)
ECe (dSm™) Ca? Mg Na* K* CI HCOs COs* SO SAR
2.15 6.86 3.77 10.53 0.64 10.04 1.13 - 10.63 4.57
Chemical analyses of irrigation water
Soluble cations and anions (mmolc L)
pH ECe (dSm™) Ca** Mg Na* K Cl HCOy COs> SO SAR
720 116 342 2.89 5.21 0.17 6.23 0.65 - 4.81 2.93
Vegetative characters Bulb diameter:

Plant length:

It is obvious from Table 2 that there were significant
differences among foliar application treatments compared
with control. The highest garlic plant length was produced by
Mg sulfate at 0.20% treatment, while the lowest was recorded
for the control treatment in both seasons (Table 2). Similar
results with Mg sulfate were reported by El-Morsy et al.
(2011), Osman (2015), Mounir et al. (2020), and Mansour et
al. (2024) on garlic plants.

Leaf number per plant:

Data presented in Table 2 show that spraying garlic
plants with Ca nitrate at 0.20% produced the highest
significant values of leaf number/plant compared with control
in the first season.

On the contrary, there were no significant differences
between foliar application treatments in leaf number per plant
in the second season. Such results are in agreement with those
of Shaban et al. (2019) upon calcium.

Neck diameter:

As shown in Table 2, foliar spraying of Mg sulfate
recorded the highest neck diameter in the first season with
significant differences compared with control, while K nitrate
and Ca nitrate recorded the highest neck diameter in the
second season with significant differences compared with
control.

The current results are in agreement with those of
Osman (2015), who reported that potassium increased the
neck diameter of garlic.

The foliar application of K nitrate recorded the highest
values of bulb diameter in both seasons, with a significant
difference compared to the control. While the control recorded
the lowest values of bulb diameter in both growing seasons.
These findings concur with those of Osman (2015) and Mounir
et al. (2020) upon treatment with K on garlic plants.

Table 2. Plant length, leaf number, neck, and bulb
diameter of garlic plant under the effect of foliar
application with some nutrients in 2022/2023
(S1) and 2023/2024 (S2) seasons.

Plant Leaf Neck Bulb
length number  diameter  diameter
Treatments (cm) (per plant) (cm) (cm)
S1 S2 S1 82 St S2 S1 S2
Control 7256d70.17¢ 9.72b 9332 124b 122b4.77¢ 3.65¢

K nitrate 78.67b89.00b 9.89b 9.67al41ab1.62a593a4.82a
Canitrate  76.28 ¢89.83ab10.55a9.17a 1.29b 1.62a539b4.55b
Mgsulfate 81.83a91.17a 9.83b 9.83a 1.50a 1.53a4.68c 4.52b
Bulbing ratio:

Data presented in Figure (1) show that there were no
significant differences between different foliar application
treatments in the bulbing ratio of the garlic plant, except foliar
spraying of Mg sulfate recorded the highest bulbing ratio in
the first season with significant differences compared with all
other foliar treatments in the first season only. Similar results
were obtained by Osman (2015) and Mounir et al. (2020).
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Figure 1. Bulbing ratio of garlic plant under the effect of
foliar application with some nutrients in
2022/2023 (S1) and 2023/2024 (S2) seasons.

The fresh and dry weight of garlic plant:

Data in Table 3 clearly show that different foliar
spraying treatments increased the fresh and dry weight of the
garlic plant compared with the control. This increase reached
its maximum values with K nitrate compared with the control
in both seasons. These findings are consistent with those of
Osman (2015) and Mounir et al. (2020) upon potassium
application and Shaban et al. (2019) upon calcium and El-
Morsy et al. (2011), who observed an increase in dry weight
of the plant when foliar application with magnesium.

These notable results of the increment in vegetative
growth (plant length, leaf number per plant, neck diameter, bulb
diameter, bulbing ratio, plant fresh weight, and dry weight)
could be associated with the promoting role of K on characters
of vegetative growth, which might be linked to its physiological
role in the exchange of gas and controlling water,
photosynthesis, the transport of carbohydrates, the synthesis of
proteins, the functioning of various enzymes, and metabolism
of plants, which collectively impact the plant (Bednarz and
Oosterhuis, 1999). In this respect, Ahmed et al. (2010) and
Osman (2015) informed that K application significantly affects
the vegetative growth of garlic plants. Likewise, Ca plays a
crucial part in the composition of cell membranes and walls,
plant growth and development, as well as quality and nutrient
contents (Kadir, 2004; Hamail ef al., 2018; and Shaban et al.,
2019). Regarding the effect of foliar applied Mg, it plays an
important function in the physiological and biochemical cycles
of plants (Adnan et al., 2020). As an illustration, protein
synthesis, metabolism of starches, energy transfer, and
oxidation and reduction reactions (Thalooth et al., 1990).
Furthermore, Mg affects physical functions, such as
carbohydrate synthesis and activating many enzymes, which in
turn impact plant growth (Marschner, 1995). The acquired
outcomes aligned with those of Osman and El-Sawah (2009)
on tomato, and EI-Morsy et al. (2011) on garlic.

Table 3. Fresh weight (F.W.) and dry weight (D.W.) of
garlic plant under the effect of foliar
application with some nutrients in 2022/2023
(S1) and 2023/2024 (S2) seasons.

Plant F.W. (g) Plant D.W. (g)
Treatments S1 S1 S1 S2
Control 108.55 ¢ 112.00 ¢ 2526¢ 21.29¢
K nitrate 148.15a 140.50 a 39.50a 2791 a
Ca nitrate 131.13b  125.67b 3234b 2437b
Mg sulfate 123.08b  138.67a 26.00 ¢ 27.55a

Total yield and its components

The total yield at harvest and after curing:

Data presented in Table 4 obviously show that garlic
yield at harvest is significantly affected by different harvest
dates. In this regard, the highest total yield of garlic at harvest
was obtained with the first harvest date, followed by the
second harvest date in the two seasons. Also, the highest total
yield of garlic after curing was obtained with the second
harvest date, followed by the first harvest date in the two
seasons. The results are in agreement with those of Bayat et
al. (2010), Bazon ef al. (2020), and Desta et al. (2021).
Foliar spray treatments resulted in significant increases in
total yield at harvest (Table 4). K nitrate and Ca nitrate
resulted in the highest total yield in both seasons. Moreover,
K followed by Ca nitrate and Mg sulfate resulted in higher
cured yield than control in both seasons.

Regarding the interaction between harvest dates and
foliar spraying treatments, results in Table 4 reveal that the
first harvest date with K nitrate and/or Ca nitrate foliar spray
produced the highest yield in two seasons. Also, the first
harvest date with K nitrate foliar spray and the second harvest
date combined with Ca nitrate and K nitrate produced the
highest yield after curing in both seasons.

K is a function in moving the carbohydrates
synthesized from the foliage of plants to the bulb, which
influences yield quality and may be the reason for its effect on
raising yield and its components. These findings are
consistent with those published by El Sayed and ElI-Morsy
(2012) and Shafeek et al. (2016) who showed that K fertilizers
affect and increase garlic bulb size. Correspondingly, these
results agree with Ahmed et al. (2010), Osman (2015), and
Mounir et al. (2020); they discovered that applying K
fertilizer greatly raised both the total yield and its constituent
parts. K is role in photosynthesis, controlling stomata's
opening and closing, transporting carbohydrates produced in
leaves to storage organs, and reducing dark respiration may
also have an impact on total yield and its constituent parts.
These factors may contribute to the bulb's increased storage
of carbohydrates (Patil, 2011).

Also, the obtained results of calcium foliar application
are in agreement with those obtained by Ghoname ef al.
(2007) on onion, Ibrahim et al. (2017) on Jerusalem artichoke,
Abd-El-Hamied and Abd El-Hady (2018) on tomato, Shaban
et al. (2019) on garlic, and Ismail ef al. (2022) on artichoke.

The beneficial impact of magnesium concentrations
on enhancing overall yield and its components can be linked
to magnesium's crucial role in boosting plant metabolic
activity (Marschner, 1995). These conclusions are in harmony
with that of Osman and El-Sawah (2009) on tomato; they
found that yield and dry matter marketable the yield was
enhanced as the concentration of magnesium increased.
Weight loss after curing:

Regarding weight loss after curing, the second harvest
date recorded the lowest values of weight loss after curing in
both seasons (Table 4). While the first harvest date recorded
the highest weight loss in both seasons.

Mg sulfate foliar spray exhibited the least weight loss
in the two seasons. However, K nitrate and the control
recorded the highest weight loss in the 1% and 2™ seasons.

Concerning the interaction between harvest dates and
foliar spraying treatments effect on weight loss, the lowest
significant weight loss was recorded in the second harvest
date with Ca nitrate and Mg sulfate foliar spray in the first and
second seasons, respectively.

302



J. of Plant Production, Mansoura Univ., Vol. 16 (6), June, 2025

Table 4. Total yield at harvest, total yield after curing, and weight loss after curing of garlic plant under the effect of
harvest dates, foliar application with some nutrients, and their interaction in 2022/2023 (S1) and 2023/2024

(S2) seasons.

Total yield at harvest (ton/hectare) Total yield after curing (ton/hectare)

‘Weight loss after curing (%)

Treatments

S1 S2 S1 S2 S1 S2
Harvest 1 19.66 a 19.06 a 13.54b 12.69b 30.75a 3329a
Harvest 2 16.76 b 15.66 b 1430a 13.28a 14.66 ¢ 1522¢
Harvest 3 1321 ¢ 14.16 ¢ 10.76 ¢ 11.66 ¢ 18.57b 17.55b
Control 15.07d 15.04d 11.92¢ 11.52¢ 20.55b 23.17a
K nitrate 1761 a 1842 a 1330 a 1423 a 2332a 21.32 ab
Ca nitrate 1721b 16.11b 13.09b 12.14b 22.60a 22.88a
Mg sulfate 16.26 ¢ 1559 ¢ 13.14b 12.28b 18.83 ¢ 20.71b
Control 17.26d 15.64d 1240 f 10.83 ef 28.07 ¢ 30.74b
Harvest 1 KniFrate 2225a 2287a 1495a 15.14a 32.82b 33.82 ab
Ca nitrate 20.99b 20.73b 13.26 ¢ 1340b 36.86a 3530a
Mg sulfate 18.11¢ 17.02¢ 13.54d 11.35d 2525d 33.30 ab
Control 1590 ¢ 15.83d 13.49d 1257 ¢ 15.1 hi 20.58 ¢
Harvest 2 K nitrate 17.11d 1697 ¢ 1428 ¢ 1485a 16.62 gh 1243 ¢
Ca nitrate 17.04d 1490 ¢ 1492 a 1250 ¢ 1243 16.10d
Mg sulfate 1692 d 1490 ¢ 1447b 13.14b 14491 11.77 ¢
Control 12.04 ¢ 13.66 f 9.83; 11.19de 18.47 fg 18.19 cd
Harvest 3 K niFrate 1349 f 15.40 de 10.711 12.66 ¢ 20.52¢ 17.69 cd
Ca nitrate 13.59 f 1269¢ 11.07h 10.50 f 1853 f 17.25d
Mg sulfate 13.73 f 1488 ¢ 1142 ¢ 1233 ¢ 16.77 £h 17.05d
Garlic bulb quality Bulb diameter:
Bulb weight: As illustrated in the table 5, there were no significant

The data displayed in Table 5 indicates that the second
harvest date increased the bulb weight, followed by the first
harvest date in both seasons. Additionally, different foliar
spraying treatments increased the bulb weight compared with
the control. This increase reached its maximum values with K
nitrate in the first and second seasons. Concerning the
interaction between harvest dates and foliar spraying
treatments, results in Table 5 indicate that the first harvest date
or the second harvest date with K nitrate foliar spray enhanced
significant differences in garlic bulb weight in both seasons .

differences between harvest dates in the bulb diameter of
garlic bulbs. Data presented in Table 5 show that different
foliar spraying treatments increased the bulb diameter
compared with the control in both seasons. This increase
reached its greatest values with K nitrate treatment (Table 5).
Concerning the interaction, all harvest dates with K nitrate or
Ca nitrate foliar spraying gave high values of bulb diameter
with or without significant differences compared with control
in the first and second seasons.

Table 5. Bulb weight, bulb diameter, and bulb dry matter after curing of garlic plant under the effect of harvest dates,
foliar application with some nutrients, and their interaction in 2022/2023 (S1) and 2023/2024 (S2) seasons.

Bulb weight(g) Bulb diameter(cm) Bulb dry matter(%)
Treatments S ) $2 S $2
Harvest 1 5476 a 52.89a 553a 552a 4153 a 40.86 ab
Harvest 2 5524a 5372a 555a 554a 4144 a 41.00 a
Harvest 3 52.86b 51.33b 5.54a 548 a 41.58 a 40.14b
Control 51.25¢ 4947 ¢ 529¢ 5.03¢ 4031d 3990b
K nitrate 56.39a 56.02a 577a 587a 41.13 ¢ 4125a
Ca nitrate 54.61b 52.33b 5.68a 5.59b 4272a 40.80 ab
Mg sulfate 5491b 52.77b 543b 5.56b 4190b 40.71 ab
Control 51.07 ef 4843 fg 5.30de 480¢ 39.70 g 39.70c
Harvest 1 K niFrate 59.22a 5728 a 590a 590a 40.52 4143 ab
Ca nitrate 54.88 be 5433 be 5.70 ab 583a 4394 a 40.80 a:c
Mg sulfate 53.89 cd 51.50 de 5.23 de 5.53 be 4197bd 41.53 ab
Control 52.67 de 5193 de 540 cd 520d 40.68 ef 40.63 a:c
Harvest 2 K ni'trate 56.90b 55.94 ab 5.67b 583a 41.56 cd 4222a
Ca nitrate 54.83 b:d 52.39cd 5.73 ab 5.53bc 42.18 bc 41.04 a:c
Mg sulfate 56.57b 54.62 b 540 cd 5.60 b 4133 de 40.10 be
Control 50.00 £ 48.03 g 517e 5.10d 40.56 ef 3937c¢
Harvest 3 K ni.trate 53.05ce 54.83b 5.73 ab 587a 4131 d:f 40.11 be
Ca nitrate 54.13 cd 50.27 ef 5.60 be 540c¢ 42.05b:d 40.56 a:c
Mg sulfate 54.27 cd 52.20d 5.67b 5.53 bc 42.39b 40.50 be
Bulb dry matter: maximum values with Ca nitrate and K nitrate compared with

The first harvest date gave higher dry matter in the
second season (Table 5). However, no significant differences
between all harvest dates in the bulb dry matter were recorded
in the first season.

Foliar spray treatments increased the bulb dry matter
comparing with the control (Table 5). This increase reached its

the bulb dry matter of the control in the 1% and 2" seasons.
Concerning the interaction, all harvest dates with
foliar spraying treatments gave high values of bulb dry matter
with or without significant differences compared with control
in the both seasons. In this regard the first harvest date with
Ca nitrate foliar spray and the second harvest date with foliar
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spraying garlic plants with K nitrate gave high values of bulb
dry matter in the first and second seasons. Similar detecting
were reported by El Sayed and El-Morsy (2012) and Shafeek
et al. (2016) who indicated that K fertilizers enhance garlic
bulbs size. Moreover, these results agree with Ahmed ef al.
(2010), and Osman (2015) they institute that the application
of K fertilizer increased total yield and its components.
Concerning the advantageous effect of Mg as a foliar
fertilizer on the yield and its components the obtained results
are in harmony with that of Osman and El-Sawah (2009) on
tomato; confirmed that the yield, dray matter marketable yield
increased with Mg application.
Bulb nutrient contents
Nitrogen and protein contents:
Table 6 and Figures 2, 3, and 4 show that the first
harvest date in the last growing season and the second harvest

date in 1% and 2™ tested seasons obtained the highest nitrogen
and protein percentages in garlic bulb compared to the third
harvest date. The bulb N and protein concentrations in the K
nitrate treatment were (1.96 and 2.01%) and (12.22 and
12.59%) in the two seasons, respectively, and were among the
highest during all treatments.

Furthermore, optimum interactions were reached by
the second harvest date and applying K nitrate in both tested
seasons.

In this regard, potassium nitrate is an important source
of potassium and nitrogen for plant growth; it improves the
absorption of nutrients and, when used as foliar applications,
has raised the amount of nitrogen in garlic bulbs. This is
important for bulb growth since nitrogen is an essential part
of proteins and amino acids (Jabeen and Ahmad, 2011).

Table 6. NPK contents of garlic bulb under the effect of harvest dates, foliar application with some nutrients, and their

interaction in 2022/2023 (S1) and 2023/2024 (S2) seasons.
Ni

o P(%) K(%)
Treatments ST ) ) ST
Harvest 1 1.83b 1.87a 0.283a 0279b 1.68a 1.71a
Harvest 2 1.86a 1.88a 0.285a 0285a 1.70 a 1.72a
Harvest 3 1.80 ¢ 1.82b 0.278b 0284 a 1.65b 1.67b
Control 1.69d 1.75d 0276 b 0274 ¢ 1.55¢ 1.57d
K nitrate 1.96a 201 a 0.285a 0.287a 1.84a 1.86a
Ca nitrate 192b 1.87b 0284 a 0.288a 1.68b 1.69b
Mg sulfate 1.75¢ 1.79¢ 0.283a 0.283b 1.65b 1.66 ¢
Control 1.72¢ 1.82ef 0277 ¢ 0272 ¢g 155f 157¢g
Harvest 1 K nitrate 1.93 be 1.96b 0.281 b:e 0.284 cd 185a 1.89a
Ca nitrate 1.90 be 1.87 cd 0.288a 0.280 d:f 1.64ce 1.74¢
Mg sulfate 1.77d 1.84 de 0.285 a:c 0.278 ef 1.68 be 1.63 ef
Control 1.71e 1.75¢g 0.281 b:e 0.276 fg 1.61d:f 1.59 fg
Harvest 2 Knip‘ate 2.04a 2.10a 0.290 a 0.289 a:c 1.82a 191a
Ca nitrate 1.95b 1.89¢ 0.286 ab 0.291 ab 1.72b 1.71 cd
Mg sulfate 1.74 de 1.79 fg 0.285 a:d 0.286 bc 1.66 b:d 1.66 de
Control 1.64f 1.68 h 0270 f 0273 ¢g 149¢g 1.55¢g
Harvest 3 K nitrate 190c¢c 198b 0.285 a:c 0.287 a:c 1.84a 1.80b
Ca nitrate 1.91 be 1.86 ce 0.279 de 0292a 1.67 b:d 1.64 ef
Mg sulfate 1.73 de 1.75¢ 0279 ce 0.283 c:e 1.59 ef 1.68 de
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Figure 2. Protein content of garlic bulb for three harvest
dates in 2022/2023 (S1) and 2023/2024 (S2)
seasons.
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Figure 3. Protein content of garlic bulb under the effect of
foliar application with some nutrients in
2022/2023 (S1) and 2023/2024 (S2) seasons.
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Figure 4. Protein content of garlic bulb under the effect of harvest dates, foliar application with some nutrients, and
their interaction in 2022/2023 (S1) and 2023/2024 (S2) seasons
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Phosphorus content:

The acquired data revealed that there were non-
significant differences in P content between the three harvest
dates (the first season for the first harvest date, the two seasons
for the second harvest date, and the second season for the third
harvest date), Table 6. As well, non-significant differences
were found between K nitrate and Ca nitrate treatments in
both tested seasons, and Mg sulfate in the first season.
Moreover, the best interaction was achieved by several
treatments that have insignificant differences between them.
Adding, foliar application of Ca nitrate improved the P
content in tomato plants as reported by Abd-El-Hamied and
Abd El-Hady (2018) and Peyvast ef al. (2018). Likewise,
foliar application of K nitrate improved the P content in
sorghum plants (Avila et al., 2020).

Potassium content:

Data in Table 6 shows that the first and/or the second
harvest date achieved the highest potassium level in both growing
seasons. K nitrate treatment resulted in the highest value of K
percentage in garlic bulbs in 1% and 2" tested seasons; similar
results were recorded by Avila et al. (2020), confirming that foliar
application of potassium nitrate was associated with increased K
content by pre-flowering sorghum plants. Also, K application on
garlic increased potassium content (Wang et al., 2022).
Additionally, in the first and the second harvest date, applying K
nitrate led to the highest interaction for potassium levels in both
tested seasons, with insignificant differences for the third harvest
date in the first season.

Calcium content:

Concerning the main effect of harvest dates, the
maximum Ca content of garlic bulbs was recorded in the
second harvest date in two seasons, without significant
differences for the third harvest date in the first season (Table
7). Moreover, the addition of Ca nitrate showed an obvious
increase in Ca content compared to the other treatments. In
the interactions when comparing the three harvest dates

besides the nutrient spray, the results showed that in the first
and second harvest dates and applying Ca nitrate, the highest
value was recorded for Ca content in the first tested season,
without significant differences for the third harvest date in the
second season. The obtained positive results can be related to
Ca concentration in the spray solution. As well, Tejashvini
and Thippeshappa (2019) confirmed that using foliar spray
with different sources and levels of calcium (among them
CaNOs) was associated with increased Ca content in tomato.
Magnesium content: As revealed in Table 7, the results
confirmed that there were no significant differences in Mg
content for all harvest dates. On the other hand, foliar application
of Mg sulfate in both tested seasons improved the Mg content in
the bulb, compared to other treatments. Comparably, observation
reported by Al-Barzinji and Naif (2014) declared that the
application of Mg sulfate as a foliar spray caused greater contents
of Mg in garlic leaves. The highest Mg value recorded was
assigned for administering the first and third harvest dates in both
tested seasons and/or the second harvest date in season one in
interaction with Mg sulfate.

Sulfur content: The minimum S content in bulb was found
under the first harvest date and the maximum was achieved
under the third harvest date in two growing seasons (Table 7).
Similarly, in their study on garlic cloves that were harvested
at 2 stages, Singh et al. (1995) stated that sulfur content
increased by the last harvest. In general, Bazon et al. (2020)
confirmed that compared to the first harvest date, the last and
second harvest dates had a noticeably greater concentration of
the two minor volatiles, allyl mercaptane and thieno[2,3-
bJthiophene. The variance analysis revealed a significant
increase in S content in bulbs under Mg sulfate foliar spray.
Bouranis and Chorianopoulou (2023) confirmed that foliar
spraying with sulfates in their various forms increases the
sulfur content in the plant. The interaction between the third
harvest date and Mg sulfate showed the most significant
differences in S content compared to the other treatments.

Table 7. Ca, Mg, and S contents of garlic bulb under the effect of harvest dates, foliar application with some nutrients,
and their interaction in 2022/2023 (S1) and 2023/2024 (S2) seasons.

Ca (%) Mg (%) S (%)
Treatments s1 52 s1 52 s1 52
Harvest 1 0.164b 0.162 ¢ 0.076 a 0.079 ab 0.581 ¢ 0.569 ¢
Harvest 2 0.167a 0.170a 0.075a 0.077b 0.613b 0.614b
Harvest 3 0.167 ab 0.165b 0.076 a 0.082 a 0.630a 0.623 a
Control 0.151d 0.146d 0.058d 0.060d 0.530d 0.528d
K nitrate 0.162b 0.164 b 0.072¢ 0.075¢ 0.580 ¢ 0.593 ¢
Ca nitrate 0.192a 0.198 a 0.077b 0.087b 0.621b 0.607 b
Mg sulfate 0.158 ¢ 0.154 ¢ 0.097 a 0.101a 0.701 a 0.681 a
Control 0.148 g 0.142h 0.058 fg 0.063 ¢ 0.489j 0.505 i
Harvest 1 K nitrate 0.161d 0.156 f 0.071 de 0.069d 0.5461 0.535h
Ca nitrate 0.193 a 0.197b 0.078 be 0.081 ¢ 0.612 ef 0.595
Mg sulfate 0.155ef 0.151g 0.097 a 0.102a 0.676 ¢ 0.642 ¢
Control 0.154 ef 0.158 ef 0.054 ¢ 0.060 ef 0.5381 0.533h
Harvest 2 K nitrate 0.159 de 0.166d 0.068 ¢ 0.074d 0589 g 0.615¢
Ca nitrate 0.197a 0.195b 0.080b 0.078 ¢ 0.620 ¢ 0.622 de
Mg sulfate 0.158 de 0.162 de 0.098 a 0.096 b 0.705b 0.686 b
Control 0.152 fg 0.139h 0.061 £ 0.057f 0.562 h 0545¢
Harvest 3 K nitrate 0.167 ¢ 0171 ¢ 0.076 b:d 0.081 ¢ 0.605 £ 0.628 d
Ca nitrate 0.187b 0.202a 0.072 ce 0.083 ¢ 0.631d 0.605 f
Mg sulfate 0.161d 0.148 g 0.095 a 0.105a 0.723 a 0.714a
CONCLUSION date at 15™ April with the application of K nitrate spray at

This research indicates that it is achievable to harvest
garlic in the first harvest date at 1% April or the second harvest

0.20% (2 gL to vegetative growth, increasing total yield,
bulb quality, and nutrient contents of garlic (cultivar Sids 40).
Also, foliar spraying with Ca nitrate at 0.20% (2 gL™') can be

305



Osman, Y. M. M. et al.,

applied, as it showed a significant positive relationship for
many of the studied traits, with the recommendation of
examine higher concentrations in subsequent studies.
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