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Abstract: Garlic cloves of Balady cultivar were sown at Fac. Tech. Develop.
Farm, Zagazig Univ., Egypt during the two winter seasons of 2021/ 2022 and
2022/ 2023. This experiment was done to enhance garlic growth and its
productivity as well as N, P and K percentages by utilizing different
potassium silicate rates (2 and 4 ml/l) in combination with ascorbic acid at
different concentrations (150 and 300 ppm) beside a control (sprayed with tap
water) to obtain nine treatments. The achieved results cleared that spraying
garlic plants three times per season with potassium silicate at 4 mil/l + 300
ppm of ascorbic acid gave the highest values of plant height (65.00 and 65.67
cm), number of leaves per plant (8.33 and 8.67 leaves), plant fresh weight
(403.33 and 424.67 g) and leaves dry weight per plant (19.33 and 22.00 g) in
the 1 and 2" seasons, respectively. Likewise, the largest bulb diameter and
more cloves number as well as NPK percentages were noticed with 300 ppm
ascorbic acid combined with 4 ml/l potassium silicate compared to the other
treatments under study. In general, the highest bulb yield per feddan (9.680
and 10.192 ton) was obtained with the highest rate of potassium silicate and
highest concentration of ascorbic acid compared to individual or and mixture
effect under study.
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1. Introduction

Garlic (Allium sativum L.), a member of the Alliaceae family, is
one of the oldest vegetable crops currently grown worldwide. Garlic
cloves, which contain allicin in the form of di allyle di sulfide, are used
as a spice or condiment and for a number of therapeutic purposes. It is
now essential to increase garlic output in order to meet the
continuously increasing demand for both domestic and export use. (El-
Hifny, 2010). Garlic is a bulb composed of several cloves that has a
high nutritional value (62.8% moisture, 13g™* vitamin C, 6.3% proteins,
0.0031% iron, 0.03% calcium, 29% carbohydrates and 0.31%
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phosphorus) in addition to its medicinal and therapeutic uses (Magray et al., 2017). The total sole
garlic cultivated area in 2022/ 2023 in Egypt was 72,000 feddan (15.903 fed. in new reclaimed land
and 38.018 fed. in ancient agricultural land) which produced 563.887 tons (168,356 tons from new
reclaimed land and 405,531 tons from ancient agricultural land) with average 10.408 ton/fed. (10.667
tons / feddan in new reclaimed land and 9.958 tons/ feddan in ancient agricultural land) as reported by
Statistics of the Ministry of Agriculture (2022).

As an antioxidant, ascorbic acid reduces the inhibitory effects of salt stress and has a
stimulatory effect on some development indices (Amer et al., 2018). When ascorbic acid was applied,
garlic bulbs lost the least amount of weight (Shalaby and El-Ramady, 2014). In the both seasons,
respectively, the combination between the rate of 3% of yeast extract and garlic plants sprayed with
200 ppm ascorbic acid increased overall yield by approximately 148.9 and 151.3 percent compared to
the control treatment (Ali, 2017).

As an exchangeable ion in the soil, potassium can be actively absorbed by plants through their
leaves. This crucial component for all soil types has most recently been created by the weathering of
parent materials in the soil, such as potassium-aluminum silicates (Wiedenhoeft, 2006). According to
Hafsi et al. (2014), potassium affects the rates and activity of the enzymes that make carbohydrates.
Moreover, in comparison to the control, Abdel-Latif et al. (2019) found that foliar application of
potassium silicate at 4000 ppm after 120 days of planting produced the highest garlic plant length,
number of leaves, fresh, dry weight/plant, neck diameter, bulb diameter, and chlorophyll content.
Potassium is essential for controlling water movement in water stress situations because it controls the
absorption of nutrients and water.

This study aimed to study the effects of spraying potassium silicate and ascorbic acid on
vegetative growth and yield components of Allium sativum grown under Sharkia Governorate
conditions.

2. Materials and Methods

A field experiment in the winters of 2021-2022 and 2022-2023, garlic cloves of the Balady
cultivar were planted at Fac. Tech. Develop. Farm, Zagazig Univ., Egypt. This work was done to
enhance garlic growth and its productivity by utilizing various potassium silicate rates (2 and 4 ml/l) in
combination with ascorbic acid at various concentrations (150 and 300 ppm) beside control which
sprayed with tap water to obtain nine treatments. According to Chapman and Pratt's (1978)
methodology, Table 1 displays the physical and chemical characteristics of the experimental farm soil
site (average of both seasons).

Table (1). Physical and chemical properties of experimental farm soil (average of two seasons)

Physical analysis Soil texture
Clay (%) Silt (%) Fine sand (%) Coarse sand (%) Cla
46.73 8.80 14.32 30.15 y
Chemical analysis
Soluble cations Soluble anions
; EC Available (ppm)
pH Organic m.mohs/ (meq. /1) (meq. /1)
matter (%6) ; .
cm Mg++ ca*t|K*[Nat| cI- | HCO3 |SO4 N P K
7.76 124 1.04 31 17 |24 41| 47 2.3 42 | 19.0 8.6 34.1
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2.1. Experimental unit and fertilization

Each 9 m? experimental plot had three ridges, each measuring 4 m in length and 75 cm in width.
Fertilizers high in potassium and phosphorus were applied at rates of 50 kg/feddan of potassium
sulphate (50% K:0) and 200 kg/feddan of calcium super phosphate (15.5% P.Os) during the soil
preparation process. Meanwhile, three equal doses of ammonium sulfate (20.5% N) nitrogen fertilizer
were added at a rate of 200 kg/feddan 30, 60 and 90 days after sowing.

2.2. Experimental design
The experiments were set out in a randomized complete blocks design with three replications.
2.3. Chemical source and its application

GSMAA fertilizer company in Egypt was the source of the potassium silicate a commercial compound
named GSMAA Silicate LQ (27% silicon and 15% potassium). Ascorbic acid (CsHsOs) source was
Algomhoria Company Egypt. Foliar applications of the nine treatments were made 30, 50 and 70 days
after cloves sowing. Three letters of solution were given to each experimental unit using Super Film as
a spreading agent at a rate of 1 milliliter per liter. Tap water was sprayed on the untreated control
plants. When necessary, all garlic plants were given regular agricultural treatments.

2.4. Data recorded
Plant growth

Plant height (cm) as well as number of leaves/plant and total plant fresh weight (g) was
recorded. In addition, different parts of garlic plants were dried at 70°c to constant weight and the dry
weight of leaves/plant (g) were listed.

Yield components

Bulb diameter (cm) after 90 and 120 days from planting date were determined. At proper
maturity stage of bulbs (about 200 days after planting), bulbs in every plot were harvested, then trans
located to a shady place in the same day for curing, number of cloves per bulb and bulb dry matter (g)
were recorded then total yield (ton/ feddan) was calculated.

NPK percentages in cloves

At harvest time, five bulbs were selected at random from each treatment and oven-dried at 65°C
until their weight remained constant. The NPK percentages of the bulbs were then determined utilizing
the methods outlined by Jackson (1970), Olsen and Sommers (1982) and Bremner and Mulvaney
(1982), respectively.

Statistical analyses

All the data were subjected to statistical analysis of variance according to the methods described
by Snedecor and Cochran (1991). The means between the treatments were done by Duncan multiple
range test (Duncan, 1955) of probability with the Statistix 9 software (Analytical software, 2008).

3. Results and Discussion
3.1. Plant growth

Results of both seasons in Table 2 demonstrate that, utilizing potassium silicate at 4 ml/l +
ascorbic acid at 300 ppm as foliar spray significantly increased garlic plant height (65.00 and 65.67
cm) as well as number of leaves per plant (8.33 and 8.67) compared to the other treatments and control
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in both seasons. Moreover, increasing each potassium silicate or / and ascorbic acid concentrations
gradually increased plant height and leaves number per garlic plant. Also, using the highest rate (4
ml/l) of potassium silicate combined with 300 ppm concentration of ascorbic acid gave the highest
values in plant fresh weight and leaves dry weight per plant compared to control and the lowest rates
in individual or combination type under study (Table 3). The increases in plant fresh weight were
about 91.06 and 99.07 % for 4ml/l potassium silicate + 300 ppm ascorbic acid over untreated plants
(control treatment) in the 1% and 2" seasons, respectively.

Table (2). Impact of potassium silicate, ascorbic acid and their combinations on plant height
(cm) and number of leaves /plant of garlic plant during both seasons

Plant height (cm)

Number of leaves/plant

Treatments
1%t season 2" season 1%t season 2" season
Control 40.33 ¢ 40.33 ¢ 3.33f 2.67 e
Potassium silicate (PS) at 2ml/l 4433 f 46.33 f 4.00 ef 3.67 de
Potassium silicate (PS) at 4ml/l 46.00 e 48.67 ef 4.67 de 4.33 cd
Ascorbic acid (AA) at 150 ppm 47.33 de 50.00 de 4.67 de 5.00c
Ascorbic acid (AA) at 300 ppm 48.00d 51.67d 5.33 cd 5.00c
PS at 2 ml/l + AA at 150 ppm 50.67 ¢ 52.67 cd 6.00 c 6.33b
PS at 2 ml/l + AA at 300 ppm 51.33¢ 54.67 c 7.00b 7.67 a
PS at 4 ml/l + AA at 150 ppm 60.00 b 61.67 b 7.33Db 8.00 a
PS at 4 ml/l + AA at 300 ppm 65.00 a 65.67 a 8.33a 8.67 a

Table (3). Impact of potassium silicate, ascorbic acid and their combinations on plant fresh
weight (g) and leaves dry weight /plant (g) of garlic plant during both seasons

Plant fresh weight

Leaves dry weight/plant (g)

Treatments ©

1%t season 2"d season 1%t season 2"d season

Control 210.001i 213.33 h 10.00¢g 9.33f

Potassium silicate (PS) at 2ml/l 238.00 h 236.67 ¢ 11.33f 11.67e
Potassium silicate (PS) at 4ml/l 255.00 g 259.00 f 12.00 f 13.00 de
Ascorbic acid (AA) at 150 ppm 271.33 f 270.00 f 13.33 ¢ 13.67d
Ascorbic acid (AA) at 300 ppm 303.33 e 313.67¢e 14.33 de 14.00d
PSat 2 ml/l + AA at 150 ppm 330.00d 333.33d 15.33d 17.00c
PSat 2 ml/l + AA at 300 ppm 355.67 ¢ 354.67 ¢ 16.67 c 16.67 c
PS at 4 ml/l + AA at 150 ppm 376.00 b 396.67 b 18.00 b 19.67 b
PS at 4 ml/l + AA at 300 ppm 403.33 a 424.67 a 19.33a 22.00 a
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Ascorbic acid is an extremely abundant antioxidant that preserves cells, according to Blokhina
et al. (2003). Because of its effects on cell division and differentiation, ascorbic acid actually seems to
be a regulator of plant development and growth. The most effective treatments for reducing onion
white rot and raising plant fresh weight were potassium silicate applied at 0.4 percent as a combination
treatment of dipping and soil drenching, soil drenching alone, and the combined treatment at 0.2
percent of potassium silicate (Khalifa et al., 2017). Foliar spraying with potassium silicate at 6.0 cm?/1
produced the highest growth and total bulb production values in both seasons (Zyada and Bardisi,
2018). Also, after 120 days of planting, Abdel-Latif et al. (2019) found that foliar application of
potassium silicate at 4000 ppm produced the highest garlic plant length, number of leaves and fresh
and dry weight when compared to the control.

3.2. Yield components

Data listed in Table 4 indicate that utilizing any concentration of potassium silicate or/and
ascorbic acid significantly improved bulb diameter after 90 and 120 from planting date in both
seasons, in most cases, compared to control. The best treatment in this regard was that of 4 ml/l of
potassium silicate + 300 ppm of ascorbic acid. Potassium silicate (4ml/l) + ascorbic acid (300 ppm)
gave the highest means for number of cloves/bulb (60.00 and 62.00 cloves) as well as dry matter of
bulb (10.00 and 10.67 g) in the 1t and 2" seasons, respectively, compared to all other treatments
under study (Table 5). Generally, cloves number per bulb significantly improved by using any
potassium silicate and ascorbic acid rate in individual or combination type compared to control.
Likewise, sprayed garlic plants with potassium silicate or/ and ascorbic acid significantly increased to
bulb yield per feddan compared to control (Table 6) during the two consecutive seasons. The highest
bulb yield per feddan (9.680 and 10.192 ton/ feddan) was obtained with potassium silicate + 300 ppm
of ascorbic acid treatment, in both seasons, respectively.

Table (4). Impact of potassium silicate, ascorbic acid and their combinations on bulb diameter
(cm) of garlic plant during both seasons

Bulb diameter A Bulb diameter B
Treatments (cm) (cm)

1% season 2" season 1%t season 2" season
Control 1279 1.13¢ 1309 1219
Potassium silicate (PS) at 2ml/I 1.30 fg 1.30f 1.83f 1.70f
Potassium silicate (PS) at 4ml/l 1.47 ef 1.33f 210e 2.13e
Ascorbic acid (AA) at 150 ppm 153e 151e 2.10e 2.33d
Ascorbic acid (AA) at 300 ppm 1.60 de 156 2.30de 2.37cd
PS at 2 ml/l + AA at 150 ppm 1.77d 1.76 d 247cd 2.53cd
PS at 2 ml/l + AA at 300 ppm 2.00 c 2.07¢c 2.60 bc 250 ¢
PS at 4 ml/l + AA at 150 ppm 240b 250b 2.73 ab 2.80b
PS at 4 ml/l + AA at 300 ppm 2.77 a 2.87 a 292 a 3.00a
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Table (5). Impact of potassium silicate, ascorbic acid and their combinations on number of
cloves /bulb and bulb dry matter of garlic plant during both seasons

Number of cloves/bulb

Bulb dry matter (g)

Treatments

1%t season 2" season 1%t season 2" season

Control 28.00 f 26.67 f 6.67d 7.67¢e

Potassium silicate (PS) at 2ml/I 31.67e 36.67 e 7.00 cd 8.33 ¢
Potassium silicate (PS) at 4ml/l 41.00d 44.00d 7.00 cd 8.00 de
Ascorbic acid (AA) at 150 ppm 44.33d 46.33 cd 7.67 cd 8.67 c-e
Ascorbic acid (AA) at 300 ppm 49.33¢c 50.67 bc 8.00 bc 9.33 b-d
PS at 2 ml/l + AA at 150 ppm 49.67c 50.33 bc 8.00 bc 9.67 a-c
PS at 2 ml/l + AA at 300 ppm 50.67 bc 50.67 bc 9.00 ab 10.33 ab
PS at 4 ml/l + AA at 150 ppm 53.33b 53.33b 9.33a 10.00 ab
PS at 4 ml/l + AA at 300 ppm 61.00 a 62.00 a 10.00 a 10.67 a

Table (6). Impact of potassium silicate, ascorbic acid and their combinations on total bulb yield
per feddan (kg) of garlic plant during both seasons

Total bulb yield per feddan (kg)

Treatments
1%t season 2" season
Control 5040 i 5120 h
Potassium silicate (PS) at 2ml/I 5712 h 5680 g
Potassium silicate (PS) at 4ml/l 6120 g 6216 f
Ascorbic acid (AA) at 150 ppm 6512 f 6480 f
Ascorbic acid (AA) at 300 ppm 7280 e 7528 e
PSat 2 ml/l + AA at 150 ppm 7920 d 8000 d
PS at 2 ml/l + AA at 300 ppm 8536 8512 ¢
PS at 4 ml/l + AA at 150 ppm 9024 b 9520 b
PS at 4 ml/l + AA at 300 ppm 9680 a 10192 a

It is possible to infer from the aforementioned results that the superior garlic bulb yield achieved
by potassium silicate and ascorbic application is directly related to the improvement in garlic plant
growth parameters, which led to increases in metabolites synthesized to fruits and, ultimately, an
increase in total bulb yield. According to Mohamed et al. (2019), the Balady cultivar was planted, and
the average bulb weight, exportable, marketable, and total yield/fad., as well as the yield of grades 1,
2, 3, and 4 were all enhanced by spraying with potassium silicate (K silicate) at a rate of 2 milliliters
per liter. Likewise, when potassium silicate was applied as a foliar spray four times every season,
Yousif et al. (2023) pointed out that the garlic bulb yield per feddan increased.
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3.3. NPK percentages

As shown in Table 7 it is clear that utilizing potassium silicate at 2 or 4 ml/l combined with
ascorbic acid with 150 or 300 ppm, respectively, significantly recorded the highest percentages of
nitrogen, phosphorus and potassium in both seasons compared to the treatments under study and
control, in most cases. The control treatment gave the lowest values in NPK %compared to the other
treatments under study in both seasons, in most cases. According to Zyada et al. (2018), the maximum
NPK values in leaves and bulbs throughout both seasons were obtained using a potassium silicate
foliar spray at 6.0 cm®/I. Likewise, spraying potassium silicate at 6000 ppm considerably raised the
percentage of K in garlic leaves (Abdel-Latif et al., 2019).

Table (7). Impact of potassium silicate, ascorbic acid and their combinations on N, P and K
percentages of garlic plant during both seasons

Nitrogen (%0) Phosphorus (%) Potassium (%)
Treatments ond st ond st ond
15t season
season season season season season

Control 186.67 c 182.33d | 173.33b | 150.00d | 146.67c | 140.00 b
Potassium silicate (PS) at 2ml/I 176.67 c 179.33d | 173.33b | 160.00d | 166.67b | 153.33 b
Potassium silicate (PS) at 4ml/l 178.33 ¢ 180.00d | 166.67 b | 150.00d | 143.33c | 146.67Db
Ascorbic acid (AA) at 150 ppm 193.33bc | 200.00b | 180.00b | 180.00c | 141.33c | 153.33b
Ascorbic acid (AA) at 300 ppm 190.00 bc | 260.00a | 173.33b | 160.00b | 153.33c | 226.67 a
PS at 2 ml/l + AA at 150 ppm 256.67 a 250.00a | 240.00a | 250.00a | 220.00a | 226.67 a
PS at 2 ml/l + AA at 300 ppm 185.00 bc | 262.33a | 180.00b | 262.33a | 160.00b | 240.00 a
PS at 4 ml/l + AA at 150 ppm 182.33bc | 253.67a | 170.00b | 253.67a | 154.67b | 230.00 a
PS at 4 ml/l + AA at 300 ppm 221.67 a 233.33a | 215.00a | 233.33a | 200.00a | 223.33a

4. Conclusion

Using potassium silicate at a high rate (4 ml/l) resulted in higher garlic plant productivity.

Garlic plant growth traits as well as yield and its constituents were all significantly enhanced by foliar
treatment of 300 ppm ascorbic acid. Generally, as compared to the other treatments under the Sharkia
Governorate conditions, a foliar spray containing 4 4ml/l of potassium silicate and 300 ppm of
ascorbic acid had a substantial impact on the aforementioned parameters of garlic plants.
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