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Abstract  

Garlic farmers often seek strategies to improve yield and post-harvest storage longevity. This study investigated the 

impact of various supplemental potassium fertilizers on these parameters. The experiment, conducted in 2021 and 

2022, utilized a randomized complete block design with seven treatments: two levels of potassium nitrate (2.5 and 5 

g/L), two levels of potassium citrate (2.5 and 5 mL/L), two levels of potassium silicate (2.5 and 5 mL/L), and a control 

without fertilizer. The findings revealed a clear influence of supplemental potassium fertilization on several key aspects 

of garlic growth and quality. Applying potassium nitrate at 5 g/L consistently outperformed other treatments. Plants 

receiving this treatment grew taller (72.93 and 90.80 cm), boasted more leaves (9.20 and 12.03), and showcased the 

largest bulb diameter (5.40 and 5.21 cm) and highest number of cloves per bulb (14.60 and 14.30), ultimately 

translating to the highest total yield per feddan (feddan = 4200 m² = 0.420 hectares = 1.037 acres) (12.61 and 12.75 

ton) in both seasons, respectively. Notably, this treatment also led to significantly higher chlorophyll content (78.67 

and 73.45 SPAD unit) across both seasons, respectively, suggesting enhanced photosynthetic activity and improved 

plant health. Beyond these morphological features and yield benefits, the study explored the impact of supplemental 

potassium fertilizers on post-harvest storage quality – a crucial element for farmers aiming to minimize losses. The 

results were encouraging, indicating that supplemental potassium fertilization contributes to reduced post-harvest loss 

compared to the control. While all potassium treatments displayed positive effects, potassium silicate and potassium 

nitrate at 2.5 g/L offered the most significant reductions in percentage weight loss during both storage periods (one 

and two months after harvest). These findings highlight the importance of potassium management for optimizing garlic 

production and post-harvest handling, providing valuable insights for farmers and agricultural stakeholders seeking to 

maximize their yields and minimize losses. 
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1. Introduction 

 
Garlic represents a prominent member of 

the Allium vegetable family and ranks as 

the second most extensively cultivated 

winter crop, following onions (Diriba-

Shiferaw et al., 2015). Garlic is 

predominantly utilized for domestic 

consumption in various culinary 

applications, serving as both a seasoning 

and flavour enhancer (Sung et al., 2014). 

Moreover, garlic is endowed with 

considerable therapeutic qualities and is 

utilized to address various health 

conditions including heart problems, 

digestive disorders, eye discomfort, and 

ear infections. This is due to its rich 

content of minerals, vitamins, and allicin 

(Elosta et al., 2017). Garlic is considered 

a nutritious food that might also have 

antimicrobial characteristics. (Hernández‐

Montesinos et al., 2023). The global price 

of garlic has been increasing during the 

COVID-19 pandemic. However, there is 

no evidence to suggest that consuming 

garlic provides protection against 

COVID-19. Garlic shows a high affinity 

for potassium (K) during its growth 

phases, absorbing significant quantities of 

nitrogen (N) and potassium (K), while its 

absorption of phosphorus (P) is 

comparatively modest(Wang et al., 2022). 

Garlic necessitates a fertilizer with a 

composition characterized by higher 

levels of nitrogen (N) compared to 

potassium (K) and phosphorus (P), in a 

ratio of N:K:P of approximately 

1:0.71:0.3 (Santos et al., 2017). The cited 

ratio highlights a significant need for 

potassium (K), which is essential for 

boosting both the quantity and quality of 

garlic. K plays a vital role in facilitating 

the movement and dispersion of 

photosynthetic substances within the 

plant. Additionally, its contribution to 

enhancing crop resilience against 

unfavourable environmental factors 

emphasizes its significance in garlic 

farming  (Wang et al., 2020). In recent 

times, uneven application of nitrogen (N) 

and phosphorus (P) fertilizers has resulted 

to significant imbalances in the levels of 

nitrogen (N), phosphorus (P), and 

potassium (K) in the soil. Particularly in 

many regions of Egypt, there is an 

inadequate amount of potassium (K) in 

the soil (Gaballah et al., 2020), leading to 

a decline in the quality of garlic, increased 

susceptibility to diseases and insect pests, 

and decreased yields (Wang et al., 2022). 

Conversely, an abundance of potassium 

(K) can lead to decreased uptake and 

utilization of additional nutrients by 

crops. This encompasses a decline in the 

absorption of positively charged ions such 

as calcium, which can render crops more 

prone to lodging. Furthermore, decreased 

uptake of these ions reduces disease 

resistance, disturbs the soil's nutrient 

balance and structure, and may result in 

soil pollution (El-Nasr and Ibrahim, 

2011). Research has painted a compelling 

picture of silicon's role in mitigating 

nutrient imbalances across various plant 

species (Kovács et al., 2022). This 

versatile element tackles phosphorus (P) 

imbalances with a multi-pronged 

approach. In P-deficient conditions, it 
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enhances P mobility and uptake through 

mechanisms like malate and citrate 

exudation, upregulation of P transporter 

genes, and reduced iron and manganese 

uptake (Kovács et al., 2022). For excess 

P, silicon forms apoplastic barriers in root 

cells and downregulates P transporter 

genes, preventing overload (Hu et al., 

2020). Silicon's beneficial effects extend 

to other nutrient deficiencies. The effect 

of Silicon on maize and wheat increased 

chlorophyll content and nitrogen uptake, 

higher grain yields (Galindo et al., 2021), 

in rice balanced metabolite equilibrium, 

reduced stress hormones, growth 

promotion (Ali et al., 2020). Similarly, 

silicon treatment in magnesium-deficient 

maize maintains growth and enhances 

chlorophyll and soluble sugar content, 

while facilitating rapid recovery in zinc-

deficient cucumber plants (Hosseini et al., 

2019; Lozano-González et al., 2021). This 

research hypothesizes that applying 

different potassium sources (KNO3, 

K3C6H5O7, K2SiO3) significantly affects 

the growth, yield, and quality of Sides 40 

garlic variety in Egypt's Sohag 

governorate. The unique chemical 

properties of each source and their 

interactions with soil are expected to have 

distinct effects. The study aims to: 1) 

evaluate the impact of these sources on 

growth parameters like plant height, leaf 

number, and bulb diameter; 2) assess their 

influence on yield parameters like total 

and average bulb weight, and total yield; 

3) analyze their effect on quality 

parameters like total soluble solids; and 4) 

identify the most suitable potassium 

source considering growth, yield, quality, 

and economic factors. 

 
2. Materials and methods 
 

2.1 Experimental site and treatments description 
 

The experimental design employed a 

randomized complete block design 

(RCBD) with three replicates. The 

treatments for the experiment were: 

Potassium nitrate with two levels (2.5 and 

5 g/L); potassium citrate with two levels 

(2.5 and 5 mL/L); potassium silicate with 

two levels (2.5 and 5 mL/L); and control 

treatment (without supplemental 

potassium fertilizer), in total 7 treatments. 

The field experiments were conducted 

during the winter seasons of 2020/2021 

and 2021/2022 at a private farm located in 

Juhaynah city, Sohag Governorate, Egypt, 

with coordinates approximately 23°40'26" 

north latitude and 51°29'31" east 

longitude. The experimental plots, each 

measuring 3 meters in width and 3.5 

meters in length (10.5 square meters in 

total), underwent soil sterilization before 

planting using agricultural sulfur from 

Abu Qir Fertilizer and Chemical 

Industries at a rate of 100 kilograms per 

feddan (equivalent to 4200 square 

meters). The recommended basal dose of 

P2O5, totalling 60 kilograms per feddan, 

with a composition of 15.5% CaH6O9P2, 

was incorporated into the soil, along with 

20 cubic meters of decomposed organic 

fertilizer. Nitrogen fertilization consisted 

of 120 kilograms per feddan of NH4NO3 

(33.5% N) and 48 kilograms per feddan of 
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K2O (50% potassium sulfate), divided 

into two equal splits applied at 30 and 60 

days after planting, following the 

guidelines of the Ministry of Agriculture, 

Egypt (Hassan, 2011). Garlic cloves, 

variety Sides 40, were obtained from 

Agricultural Research Center, Giza 

governorate, Egypt. Then the land was 

plowed in two perpendicular plows, 

planning at a rate of 12 lines for each two 

stalks, and planting on both sides of the 

line. Garlic cloves were planted manually 

at a distance of 10 cm between the hills on 

September 20, 2020, and 2021. The plants 

were sprayed four times after 35 days of 

planting, with a 15-day interval between 

them. 

 
2.2 Morphological and yield measurements 
 

During the harvest stage, plant samples 

were gathered on 28th March 2021, 

growing season, and 2nd April 2022 

growing season. Morphological 

measurements were taken from 5 plants 

from each replicate and yield 

measurements were taken for each 

treatment after harvesting. Morphological 

measurements include the length of the 

plant from the bottom of the plant to the 

top leaf plant (cm); the number of leaves 

per plant; the diameter of the neck of the 

bulb; the diameter of the bulb; and Neck-

to-bulb diameter ratio (neck diameter ÷ 

bulb diameter). Yield measurements 

included: weight of garlic bulb in grams 

(average of 5 plants); number of cloves 

per head of garlic; and total fresh yield per 

feddan (tons /feddan). 

2.3 Total chlorophyll (SPAD) 
 

The chlorophyll contents of fully 

developed leaves were assessed using a 

mobile chlorophyll meter (SPAD-502-m 

by Konica Minolta, Inc., Tokyo, Japan). 

Prior to taking the readings, the 

chlorophyll meter was calibrated 

following the manufacturer's instructions. 

After 120 days of planting, 30 readings 

were taken for each treatment (10 

readings on old leaves, 10 readings on 

medium leaves, and 10 readings on young 

developed leaves) and then their average 

was recorded. 

 

2.4 Storage quality 
 

To calculate the percentage of loss in yield 

weight after harvest, a sample with a 

known weight was taken for each 

treatment, then the weight was recorded 

after two storage periods (one month after 

harvest and two months after harvest). 

The percentage of loss was calculated 

with the following equation :  
 

1 -  Percentage of weight loss after first storage (%) 

= (Sample weight after one month / Sample 

weight after harvest) × 10. 
 

2- Percentage of weight loss after storage second 

(%) = (Sample weight after two months/Sample 

weight after harvest) × 100. 

 

2.5 Statistical analysis 
 

The data collected from these experiments 

underwent statistical analysis using 

Statistix 8.1 software. One-way ANOVA 

(Analysis of variance) was utilized to 

assess the significance of treatment effects 
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on growth parameters and yield data. To 

further investigate and compare the means 

that exhibited significant differences, the 

Least Significant Difference (LSD) test 

was employed. These tests enable a 

thorough examination of the variations 

between treatment means with a 

confidence level of 95% (Gomez and 

Gomez, 1984). 

 
3. Results 
 

3.1 Morphological traits 
 

Supplemental potassium fertilizers had a 

positive effect on morphological traits of 

garlic plants (Figure 1, 2, 3, 4, and 5). The 

plants given PN at a rate of 5 g/L were the 

tallest (72.93 cm), with significant 

differences between them and the rest of 

the treatments other than PN at a rate of 

2.5 g/L and PS at a rate of 2.5 mL/L during 

the first season 2020/2021 (as shown in 

Figure 1 A), while the plants were the 

shortest in the control treatment (61.60 

cm). The plants given PN at a rate of 5 g/L 

were the tallest (90.80 cm), with 

significant differences among other 

treatments during the second season of 

2021/2022 while the plants were the 

shortest in the control treatment (65.80 

cm) (Figure 1 B). 

 

  
 

Figure (1): Effect of potassium fertilizer types and rates on plant height (cm) of garlic plants 

during the 2020/2021 (A) and 2021/2022 (B) growing seasons. Values are means ± standard 

deviations (SDs) of data obtained from three biological replicates (n=3). Following the 

application of Duncan's multiple range test at a significance level of p=0.05, it was observed 

that means within the same column that share identical letters were not significantly different 

from each other. Where: PN= potassium nitrate; PC= potassium citrate; PS= potassium 

silicate. 

 
Plants treated with PN at 5 g/L produced 

the most leaves throughout both growing 

seasons (2021 and 2022), with a 

significant difference compared to other 

treatments (Figure 2 A and B). Notably, 

these plants had 9.20 and 12.03 leaves in 

2021 and 2022, respectively. In contrast, 

plants in the control group had the fewest 

leaves, with only 8.20 and 9.53 leaves in 

2021 and 2022, respectively. Plants 

treated with PC at a rate of 2.5 mL/L 

produced the largest onion neck diameter 

(2.25 cm) during the first growing season, 

followed by the PN treatment at a rate of 

5 g/L (2.19 cm), with no significant 

difference with the rest of the other 
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treatments except the control treatment 

(1.70 cm) (Figure 3 A). In the case of the 

second season, the largest diameter of the 

onion neck was under the PN treatment at 

a rate of 5 g/L (2.42 cm) with significant 

difference among other treatments, 

followed by the PC treatment at a rate of 

5 mL/L (2.24 cm) (Figure 3 B). In 

contrast, the control group plants had the 

lowest bulb neck diameter, with only 1.70 

and 1.46 cm in both the first and second 

seasons, respectively. 

 

  
 

Figure (2): Effect of potassium fertilizer types and rates on leaves number of garlic plants 

during the 2020/2021 (A) and 2021/2022 (B) growing seasons. Values are means ± standard 

deviations (SDs) of data obtained from three biological replicates (n=3). Following the 

application of Duncan's multiple range test at a significance level of p=0.05, it was observed 

that means within the same column that share identical letters were not significantly different 

from each other. Where: PN= potassium nitrate; PC= potassium citrate; PS= potassium 

silicate. 

 

  
 

Figure (3): Effect of potassium fertilizer types and rates on diameter neck bulb (cm) of garlic 

plants during the 2020/2021 (A) and 2021/2022 (B) growing seasons. Values are means ± 

standard deviations (SDs) of data obtained from three biological replicates (n=3). Following 

the application of Duncan's multiple range test at a significance level of p=0.05, it was 

observed that means within the same column that share identical letters were not significantly 

different from each other. Where: PN= potassium nitrate; PC= potassium citrate; PS= 

potassium silicate. 

 
Plants treated with PN at a rate of 5 g/L 

produced the largest onion diameter (5.40 

cm) during the first growing season, 

followed by the PC treatment at a rate of 

5 mL/L (5.13 cm), with significant 

difference among other treatments (Figure 

4 A). In the case of the second season, the 

largest diameter of the onion was under 
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the PS treatment at a rate of 2.5 mL/L 

(5.64 cm) with significant difference 

among other treatments, followed by the 

PS treatment at a rate of 5 mL/L (5.24 cm) 

(Figure 4 B). In contrast, the control group 

plants had the lowest bulb diameter, with 

only 4.83 and 3.62 cm in both the first and 

second seasons, respectively.  

 

  
 

Figure (4): Effect of potassium fertilizer types and rates on bulb diameter (cm) of garlic plants 

during the 2020/2021 (A) and 2021/2022 (B) growing seasons. Values are means ± standard 

deviations (SDs) of data obtained from three biological replicates (n=3). Following the 

application of Duncan's multiple range test at a significance level of p=0.05, it was observed 

that means within the same column that share identical letters were not significantly different 

from each other. Where: PN= potassium nitrate; PC= potassium citrate; PS= potassium silicate. 

 
Plants treated with PC at a rate of 2.5 

mL/L were given the largest neck-to-bulb 

diameter ratio (0.44) during the first 

growing season, followed by the PN 

treatment at a rate of 5g/L (0.40), with no 

significant difference among other 

treatments (Figure 5 A). In the case of the 

second season, the largest neck-to-bulb 

diameter ratio was under the PC 

treatment at a rate of 2.5 mL/L (0.44) 

with a significant difference among 

other treatments, followed by the PN 

treatment at a rate of 5 g/L (0.44) 

(Figure 5 B). 

 

  
 

Figure (5): Effect of potassium fertilizer types and rates on neck-to-bulb diameter ratio of 

garlic plants during the 2020/2021 (A) and 2021/2022 (B) growing seasons. Values are means 

± standard deviations (SDs) of data obtained from three biological replicates (n=3). Following 

the application of Duncan's multiple range test at a significance level of p=0.05, it was 

observed that means within the same column that share identical letters were not significantly 

different from each other. Where: PN= potassium nitrate; PC= potassium citrate; PS= 

potassium silicate. 
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3.2 Yield traits 

 

Supplemental Potassium fertilizers had a 

positive effect on yield traits of garlic 

plants (Figure 6, 7, and 8). Plants treated 

with PN at a rate of 5 g/L were given the 

largest number of cloves per bulb (14.60) 

during the first growing season, followed 

by the PN treatment at a rate of 2.5 g/L 

(13.00), with significant difference among 

other treatments (Figure 6 A). In the case 

of the second season, the largest number 

of cloves per bulb was under the PN 

treatment at a rate of 2.5 g/L (14.70) 

with a significant difference among 

other treatments, followed by the PN 

treatment at a rate of 5 g/L (14.30) 

(Figure 6 B). In contrast, the control 

group plants had the lowest number of 

cloves per bulb, with only 11.10 and 

13.00 in both the first and second 

seasons, respectively. 

 

  
 

Figure (6): Effect of potassium fertilizer types and rates on number of cloves per bulb of garlic 

plants during the 2020/2021 (A) and 2021/2022 (B) growing seasons. Values are means ± 

standard deviations (SDs) of data obtained from three biological replicates (n=3). Following 

the application of Duncan's multiple range test at a significance level of p=0.05, it was 

observed that means within the same column that share identical letters were not significantly 

different from each other. Where: PN= potassium nitrate; PC= potassium citrate; PS= 

potassium silicate. 

 
Plants treated with PN at a rate of 5 g/L 

were given the heaviest bulb weight 

(98.50 g) during the first growing season, 

followed by the PN treatment at a rate of 

2.5 g/L (97.97 g), with significant 

difference among other treatments (Figure 

7 A). In the case of the second season, the 

heaviest bulb weight was under the PN 

treatment at a rate of 5 g/L (99.60 g) with 

a significant difference among other 

treatments, followed by the PN treatment 

at a rate of 2.5 g/L (97.30 g) (Figure 7 B). 

In contrast, the control group plants had 

the lighter bulb weight, with only 

77.00and 74.00 g in both the first and 

second seasons, respectively. Plants 

treated with PN at a rate of 5 g/L were 

given the largest total yield per feddan 

(12.61 ton/feddan) during the first 

growing season, followed by the PN 

treatment at a rate of 2.5 g/L (12.54 

ton/feddan), with significant difference 

among other treatments (Figure 8 A). In 

the case of the second season, the largest 

total yield per feddan was under the PN 

treatment at a rate of 5 g/L (12.75 
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ton/feddan) with a significant difference 

among other treatments, followed by the 

PN treatment at a rate of 2.5 g/L (12.45 

ton/feddan) (Figure 8 B). In contrast, the 

control group plants had the lowest total 

yield per feddan, with only 9.86 and 9.47 

ton/feddan in both the first and second 

seasons, respectively. 

 

  
 

Figure (7): Effect of potassium fertilizer types and rates on bulb weight (g) of garlic plants 

during the 2020/2021 (A) and 2021/2022 (B) growing seasons. Values are means ± standard 

deviations (SDs) of data obtained from three biological replicates (n=3). Following the 

application of Duncan's multiple range test at a significance level of p=0.05, it was observed 

that means within the same column that share identical letters were not significantly different 

from each other. Where: PN= potassium nitrate; PC= potassium citrate; PS= potassium silicate. 

 

  
 

Figure (8): Effect of potassium fertilizer types and rates on total yield per feddan (tan/feddan) 

of garlic plants during the 2020/2021 (A) and 2021/2022 (B) growing seasons. Values are 

means ± standard deviations (SDs) of data obtained from three biological replicates (n=3). 

Following the application of Duncan's multiple range test at a significance level of p=0.05, it 

was observed that means within the same column that share identical letters were not 

significantly different from each other. Where: PN= potassium nitrate; PC= potassium citrate; 

PS= potassium silicate. 

 
3.3 Total chlorophyll 

 

Supplemental Potassium fertilizers had a 

positive effect on total chlorophyll 

characteristics in garlic crops (Figure 9). 

Across both growing seasons, plants 

given PN at 5g/L had the highest levels 

of chlorophyll content (78.67mg and 

73.45 SPAD unit in first and second 

growing seasons, respectively), 

compared to all other treatments (as 

shown in Figure 9 A and B). In contrast, 

the control group had the lowest 

chlorophyll content in both seasons 

(65.97 SPAD unit in first and second 

growing seasons, respectively). 
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Figure (9): Effect of potassium fertilizer types and rates on total chlorophyll (SPAD unit) of 

garlic plants during the 2020/2021 (A) and 2021/2022 (B) growing seasons. Values are means 

± standard deviations (SDs) of data obtained from three biological replicates (n=3). Following 

the application of Duncan's multiple range test at a significance level of p=0.05, it was 

observed that means within the same column that share identical letters were not significantly 

different from each other. Where: PN= potassium nitrate; PC= potassium citrate; PS= 

potassium silicate. 

 
3.4 Storage quality 
 

Supplemental Potassium fertilizers had a 

positive effect on storage characteristics 

and reduced the percentage of post-harvest 

loss in garlic crops (Figure 10 A, B, C, and 

D).  In the first season, the lowest 

percentage of loss after harvest was during 

the first storage period (one month after 

harvest) under the treatment of potassium 

silicate at a rate of 5 mL/L (47.10 %) 

followed by potassium citrate at a rate of 5 

mL/L (49.10 %) with significant 

differences between the treatments, and 

the highest percentage of post-harvest loss 

under the control treatment was (54.90 %) 

(Figure 10 A).  While in the second season, 

the lowest percentage of post-harvest loss 

was during the first storage period (one 

month after harvest) under the potassium 

nitrate treatment at a rate of 2.5 g/L (46.50 

%), followed by potassium citrate at a rate 

of 2.5 mL/L (50.60 %), with significant 

differences between the treatments. The 

highest percentage of loss after harvest 

was under the control treatment (67.20 %) 

(Figure 10 B). In second storage period 

(two months after harvest), the lowest 

percentage of loss after harvest was during 

the first season under the treatment of 

potassium silicate at a rate of 2.5 mL/L 

(14.00 %) followed by potassium silicate 

at a rate of 2.5 mL/L (15.00%) with 

significant differences among other the 

treatments, and the highest percentage of 

post-harvest loss under the control 

treatment was (21.50 %) (Figure 10 C).  
While in the second season, the lowest 

percentage of post-harvest loss was during 

the second storage period (two month after 

harvest) under the potassium silicate 

treatment at a rate of 5 mL/L (16.70 %), 

followed by potassium nitrate at a rate of 

2.5 g/L (19.00 %), with significant 

differences between the treatments. The 

highest percentage of loss after harvest 

was under the control treatment (30.70 %) 

(Figure 10 D).  
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Figure (10): Effect of potassium fertilizer types and rates on the percentage of weight loss in 

garlic plants after one month (2020/2021 A, 2021/2022 B) and two months (2020/2021 C, 

2021/2022 D) during the respective growing seasons. Values are means ± standard deviations 

(SDs) of data obtained from three biological replicates (n=3). Following the application of 

Duncan's multiple range test at a significance level of p=0.05, it was observed that means 

within the same column that share identical letters were not significantly different from each 

other. Where: PN= potassium nitrate; PC= potassium citrate; PS= potassium silicate. 

 
4. Discussion 
 

The effects of various types and quantities 

of additional potassium supplemental 

fertilizers on garlic crop yields and quality 

were investigated. As garlic is particularly 

responsive to potassium, applying 

potassium supplemental fertilizer can 

enhance the assimilation of carbon and 

nitrogen in garlic plants, facilitating the 

movement of assimilated nutrients from 

the leaves above ground to the bulbs below 

ground (Xu et al., 2024a; 2024b). 

Consistently applying potassium nitrate 

(PN) at a concentration of 5 g/L 

consistently resulted in the most notable 

enhancements across multiple parameters. 

Plants treated with this concentration 

demonstrated heightened plant height, 

increased leaf count, larger bulb diameter, 

higher number of cloves per bulb, and 

greater total yield per feddan compared to 

alternative treatments. This consistent 

performance underscores the potential of 

PN as a highly effective fertilizer for garlic 

cultivation. On the other hand, a lack of 

potassium adversely affects the growth 

and expansion of garlic leaves, resulting in 

hindered development and stunted growth 

(El-Mageed et al., 2023). Indeed, nitrogen 

plays a pivotal role in plants as it is utilized 

for the synthesis of crucial components 

such as amino acids, chlorophyll, 

enzymes, and DNA (Stein and Klotz, 

2016). On the flip side, potassium plays a 

vital role in activating enzymes, 

synthesizing ATP (which is crucial for 

energy production), and regulating 

stomatal opening and closure in plants 

(Hawrylak-Nowak et al., 2018). Both 

nitrogen and potassium are indispensable 

nutrients crucial for the robust growth and 
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proper functioning of plants. Promoting 

the absorption of nitrogen and potassium 

in plants has a positive impact on biomass 

accumulation. Research has shown that 

when plants receive increased potassium 

levels in conjunction with a steady 

nitrogen supply, it leads to increased plant 

photosynthesis, stomatal conductance, 

transpiration, and ultimately, improved 

biomass accumulation (Guo et al., 2019). 

On the contrary, when the supply of 

potassium is decreased while maintaining 

the same level of nitrogen, these processes 

are adversely impacted (Guo et al., 2019). 

In initial sequential studies, the efficacy of 

potassium in facilitating nitrate absorption, 

root-to-shoot translocation, and plant 

assimilation was evidenced. Notably, a 

greater potassium provision was observed 

to elevate shoot nitrate concentration and 

augment nitrate reductase activity (Xu et 

al., 2024a). Simultaneously, the supply of 

nitrate also promotes the absorption and 

assimilation of potassium, especially in the 

presence of light (Blevins et al., 1974). All 

treatments involving potassium nitrate 

(PN), particularly the concentration of 5 

g/L, resulted in notably higher chlorophyll 

content during both seasons, suggesting 

enhanced photosynthetic activity and 

potentially enhanced plant health. 

Research has shown that foliar application 

of potassium fertilizer has the ability to 

enhance crop yield and overall plant 

biomass, especially in stressful conditions 

(Amanullah et al., 2016). However, the 

exact relationship between foliar-applied 

potassium fertilizer and nitrogen uptake 

remains unclear. Field application of 

potassium fertilizer has been shown to 

have positive effects on plant vitality and 

productivity. It improves various aspects 

including SPAD (chlorophyll content), 

photosynthesis, transpiration, and fruit 

yield (Yang et al., 2017). One function of 

potassium metabolism is to facilitate the 

efficient transport of photosynthates in the 

phloem by stimulating ATP production, 

thus supporting positive transportation 

(Haddad et al., 2016). The heightened 

ATP production facilitates the transfer of 

photosynthates from source organs (e.g., 

leaves) to sink organs (e.g., fruits), as 

proposed by Kirkby et al. (2023). This 

process likely contributed to the enhanced 

overall performance and bulb yield 

observed in our experiment. Overall, this 

study presents compelling evidence for the 

beneficial effects of supplemental 

potassium fertilization, especially using 

PN at a concentration of 5 g/L, on different 

aspects of garlic production and storage. 

Further research focusing on specific 

mechanisms, economic feasibility, and 

comparisons with alternative fertilizers 

will help refine and optimize potassium 

management strategies for garlic growers. 

 

 

5. Conclusion 
 

This two-season field study revealed a 

significant impact of supplemental 

potassium fertilizers on various aspects of 

garlic growth and quality. Application of 

potassium nitrate at 5 g/L emerged as the 

most effective treatment, consistently 

promoting superior plant morphology, 

yield, and chlorophyll content compared to 

other treatments. The observed increases 

in plant height, leaf number, bulb 

diameter, and clove number ultimately 

translated to the highest total yield per 

feddan in both seasons. Moreover, this 

treatment demonstrably enhanced 

photosynthetic activity through significantly 
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higher chlorophyll content across both 

growing seasons. Beyond these direct 

agronomic benefits, the study 

demonstrated the positive influence of 

potassium fertilizers on post-harvest 

storage quality – a crucial factor for garlic 

growers seeking to minimize losses. While 

all potassium treatments displayed 

improved storage quality compared to the 

control, potassium silicate and potassium 

nitrate at 2.5 g/L offered the most 

significant reductions in weight loss 

during both storage periods. In conclusion, 

this study conclusively highlights the 

potential of potassium management for 

optimizing garlic production and post-

harvest handling. Potassium nitrate at 5 

g/L emerged as the most effective 

treatment, demonstrating significant 

improvements in multiple key areas. 

Additionally, potassium silicate showed 

promise for enhancing storage quality, 

suggesting its potential as a 

complementary practice. These findings 

contribute valuable insights for farmers 

and agricultural stakeholders seeking to 

maximize garlic yields and minimize 

losses, ultimately contributing to improved 

economic returns and food security. 
 

 

References 
 

Ali, N., Réthoré E., Yvin J. C. and 

Hosseini, S. A. (2020), "The 

regulatory role of silicon in 

mitigating plant nutritional stresses", 

Plants, Vol. 9 No. 12, Article ID 1779.  

Amanullah, Iqbal A., Irfanullah and 

Hidayat, Z. (2016), "Potassium 

management for improving growth 

and grain yield of maize (Zea mays 

L.) under moisture stress condition", 

Scientific Reports, Vol. 6 No. 1, 

Article ID 34627.  

Blevins, D. G., Hiatt, A. J. and Lowe, R. 

H. (1974), "The influence of nitrate 

and chloride uptake on expressed sap 

pH, organic acid synthesis, and 

potassium accumulation in higher 

plants" Plant physiology, Vol. 54 No. 

1, pp. 82–87.  

Diriba-Shiferaw, G., Nigussie-Dechassa, 

R., Woldetsadik, K., Tabor, G. and 

Sharma, J. J. (2015), "Effect of 

nitrogen, phosphorus, and sulphur 

fertilizers on growth yield, and 

economic returns of garlic (Allium 

sativum L.)", Science, Technology 

and Arts Research Journal, Vol. 4 

No. 2, pp. 10–22.  

El-Mageed, T. A. A., Semida, W. M., 

Abdou, N. M. and El-Mageed, S. A. 

A. (2023), "Coupling effects of 

potassium fertilization rate and 

application time on growth and grain 

yield of wheat (Triticum aestivum L.) 

plants grown under cd-contaminated 

saline soil", Journal of Soil Science 

and Plant Nutrition, Vol. 23 No. 1, 

pp. 1070–1084.  

El-Nasr, A. and Ibrahim, E. A. (2011), 

"Effect of different potassium 

fertilizer rates and foliar application 

with some sources of potassium on 

growth, yield and quality of carrot 

plants (Daucus carota L.)", Journal 

of Plant Production, Vol. 2 No. 4, pp. 

559–569.  

Elosta, A., Slevin, M., Rahman, K. and 



Metwally et al./ Archives of Agriculture Sciences Journal 7(1) 47–63, 2024. 

61 

 

Ahmed, N. (2017) "Aged garlic has 

more potent antiglycation and 

antioxidant properties compared to 

fresh garlic extract in vitro", 

Scientific Reports, Vol. 7 No. 1, 

Article ID 39613.  

Gaballah, M. S., Mansour, H. A. and 

Nofal, O. A. (2020), "Balanced 

fertilization of major crops in Egypt: 

A review", Plant Archives, Vol. 20 

No. 2, pp. 2453–2458.  

Galindo, F. S., Pagliari, P. H., Rodrigues, 

W. L., Fernandes, G. C., Boleta, E. H. 

M., Santini, J. M. K., Jalal, A., 

Buzetti, S., Lavres, J., Teixeira, M. 

and Filho, M. C. M. (2021), "Silicon 

amendment enhances agronomic 

efficiency of nitrogen fertilization in 

maize and wheat crops under tropical 

conditions", Plants, Vol. 10 No. 7, 

Article ID 1329.  

Gomez, K. A. and Gomez, A. A. (1984), 

Statistical Procedures for 

Agricultural Research, John Wiley & 

Sons, New York, USA. 

Guo, J., Jia, Y., Chen, H., Zhang, L., 

Yang, J., Zhang, J., Hu, X., Ye, X., 

Li, Y. and Zhou, Y. (2019), "Growth, 

photosynthesis, and nutrient uptake 

in wheat are affected by differences 

in nitrogen levels and forms and 

potassium supply", Scientific 

Reports, Vol. 9 No. 1, Article ID 

1248.  

Haddad, M., Bani-Hani, N. M., Al-

Tabbal, J. A. and Al-Fraihat, A. H. 

(2016), "Effect of different 

potassium nitrate levels on yield and 

quality of potato tubers", Journal of 

Food, Agriculture and Environment, 

Vol. 14 No. 1, pp. 101–107.  

Hassan, A. A. (2011), Post Harvest 

Technology and Physiology of Fruit 

Vegetables (In Arabic), Al-Dar Al-

Arabiah Lil Nashr Wa Al-Tawsia 

Cairo, Egypt. 

Hawrylak-Nowak, B., Hasanuzzaman, M. 

and Matraszek-Gawron, R. (2018), 

"Mechanisms of selenium-induced 

enhancement of abiotic stress 

tolerance in plants", In Plant 

Nutrients and Abiotic Stress 

Tolerance, Springer, Singapore, pp. 

269–295.  

Hernández‐Montesinos, I. Y., Carreón‐

Delgado, D. F., Ocaranza‐Sánchez, 

E., Ochoa‐Velasco, C. E., Suárez‐

Jacobo, Á. and Ramírez‐López, C. 

(2023), "Garlic (Allium sativum) peel 

extracts and their potential as 

antioxidant and antimicrobial agents 

for food applications: Influence of 

pretreatment and extraction solvent", 

International Journal of Food 

Science & Technology, Vol. 58 No. 

12, pp. 6794–6805. 

Hosseini, S. A., Naseri Rad, S., Ali, N., 

and Yvin, J. C. (2019), "The 

ameliorative effect of silicon on 

maize plants grown in Mg-deficient 

conditions", International Journal of 

Molecular Sciences, Vol. 20 No. 4, 

Article ID 969. 

Hu, A. Y., Xu, S. N., Qin, D. N., Li, W. 

and Zhao, X. Q. (2020), "Role of 

silicon in mediating phosphorus 



Metwally et al./ Archives of Agriculture Sciences Journal 7(1) 47–63, 2024. 

62 

 

imbalance in plants", Plants, Vol. 10 

No. 1, Article ID 51. 

Kirkby, E. A., Nikolic, M., White, P. J. 

and Xu, G. (2023), "Mineral 

nutrition, yield, and source–sink 

relationships", In Marschner's 

Mineral Nutrition of Plants, 

Academic Press, USA, pp. 131–200. 

Kovács, S., Kutasy, E. and Csajbók, J. 

(2022), "The multiple role of silicon 

nutrition in alleviating environmental 

stresses in sustainable crop 

production", Plants, Vol. 11 No. 9, 

Article ID 1223.  

Lozano-González, J. M., Valverde, C., 

Hernández, C. D., Martin-Esquinas, 

A. and Hernández-Apaolaza, L. 

(2021), "Beneficial effect of root or 

foliar silicon applied to cucumber 

plants under different zinc nutritional 

statuses", Plants, Vol. 10 No. 12, 

Article ID  2602. 

Santos, L. P. D. D., Cunha, M. L. P., 

Clemente, J. M., Oliveira, T. F., de 

Aquino, P. M., Assunção, N. S. and 

Aquino, L. A. D. (2017), "Recovery 

efficiencies of nitrogen, phosphorus 

and potassium of the garlic crop", 

Journal of Plant Nutrition, Vol. 40 

No. 5, pp. 624–631.  

Stein, L. Y. and Klotz, M. G. (2016), "The 

nitrogen cycle", Current Biology, 

Vol. 26 No. 3, pp. R94–R98. 

Sung, S. Y., Sin, L. T., Tee, T. T., Bee, S. 

T., Rahmat, A. R. and Rahman, W. 

A. W. A. (2014), "Control of bacteria 

growth on ready-to-eat beef loaves 

by antimicrobial plastic packaging 

incorporated with garlic oil", Food 

Control, Vol. 39, pp. 214–221.  

Wang, M., Ye, Y., Chu, X., Zhao, Y., 

Zhang, S., Chen, H., Qin, W. and 

Wang, Y. (2022), "Responses of 

garlic quality and yields to various 

types and rates of potassium fertilizer 

applications", HortScience, Vol. 57 

No. 1, pp. 72–80.  

Wang, Y., Zhang, Z., Liang, Y., Han, Y., 

Han, Y. and Tan, J. (2020), "High 

potassium application rate increased 

grain yield of shading-stressed winter 

wheat by improving photosynthesis 

and photosynthate translocation", 

Frontiers in Plant Science, Vol. 11, 

Article ID 134. 

Xu, X., Liu, G., Liu, J., Lyu, M., Wang, 

F., Xing, Y., Meng, H., Li, M., Jiang, 

Y. and Tian, G. (2024a), "Potassium 

alleviated high nitrogen-induced 

apple growth inhibition by regulating 

photosynthetic nitrogen allocation 

and enhancing nitrogen utilization 

capacity", Horticultural Plant 

Journal, Vol. 10 No. 1, pp. 1–14.  

Xu, X., Zhang, X., Ni, W., Liu, C., Qin, 

H., Guan, Y., Liu, J., Feng, Z., Xing, 

Y. and Tian, G. (2024b), "Nitrogen–

potassium balance improves leaf 

photosynthetic capacity by regulating 

leaf nitrogen allocation in apple", 

Horticulture Research, Vol. 11 No. 

1, Article ID uhad253.  

Yang, X., Li, C., Zhang, Q., Liu, Z., Geng, 

J. and Zhang, M. (2017), "Effects of 

polymer-coated potassium chloride 



Metwally et al./ Archives of Agriculture Sciences Journal 7(1) 47–63, 2024. 

63 

 

on cotton yield, leaf senescence and 

soil potassium", Field Crops 

Research, Vol. 212, pp. 145–152.  

Yan, Z., Eziz, A., Tian, D., Li, X., Hou, 

X., Peng, H., Han, W., Guo, Y. and 

Fang, J. (2019), "Biomass allocation 

in response to nitrogen and 

phosphorus availability: insight from 

experimental manipulations of 

Arabidopsis thaliana", Frontiers in 

Plant Science, Vol. 10, Article ID 598. 

 


