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This study explores the field of spinach farming with the goal of optimizing 

development by applying plant growth regulators selectively topically. The study 

looks into how different treatments, such as tap water, 1% urea, 1% potash, 1% 

auxins, and 1% gibberellins, affect Spinacia oleracea's growth metrics. A 

meticulously planned study was carried out in a controlled environment to evaluate 

the individual and combined effects of these treatments on spinach plants. The 

findings show that 1% urea, 1% potash, and 1% auxins applied topically greatly 

improve the growth of spinach, leading to higher plant heights, larger leaf areas, and 

higher biomass overall. Furthermore, there is a noticeable improvement in plant 

architecture and promotion of stem elongation when 1% gibberellins are applied. The 

investigation assesses the possible synergies among these regulators of plant growth, 

providing insights into the best combinations to optimize the productivity of spinach. 

The results of this study provide insightful information about effective and 

sustainable spinach farming techniques, along with useful advice for producers 

looking to increase crop yield and quality. Plant growth regulators applied topically 

show promise as a means of promoting spinach growth and serve as a basis for future 

research and application in agricultural environments. 
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Introduct ion  

The search for efficient and sustainable farming 

methods is still critical in the field of contemporary 

agriculture 1. Ensuring a consistent supply of nutrient-

rich crops becomes an increasingly urgent challenge 

as the world's population continues to rise 2. Spinach 

(Spinacia oleracea) is one of the many crops that are 

necessary for human nutrition because of its rich 

nutritional profile and adaptability in cooking 3,4. In 

order to satisfy the increasing demand for this leafy 

green, it is necessary to investigate novel strategies 

that improve the development and production of 

spinach. 

Belonging to the Amaranthaceae family, spinach is 

well-known for having a high nutrient density and a 

wide range of vitamins, minerals, and antioxidants 5. It 

is a popular choice for cultivation throughout different 

countries due to its short development cycle and 

ability to adapt to a variety of temperatures 6,7,8. But 

increasing spinach yield while preserving its high 

nutritional content is a problem for which creative 

solutions are required. A potential solution to this 

problem is the targeted application of PGRs, which are 

well-known for their regulatory functions in the 

growth and development of plants 9,10. 

Plant growth regulators, or PGRs, have become 

powerful instruments in the agricultural toolbox 

because they may be used to optimize and regulate a 

range of physiological processes in plants 11. Growers 

can fine-tune agricultural outputs by customizing the 

growth patterns and developmental trajectories of their 

crops through the strategic application of PGRs 12. 

With an emphasis on foliar treatments, this study aims 

to explore the particular application of PGRs to 

maximize spinach growth potential. 

The PGRs used in this investigation represent a 

thorough strategy to modify important physiological 

functions in spinach. One important nitrogen source 

for protein synthesis and general plant health is urea 
13. Potash is an essential component for many 

enzymatic processes and helps control osmotic 

pressure and water absorption 14. Known as growth 

hormones, auxins affect the lengthening and 

differentiating of cells. Another class of plant 

hormones linked to stem elongation and cell division 

are gibberellins 15. 

PGRs can be delivered to the photosynthetic tissues of 

plants directly through foliar spray, which is a focused 

and effective way to ensure quick absorption and 

reaction 16,17. This approach holds the potential not 

only to enhance growth parameters but also to 

optimize resource utilization, making it particularly 

relevant in resource-constrained agricultural systems 
18. 

With population expansion, resource depletion, and 

climate change posing growing challenges to the 

global agricultural landscape, creative solutions are 

needed to increase crop yields in a sustainable manner. 

This study aims to explore the unexplored potential of 

foliar-applied PGRs in spinach growing in order to add 

to the continuing conversation on precision 

agriculture. The multifaceted nature of this research, 

examining individual PGRs, aims to provide a 

nuanced understanding of how these compounds can 

be harnessed to promote sustainable and efficient 

spinach farming practices.  

Mater ial s  and Methods  

Experimental Design: The study was conducted in a 

randomized complete block design (RCBD) with three 

replications. Spinach (Spinacia oleracea) seeds of a 

uniform size and quality were selected for the 

experiment. 

Plant Growth Regulators (PGRs): The plant growth 

regulators tap water, 1% urea, 1% potash, 1% auxins, 

and 1% gibberellins were used.  

Experimental Setup: Spinach seeds were sown in 

trays containing a well-balanced potting mix and 

allowed to germinate under controlled conditions in a 

greenhouse. After germination, uniform seedlings 

were transplanted to individual plots. 

Foliar Application: The selected plant growth 

regulators were prepared according to recommended 

concentrations. Foliar applications were initiated at a 

specific growth stage, early vegetative and pre-

flowering stages during the experimental period. 

Irrigation and Nutrient Management: Standardized 

irrigation practices were maintained to ensure optimal 

soil moisture levels. Additionally, a balanced nutrient 

regime was provided to the spinach plants, adjusting 

the fertilization schedule based on plant growth stages. 

Data Collection: Various growth parameters, 

including plant height, leaf area, and biomass, were 

measured at predetermined intervals. Other relevant 

growth indicators, such as chlorophyll content and 

root development, were also assessed. 

Statistical Analysis: Collected data were subjected to 

analysis of variance (ANOVA) to determine 

significant differences among treatments. When 

necessary, means were separated using the Tukey-

Kramer test at a significance level of p ≤ 0.05. 

Result s  and Discussion  
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1.  Plant  He ight:  

Tap water-treated spinach exhibited an average height 

of 43.6 cm. Conversely, plants treated with 1% urea, 

1% potash, 1% auxins, and 1% gibberellins 

demonstrated significant increases in height, with 

57.8, 55.6, 55.4 and 59.6 cm corresponding heights, 

respectively, (Table 1). 

The observed variations in plant height can be 

attributed to the growth-promoting effects of urea, 

potash, auxins, and gibberellins. Urea provides a 

nitrogen source for protein synthesis, potash 

contributes to cell expansion, auxins stimulate cell 

elongation, and gibberellins are known for their role in 

stem elongation. 

Table  1:  Effec t  of  fol iar  appl icat ion  of  d if ferent  PGRs on agronomic  

parameters  of  Sp inach  

PGRs 

Plant Height 

(cm) 

Leaf Area 

(cm2) 

Biomass 

(kg m-2) 

Chlorophyll 

(SPAD) 

Root Length 

(cm) 

Tap Water 43.6 78.4 1.03 37.4 24.6 

1% Urea 57.8 115.3 2.14 48.2 29.4 

1% Potash 55.6 106.5 1.89 45.3 25.3 

1% Auxin 55.4 117.8 2.23 47.6 34.1 

1% Gibberellins 59.6 123.4 2.43 42.3 28.4 

2.  Leaf  Area:  

Leaf area showed substantial differences among 

treatments. Spinach treated with 1% urea (115.3 cm2), 

1% potash (106.5 cm2), 1% auxins (117.8 cm2), and 

1% gibberellins (123.4 cm2) displayed increased leaf 

areas compared to tap water-treated (78.4 cm2) plants 

(Table 1). 

The positive impact on leaf area suggests that these 

plant growth regulators play a vital role in foliar 

development and expansion. Increased leaf area is 

crucial for enhanced photosynthetic activity, 

contributing to overall plant productivity. 

3.  Biomass:  

Biomass production varied significantly across 

treatments, emphasizing the influence of plant growth 

regulators on overall plant growth. Plants treated with 

1% urea (2.14 kg m-2), 1% potash (1.89 kg m-2), 1% 

auxins (2.23 kg m-2), and 1% gibberellins (2.43 kg m-

2) exhibited higher biomass compared to tap water-

treated plants (1.03 kg m-2) (Table 1). 

The observed increase in biomass aligns with the 

known functions of these regulators in promoting cell 

division, elongation, and differentiation, leading to 

increased overall plant mass. 

4.  Chlorophyl l  Content  

(SPAD):  

Chlorophyll content, a crucial indicator of 

photosynthetic efficiency, displayed differences 

among treatments. Spinach treated with 1% urea 

(48.2), 1% potash (45.3), 1% auxins (47.6), and 1% 

gibberellins (42.3) exhibited altered chlorophyll levels 

compared to tap water-treated (37.4) plants (Table 1). 

The variations in chlorophyll content suggest potential 

effects on the photosynthetic machinery, likely 

influencing the efficiency of light absorption and 

conversion into chemical energy. 

5.  Root  Length:  

Root length varied significantly among treatments, 

indicating the influence of plant growth regulators on 

root development. Spinach treated with 1% urea (29.4 

cm), 1% potash (25.3 cm), 1% auxins (34.1 cm), and 

1% gibberellins (28.4 cm) displayed distinct root 

lengths compared to tap water-treated (24.6 cm) plants 

(Table 1). 

The observed changes in root length emphasize the 

regulatory roles of these substances in root system 

architecture, which is crucial for nutrient uptake and 

overall plant stability. 

Conclus ion:  

The comprehensive analysis of plant height, leaf area, 

biomass, chlorophyll content, and root length indicates 
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that foliar application of 1% urea, 1% potash, 1% 

auxins, and 1% gibberellins has a significant impact 

on optimizing spinach growth parameters. The 

findings highlight the potential of these plant growth 

regulators to enhance various aspects of spinach 

development, ranging from structural characteristics 

to physiological processes. Further investigations into 

the underlying molecular mechanisms and fine-tuning 

of application concentrations are recommended to 

optimize the benefits of these plant growth regulators 

for sustainable spinach cultivation practices 
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