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ABSTRACT 

The current research aimed to investigate the impact 

of salicylic acid at concentrations of 0.00, 50.00, 100.00, 

and 150.00 mgl-1 via foliar spray, as well as nutritional 

requirement of NPK (19:19:19) at 0.00, 2.00, 3.00, and 4.00 

g/pot. NPK monthly throughout the growing season, and 

their combined influence on the growth, flowering, and 

chemical composition of leaves of Pelargonium zonale, L. 

plants under full sun conditions in an open field. The 

findings indicated that the application of salicylic acid 

and/or NPK fertilizer led to a significant increase in most 

studied parameters compared to the control. In terms of 

Pelargonium zonale, L. plants, it was observed that 

spraying SA at 100.0 mgl-1 while using 3 g/pot mineral 

NPK monthly during the growing season resulted in the 

highest significant values for plant height, root volume, 

and root dry weight. Furthermore, results showed that 

plants receiving SA 150 mgl-1 combined with a medium 

rate of NPK application (3g/plant) monthly during the 

growing season had the highest significant values for stem 

diameter, leaf number per plant, leaf area and leaf dry 

weights, inflorescences number, and inflorescences 

diameter. The data total chlorophyll, carotenoids, leaf 

NPK contents revealed that the highest significant values 

were achieved in plants treated with SA 150 mgl-1 

combined with medium and/or the highest rate of NPK 

application in comparison to untreated plants.      

Keywords: Geranium; Pelargonium zonale; Perennials; 

Inflorescences & Ornamental plants: salicylic acid; 

Photosynthetic pigments; Mineral fertilization. 

Abbreviations: SA= salicylic acid, MF= Mineral 

fertilization, L.S.D (0.05) = Least significant differences at 

0.05 probability level, NS=Not Significant. 

INTRODUCTION 

Geranium plants, also known as Pelargonium 

zonale, L. (Herit ex. Ait), from the Geraniaceae family, 

are well-known and popular ornamental plants that 

originally came from South Africa before being 

introduced to Europe. They are now widely cultivated in 

various temperate and subtropical regions worldwide 

(Clifford, 1972). Numerous modern varieties of 

geranium (Pelargonium zonale, L.) are suitable for 

various arrangements and decorations. This upright 

perennial plant has fibrous roots and simple, nearly 

round leaves with palmate venation, featuring 

horseshoe-shaped dark markings and scent glands. The 

flowers of geraniums come in shades ranging from rose-

pink to different red hues and pure white, with irregular 

blooms typically clustered in an umbel-like 

inflorescence. Geranium plants are commonly used in 

gardens in various locations, such as beds around trees 

and palms, along pathways and walkway edges, on 

lawns, in pots, window boxes, and wall gardens. 

Pelargonium can also be combined with other plants in 

beds and borders, it can grow in hard lands, and endure 

drought conditions, due to storing of water in its 

succulent stems and grow in a wide range of soil pH, 

but a pH of 6.50 to 7.00 is preferable (Nooh and El-

Naggar, 2021). Pelargonium zonale, L. propagated 

vegetatively by stem cuttings from Feb. to Nov. It can 

slao be propagated by seeds for producing new 

varieties.  

 Salicylic acid (SA) is an endogenous phenolic 

compound produced by root cells in a large number of 

plants, and it plays a variety of roles in plant growth and 

development as a para-hormonal substance that 

regulates a variety of physiological processes in plants 

(Shakirova et al., 2003), including plant growth and 

development, ion uptake, photosynthesis, germination, 

and defensive responses (Miura and Tada, 2014). It's 

thought to act as a natural thermogenesis indicator 

inducing flowering in many plants and controlling ion 

uptake by roots and stomatal transmission (Raskin, 

1992). Salicylic acid (SA) is a vital phenolic compound 

extensively involved in plant growth, development and 

stress responses. SA a signaling molecule and plant 

hormone, regulates a variety of physiological processes, 

including plant growth and development, nutrients 

uptake, photosynthesis, germination and defensive 

responses (Okuma et al., 2014; Shama et al., 2016 and 

Filgueiras et al., 2019). Physiological and biochemical 

traits are also regulated when they are exposed to 

abiotic stress (Hashempour et al., 2014). It is white 

powder dissolves in water with a molecular formula of 

C7H6O3. SA increases root size that favours the 

absorption and accumulation of macro and micro-

nutreients that contribute of biomass production. SA 

application enhances crop yield and quality and 

contributes to the sustainable management of 
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agricultural systems by increasing the generation of 

secondary metabolites and fortifying plant defense 

mechanisms (Skrypnik et al., 2022).  

Growth and development of geranium are mainly 

affected by hormonal substance, nutrients and other 

environmental factors. However, published data for 

Pelargonium zonale plants indicated that mineral 

nutrition, especially N, P and K, is likely to be 

important for vegetative growth and flowering (Nooh 

and El-Naggar, 2021). 

The nutritional needs of herbaceous plants are seen 

as a crucial factor that limits their growth and flower 

production. Nitrogen plays a vital role in various key 

plant compounds like amino acids, enzymes, nucleic 

acids, and chlorophyll, as well as in the utilization of 

carbohydrates within the plant. Numerous researchers 

studying ornamental plants have highlighted the 

significance of nitrogen in the growth and development 

of plants, particularly during the initial phases. The 

optimal application rate for nitrogen is between 100 and 

200 kg per feddan, as exceeding this amount may lead 

to reduced productivity, adverse effects, and decreased 

benefits. Nitrogen has been observed to enhance 

vegetative growth, boost flower yield, and improve 

flowering traits, while also elevating the nitrogen 

content in leaves.  Potassium is an essential element for 

nitrate reduction, photosynthesis, starch synthesis, 

sugars translocation and carbohydrates transformation. 

Therefore, it was found by many investigators that 

nitrogen and potassium played an important role in 

improving the vegetative growth, the productivity of 

flower yield of geranium plant. Also, increasing 

phosphorus efficiency through the use of optimum P 

fertilizer level is one of the most important factors that 

limit geranium productivity. Because P is one of basic 

plant nutrient, it considers one of the major constituents 

of nucleic proteins, phospholipida, phosphorylase 

enzyme, also, enter in process of transferring energy in 

ATP compound and work as coenzyme for zymase 

enzyme. P deficient cause weak growth and small size 

plants, leaves are colored by daek green and blue, also 

appear yellow or red or brown spots on leaves (Minni 

and Rehna, 2016).  

The major goal of this study would be how four 

different concentrations of salicylic acid (SA) and NPK 

treatment affected vegetative growth, blooming, and 

chemical constituents of Pelargonium zonale, L. plants 

alone and in combination throughout the growth period 

as it is one of the most important of ornamental plants. 

MATERIAL AND METHODS 

Plant material and cultural aspects: 

The used plants in this experiment were genera, i.e., 

Pelargonium zonale, L. one local cultivar was used 

because of its high landscape potentials in gardens. The 

rooted cuttings of P. Zonale displayed a consistent 

shape and size, measuring an average length of 10 cm 

and featuring 5 leaves each. A single plant per pot was 

grown in plastic containers with a diameter of 30 cm, 

filled with a mixture of peatmoss (pH 6.6, EC 0.6 dS/m) 

and sand (pH 8.10, EC 1.25 dS/m) in a 2:1 v/v ratio at 

private nursery - Shahat - AL jabal AL Akhdar - Libya.  

The foliar application of salicylic acid (SA) was 

carried out using four different concentrations, which 

included a control (0.00, 50.00, 100.00, and 150.00 mgl-

1). These applications were sprayed three times in each 

season, with the first spray occurring one month after 

planting, the second spray one month later, and the third 

spray added a month after the second spraying. 

Additionally, NPK-fertilizer treatments of 0.00, 2.00, 

3.00, and 4.00 g/pot were applied six times at monthly 

intervals by mixing each amount with the top portion of 

the growing medium surface before irrigation 

throughout the growing season. Chemical fertilizer NPK 

19:19:19, containing 19% N in amide, NH4, and NO3 

forms, 19% P in NH4H2PO4 form, and 19% K in K2SO4 

and KNO3 forms, was utilized. Fertilization treatments 

commenced on April 20, 2022, and April 25, 2023, for 

two years, respectively, until reaching the flowering 

stage. The experiment concluded on October 20, 2022, 

and October 25, 2023, for both seasons, respectively. 

Experiment layout: 

Two factors were involved in the present study, the 

first was four rate of NPK fertilizer as main factor, the 

second was four salicylic acid spraying treatments as sub 

factor. 

All treatments had three replicates, each experimental 

unites consisted of 6 pots. Commercial insect and 

disease agriculture methods were used as needed. 

Growth, flowering and roots characteristics:   

The data collected for both years of Pelargonium 

zonale, L. plants at the conclusion of the experiments in 

two consecutive seasons encompassed various 

parameters, including plant height (cm), stem 

diameter(cm), leaf number per plant, leaf area (cm2), 

leaves dry weights (g), number of days to flowering 

(day), inflorescences number, inflorescences diameter 

(cm). In addition, root volium (cm3) and roots dry 

weight (g) were obtained.  

Chemical composition: 

The analysis of leaves included determining the total 

chlorophyll and carotenoides content in fresh leaf 

samples (mg/100g F.W.L) using methods outlined by 

Greig et al. (1968) and Moran & Porath (1980). 

Additionally, the nitrogen, phosphorus, potassium, and 

total carbohydrate contents of Pelargonium zonale, L. 

plants were recorded. The nitrogen and phosphorus 
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levels in oven-dried leaves were determined following 

the procedures by Chapman & Pratt (1961) and 

Bringham (1982). The potassium levels were measured 

using a flame photometer, as per Brown & Lilleland 

(1946) and Chapman & Pratt (1961). The total 

carbohydrate content in dried leaf samples was assessed 

following the guidelines of Herbert et al. (1971). 

The same procedures and methodologies used in the 

initial experimental year (2022) were replicated in the 

subsequent year (2023). Data analysis was conducted 

according to the techniques described by Snedecor and 

Cochran (1990), utilizing L.S.D. for comparing 

treatment means. 

RESULTS AND DISCUSSION 

I-Impact of salicylic acid and NPK treatments and 

their interactions on the vegetative growth of 

Pelargonium zonale, L. plants: 

Data in Table (1, 2) showed that different salicylic 

acid concentrations, NPK treatments and the interaction 

had significant effect on growth of geranium plant in the 

two seasons. 

The data presented in Table (1) indicates that all 

examined NPK treatments (0.00, 2.00, 3.00, and 4.00 

g/plant) had a significant impact on height of 

Pelargonium zonale, L. plants when compared to 

untreated plants in both seasons. The most notable 

increase in plant height was observed with the 

application of 3.0 g/plant, with mean values of 49.15 

cm and 50.33 cm in the first and second years, 

respectively. Salicylic acid (SA) also showed a 

significant effect on plant height in treated 

pelargonium plants compared to the control in both 

seasons. Highest mean of plant height values (48.68 

cm and 50.86 cm) were recorded with the addition of 

100 mgl-1 of SA to the geranium plants. Additionally, 

there was no significant difference between SA 

concentrations of 100 and 150 mgl-1 in both seasons, as 

shown in Table (1). The interaction between SA and 

NPK revealed that the combination of NPK at 3.0 

g/plant and 100.00 mgl-1 of SA was the most effective 

treatment for enhancing plant height in the 1st and 2nd 

seasons. These treatments resulted in plant height 

increases of 57.58 cm and 59.29 cm compared to 32.34 

cm and 33.07 cm from the untreated plant in the first 

and second years, respectively. The next best results 

were achieved with 4.0 g/plant mineral fertilizer and 

100.00 mgl-1 SA in both seasons. Hilman and Galston 

(1961) suggested that the increase in growth could be 

attributed to the role of nitrogen in the formation of 

essential molecules like phospholipids, nucleotides, 

nucleic acid, and certain co-enzymes, which are crucial 

for plant metabolism. A deficiency in nitrogen leads to 

a decrease in auxin and subsequently stunts growth, a 

concept supported by Kadu et al. (2009), who stated 

that the improvement in plant height may be linked to 

the effects of NPK and SA on enhancing cell division 

rate and cell enlargement. These findings were 

consistent with those published by Bhaskar et al. 

(1998) on scented Geranium, and El-Mergawi and 

Abdel-Wahed (2003) on Catharanthus roseus plants. 

Amarjeet and Godaro (1995) found similar outcomes, 

stating that higher levels of (N), (P), and (K) resulted 

in increased tuberose plant height.  

The results recorded in the two seasons Tables (1, 

2) show that spraying plants with SA separately or in 

combination with different level of NPK- fertilizer had 

a considerable effect on stem diameter, leaf 

number/plant, leaves area as well as leaves fresh and 

dry weights. 

 In most cases, application of the different 

concentrations of SA combined with NPK treatments 

promoted growth, and resulted in significant increases 

in the values recorded for the above mentioned 

parameters, compared to the untreated control plants.  

The highest values were obtained by receiving the 

plants SA 150 mgl-1 combined with the medium rate of 

application 3 g NPK for several growth characteristics, 

such as stem diameter (cm), leaf number/plant, leaves 

area (cm2) and dry weights of leaves per plant (g) giving 

values of 00.75 cm, 65.39, 548.30 cm2 and 68.39 g, 

respectively in the first season, and 00.77 cm, 67.98, 

548.95 cm2 and 69.19 g, respectively, in the second 

season for the above mentioned parameters.     

These findings could be attributed to the combined 

effect of SA and NPK fertilizer in appropriate 

proportions, which promote plant growth and the 

accumulation of dry matter. The consistent application 

of 150 mgl-1 SA led to the highest values for these 

growth parameters, surpassing the control treatments 

significantly. Moreover, a higher dosage of fertilizer 

may enhance growth by improving nutrient availability, 

thus stimulating leaf development and expanding the 

photosynthesizing area. These outcomes align with 

previous studies conducted by El-Khateeb et al. (1991) 

on Freesia hybrida cv.”Arora” and Ali (1998) on 

Lawsonia inermis. 

In addition, the stimulating effects of both SA and/or 

mineral fertilization could be attributed to their role in 

activating apical meristems, promoting protoplasm 

formation, cell division, and elongation of meristem 

cells, as well as boosting protein and carbohydrate 

synthesis. These results are in line with the research by 

El-Naggar & El-Nasharty (2009) on Hippeastrum 

vittatum; Kordi et al. (2013); Gharib (2006) on Ocimum 

basilicum, and Majorana hortensis, all contributing to 

enhanced plant growth. Similar findings were reported 

by Hosni & El-Shoura (1996), and Verma et al. (2000) 

in studies on carnation (Dianthus caryophyllus) plants. 
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2-Impact of salicylic acid and NPK treatments and 

their interactions on flowers productivity of 

Pelargonium zonale, L. plants: 

The data presented in Table (2) demonstrates that all 

treatments had a significant impact on the trait under 

study during both seasons. Additionally, it was observed 

that salicylic acid treatments, as well as the interaction 

between NPK fertilizer treatments, significantly 

influenced the flowers production of geranium plants 

across the two seasons.  

 

Table 1. Means of plant height (cm), stem diameter (cm) and branches number/plant and number of leaves/ 

plant of Pelargonium zonale, L. plants as influenced by concentrations of salicylic acid and NPK treatments 

and interaction between them during the two successive years of 2022 and 2023 

Plant height (cm) 

 First year Second year 

NPK 

g/ plant 

Salicylic acid (SA , mg.l-1) 

0.00 50.00 100.00 150.00 mean 0.00 50.00 100.00 150.00 mean 

0.00 32.34 36.19 39.15 39.92 36.90 33.07 38.47 42.38 41.97 38.97 

2.00 36.46 38.70 44.17 42.92 40.56 38.77 40.05 46.88 47.38 43.27 

3.00 39.25 45.00 57.58 54.75 49.15 38.55 47.30 59.29 56.18 50.33 

4.00 38.18 46.67 53.83 51.42 47.50 37.38 40.80 54.87 53.80 46.71 

mean 36.56 41.64 48.68 47.25  36.94 41.66 50.86 49.83  

LSD0.05 For:         MF=1.23        SA=1.41        Intr.= 2.12 For:        MF=1.28        SA=1.53        Intr.= 1.98 

Stem dimeter (cm) 

 First year Second year 

NPK 

g/ plant 

Salicylic acid (SA , mg.l-1) 

0.00 50.00 100.00 150.00 mean 0.00 50.00 100.00 150.00 mean 

0.00 0.48 0.53 0.57 0.61 0.55 0.52 0.58 0.58 0.62 0.58 

2.00 0.53 0.64 0.66 0.65 0.62 0.54 0.51 0.69 0.67 0.60 

3.00 0.61 0.69 0.72 0.75 0.69 0.64 0.67 0.73 0.77 0.70 

4.00 0.62 0.67 0.68 0.68 0.66 0.61 0.64 0.69 0.69 0.66 

mean 0.56 0.63 0.66 0.75  0.58 0.60 0.67 0.69  

LSD0.05 For:        MF=0.02        SA=0.03        Intr.= 0.05 MF=0.02        SA=0.04        Intr.= 0.05 

Number of branches/ plant 

 First year Second year 

NPK 

g/ plant 

Salicylic acid (SA , mg.l-1) 

0.00 50.00 100.00 150.00 mean 0.00 50.00 100.00 150.00 mean 

0.00 4.76 6.15 8.80 9.40 7.28 5.32 7.34 8.76 9.62 7.77 

2.00 6.61 9.56 9.69 11.02 9.22 7.87 9.89 9.50 13.54 10.20 

3.00 8.29 11.98 13.14  14.49 11.98 8.84 12.32 15.00 15.23 12.85 

4.00 7.67 10.61 13.40 13.48 11.29 8.39 11.45 13.67 13.39 11.73 

mean 6.83 9.58 11.25 12.10  7.61 10.25 11.73 12.96  

LSD0.05 For:        MF=NS        SA=1.13        Intr.= 2.43 For:      MF=NS        SA=1.10        Intr.= 2.22 

Number of leaves/ plant 

 First year Second year 

NPK g/ 

plant 

Salicylic acid (SA , mg.l-1) 

0.00 50.00 100.00 150.00 mean 0.00 50.00 100.00 150.00 mean 

0.00 36.84 37.18 44.12 45.87 41.00 38.58 39.70 48.28 46.93 43.37 

2.00 36.99 42.60 48.49 46.65 43.69 39.93 45.88 54.38 47.51 46.93 

3.00 46.49 48.39 59.97 65.39 55.06 45.62 50.00 61.35 67.98 56.24 

4.00 51.80 54.60 63.76 59.71 57.47 52.27 56.02 66.87 62.28 59.36 

mean 43.03 45.69 54.34 54.41  44.10 47.90 57.72 56.18  

LSD0.05 For:       MF=NS        SA=1.10        Intr.= 2.40 For:        MF=NS        SA=1.12        Intr.= 2.36 
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The results indicate that the application of 

Pelargonium zonale, L. plants with either SA and/or 

NPK fertilizer led to notable improvements in the 

number of inflorescences per plant, and their size 

compared to the control group. Furthermore, the 

findings in Table (3) show that the number of flowers 

per plant and inflorescences diameter in the two seasons 

was significantly increased with adding of SA alone or 

in conjunction with NPK fertilizer. The maximum 

increased of inflorescences number and size was 

achieved by using 100 and/or 150 mg l-1 SA in 

combination with NPK treatment (2.0, 3.0, and 4.0 g per 

plant) compared to untreated group for both years, 

respectively.  
 

Table 2. Means of leaves area and leaves dry weights, inflorescences number and inflorescences diameter of 

Pelargonium zonale, L plants as influenced by concentrations of salicylic acid and NPK treatments and 

interaction between them during the two successive years of 2022 and 2023 

)2Leaves area (cm 

 First year Second year 

NPK 

g/ plant 

Salicylic acid (SA , mg.l-1) 

0.00 50.00 100.00 150.00 mean 0.00 50.00 100.00 150.00 mean 

0.00 312.50 342.76 385.53 390.86 357.91 315.67 347.50 392.42 398.78 363.59 

2.00 356.91 373.85 429.56 438.59 399.73 353.92 372.85 475.18 484.74 421.67 

3.00 370.76 433.27 479.32 548.30 457.91 369.96 442.59 483.29 548.95 461.20 

4.00 397.42 476.74 498.54 467.94 460.16 401.79 481.34 502.80 482.86 467.20 

mean 359.40 406.66 448.24 461.42  360.34 411.07 463.59 478.83  

LSD0.05 For:       MF=22.92        SA=13.70        Intr.= 24.46 For:    MF=28.41        SA=15.84        Intr.= 31.78 

Leaves dry weights (g) 

 First year Second year 

NPK 

g/ plant 

Salicylic acid (SA , mg.l-1) 

0.00 50.00 100.00 150.00 mean 0.00 50.00 100.00 150.00 mean 

0.00 36.92 37.23 42.45 47.19 40.95 37.35 40.69 43.78 48.56 42.60 

2.00 40.85 43.76 55.23 45.36 46.30 41.82 46.70 54.45 56.42 52.10 

3.00 52.77 54.88 63.82 68.39 59.97 53.56 53.62 64.28 69.19 60.16 

4.00 59.20 62.45 64.55 64.90 67.02 58.73 61.90 63.86 62.36 61.71 

mean 47.43 49.58 56.51 63.21  47.87 50.73 56.59 57.70  

LSD0.05 MF=2.23        SA=1.61        Intr.= 2.42 MF=2.23        SA=1.70        Intr.= 2.32 

Inflorescences number 

 First year Second year 

NPK 

g/ plant 

Salicylic acid (SA , mg.l-1) 

0.00 50.00 100.00 150.00 mean 0.00 50.00 100.00 150.00 mean 

0.00 6.34 7.59 10.92 11.04 8.97 6.87 8.68 10.95 11.79 9.57 

2.00 9.16 11.88 13.03 13.78 9.67 9.97 12.19 13.10 13.98 12.31 

3.00 12.98 14.03 15.37 17.19 14.89 12.83 14.50 16.76 17.89 15.50 

4.00 14.71 16.29 15.01 14.35 15.09 10.79 11.33 16.53 14.86 13.38 

mean 10.80 12.45 13.58 14.09  10.12 11.68 14.33 14.63  

LSD0.05 MF=  NS      SA=NS        Intr.= 1.37 MF= NS        SA=1.01        Intr.= 1.42 

Inflorescences diameter (cm) 

 First year Second year 

NPK g/ 

plant 

Salicylic acid (SA , mg.l-1) 

0.00 50.00 100.00 150.00 mean 0.00 50.00 100.00 150.00 mean 

0.00 5.13 5.76 6.28 6.19 5.84 5.26 5.87 6.53 5.59 5.81 

2.00 5.33 6.68 7.88 7.11 6.75 5.43 6.73 7.96 7.29 6.85 

3.00 5.47 6.97 9.21 9.86 7.88 5.56 7.06 9.30 9.92 7.96 

4.00 5.83 7.42 9.87 9.13 8.08 5.90 7.39 9.98 9.10 8.10 

mean 5.44 6.71 8.31 8.07  5.56 6.76 8.44 7.98  

LSD0.05 MF=0.43        SA= 0.43       Intr.= 1.16 MF=0.43        SA=0.38        Intr.= 1.10 
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Moreover, the combination of 100 mgl-1 SA and 3 g 

per plant of NPK treatment significantly increased 

inflorescences production compared to other treatments. 

The enhanced inflorescences number and size due to the 

appropriate concentration of SA with NPK fertilizer at 

optimal levels may be linked to the role of SA and 

essential nutrients like phosphorus and potassium, 

crucial for protein synthesis and cytokinin production, 

ultimately promoting cell division and enhancing 

inflorescences yield. These results align with previous 

studies on various plants such as rose, carnation, 

tuberose, and marigold (Taha, 2005 and El-Gedawey et 

al., 2022).  

3 -Impact of salicylic acid and NPK treatments and 

their interactions on the root volume (cm3) and root 

dry weight (g) of Pelargonium zonale, L. plants: 

The data presented in Table (3) demonstrates 

notable increases in root volume and root dry weight 

when plants were treated with SA in comparison to the 

control group. The most significant enhancements 

were observed when SA was sprayed at a 

concentration of 100 mgl-1, resulting in root volume 

and root dry weight values of 35.75 cm3 and 24.67 g, 

respectively, during the first season and 37.06 cm3 and 

24.81 g, respectively, during the second season.  

These improvements can be attributed to the 

positive impact of SA on photosynthetic and 

respiratory rates, leaf carbohydrates, nutrient uptake, 

and transport, ultimately promoting robust vegetative 

growth and increased food storage in the roots, hence 

leading to higher root volume and dry weight. In terms 

of fertilization rates, significant increases in root 

volume and root dry weight characteristics were 

observed compared to untreated plants.  

The application of medium to high levels of NPK 

fertilizer resulted in the highest values for root volume 

and dry weight across both seasons, surpassing other 

treatment groups. This outcome is likely due to the 

effectiveness of potassium in high-rate foliar 

fertilization, which is well-balanced with other 

nutrients and influences root volume and dry weight 

per plant. Similar findings were reported in previous 

studies by Thabet et al. (1994) with onion plants and 

Manoly (1996) with iris plants. The combined 

application of SA and NPK fertilizer rates revealed 

significant differences in root parameters.  

The most favorable outcomes were achieved when 

SA was applied at concentrations of 100 and 150 mg l-

1 in conjunction with NPK fertilizer at 3 g per plant. 

Conversely, the control group exhibited the lowest 

values for root volume and root dry weight per plant in 

both seasons. This can be attributed to the synergistic 

effect of utilizing SA at appropriate concentrations 

along with the addition of NPK mineral fertilizer at 

optimal levels, leading to increased growth and 

activation of the root system.  

4 -Impact of salicylic acid and NPK treatments and 

their interactions on chemical constituents of leaves 

of Pelargonium zonale, L. plants: 

A-Total chlorophyll and carotenoides (mg/100g 

L.F.W.) content: 

The data in Table (3) clearly shows that the levels of 

total chlorophylls and carotenoids in mg/100 g LFW of 

leaves increased progressively with higher fertilizer 

rates in both seasons. The plants grown with a rate of 4 

g/plant NPK showed the highest values of total 

chlorophyll and carotenoids, with 186.47 and 172.24 

mg/100 g LFW of chlorophyll content and 34.27 and 

34.61 mg/100 g LFW of carotenoids in the first and 

second seasons, respectively, compared to other 

treatments in the two growing seasons. These findings 

may be attributed to the involvement of N, P, and K in 

the synthesis of phospholipids in membranes, sugar 

phosphates, various nucleotides, and co-enzymes, 

consequently leading to an increase in total chlorophyll 

(a+b) and carotenoids. Additionally, this could also be 

linked to the beneficial effects of proper nutrition on 

enhancing the content of plastid pigments (total 

chlorophyll). 

Regarding SA treatments, an incremental rise was 

noted in the total chlorophyll (a+b) content and 

carotenoids of leaves as the SA concentration increased 

from 50 mgl-1 to 150 mgl-1 compared to the control. 

This outcome might be attributed to SA's ability to 

boost plastid pigment content by increasing nucleic 

acids, particularly RNA, and influencing enzyme 

synthesis. These findings align with previous studies by 

Wahabe et al. (2002) on Antholyza aethiopica and Taha 

(2005) on Polianthus tuberosa plants. In terms of the 

interaction, analysis in Table (3) indicated a significant 

increase in total chlorophyll (a+b) content and 

carotenoids (mg/100 g LFW) of leaves with 3g NKK- 

fertilizer rates combined with150 mgl-1 SA. This 

regimen resulted in an increase in chlorophyll pigment 

to 177.80 and 179.33 mg/100 g LFW, as well as an 

increase in carotenoid content to 38.86 and 39.16 

mg/100 g LFW in the first and second seasons, 

respectively.  

The results observed could be the outcome of the 

positive impact of NPK fertilizer and SA at appropriate 

concentrations on the uptake of essential elements such 

as nitrogen, phosphorus, and potassium. These elements 

are vital for various metabolic processes, including the 

synthesis of chlorophylls, enzyme activation, and the 

formation of chloroplasts. Additionally, the use of 

suitable SA may assist in enhancing the absorption of 

water and necessary nutrient elements by plants for 

chlorophyll production, leading to an increase in green 
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pigments like chlorophyll and carotenoids. The 

combination of SA with mineral fertilizer contributed to 

an elevation in potassium levels in the leaves by 

promoting chlorophyll production. This aligns with 

findings from a study conducted by Taha (2005) on 

Polianthus tuberose. 

B -  Mineral content: 

N, P, and K levels in leaves, as illustrated in Table 

(4), experienced a significant increase when geranium 

plants were subjected to SA and NPK fertilizer, either 

separately or in various combinations. It is evident that 

the percentages of N, P, and K in the leaves saw an 

increase with the application of mineral fertilization 

doses up to 4 g/plant, either alone or in conjunction with 

SA at concentrations of 50, 100, and 150 mgl-1, 

compared to untreated plants across both growing 

seasons. These findings align with the results of Koriesh 

et al. (1990) concerning rose cv. "Baccara," where they 

observed a rise in N, P, and K levels in leaves with 

differing NPK fertilizer levels. This outcome could be 

linked to the cation exchange capacity (CEC) of the soil 

and/or plant roots, leading to the adsorption and 

subsequent absorption of the necessary nutrients for 

growth. Furthermore, optimal levels of SA alone or in 

combination with NPK fertilizer enhanced the N, P, and 

K content in leaves compared to other SA 

concentrations, possibly due to SA's role in stimulating 

root activity. Similar results were reported by El-Naggar 

and El-Naggar (2004) on carnation. 

 

 

Table 3. Means of root volume (cm3), root dry weight (g), chlorophyll and carotenoids (mg/100 g FLW) of 

Pelargonium zonale, L. plants as influenced by concentrations of salicylic acid and NPK treatments and 

interaction between them during the two successive years of 2022 and 2023 

) 3Root volume (cm 

 First year Second year 

NPK 

g/ plant 

Salicylic acid (SA , mg.l-1) 

0.00 50.00 100.00 150.00 mean 0.00 50.00 100.00 150.00 mean 

0.00 22.13 24.16 29.74 28.83 26.22 23.00 25.68 31.50 30.65 27.71 

2.00 24.50 31.66 34.15 32.74 30.77 25.38 34.01 35.26 33.88 32.11 

3.00 26.72 35.00 40.23 39.75 35.42 29.96 34.76 41.96 38.68 36.34 

4.00 31.56 36.10 38.91 37.16 35.93 32.43 36.21 39.53 37.85 36.51 

mean 26.23 31.73 35.75 34.62  27.69 32.67 37.06 35.27  

LSD0.05 For :          MF=1.22        SA=2.98        Intr.= 3.35 For :        MF=1.89        SA=2.30        Intr.= 3.97 

Root dry weights (g) 

 First year  Second year 

NPK 

g/ plant 

Salicylic acid (SA , mg.l-1) 

0.00 50.00 100.00 150.00 mean 0.00 50.00 100.00 150.00 mean 

0.00 12.30 15.83 19.39 20.18 16.43 12.63 16.95 19.16 21.81 17.64 

2.00 14.22 16.54 22.65 25.17 19.52 13.40 17.76 23.83 24.10 19.75 

3.00 17.35 20.82 28.84 27.01 23.51 17.26 20.91 28.93 27.49 23.60 

4.00 19.43 22.57 27.86 25.37 23.81 20.65 24.83 27.30 25.70 24.62 

mean 15.83 18.94 24.67 24.43  13.24 20.11 24.81 24.78  

LSD0.05 For:          MF=1.08        SA=1.08        Intr.= 1.41 For:        MF=0.97        SA=0.97        Intr.= 1.12 

Total chlorophylls (mg/100 g FLW)  

 First year Second year 

NPK 

g/ plant 

Salicylic acid (SA , mg.l-1) 

0.00 50.00 100.00 150.00 mean 0.00 50.00 100.00 150.00 mean 

0.00 78.26 98.55 116.94 129.83 105.90 75.16 97.10 119.94 128.45 105.16 

2.00 118.62 137.10 149.74 153.22 139.67 117.68 139.19 151.62 156.76 141.31 

3.00 146.52 163.28 176.19 177.80 165.95 148.52 166.28 180.16 179.33 168.55 

4.00 159.41 167.72 174.87 172.93 186.74 159.42 170.93 178.87 178.74 171.99 

mean 125.70 141.64 126.94 158.45  125.20 143.38 157.65 160.82  

LSD0.05 For:        MF=4.27       SA=8.70        Intr.= 13.45 For:       MF=4.23        SA=9.32        Intr.= 13.42 
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Table 3. 

Total carotenoides 

 First year Second year 

NPK  

g/ plant 

Salicylic acid (SA , mg.l-1) 

0.00 50.00 100.00 150.00 mean 0.00 50.00 100.00 150.00 mean 

0.00 18.35 20.82 26.96 26.84 23.24 18.21 20.98 27.50 26.91 23.40 

2.00 20.77 25.53 31.70 32.15 27.54 20.98 25.61 31.79 32.74 29.53 

3.00 28.76 29.12 35.93 38.86 33.17 27.23 29.82 36.68 39.16 33.22 

4.00 30.55 31.80 36.52 38.19 34.27 30.85 31.76 36.89 38.94 34.61 

mean 24.61 26.82 32.78 34.01  24.32 27.04 33.22 34.44  

LSD0.05  For:         MF=2.13        SA=1.19        Intr.= 3.12 For:         MF=2.29        SA=1.70        Intr.= 3.24 

 

 

Table (4): Means of N, P and K content (%) in leaves of Pelargonium zonale, L. plants as influenced by 

concentrations of salicylic acid and NPK treatments and interaction between them during the two successive 

years of 2022 and 2023 

N content  (%) 

 First year Second year 

NPK 

g/ plant 

Salicylic acid (SA , mg.l-1) 

0.00 50.00 100.00 150.00 mean 0.00 50.00 100.00 150.00 mean 

0.00 1.892 1.962 2.364 2.401 2.155 1.910 1.959 2.372 2.423 2.166 

2.00 2.383 2.546 2.819 2.877 2.656 2.390 2.653 2.813 2.891 2.687 

3.00 2.597 2.917 3.480 3.351 3.086 2.595 2.982 3.495 3.367 3.359 

4.00 2.725 2.987 3.490 3.668 3.218 2.764 2.993 3.503 3.671 3.247 

mean 2.399 2.603 3.038 3.074  2.414 2.647 3.048 3.088  

LSD0.05 For:       MF=0.041        SA=0.082        Intr.= 0.132 For:       MF=0.032        SA=0.050    Intr.=0.094 

P content (%) 

 First year  Second year 

NPK 

g/ plant 

Salicylic acid (SA , mg.l-1) 

0.00 50.00 100.00 150.00 mean 0.00 50.00 100.00 150.00 mean 

0.00 0.102 0.137 0.160 0163 0.141 0.111 0.141 0.166 0.169 0.147 

2.00 0.167 0.282 0.313 0.316 0.270 0.165 0.286 0.318 0.319 0.272 

3.00 0.290 0.338 0.349 0.330 0.327 0.278 0.334 0.352 0.332 0.324 

4.00 0.295 0.314 0.358 0.354 0.330 0.294 0.317 0.359 0.357 0.332 

mean 0.193 0.268 0.295 0.291  0.212 0.270 0.299 0.294  

LSD0.05 For :    MF=0.004        SA=0.006        Intr.= 0.268 For:    MF=0.003    SA=0.004        Intr.= 0.191 

K content (%)   

 First year Second year 

NPK 

g/ plant 

Salicylic acid (SA , mg.l-1) 

0.00 50.00 100.00 150.00 mean 0.00 50.00 100.00 150.00 mean 

0.00 1.053 1.617 1.934 1.912 1.629 1.080 1.620 1.964 1.915 1.645 

2.00 2.120 2.307 2.540 2.616 2.396 2.119 2.313 2.551 2.609 2.398 

3.00 2.421 2.778 2.917 2.822 2.735 2.430 2.781 2.920 2.828 2.740 

4.00 2.577 2.865 2.983 2.849 2.819 2.575 2.869 2.989 2.855 2.822 

mean 2.043 2.391 2.643 2.575  2.051 2.418 2.606 2.577  

LSD0.05 For:       MF=0.046       SA=0.065        Intr.= 0.094 For:     MF=0.053     SA=0.072        Intr.= 0.102 
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CONCLUSION 

To achieve the production of high-quality Geranium 

(Pelargonium zonale, L.) plants for various decorative 

purposes in landscaping, it is recommended to cultivate 

P. zonale, L. plants as potted plants in a mixture of sand 

and peat moss (2:1 v/v). Additionally, the application of 

salicylic acid at a concentration of 150 mgl-1 as a foliar 

spray and the use of 3 g/plant NPK fertilizer as a 

dressing application should be carried out six times 

during the growing season. 
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 الملخص العربي
 تأثير حامض السالسيلك والإحتياجات الغذائية على النمو والإزهار والمحتوى الكيماوى لنباتات الجارونيا

 إيمان بدر حامد و جبريل فرج أمحمد
أجررره اررلب ب بحرر  بارردت درب ررم  ررساير حررامد ب  ا  رري     ررد 

م رررريجتر   ررررر ر ررررا    رررر   150   100  50أربررررك  رتيرررر ب   رررر ر  
 NPKب خضره  وأربك معدلا  ب   رميد با  رماد ب معرد   ب مجموع 

جررررررررررت ر  بررررررررررا   4.0و 3.0   2.0   0.0( بمعرررررررررردل 19:19:19)
وربق ب تيمرررراوه  مررررو وبر اررررار ومح رررروه بأب وب   ا ررررل بيرررر ات   رررر  

. وقررد أ ررار  ب   ررا    .Pelargonium zonale, L  با ررا  ب جارو يررا 
 معررد   أده ب رر  بن حررامد ب  ا  رري   وب  ررماد أب م ح ررل   ياررا 

 يررررادن مع ويررررم فررررت معمررررت ب  رررر ا  ب مدرو ررررم با م ار ررررم بمعام ررررم 
ن رش حررررررامد أب ت  ررررررول. وأ ررررررار  ب   ررررررا   ب م ح رررررل   ياررررررا  

 3مررك   ررميد ب  با ررا  بمعرردل م رريجت ر   ررر  100ب  ا  رري   ب رتيرر  
 راريا  خر ل مو رت ب  مرو قرد أده  NPK جتر  با  ب رماد معرد   
يررم فررت بر  راع ب  بررا  وحجررت ب جررلور وب ررو ن و ب ر  أق رر    يررادن مع 

ب جرررات   جرررلور فرررت ب مو رررمين . فررر  حرررين أد  ب معام رررم برررا  رتي  
مرك   رميد م يجت ر   رر  150حامد ب  ا  ي   ب رتي   ب عا   من

 ررر  أفضرررل إ NPK جرررتر  برررا  ب رررماد معرررد    3ب  با رررا  بمعررردل 
وربق ب   رررا   مرررن حيررر   ق رررر ب  ررراق   ررردد ب  ررررع ر برررا    ررردد بأ

 با   ب م احم ب ورقيم ر  با  وب و ن ب جات  لأوربق وتل    يادن ر
مع ويرررم فررر  بر  ررراج ب  ارررره م مارررل فررر   ررردد ب  رررورب   ترررل  برررا   
وق راررا تررل   أ  رر   يررادن مع ويررم فررت ب مح رروه ب ت رر   ررلأوربق مررن 
ب ت ورفي   وب تارو ي ا   و ح    أ  ر   يرادن مع ويرم فرت مح روه 

 ررر ب   ررروجين و ب  و رر ور وب بو ا رريوت   ررد ب رررش بأوربق مررن   ا
 ب  رماد  إضرافم مركم ريجت ر   رر  150بحامد ب  ا  ي   ب رتير   

جتر  برا   راريا  خر ل  4أو  3بمعدل NPK (19:19:19 )ب معد   
.ب معا جم غير با  با ا  م ار م مو ت ب  مو

 


