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Abstract 

Due to its high nutritional value and secondary metabolites, broccoli is 

one of the most significant vegetable crops globally. Thus, a green-

house experiment was conducted to determine how the application of 

inorganic fertilizer impacts the plant growth and internal quality of 

broccoli plants. NPK fertilizer was applied at different levels (0, 300, 

500, and 700 kg ha-1) three times at 14-day intervals after 21 days of 

transplanting.  Results showed that 700 kg ha-1 NPK significantly im-

proved some morphological characteristics, yield components, and total 

polyphenolic content (TPC) (93.89 μg GAE g-1 FW). 500 kg ha-1 pro-

vided the best value for leaf chlorophyll intensity (82.96 SPAD), TSS 

(11.57 ˚Brix), ascorbic acid (107.33 mg 100g-1 FW), and the highest 

rate of nitrate accumulation (502.33 ppm). Moreover, 300 kg ha-1 NPK 

produced the maximum results for leaf dry matter (20.27%), lateral 

head weight (354.33 g), zinc (551.58 ppm), manganese (11.29 ppm), 

and iron (41.17 ppm). Conversely, the control plants recorded the min-

imum results in this study except for total antioxidant activity (TAA) 

(70.50%) and copper (7.05 ppm). The results of this research could as-

sist growers in determining the optimal amounts of NPK application for 

their broccoli plants or other crops while maintaining quality in green-

houses 

Keywords: Brassica oleracea var. italica, Phytochemicals, Vitamin C, 

Nitrate, Heavy Metals, NPK 
Introduction 

   Broccoli (Brassica oleracea var. italica) is one of the edible vegetables belonging to 

the Brassicaceae family [1]. This crop is of significant importance because of its excel-

lent nutritional and economic value [2, 3]. Broccoli gained increased attention because 

of its diverse applications and impressive nutritional benefits; well-known for its abun-
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dance of minerals and extensive selection of bioactive compounds (non-enzymatic) 

with health benefits [4, 5]. Phenolic acids, carotenoids, glucosinolates, vitamins, and se-

lenium are among the bioactive substances that demand particular attention. Also, it had 

the greatest antioxidant capacities and was the richest supplier of kaempferol and quer-

cetin glucosides, as well as chlorophyll [6]. Another benefit of broccoli is its ability to 

collect heavy metals. A daily intake of 150 g of broccoli meets an adult's vitamin E, A, 

B1, and C needs while also boosting the immune system [7, 8]. Despite the lack of in-

sight into the process, the findings demonstrate that even a brief dietary therapy with 

broccoli sprouts may significantly reduce oxidative stress and cell death in the heart due 

to ischemia-reperfusion [9]. 

    Moreover, providing adequate food for the quickly growing population is a signifi-

cant obstacle, but it can be accomplished by boosting both the quantity and quality of 

crop production. However, food security objectives cannot be met unless vital plant nu-

trients are available [10]. Nowadays, crop productivity in the developing world is lim-

ited by various factors, and a significant challenge is the insufficient supply of essential 

crop nutrients in the appropriate amounts and forms [11]. Sustainable agriculture de-

pends on the availability of plant nutrients, which play an important function in achiev-

ing optimal plant growth and production. These essential nutrients must be present in 

balanced proportions and sufficient quantities. Chemical fertilizers are one of the most 

effective sources of readily available nutrients that can help maintain a favorable nutri-

ent balance [12]. 

    In this regard, when cultivating broccoli in recently reclaimed soils, several challeng-

es are encountered, including insufficient availability of essential nutrients. The com-

pensation for this, the optimal level of macronutrient mineral fertilizer must be added to 

the soil to replenish and maintain its fertility, thereby promoting productivity. It has 

been mentioned that plants need macronutrients for growth and development. Nitrogen, 

for example, encourages vegetative growth [13], while phosphorus, on the other hand, 

promotes root growth and provides energy by producing ATP [14, 15]. Additionally, 

potassium is essential for osmotic control, enzyme activation, and glucose metabolism 

[16]. In addition, the growing of broccoli is influenced by various factors, with fertilizer 

application being the most significant. Adequate management of macronutrients, for in-

stance, NPK is critical for achieving high yields and internal quality, as well as suffi-

cient for the marketability of the crop of broccoli. Other researchers also indicated the 

different doses and fertilizer effects on broccoli characteristics [17]. Thus, the objective 

of this research is to investigate the impact of NPK at different doses on both the pro-

duce and internal quality of broccoli, as well as to identify the optimal NPK dosage for 

effective broccoli cultivation under greenhouse conditions. 

 

Materials and Methods 

Experimental design  

    The experimental study was carried out under greenhouse conditions at Bakrajo Ag-

riculture Research Center (N35 ˚54’, E45 ˚ 35’), Directorate of Agriculture Research, 
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Sulaymaniyah, Kurdistan Region, Iraq. Randomized Complete Block Design (RCBD) 

was used, and the multi-span structures were 18 m in width, 24 m in length, and 4 m in 

height. They were covered with clear color and a double layer of transparent polyeth-

ylene plastic. The research was started by plowing, leveling, and then plotting the soil 

inside the multi-span. The ground was divided into three terraces, and a uniform drip ir-

rigation system was set on them. The soil texture was identified as silty-clay (175 g kg-1 

sand, 405 g kg-1 silt, and 420 g kg-1 clay), with a pH of 7.84, electrical conductivity of 

0.48 ds m-1, organic matter content at 1.59%, calcium carbonate content at 24%, total 

nitrogen at 0.16%, available phosphorus at 37.14 ppm, and soluble potassium at 0.207 

meq L-1. 

Plant Materials 

    The broccoli seedlings were planted with three replications per treatment. In each 

replication, 7 seedlings were planted in terraces 60 cm wide, and the distance between 

each two terraces was one meter. The replications were divided and arranged on four 

different levels of NPK balance (15:15:15) at 0, 300, 500, and 700 kg ha-1. The fertilizer 

was applied three times at 14-day intervals via soil applications after 21 transplants. 

The content of fertilizer was total nitrogen 15% (NH4 9% and NO3 6%), total phospho-

rus (P2O5) 15% and total potassium (K2O) 15%. 

Data collection 

     During this study, several parameters were measured by using different instruments, 

such as plant height (cm), stem diameter (mm), plant leaf number, plant branch number, 

leaf dry matter (%), lateral head diameter, main head diameter (mm), lateral head 

weight (g), main head weight (g), plant fruit weight (kg plant-1), fruit dry matter (%). 

Leaf chlorophyll intensity (SPAD) was measured as SPAD units using a Monitor chlo-

rophyll meter (SPAD 502 PLUS). In addition, leaf and fruit dry matter content (DM %) 

was measured by taking the fresh weight of plant material (Wb) and dried at 65˚C in a 

forced-air oven for 72 hr until the weight was stable, then it was weighed again (Wa) 

and dry matter percentage was calculated [18] using the following equation DM% =

 
Wa

Wb
× 100. 

 

Vitamin C determination 

    The content was measured by titration, where 10 mL of the fruit extract was titrated 

against 0.1 N of dichlorophenolindophenol (DCPIP), using a methyl-red-indicator. The 

volume of DCPIP was recorded and used in the following equation to calculate the vit-

amin C contents [19]. The result was expressed as ascorbic acid mg 100g-1 FW. 

Ascorbic acid mg 100g − 1 FW =
Volume of DCPIP (mL) x normality (0.1) x equivalent weight x dilution factor 

Volume or weight of the fruit extract 
 

Plant fruit extracts 

     For determining TPC and TAA in the fruit, the method of [20] was used for prepar-

ing the fruit sample extracts by the following methods: fruit samples were snap-frozen 

by using liquid nitrogen.  Pestle and mortar were used to pulverize frozen samples. Af-
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ter that, 1 g of ground powders were taken and placed in 15 mL tubes, then 10 mL of 

80% methanol was added into the tubes and shaken in a water bath for 3 hours at 38 ˚C. 

The mixture was centrifuged at 5000 rpm for 15 minutes at 4 °C. The upper layer (ex-

tracts) was transferred into new tubes and they were kept in a refrigerator at 4 °C as a 

crude extracted solution for non-enzymatic antioxidants analysis. 

Total polyphenol content (TPC) 

    The TPC of each extract was calculated using a modified version of the Folin-

Ciocalteu technique [21]. In brief, 4 mL of the Folin-Cioculate reagent (Thomasbaker, 

India) was added to 100 μL of each extract, and the mixture was left to react at room 

temperature for 5 minutes. Then, 50 minutes were spent in the dark at 38 °C after add-

ing 2 mL of a 20% Na2CO3 solution. For the blank, we used the identical protocol as 

before; only we substituted 100 μL of distilled water for the sample extracts at each 

stage. A spectrophotometer (Thermo Electron, UK) was used to measure the amount of 

light absorbed by the reaction mixture at a wavelength of 765 nm. The standard solu-

tions of gallic acid (0.1-1mg mL-1) were prepared to create a standard curve and linear 

regression between the absorbance values at 765 nm and the gallic acid concentrations. 

The TPC was calculated and expressed as milligrams of gallic acid equivalent (GAE) 

per gram of fresh weight of the fruit samples (mg GAE g-1 FW) by using the following 

equation: TPC (mg GAE g − 1 FW = C ×  
V

W
 

Where: C: is the gallic acid concentration (mg mL-1) calculated using the standard 

curve, V: is the volume of the extracts (mL), and W: is the fresh weight of the samples 

(g). 

Total Antioxidant Activity (TAA) 

    The TAA of the fruit extracts was determined according to the DPPH (1-diphenyl-2-

picrylhydrazyl) method, which was described by [22]. According to this method, 30 μL 

of the fruit extracts was added to 1.7 mL of methanolic solution of DPPH. The mixture 

was shaken vigorously and then incubated for 30 minutes at room temperature in the 

dark condition. The absorbance at 517 nm was registered. TAA was measured as the 

inhibition percentage of the DPPH radical using the following equation: 

Inhibition (%) =  
ABS 517 of control − ABS 517 of sample

WABS 517 of control
   × 100 

    Nitrate accumulation in the fruits of broccoli plants was determined according to 

[23]. Mineral quantification, such as heavy metals zinc (Zn), copper (Cu), manganese 

(Mn), and iron (Fe) were quantified according to [24]. The total soluble solids content 

of samples was determined by a Digital Refractometer and stated as °Brix [25]. 

Statistical analysis  

    To determine whether the plant growth, yield, physical and chemical values were 

significantly different between the plant treatments, we performed an ANOVA test, fol-

lowed by one-way comparisons between control and treated plants using XLSTAT sta-

tistical analysis software (version 2019.2.2). Duncan’s new multiple range test at (p ≤ 

0.05) was used to compare the means. Furthermore, principal component analysis 

(PCA) and multiple correlation tests were implemented. 
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Results and Discussions 

Plant growth 

    The purpose of this experiment was to investigate the influence of inorganic fertilizer 

on broccoli quality characteristics. Different concentrations of nitrogen, phosphorus, 

and potassium (NPK) affected the above-ground parts of the broccoli plant (Figure 1). 

The results showed that the maximum values for plant height (30.43 cm), stem diameter 

(50.36 mm), plant branch number (5.62), and plant leaf number (56.38) were achieved 

with the application of 700 kg ha-1 NPK, while the lowest values (26.91 cm, 33.85 mm, 

3.66, and 42.48, respectively) were noted in control plants (Figures 1A, B, C, D). The 

leaf chlorophyll intensity (82.96 SPAD) increased substantially with the 500 kg ha-1 ap-

plication compared to the other treatments and the control (Figure 1E). Leaf dry matter 

significantly improved with the 300 kg ha-1 application, achieving the best value 

(20.27%) (Figure 1F). 

 

Figure (1): Effect of NPK different doses on the variables of broccoli plants. Accord-

ing to Duncan's new multiple range test (p ≤ 0.05), Data are given as mean, and error 

bars indicate standard deviations, n=3. Bars with different letters indicate a significant 

difference between the treatments. 
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Plant yields 

     The data (Figure 2) represent the effect of different levels of NPK on broccoli fruit 

components. The results revealed that 700 kg ha-1 produced the best fruit characteristics, 

including lateral head diameter (12.33 cm), main head diameter (33.00 cm), main head 

weight (1234.67 g), plant fruit weight (1.55 kg ha-1), and fruit dry matter (12.94%). 

Conversely, the lowest values (9.00 cm, 23.81 cm, 910.67 g, 1.08 kg ha-1, and 10.50%, 

respectively) were observed under the control treatment (Figures 2A, B, D, E, F). How-

ever, the lateral head weight (354.33 g) was recorded as the maximum weight with the 

300 kg ha-1 application, but it was not statistically superior to the 500 kg ha-1 applica-

tion, and both were significantly different from the control (Figure 2C). 

 

Figure (2): Effect of NPK different doses on the variables of broccoli plants. Accord-

ing to Duncan's new multiple range test (p ≤ 0.05), Data are given as mean, and error 

bars indicate standard deviations, n=3. Bars with different letters indicate a significant 

difference between the treatments. 
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Chemical analysis 

   Quality characteristics associated with the chemical composition of broccoli heads are 

displayed in Table 1. Our research confirmed that different NPK application doses no-

ticeably influenced TSS, ascorbic acid, and nitrate accumulation values. The TSS in the 

500 kg ha-1 treatment was significantly different from the other concentrations and ob-

tained the highest value (11.57 ˚Brix), while the control received the minimum value at 

reaching 9.10 ˚Brix. Regarding ascorbic acid, the 500 kg ha-1 NPK treatment increased 

ascorbic acid to 107.33 mg 100g-1 FW, whereas it declined with the control, which ob-

served the lowest content (76.00 mg 100g-1 FW). Moreover, the control had the lowest 

nitrate accumulation (187.33 ppm), but the 500 kg ha-1 application increased it to the 

maximum value (502.33 ppm). The utilizing NPK had a substantial influence on the 

TPC and TAA of this vegetable. Each increase in NPK dosages up to a maximum of 

700 kg ha-1 resulted in significantly higher TPC (93.89 μg GAE g-1 FW), while the con-

trol treatment recorded the lowest level (61.10 μg GAE g-1 FW). Additionally, the con-

trol treatment recorded the highest inhibition percentage of the DPPH radical (70.50%), 

which was more active than other treatments, with the lowest value (69.94%) achieved 

by the 300 kg ha-1 dose of NPK. 

Table (1): Effect of NPK different doses on the variables of broccoli plants 

Treat-

ments 

TSS 

(˚Brix) 

Ascorbic Ac-

id (mg 100g-1 

FW) 

Nitrate ac-

cumulation 

(ppm) 

TPC (μg 

GAE g-1 

FW) 

TAA (%) 

N
P

K
 (

k
g

 h
a

-1
) 

0 9.10 ± 

0.10 c 

76.00 ± 12.49 

b 

187.33 ± 

15.99 c 

61.10 ± 0.34 

d 

70.50 ± 

0.04 a 

300 10.40 ± 

1.12 b 

86.00 ± 1.15 

ab 

483.33 ± 

17.50 a 

69.86 ± 0.61 

c 

67.06 ± 

0.05 d 

500 11.57 ± 

0.10 a 

107.33 ± 

19.50 a 

502.33 ± 

10.00 a 

78.01 ± 2.62 

b 

70.35 ± 

0.03 b 

700 10.20 ± 

0.10 b 

97.67 ± 

18.33ab 

345.00 ± 

13.65 b 

93.89 ± 0.74 

a 

69.94 ± 

0.05 c 
*According to Duncan's new multiple range test (p ≤ 0.05). Data are given as mean, and error bars in-

dicate standard deviations, n=3. A column with different letters indicates a significant difference be-

tween the treatments. 

    The NPK level applications impacted some heavy metals in fruit broccoli plants, 

such as zinc, iron, manganese, and copper (Figure 3). The level of 300 kg ha-1 had a 

significant effect on zinc and iron, producing the maximum rates (551.58 ppm and 

46.17 ppm, respectively). In contrast, the values decreased dramatically when the NPK 

was increased to the highest level of 700 kg ha-1. Likewise, the concentration of 300 kg 

ha-1 was superior to all the others in terms of manganese (11.29 ppm), while the control 

offered the lowest (5.83 ppm). The plants under control treatment reached the maxi-

mum values of copper (7.05 ppm), but the minimum was obtained with the application 

of 700 kg ha-1, although it did not statistically differ from 500 kg ha-1. 
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Figure (3): Effect of NPK different doses on the variables of broccoli plants. Accord-

ing to Duncan's new multiple range test (p ≤ 0.05), Data are given as mean, and error 

bars indicate standard deviations, n=3. Bars with different letters indicate a significant 

difference between the treatments. 

Principle Component Analysis (PCA) 

     PCA was applied to determine the association between the variables. The first two 

main components (PC1 and PC2) together explained 93.24% of the observed variation 

and were expressed in two dimensions (Figure 4). PC1, plotted on the horizontal axis, 

demonstrated the highest proportion of the variance at 65.11%, while PC2, plotted on 

the vertical axis, illustrated a further 28.13% of the total variation. The PCA results in-

dicated that NPK strongly affects the studied variables. The 700 kg ha-1 application sig-

nificantly impacted plant height (PH), stem diameter (SD), plant branch number (PBN), 

plant leaf number (PLN), lateral head diameter (LHD), main head diameter (MHD), 

plant fruit weight (PFW), fruit dry matter (FDM), and TPC. Additionally, the 500 kg ha-

1 application significantly affected leaf chlorophyll intensity (LCI), TSS, ascorbic acid 

(AA), and nitrate accumulation (Nit). The 300 kg ha-1 application strongly correlated 

with leaf dry matter (LDM), lateral head weight (LHW), zinc (Zn), manganese (Mn), 

and iron (Fe). NPK applications partly influenced TAA and copper (Cu). 
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Figure (4): PCA biplot illustrating the relationship between NPK levels and the study 

variables of the broccoli plants. 

Multivariate Analysis 

   Pearson’s correlation was conducted to illustrate the relationships between the studied 

variables (Figure 5). The results revealed a strong correlation between plant height and 

plant branch number (r² = 0.97), plant leaf number (r² = 0.96), main head weight (r² = 

0.97), fruit dry matter (r² = 0.98), and total phenolic content (r² = 0.99). Stem diameter 

was positively associated with plant branch number (r² = 0.97), plant leaf number (r² = 

0.97), lateral head diameter (r² = 0.95), and main head diameter    (r² = 0.97). Addition-

ally, a significant positive correlation was observed between plant leaf number and 

main head weight (r² = 0.95) and total phenolic content          (r² = 0.97). Leaf chloro-

phyll intensity was positively correlated with plant fruit weight (r² = 0.95) and ascorbic 

acid (r² = 0.96). There was a strong positive association between lateral head diameter 

and main head weight diameter (r² = 1.00), main head weight (r² = 0.98), and plant fruit 

weight (r² = 1.00). Furthermore, a significant positive association was observed be-

tween main head diameter and lateral head weight (r² = 0.97) and main head weight (r² 

= 0.99), as well as between lateral head weight and nitrate accumulation (r² = 0.96). 

Main head weight showed positive correlations with plant fruit weight (r² = 0.96) and 

total phenolic content (r² = 0.95), while fruit dry matter was positively correlated with 

total phenolic content (r² = 0.97) and zinc with iron (r² = 0.96). However, a significant 

negative correlation was recorded between lateral head diameter (r² = -0.98), main head 
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diameter (r² = -0.97), lateral head weight (r² = -0.96), and plant fruit weight (r² = -0.99) 

with copper. 

 

Figure (5): Pearson's correlation between all the studied variables was analyzed, taking 

into account the direction of the correlation and the significance threshold level. 

Plant growth 

According to the data in this study, applying NPK fertilizer significantly influ-

enced the morphology of broccoli plants (Figure 1). These findings may be attributed to 

the role of NPK in the plant tissue of broccoli. Nitrogen primarily functions to produce 

structural proteins and phytohormones, which are crucial for various metabolic activi-

ties in plants; this enhances plant height, stem diameter, plant branch number, and plant 

leaf number. Phosphorus plays a vital role in capturing and utilizing energy for plant 

growth. Vegetative attributes are also linked to optimal potassium intake, as it is essen-

tial for glucose metabolism and water retention. In this context, NPK plays an essential 

role in plant development, as the concentrations of NPK stimulate plant growth effec-

tively [12, 26] in broccoli [27]. Moreover, several researchers have reported that miner-

al fertilizers generally enhance vegetative growth [28, 29]. Nitrogen is an essential con-

stituent of protein and plays a significant role in cell enlargement and division, thereby 

helping plant growth. In addition, nitrogen is crucial for the process of photosynthesis 

and facilitates the condensation of its byproducts within plant tissues [30, 31, 32] This 

was also confirmed by [33], who obtained a higher value for fresh and dry weight, leaf 

number, and leaf area when mono ammonium phosphate and phosphoric acid were ap-

plied as an alternate supply of phosphorus. These results are due to its high phosphorus 

content, water solubility as well as pH value. Melatonin was tested on two broccoli va-

rieties in salinity. Melatonin applied to broccoli improved its morphology and chloro-

phyll in leaves and heads [34]. To promote broccoli development and production and to 

increase its ability to withstand salt stress, H2S was applied as a foliar spray, and carot-

enoids, as well as chlorophyll, were significantly increased [35]. 
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Plant yields  

The formation and size head of the broccoli plant direct relatively relates to a 

higher yield (Figure 2). This outcome may be attributed to the effective use of carbohy-

drate dosages, which are created as a consequence of nitrogen being applied during the 

process of protein synthesis. Phosphorus is essential for the growth of roots as well as 

the acceleration of maturation owing to the recovery of chemical processes. In addition, 

potassium is essential for the proper functioning of a variety of plant body processes, 

including the metabolism of carbohydrates and the activation of enzymes, by facilitat-

ing the proper translocation of sugars, starches, and nitrogen compounds. Many re-

searchers reported that the increase in yield was positively correlated with the increase 

in NPK fertilizer dosage applications [36, 37]. This is achieved through the supply of 

optimal levels of NPK [38, 39]. Inorganic fertilization has a positive effect on the plant. 

The improvement in head weight, head yield, and quality characteristics with increased 

doses of inorganic fertilizers can be ascribed to the better movement and availability of 

essential nutrients, which ultimately leads to better head development, increased head 

weight, and ultimately higher total yield [40]. 

Chemical analysis 

Our results are in agreement with [40], who obtained a higher value for TSS and 

ascorbic acid content when inorganic fertilizer was applied; data was presented in Table 

1. Inorganic minerals also have a positive effect on vitamin C in the head of broccoli 

[41]. The effect of several biomodulators on growth and chemicals in broccoli inflo-

rescence was studied, and results showed an increase in ascorbic acid, carotenoids, and 

total soluble carbohydrates [42]. According to [41], the application of inorganic fertiliz-

er treatments presented the best value to the total phenolic contents (Table 1). [43] con-

cluded that the total phenolic content of broccoli was the same both before and after 

germination. After sprouting, broccoli developed a greater ability to fight free radicals. 

When broccoli sprouts were subjected to simulated digestion, both the total phenolic 

content and the antioxidant activity fell dramatically throughout the stomach phase. Al-

so, The application of inorganic fertilizers is due to an increase in heavy metal rates in 

broccoli plants [44, 45] (Figure 3). Inorganic fertilizers significantly influence the 

growth, yield, and nutritional value of various plant varieties, enhancing their produc-

tivity and quality through the provision of essential nutrients, including cabbage [46], 

cauliflower [47] and lettuce [48] plants. 

     Plant growth and development require essential nutrients, including NPK fertilizer. 

This research indicated that the morphology, quality, and nutritional content of broccoli 

plants were significantly affected by NPK applications compared to control treatments. 

In particular, 700 kg ha-1 had a significant impact on the morphology, quality, and yield 

of broccoli. However, 500 kg ha-1 resulted in the highest nitrate accumulation and some 

physiochemical traits. Additionally, the application of 300 kg ha-1 produced the maxi-

mum levels of certain heavy metals. The experiment has the potential to enhance the 

productivity of broccoli and other crops grown under greenhouse conditions. However, 

further research is necessary to explore the effects on other vegetable crops and to ex-
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amine varying NPK doses, as farmers often apply NPK as a primary fertilizer to pro-

duce marketable yields during the growing season. 
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