
Open Access     Baghdad Science Journal                                P-ISSN: 2078-8665 

Published Online First: February 2021 2021,18(3):501-508                                            E-ISSN: 2411-7986 

 

501 

DOI: http://dx.doi.org/10.21123/bsj.2021.18.3.0501 

                   

 Effects of Nitrogen and Sulfur Sprays on the Growth and Production of 

Broccoli Brassica Oleracea var. Italica L. 

 
Mushtak F. Karomi Kisko 

1*
   Nabil Jwad Kadhum 

2
   Zainab Anwar Ali 

1
 

Noora Saheb Abid 
3 

 
1 
Department of Biology, College of Science for Women, University of Baghdad, Baghdad, Iraq.  

2
 Department of Horticulture and Landscape Gardening, College of Agriculture Engineering Science, University of 

Baghdad, Baghdad, Iraq.  
3
 Department of Biological Detection, Environment and Water Directorate, Ministry of Science and Technology, 

Baghdad, Iraq.  
*
Corresponding author: mushtakkisko@csw.uobaghdad.edu.iq, nabil.jawad@coagri.uobaghdad.edu.iq, 

zainab.anwar@csw.uobaghdad.edu.iq, noorag79@gmail.com 
*
ORCID ID: https://orcid.org/0000-0001-9676-1477

*
,  https://orcid.org/0000-0003-1001-4783. 

 

Received 22/11/2020,  Accepted 13/12/2020, Published Online First  21/2/2021, Published 1/9/2021 

 This work is licensed under a Creative Commons Attribution 4.0 International License. 

 

Abstract: 
In order to achieve optimal plant growth and production, essential nutrients must be readily available 

in adequate quantities and in a balanced proportion to give a good yield, especially broccoli which has health 

benefits that may not be found in many other plants. For this purpose, this experiment was carried out during 

the seasons 2019/2020 in the botanical garden of the Department of Biology, College of Science for Women, 

University of Baghdad, to study the effects of nitrogen and sulphur and their interaction on eight parameters 

reflecting the overall traits of vegetative growth, yield, and chlorophyll content of broccoli Brassica oleracea 

L. (var. italic JASSMINE F1 Hybrid). A factorial design with three replicates was used, each with 7 plants 

treated via foliar spraying. The first factor included three groups; control N0 (distill water spray), N1 (500 

mg.l
-1

 nitrogen), and N2 (1000 mg.l
-1

 nitrogen). The second factor also included three groups; control S0 

(distill water spray), S1 (500 mg.l
-1

 sulfur), and S2 (1000 mg.l
-1

 sulfur). We used Urea (CO(NH2)2) as a 

nitrogen source and zinc sulphate (ZnSO4) as a sulfur source. As for the treatment with nitrogen, the results 

revealed that N2 treatment caused the significantly highest values in all the studied traits, except for the plant 

height, where there was no significant difference between N1 and N2. As related to the treatment with 

sulphur, the results showed that S2 treatment resulted in the significantly highest values of leave area, leave 

dry weight, and root fresh weight. S2 also caused the highest values, but with no significant differences, of 

plant height, stem diameter and chlorophyll content index. S1 treatment, on the other hand, caused 

insignificantly higher values of leave number per plant and main curd weight. Based on the results of the 

interaction between nitrogen and sulfur, S1N2 treatment resulted in the significantly highest values as 

compared to all other treatments of all the studied traits, except for the plant height, root fresh weight, and 

main curd weight. The results presented here may facilitate improvements of Broccoli cultivation with 

suitable nutrient concentrations for sustainable agriculture. In conclusion, the present study comes up with 

the following: nitrogen and sulfur and their interaction enhance significantly the growth and production of 

broccoli. 
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Introduction: 
Broccoli (Brassica oleracea L. var. italica), 

which belongs to family Brassicaceae and genus 

Brassica, is a fast-growing annual and herbaceous 

vegetable crop (1). According to FAO statistics in 

2018, the production of broccoli, including 

cauliflowers, reached more than 26.5 million metric 

tons, while the production in Iraq was 11.2 thousand 

metric tons (2). These data imply that the local 

production of this plant in Iraq comprises less than 

0.4% of the global production. The reasons behind 

this low production level are probably that the plant 
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is only recently cultivated and is still grown in very 

limited and scattered areas in Iraq.  

Broccoli consumption is rising worldwide 

because it is considered as an integral part 

of a healthy diet, being a very excellent sources 

of biological active compounds, such as 

sulforaphane, glucosinolates, and isothiocyanates. 

Broccoli is also rich in vitamins A, B, C and K, as 

well as minerals, including phosphor, potassium, 

manganese, calcium and Iron. The plant also has 

higher content of the dietary fiber, carotene, which 

is good for health and conscious diet (3, 4, 5). 

Macronutrients such as nitrogen and sulfur 

play important roles in supporting the processes of 

plant growth and development, leading to an 

increase in the overall yield (6). 

It was previously reported that nitrogen 

application positively affects the head weight in 

broccoli floral parts (7). Also it was confirmed that 

the growth and the total and marketable yields were 

increased significantly with the increase of nitrogen 

supply on broccoli (8). Likewise, another study (9) 

found that a general increase in harvest index with 

increasing nitrogen rate reflected a stronger effect 

of nitrogen on the head yield than on the total above 

ground biomass production. 

Furthermore, an earlier work (10) showed 

that chlorophyll content of wheat leaves was highly 

correlated with their nitrogen and sulfur 

concentrations, while another report (11) indicated 

that chlorophyll content was increased with 

increasing the application of nitrogen on broccoli 

leaves. 

On the other hand, increased addition of 

sulfur on broccoli resulted in an increase in leaves 

fresh weight, curd diameter, and height (12). Other 

authors (13) reported that plant height, number of 

leaves, and head yield, were increased with adding 

sulfur to broccoli plants. Treatments containing 

sulfur were also shown to increase broccoli yield up 

to 14% (14). 

Moreover, a number of reports showed 

significant interactions between N and S 

availability, causing positive effects on the plants. 

For example, the interaction between sulfur and 

nitrogen was shown to increase leave blade, whole 

plant and total biomass of Brassica napus L. (15). 

Also sulfur and nitrogen, separately and in 

interaction, affected broccoli floret yield (16).  

The beneficial effects of foliar urea 

applications, expressed as an increase in yield and 

an improvement of crop quality, were reported in 

many vegetable species such as cabbage, onion, 

cucumber, and squash (17). The spray of sulfur and 

nitrogen significantly affected the curd yield of 

broccoli, both separately and as a combination. 

Despite the growing interest in foliar fertilizers, 

there is still little information on the effects of the 

foliar application on broccoli. However, some 

studies showed that foliar fertilization is more 

economical, efficient, and rapid, along with its 

higher safety and independence of soil conditions 

(18). After the crop is harvested, large amounts of 

residues are left in the field, being about 80 percent 

in broccoli (19). At optimum nitrogen application, 

around 100-120 kg per has remained in the crop 

residues of cauliflower and about 50-80 kg per ha in 

the 0-60 cm layer of the soil (20). 

To our knowledge, there is a lack of 

research, particularly under field conditions, to 

show the effects of fertilizers on growth and yield 

of this novel product in the Iraqi environment. It is 

also already established that of the provision of 

mineral fertilizers via the spraying method has 

superior effects on growth, development and yield 

productivity of plants. 

The aim of the present study is to evaluate 

the influence of foliar spray of nitrogen and sulfur 

on the growth and yield of the curd of broccoli in 

the local environment, taking into account 

especially the growing demand for this plant in the 

Iraqi market.  

 

Materials and Methods: 
This experiment was carried out during the 

growing season 2019-2020 in the botanical garden 

of the Department of Biology, College of Science 

for Women, University of Baghdad. A factorial 

design with three replicates was used. The first 

factor included three groups; control N0 (distill 

water spray), N1 (500 mg.l
-1

 nitrogen), and N2 

(1000 mg.l
-1

 nitrogen). The second factor also 

included three groups; control S0 (distill water 

spray), S1 (500 mg.l
-1

 sulfur), and S2 (1000 mg.l
-1

 

sulfur), as a result, it became nine treatments, 

identical to combinations of nitrogen and sulfur 

foliar spray. Each treatment included 3 replicates, 

each containing 7 plants. The leaves were sprayed 

with solutions of distilled water containing 0.1 % 

Tween 20 (polysorbate 20, which is a polysorbate-

type nonionic surfactant formed by the ethoxylation 

of sorbitan) as surfactant. We used Urea 

(CO(NH2)2) as a nitrogen source and zinc sulphate 

(ZnSO4) as a sulfur source. 

The experimental unit was represented by 1 

m-apart and 3 m-long furrows, each containing 7 

plants, 45 cm apart. During the period of plant-

growing, furrow irrigation was used regularly and 

weeds were kept under control manually. The soil 

of the research area was clay loam. Broccoli 

Brassica oleracea L. var. italic JASSMINE F1 

Hybrid (from DELTA seeds, Holland) cultivars, 
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with seedlings of 4 true leaves, were transplanted in 

an open field on the third of October 2019. At curds 

collection (harvest), seven plants were randomly 

chosen for experimentation. The leaves of plants 

were sprayed with nitrogen and sulfur twice, the 

first time after the formation of the five leaves, on 

October 25, 2019, and the second when the 

flowering discs began to form, on December 15, 

2019.  

The following parameters for growth and 

yield characteristics were recorded on randomly 

selected plants: plant height (cm), leaves weight 

(gm), number of leaves per plant, leaf area 

(dm
2
.plant

-1
), plant stem diameter (cm), fresh root 

weight (gm), and weight of the main curd (gm). In 

addition, chlorophyll content index (CCI) was 

determined with a portable chlorophyll meter 

(OPTI-SCIENCES model CCM-200 plus / USA) at 

optical absorbance of 633 nm (Chlorophyll) and 

931 nm (Near Infra-Red) (21). 

For the statistical analysis, the analysis of 

variance (ANOVA) was performed on the analytical 

data to examine the effects of foliar spray with 

nitrogen, sulfur, and their interactions on growth 

and yield of broccoli. Least significant difference 

(LSD) test was used for mean comparisons at p < 

0.05. Data were analysed using SAS software (SAS 

Institute, Cary, NC, USA). 

 

Results: 
Data in Table 1 show that spraying nitrogen 

and sulfur increased the height of broccoli plant, 

with values of 66.41 cm for N2 and 65.37 cm for S2 

treatments. However, there were no significant 

differences between both N1, N2 and S1, S2 

treatments. Meanwhile, the interaction between 

these treatments resulted in higher values of plant 

height, compared with the control (53.14 cm), 

reaching a highest value of 71.05 cm when N2 and 

S1 treatments were combined. 

As shown in Table 2, the results showed a 

significant increase in the mean stem diameter 

following S2 (3.18 cm) and N2 (3.2 cm) treatments 

compare to S0, N1 and N0. Nevertheless, there was 

no significant difference between S1 and S2 

treatments, whereas the interaction of S1N2 led to 

an increased mean stem diameter (3.44 cm) 

compared with the control (2.71 cm). 

 

Table 1. Effects of nitrogen and sulfur levels and their interaction on broccoli height (cm) during 

2019/2020. 

N Mean S2 S1 S0 Treatment 

56.65 60.33 56.19 53.14 N0 

64.94 68.51 68.75 57.56 N1 

66.41 67.29 71.05 60.90 N2 

 65.37 65.33 57.20 S Mean 

NS = 3.28                S = 1.89                    N = 1.89 L.S.D. 5% 

 

Table 2. Effects of nitrogen and sulfur levels and their interaction on stem diameter (cm) of broccoli 

during 2019/2020. 
N Mean S2 S1 S0 Treatment 

2.91 3.14 2.89 2.71 N0 

3.10 3.23 3.24 2.84 N1 

3.18 3.21 3.44 2.91 N2 

 3.2 3.19 2.82 S Mean 

NS = 0.06               S = 0.04                    N = 0.04 L.S.D. 5% 

 

The results in Table 3 clearly indicate that 

adding nitrogen led to significantly increasing the 

leaves number per plant for N2 treatment (24.49) 

compared with N0 (21.95). Similar results were 

observed with sulfur, which recorded 24.05 leaves 

for S1 treatment compared with 22.09 leaves for S0. 

However, there was no significant difference 

between S1 and S2 treatments. In addition, the 

interaction between N and S treatments showed an 

increase in the leaves number to 25.05 for S1N2 

compared with 20.62 for S0N0. 

In the same context, we found that the leaf 

area was increased significantly due to the increase 

in nitrogen and sulfur addition, showing values of 

83.22 dm
2
.Plant

-1
 for N2 and 81.21 dm

2
.Plant

-1
 for 

S2 compared with 72.25 dm
2
.Plant

-1
 for N0 and 

71.96 dm
2
.plant

-1
 for S0. Mean leaf area values 

showed higher increase as a result of the interaction 

between nitrogen and sulfur, reaching 87.19 

dm
2
.Plant

-1
 for S1N2 treatment compared with 

68.33 dm
2
.plant

-1
 for the control Table 4. 

In the same context as the previous result, 

the results in Table 5 reveal significant increases in 
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the leaves dry weight when sprayed with nitrogen 

and sulfur elements, with mean values of 134.86 gm 

for N2 and 128.21 gm for S2, compared with 

106.45 gm for N0 and 106.27 for S0. Furthermore, 

the interaction between the two treatments caused 

the highest increase in the dry weight of the leaves, 

which was 147.72 gm for S1N2 compared to 94.38 

gm for the control. 

The results in Table 6 reveal that root fresh 

weight was significantly increased by spraying 

nitrogen and sulfur, with values of 118.89 gm for 

N2 and 122.53 gm for S2. In addition, the overlap 

between these two elements led to the highest dry 

weight value (124.99 gm) for the treatment S1N2, 

while the value for the control was 101.59 gm. 

Regarding the effects of nitrogen and sulfur 

spray on plant’s chlorophyll content index, data in 

Table 7 show that N2 and S2 treatments resulted in 

the highest values (60.57 and 55.93 respectively), 

while there was no significant difference between 

S1 and S2 treatments. As related to the overlap 

between treatments with these elements, a 

significant increase in mean CCI value was found 

following S1N2 treatment (64.84) compared with 

the control (39.41). 

Data in Table 8 show that nitrogen and 

sulphur application with 1000 mg.l
-1

 significantly 

increased the main curd weight, with mean values 

of 478.92 gm for N2 and 476.43 gm for S1, while 

there was no significant difference between S1 and 

S2 treatments. However, the data reveal that the 

interaction between nitrogen and sulfur caused 

significantly higher values, as demonstrated by 

S1N2 treatment (491.91 gm) compared with S0N0 

treatment (376.46 gm). 

 

Table 3. Effects of nitrogen and sulfur levels and their interaction on leaves number of broccoli 

during2019/2020 
N Mean S2 S1 S0 Treatment 

21.95 23.09 22.14 20.62 N0 

23.29 23.81 24.09 21.95 N1 

24.49 23.86 25.91 23.71 N2 

 23.59 24.05 22.09 S Mean 

NS= 1.14                S =0.66                     N= 0.66 L.S.D. 5% 

 

Table 4. Effects of nitrogen and sulfur levels and their interaction on leaves area (dm
2
. plant

-1
) of 

broccoli during 2019/2020. 

 

Table 5. Effects of nitrogen and sulfur levels and their interaction on leaves dry weight (gm) of 

broccoli during 2019/2020. 
N Mean S2 S1 S0 Treatment 

106.45 117.06 107.91 94.38 N0 

119.18 132.49 122.39 102.65 N1 

134.86 135.09 147.72 121.77 N2 

 128.21 126.01 106.27 S Mean 

NS = 3.79                   S = 2.19                   N = 2.19 L.S.D. 5% 

 

Table 6. Effects of nitrogen and sulfur levels and their interaction on root fresh weight (gm) of broccoli 

during 2019/2020. 
N Mean S2 S1 S0 Treatment 

111.06 119.59 111.99 101.59 N0 

117.05 123.94 121.60 105.60 N1 

118.89 124.06 124.99 107.61 N2 

 122.53 119.53 104.94 S Mean 

NS = 1.21              S = 0.69                    N = 0.69 L.S.D. 5% 

N Mean S2 S1 S0 Treatment 

72.25 75.61 72.80 68.33 N0 

76.51 83.08 76.45 70.01 N1 

83.22 84.94 87.19 77.52 N2 

 81.21 78.81 71.96 S Mean 

NS = 1.21              S = 0.69                   N = 0.69 L.S.D. 5% 



Open Access     Baghdad Science Journal                                P-ISSN: 2078-8665 

Published Online First: February 2021 2021,18(3):501-508                                            E-ISSN: 2411-7986 

 

505 

Table 7. Effects of nitrogen and sulfur levels and their interaction on chlorophyll content index (CCI) 

of broccoli during 2019/2020. 
N Mean S2 S1 S0 Treatment 

43.75 47.88 43.98 39.41 N0 

53.72 60.39 53.49 47.28 N1 

60.57 59.52 64.84 57.36 N2 

 55.93 54.10 48.02 S Mean 

NS = 3.23              S = 1.86                    N = 1.86 L.S.D. 5% 

 

Table 8. Effects of nitrogen and sulfur levels and their interaction on main curd weight (gm) of 

broccoli plants during 2019/2020. 
N Mean S2 S1 S0 Treatment 

429.43 447.21 464.62 376.46 N0 

447.91 484.51 472.75 386.46 N1 

478.92 486.55 491.91 458.30 N2 

 472.76 476.43 407.07 S Mean 

NS = 9.90               S = 5.71                    N = 5.71 L.S.D. 5% 

 

Discussion: 
The outcomes of the present study can be 

initially discussed in light of the clear effects of 

spraying the two macronutrient (nitrogen and 

sulfur) on broccoli leaves, as evident by the 

significant increase in the vegetative growth traits, 

i.e. plant height, stem diameter, leaves number per 

plant, leaf area, leaf dry weight, root fresh weight, 

as well as CCI and the main curd yield.  

The significant increase in the 

characteristics of vegetative growth may be 

attributed to the improvement of the absorption of 

nitrogen and sulfur following their foliar spraying. 

This is probably due to the fact that these two 

elements are of great importance in many 

physiological and biological processes that have to 

do with photosynthesis and food processing in 

plants, as well as stimulating cell division and 

elongation (22, 23). These effects directly lead to 

increasing plant height, stem diameter, number and 

area of leaves, as well as roots growth. Such 

enhancement of these traits of the plant and its 

leaves leads to increases in photosynthesis products 

and in the accumulation of organic compounds, 

such as carbohydrates and amino acids. This impact 

occurs through the metabolism of sugars and the 

movement of other nutrients across the membranes 

and thus the increase of their levels in the leaves 

(24). These nutrients affect the processes of opening 

and closing of the stomata and the transpiration, 

which causes an increase in the absorption of 

elements from the soil by increasing the 

permeability of cell membranes. Such impacts lead 

to an increase in the dry weight of shoot and root 

systems and, thus, the yield is increased by 

increasing the flower disc output. (25) 

The increase in chlorophyll may be 

attributed to the role of nitrogen in the synthesis of 

porphyrins, which are involved in the formation of 

chlorophyll molecules (26). 

Among the major essential nutrients 

required by the plants for their normal growth, 

development, and yield, the role of nitrogen is very 

necessary for the synthesis and functions of 

proteins, nucleic acids, chlorophyll, and certain 

important enzymes (27, 28). 

Sulfur nutrition is strongly correlated with 

that of nitrogen due to the need for both in protein 

synthesis. Thus, sulfate deficiency reduces nitrate 

uptake and vice versa (24). During growth, N and S 

nutrition are closely linked, as reflected by the 

reported synergetic plant uptake of sulfate and 

nitrate at optimum rates (29). Sulfur has become 

one of the most limiting nutrients in agriculture 

production. In plants, sulfur is involved in numerus 

metabolic activities, especially in amino acid and 

protein synthesis (24). Plants assimilate inorganic 

sulfate into cysteine, which is subsequently 

converted into methionine (30), and this reduction 

step is regulated by the nitrogen content (31). 

Our results on vegetative growth and yield 

agree with those of previous studies (32, 33), which 

found that the application of nitrogen on broccoli 

plants significantly increases stem diameter, leave 

area, number of leaves per plant, leave dry weight, 

and yield of broccoli heads. Meanwhile, other 

reports (34, 35) on cauliflower revealed that the 

application of sulfur increases the plant height, 

number of leaves per plant, dry matter content (%) 

and fresh weight of curd. The findings of an earlier 

work (36) are consistent with our results on 

broccoli, which demonstrated that optimal amounts 

of nitrogen and sulfur cause higher mean values of 

head weight. When sulfur was insufficient and 

nitrogen was optimal, the head weight was reduced, 

indicating that insufficient sulfur supply limited the 

utilization of nitrogen. 
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Conclusion: 
In conclusion, the present study draws the 

following: nitrogen and sulfur and their interaction 

enhance significantly the growth and production of 

broccoli. Optimum yield of broccoli is obtained 

when sulfur is applied at 500 mg.l
-1

 and nitrogen at 

1000 mg.l
-1

, the best overlap treatment is the S1N2 

(500 mg.l
-1

 Sulfur and 1000 mg.l
-1

 Nitrogen) 

concentration for the local agricultural climate. 
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  .Brassica oleracea var. italica L تأثير الرش بالنتروجين والكبريت على نمو وإنتاج نبات البروكلي 

 

مشتاق فرج كرومي كسكو 
1
نبيل جواد كاظم   

2
زينب انور علي   

1
نورا صاحب عبد   

3
 

 

 
1

  قسم علوم الحياة، كلية العلوم للبنات، جامعة بغداد، بغداد، العراق.
2 

  الزراعة، جامعة بغداد، بغداد، العراق. قسم البستنة وهندسة الحدائق، كلية علوم الهندسة
3 

 قسم الكشف الحيوي، دائرة البيئة والمياه، وزارة العلوم والتكنولوجية، بغداد، العراق.

 

 الخلاصة: 
، لدراسة تأثير 2019/2020نفذت التجربة في الحديقة النباتية التابعة لقسم علوم الحياة، كلية العلوم للبنات، جامعة بغداد في موسم 

 Brassicaعنصري النتروجين والكبريت وتداخلهما في النمو الخضري وخصائص الحاصل وكذلك دليل محتوى الكلوروفيل لنبات البروكلي 

L. (var. italic JASSMINE F1 Hybridea olerac نفذت تجربة عاملية بثلاث مكررات، تضمن العامل الأول رش الاوراق ،)

ملغم / لترN2 (1000  ،)ملغم / لتر( و  500) N1)رش ماء مقطر( وتركيزين من النتروجين  N0( مع معاملة المقارنة Nبالنتروجين )

ملغم  S2 (1000ملغم / لتر( و  500) S1)رش ماء مقطر( وتركيزين من الكبريت  S0ملة المقارنة ( مع معاSوالعامل الثاني يشمل الكبريت )

  N2 (. أظهرت النتائج أن رش المعاملة بالنتروجينS( والـ )Nة من الرش الورقي لـ )تداخل/ لتر( ونتيجة لذلك، أصبحت تسعة معاملات م

. كما N2و  N1أعطت أعلى القيم وبشكل معنوي في جميع الصفات المدروسة باستثناء ارتفاع النبات حيث لم يكن هناك فرق معنوي بين 

أعطت أعلى القيم وبشكل معنوي في صفات مساحة الورقة والوزن الجاف للورقة والوزن الرطب  S2أظهرت النتائج أن رش معاملة الكبريت 

أعلى القيم ولكن بدون فروق معنوية في صفات ارتفاع النبات، قطر الساق ودليل محتوى الكلوروفيل فيما أعطت المعاملة للجذر، بينما أعطت 

S1  أعلى القيم لكن بدون فروق معنوية في عدد الاوراق لكل نبات ووزن قرص الإزهار. وفيما يخص معاملات التداخل بين النتروجين

لى قيم معنوية في جميع الصفات المدروسة ما عدا ارتفاع النبات ووزن الرطب للجذر ووزن قرص أع S2N1والكبريت، أعطت المعاملة 

قد تسهل النتائج المقدمة هنا تحسينات زراعة البروكلي بتراكيز مناسبة للزراعة المستدامة، ومن أجل تحقيق النمو والإنتاج الأمثل  الإزهار.

ا، خاصة ان للبروكلي فوائد صحية قد لا للنبات، فيجب أن تتوفر العناصر الغذائية الأ ساسية بكميات كافية وبنسبة متوازنة لتعطي محصولاا  جيدا 

 توجد في العديد من النباتات.

 

 النتروجين، الكبريت ، الرش الورقي،، بروكليBrassica oleracea  الكلمات المفتاحية:

 

 


