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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 NO (distill water spray), N1 (500
mg.I"! nitrogen), and N2 (1000 mg.I™ nitrogen). The second factor also included three groups; control SO
(distill water spray), S1 (500 mg.I™ sulfur), and S2 (1000 mg.I"* sulfur). We used Urea (CO(NH,),) 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, SIN2 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), tons, while the production in Iraq was 11.2 thousand
which belongs to family Brassicaceae and genus metric tons (2). These data imply that the local
Brassica, is a fast-growing annual and herbaceous production of this plant in Irag comprises less than
vegetable crop (1). According to FAO statistics in 0.4% of the global production. The reasons behind
2018, the production of broccoli, including this low production level are probably that the plant
cauliflowers, reached more than 26.5 million metric
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is only recently cultivated and is still grown in very
limited and scattered areas in Irag.

Broccoli consumption is rising worldwide
because it isconsidered as an integral part
of a healthy diet, being avery 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 vyield of
broccoli, both separately and as a combination.

502

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 Iragi 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
Iragi 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 NO (distill
water spray), N1 (500 mg.I™" nitrogen), and N2
(1000 mg.I" nitrogen). The second factor also
included three groups; control SO (distill water
spray), S1 (500 mg.I™" sulfur), and S2 (1000 mg.I™*
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 wused Urea
(CO(NHy),) as a nitrogen source and zinc sulphate
(ZnS0O4) 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 (LSD) test was used for mean comparisons at p <
an open field on the third of October 2019. At curds 0.05. Data were analysed using SAS software (SAS
collection (harvest), seven plants were randomly Institute, Cary, NC, USA).

chosen for experimentation. The leaves of plants

were sprayed with nitrogen and sulfur twice, the Results:

first time after the formation of the five leaves, on Data in Table 1 show that spraying nitrogen

October 25, 2019, and the second when the  and sulfur increased the height of broccoli plant,
flowering discs began to form, on December 15, with values of 66.41 cm for N2 and 65.37 cm for S2
2019. treatments. However, there were no significant
The following parameters for growth and  differences between both N1, N2 and S1, S2
yield characteristics were recorded on randomly  treatments. Meanwhile, the interaction between
selected plants: plant height (cm), leaves weight  these treatments resulted in higher values of plant
(gm), number of leaves per plant, leaf area  height, compared with the control (53.14 cm),
(dm’ plant™), plant stem diameter (cm), fresh root  reaching a highest value of 71.05 cm when N2 and
weight (gm), and weight of the main curd (gm). In S1 treatments were combined.
addition, chlorophyll content index (CCl) was As shown in Table 2, the results showed a
determined with a portable chlorophyll meter  sjgnificant increase in the mean stem diameter
(OPTI-SCIENCES model CCM-200 plus / USA) at  following S2 (3.18 cm) and N2 (3.2 cm) treatments
optical absorbance of 633 nm (Chlorophyll) and  compare to SO, N1 and NO. Nevertheless, there was
931 nm (Near Infra-Red) (21). no significant difference between S1 and S2

_ For the statistical analysis, the analysis of  treatments, whereas the interaction of SIN2 led to
variance (ANOVA) was performed on the analytical an increased mean stem diameter (3.44 cm)

data to examine the effects of foliar spray with compared with the control (2.71 cm).
nitrogen, sulfur, and their interactions on growth
and yield of broccoli. Least significant difference

Table 1. Effects of nitrogen and sulfur levels and their interaction on broccoli height (cm) during
2019/2020.

Treatment SO S1 S2 N Mean
NO 53.14 56.19 60.33 56.65
N1 57.56 68.75 68.51 64.94
N2 60.90 71.05 67.29 66.41
S Mean 57.20 65.33 65.37
L.S.D. 5% NS = 3.28 S$=1.89 N =1.89

Table 2. Effects of nitrogen and sulfur levels and their interaction on stem diameter (cm) of broccoli
during 2019/2020.

Treatment SO S1 S2 N Mean
NO 2.71 2.89 3.14 291
N1 2.84 3.24 3.23 3.10
N2 291 3.44 3.21 3.18
S Mean 2.82 3.19 3.2
L.S.D. 5% NS =0.06 S5=0.04 N =0.04
The results in Table 3 clearly indicate that In the same context, we found that the leaf

adding nitrogen led to significantly increasing the area was increased significantly due to the increase
leaves number per plant for N2 treatment (24.49) in nitrogen and sulfur addition, showing values of
compared with NO (21.95). Similar results were  83.22 dm?.Plant™ for N2 and 81.21 dm?®Plant™ for
observed with sulfur, which recorded 24.05 leaves ~ S2 compared with 72.25 dm?.Plant™ for NO and
for S1 treatment compared with 22.09 leaves for SO. 71.96 dm’.plant® for SO. Mean leaf area values
However, there was no significant difference showed higher increase as a result of the interaction
between S1 and S2 treatments. In addition, the  between nitrogen and sulfur, reaching 87.19
interaction between N and S treatments showed an dm?Plant® for SIN2 treatment compared with
increase in the leaves number to 25.05 for SIN2 68.33 dm’.plant™ for the control Table 4.
compared with 20.62 for SONO. In the same context as the previous result,
the results in Table 5 reveal significant increases in

503



Open Access
Published Online First: February 2021

Baghdad Science Journal
2021,18(3):501-508

P-1SSN: 2078-8665
E-ISSN: 2411-7986

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 NO and 106.27 for SO. Furthermore,
the interaction between the two treatments caused
the highest increase in the dry weight of the leaves,
which was 147.72 gm for SIN2 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 S1IN2,
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 SIN2 treatment (64.84) compared with
the control (39.41).

Data in Table 8 show that nitrogen and
sulphur application with 1000 mg.I"* 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
SIN2 treatment (491.91 gm) compared with SONO
treatment (376.46 gm).

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

during2019/2020

Treatment SO S1 S2 N Mean
NO 20.62 22.14 23.09 21.95
N1 21.95 24.09 23.81 23.29
N2 23.71 25.91 23.86 24.49
S Mean 22.09 24.05 23.59
L.S.D. 5% NS=1.14 S =0.66 N=0.66

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

broccoli during 2019/2020.

Treatment SO S1 S2 N Mean
NO 68.33 72.80 75.61 72.25
N1 70.01 76.45 83.08 76.51
N2 77.52 87.19 84.94 83.22
S Mean 71.96 78.81 81.21
L.S.D. 5% NS=1.21 S=0.69 N =0.69

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

broccoli during 2019/2020.

Treatment SO S1 S2 N Mean
NO 94.38 107.91 117.06 106.45
N1 102.65 122.39 132.49 119.18
N2 121.77 147.72 135.09 134.86
S Mean 106.27 126.01 128.21
L.S.D. 5% NS =3.79 S=2.19 N=219

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

during 2019/2020.

Treatment SO S1 S2 N Mean
NO 101.59 111.99 119.59 111.06
N1 105.60 121.60 123.94 117.05
N2 107.61 124.99 124.06 118.89
S Mean 104.94 119.53 122.53
L.S.D. 5% NS=1.21 S=0.69 N =0.69
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Table 7. Effects of nitrogen and sulfur levels and their interaction on chlorophyll content index (CCI)
of broccoli during 2019/2020.

Treatment SO S1 S2 N Mean
NO 39.41 43.98 47.88 43.75
N1 47.28 53.49 60.39 53.72
N2 57.36 64.84 59.52 60.57
S Mean 48.02 54.10 55.93
L.S.D. 5% NS =3.23 S$=1.86 N =1.86

Table 8. Effects of nitrogen and sulfur levels and their interaction on main curd weight (gm) of
broccoli plants during 2019/2020.

Treatment S0 S1 S2 N Mean
NO 376.46 464.62 44721 429.43
N1 386.46 472.75 48451 44791
N2 458.30 491.91 486.55 478.92
S Mean 407.07 476.43 472.76
L.S.D. 5% NS =9.90 §=571 N=571
Discussion: porphyrins, which are involved in the formation of
The outcomes of the present study can be  chlorophyll molecules (26).
initially discussed in light of the clear effects of Among the major essential nutrients

spraying the two macronutrient (nitrogen and  required by the plants for their normal growth,
sulfur) on broccoli leaves, as evident by the development, and yield, the role of nitrogen is very
significant increase in the vegetative growth traits, ~ necessary for the synthesis and functions of
i.e. plant height, stem diameter, leaves number per ~ proteins, nucleic acids, chlorophyll, and certain
plant, leaf area, leaf dry weight, root fresh weight, important enzymes (27, 28).
as well as CCl and the main curd yield. Sulfur nutrition is strongly correlated with
The significant  increase in  the  that of nitrogen due to the need for both in protein
characteristics of vegetative growth may be  synthesis. Thus, sulfate deficiency reduces nitrate
attributed to the improvement of the absorption of  uptake and vice versa (24). During growth, N and S
nitrogen and sulfur following their foliar spraying.  nutrition are closely linked, as reflected by the
This is probably due to the fact that these two reported synergetic plant uptake of sulfate and
elements are of great importance in many nitrate at optimum rates (29). Sulfur has become
physiological and biological processes that have to ~ one of the most limiting nutrients in agriculture
do with photosynthesis and food processing in production. In plants, sulfur is involved in numerus
plants, as well as stimulating cell division and metabolic activities, especially in amino acid and
elongation (22, 23). These effects directly lead to  protein synthesis (24). Plants assimilate inorganic
increasing plant height, stem diameter, number and ~ sulfate into cysteine, which is subsequently
area of leaves, as well as roots growth. Such converted into methionine (30), and this reduction
enhancement of these traits of the plant and its  step is regulated by the nitrogen content (31).
leaves leads to increases in photosynthesis products Our results on vegetative growth and yield
and in the accumulation of organic compounds, agree with those of previous studies (32, 33), which
such as carbohydrates and amino acids. This impact ~ found that the application of nitrogen on broccoli
occurs through the metabolism of sugars and the plants significantly increases stem diameter, leave
movement of other nutrients across the membranes  area, number of leaves per plant, leave dry weight,
and thus the increase of their levels in the leaves  and yield of broccoli heads. Meanwhile, other
(24). These nutrients affect the processes of opening reports (34, 35) on cauliflower revealed that the
and closing of the stomata and the transpiration,  application of sulfur increases the plant height,
which causes an increase in the absorption of  number of leaves per plant, dry matter content (%)
elements from the soil by increasing the  and fresh weight of curd. The findings of an earlier
permeability of cell membranes. Such impacts lead ~ work (36) are consistent with our results on
to an increase in the dry weight of shoot and root  broccoli, which demonstrated that optimal amounts
systems and, thus, the yield is increased by  of nitrogen and sulfur cause higher mean values of
increasing the flower disc output. (25) head weight. When sulfur was insufficient and
The increase in chlorophyll may be  nitrogen was optimal, the head weight was reduced,
attributed to the role of nitrogen in the synthesis of 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 vyield of broccoli is obtained
when sulfur is applied at 500 mg.I™ and nitrogen at
1000 mg.I™, the best overlap treatment is the SIN2
(500 mg.I* Sulfur and 1000 mg.I" Nitrogen)
concentration for the local agricultural climate.
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