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ABSTRACT 

Two field experiments were carried out in Taba farm at kafr Dawood, Beheira Governorate, North 
west Egypt during the winter seasons of 2011-2012 and 2012-2013. Brussels sprouts plants (Brassica 
oleracea Var. Gemmifera L.) were cultivated at three planting times; Early (15th Sept.), Medium(1st 
Oct.) Late (15th Oct.) combined with three N levels (60, 90 and 120 N units/fed.).The early plantation 
recorded higher values of vegetative growth expressed as plant height, leaves number and leaves fresh 
weight compared with the medium and late plantations. The late plantation recorded higher values of 
sprout mean weight, dry weight percentage of leaves and sprouts compared with early and medium 
plantations. The highest total yield of sprouts and its components were recorded by the late plantation. 
Lower values of total yield and its components were recorded by the medium and early plantations. 
Quality of sprouts expressed as sprout mean weight, diameter and height recorded their highest values 
in the later plantation. Vegetative growth expressed as plant height, leaves number, fresh weight of 
leaves, sprouts and total plant as well as dry weight percentage of leaves and sprouts were increased by 
nitrogenous fertilization up to the high level(120 N units/fed). Total sprouts yield and its components 
and their quality (sprout mean weight, diameter and height) were linearly increased by the increased N 
levels up to the high level. The combined effect of the late plantation and the high N level recorded the 
highest values of leaves and sprouts dry matter percentage, total yield and sprout quality (sprout mean 
weight, diameter and height).Other interactions were without clear trend. The lowest values of growth, 
dry matter, total yield and its components and quality parameters varied between the interaction 
treatments. 
  
Keywords: Brussels sprouts, Vegetative growth, Yield, sprout quality, Planting times, Nitrogenous 

fertilization.  

 
Introduction 

Brussels sprouts crop is an untraditional vegetable crop in Egypt. It is cultivated in small areas 
most for research purposes. Great efforts may be paid in all cultivation and marketing programs for 
spreading this untraditional crop. Planting dates, cultivars, irrigation, fertilization and other growing 
programs of cruciferous crops in Egypt might be tried in growing Brussels sprouts.  

The producing areas of late Brussels sprouts are restricted by the prevailing temperatures, which 
determine the first possible planting date, duration of the growing season and growth during this season 
and sprout formation. In Europe two partly overlapping sprout growing areas can be distinguished. A 
large area in north-western Europe and a smaller area near the Atlantic Ocean in southern England and 
western France and in north Italy. Outside Europe sprouts can be grown in parts of USA, Canada, Japan, 
Australia South Africa, New Zealand, Chile, Argentina and Paraguay (Kronenberg, 1975). Dietary 
antioxidants, such as water-soluble vitamin C and phenolic compounds, as well as lipid-soluble vitamin 
E and carotenoids, present in vegetables contribute both to the first and second defense lines against 
oxidative stress. As a result, they protect cells against oxidative damage and may therefore prevent 
chronic diseases, such as cancer, cardiovascular disease. Diabetes-Brassica vegetables, which include 
different genus of cabbage, broccoli, cauliflower, Brussels sprouts and kale, are consumed all over the 
world (Podsedek, 2007) .Brussels sprouts is a cruciferous crop rich in its mineral content and nutritional 
value. Sprouts contain also vitamins, provitamins, fats, proteins, amino acids and other anti-oxidant 
materials. Brussels sprouts is an important vegetable species .Some trails were assigned in Rafah, north 
east Egypt dealing with cultivars and fertilization of brussels sprouts. In Egypt Abou El-Magd, (2016) 



Middle East J. Appl. Sci., 9(2): 610-621, 2019 
ISSN 2077-4613 

611 

evaluated four cultivars in two planting dates (15 Oct. and 15 Nov.).Results indicated that Plants of cv. 
early half dwarf in the early planting date recorded higher values of total, marketable and unmarketable 
yields. In addition, higher yields of total sprouts, marketable and unmarketable yields were obtained by 
Roger cv.in the late planting. In other study Abou El Magd, et al., (2019) studied the effect of three 
biostimulants combined with two levels of mineral nitrogen on the growth, nutrients content, yield and 
quality  of brussels sprouts. The present study was performed in North, West Egypt to study the 
combined effect of three planting times and three N fertilization levels on the growth, dry matter and 
yield of Brussels sprouts. 

 
 Materials and Methods 
 

Two field experiments were carried out in Taba farm at kafr Dawood , Beheira Governorate , 
North west Egypt during two winter seasons of 2011-2012 and 2012-2013. Seeds of Brussels sprouts 
(Brassica oleracea Var. Gemmifera L.) were imported from Takii Company in Japan. 

 
A. Nursery foam trays 208 eyes were filled with media consisting of sand and peat moss 1:1 by volume. 
Seeds were drilled in the trays one in every eye. Trays were moisted with irrigation water and arranged 
together in vertical stacks each consisting of six trays. Stacks were wrapped by plastic sheets and kept 
three days till seed emergence. Trays were arranged individually on the nursery tables. 
Recommendations of growing cruciferous transplants were followed till 35 days age and then trays 
were transferred to the open field. 
  
B. Field preparation: Ditches 20 cm width and 20 cm depth were built under the locations of drip 
irrigation lines. Poultry manure (5m3/fed.) was carefully mixed with the recommended dose of calcium 
superphosphate, spread along the ditches and covered with sand. Drip irrigation system was built. 
Irrigation lines were spread over the ditches and irrigation took place three days before planting. 
Seedlings were transplanted with their peat moss cubes one beside every irrigation eye (50 cm apart). 
Plot area was 22.5 m2 contains three rows each 10 m.long and 75 cm. width. Drip irrigation lines 
(transplants rows) were 75 cm. apart. Fertilization program was carefully prepared taking the 
experimental treatments in consideration. Recommendations of growing cruciferous plants including 
irrigation, pests, diseases and weeds control programs were followed allover the growth season. 
 
Table 1: Physical and chemical analyses of the experimental soil.  

A. Physical properties 
Season Sand (%) Clay (%) Silt (%) Soil texture 

2011/2012 91.20 5.10 3.70 Sandy 
2012/2013 92.33 4.78 2.95 Sandy 
B. Chemical properties 

Season 
E.C. 

(mmohs/cm3) 
pH 

OM 
(%) 

CaCO3 
(%) 

Cations ( Meq./L ) Anions ( Meq./L ) 

Ca++ Mg++ Na+ K + 
CO3

-

- 
HCO3

- Cl - SO4 -- 

2011/2012 0.30 7.80 0.30 10.2 1.00 0.20 0.80 0.39 Nil 1.00 1.00 0.39 

2012/2013 0.50 7.88 0.50 10.8 1.20 0.26 0.82 0.43 Nil 1.10 1.20 0.41 

 
Experimental treatments:  
 
A. Planting times:  

1-Early (15th September) 
2-Medium (1st October) 
3-Late (15th October) 
 

B. Nitrogen fertilization  treatments:  
1-Low (60N units/fed.)               2-Medium (90N units/fed.)           3- High (120N units/fed.). 
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Statistical design: Treatments were nine treatments which were the combinations of three planting 
times and three nitrogen fertilization treatments. Statistical design of the experiment was split plot 
design with three replicates in which planting times were assigned in the main plots and nitrogen 
fertilization treatments were arranged at random in the sub-plots. Data was statistically analyzed using 
M static (M.S.) software (freed,1989).Means were verified according to Snedecor and Cocran,(1982). 
  
Data recorded: 
 
A .Vegetative growth: 

Plant height (cm), leaves number/plant, leaves fresh weight(g), mean sprout fresh weight(g), total 
plant fresh weight(g),leaves dry weight%, sprouts dry weight.%.  

 
 Total yield of sprouts and its components: 

Total yield (Ton\fed.) was calculated, yield increase due to each treatment (Ton\fed.), yield 
increase due to each treatment %. 
 
C. Quality of sprouts: 

Mean weight of sprout (g), mean diameter of sprout (cm), mean height of sprouts (cm), mean dry 
weight of sprout (g). 
 
Results and Discussion 
 
A. Effect of planting dates: 

 
1-Vegetative growth:  

Vegetative growth of brussels sprouts plants was statistically affected by planting times. 
Vegetative growth expressed plant height, leaves number and leaves fresh weight recorded their highest 
values by the early plantation (15th Sept.). Lower values of plant height, leaves number per plant and 
leaves fresh weight were recorded by the medium and late plantations. Plant height, leaves number and 
fresh weight of the medium and late plantations were not statistically different. Results were similar in 
the two seasons of the experiment. On the other hand, the highest sprout fresh weight was recorded by 
plants of the late plantation. Sprout fresh weight recorded Lower values by the medium and early 
plantation plants without significant difference. Dry weight percentage of leaves and sprouts was 
significantly higher in the late plantation. Lower values of dry matter of leaves and sprouts were 
obtained by the medium and early plants, respectively in a descending order without significant 
difference. In general, mean fresh weight of sprout, dry weight percentage of leaves and sprouts were 
the highest in the late plantation. Lower dry weight was recorded by the medium and early plantations. 
It could be concluded that the late plantation plants recorded higher values of sprout mean fresh weight 
and dry weight of leaves and sprouts. Differences in sprout fresh weight and dry weight of leaves and 
sprouts were not significant between the early and medium plantations. These results were similar in 
the two seasons of the experiment. The enhancement in plant growth might be referred to the favorable 
conditions created by the suitable environmental conditions through the growth season of the late 
planting. These favorable conditions enabled brussels sprouts plants to benefit more from the natural 
resources i.e., sunlight, co2, irrigation water and nutrients. These favorable conditions enables plants 
higher absorption of water and nutrients, sunlight , radiation, consequently more photosynthetic activity 
and increases in their products, higher net assimilation rate, relative growth rate and land equivalent 
ratio and dry matter accumulation which are the components of the increased vegetative growth. The 
obtained Increases in vegetative growth by the late planting date (15th October) might also be due to the 
low temperature prevailing this area during the growth period which are more suitable for growing 
brussels sprouts plants compared with the early and medium planting. Similar results were obtained by 
Abou El Magd, (2016) working on brussels sprouts at Rafah, North Sinai, North east Egypt. He reported 
that later planting time (15th Nov.) recorded higher values of vegetative growth expressed as plant 
height, leaves number, stem length and diameter, fresh weight of leaves, stems and total plant compared 
with the early planting time (15th Oct.).Increases in vegetative growth by the later plantings might be 
due to the increases in leaf area and plant fresh weight. It might also be due to the resulting increases in 
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the net assimilation rate and relative growth rate. These increases in the vegetative growth parameters 
in the late planting time might also be due to the higher nutrients content of plant leaves resulting by 
the late planting. Results of Ertan sait, (2006) working on brussels sprouts in Turkey were in great 
accordance with the results of this experiment. He introduced wide discussion for the obtained results. 
Results indicated that plant weight and height ,leaf number, fresh and dry weight of leaf and stem and 
bud number and weight were affected by planting times. These effects were because of in the first 
planting time (FPT), the beginning stage of plant growth, temperature was lower than in the second 
planting time(SPT),plant weight, plant height, leaf number and fresh and dry weight of leaf values in 
the first planting time FPT were found higher than SPT. Generally, later planting times resulted in 
higher SWR and LWR. LAR and SLA, Net assimilation rate (NAR) and relative growth rate (RGR) 
were found to be lower with earlier planting. Both LA and TPWD increased with time after planting 
and plants from earlier plantings had lower LA and TPDW values. Leaf weight ratio (LWR) decreased 
with time after planting while stem weight ratio (SWR) increased with time. Leaf thickness (LT) was 
higher at later planting times and increased with time (Uzun and Kar, 2004).In addition, mourao and 
Hadley, (1998) reported that air temperature and solar radiation are major factors affecting crop 
development and growth in broccoli. Previous experiments clearly demonstrated that brussels sprouts 
are cool season crop that grows best between 7 and 24˚C with optimal growth at 16-18˚C, extrems 7 
and 29oC (Akinci et al., 2003; Anonymous, 2002, Vural et al., 2000). Hanaa (2011) on broccoli found 
that the highest plant fresh weight was recorded at the third plantation.  

 
2-Total yield of sprouts:  

Total yield of brussels sprouts plants, increases due to planting dates and their percentage were 
widely affected by planting dates. Total yield and its components followed the same trend of the 
vegetative growth owing to planting dates. The highest total sprouts yield, yield increases and their 
percentages were obtained by the late plantation. Lower values of total yield and its components were 
recorded by the medium plantation. The lowest total yield and its components were obtained by the 
early plantation without significant difference with the medium plantation. Growing Brussels sprouts 
at the late plantation(15 Nov.) gave higher total yields per feddan compared with those of the medium 
and late plantations .Total sprouts yield of the medium plantation outyielded that of the early by 0.22 
and o.26 ton/fed. representing 8.0 and 9.2% in the first and second seasons of the experiment, 
respectively. Total yield of the late planting date, outyielded that of the early planting date by 1.16 and 
1.38 ton/fed. representing 42.2 and 48.6 %, for the first and second seasons, respectively. Sprouts yield 
of the second season was higher in the late plantation (15 Nov.) compared with the early plantation. 
Higher yields were obtained by the late planting date in both seasons of the experiment. These results 
were similar and true in the two seasons of the experiment. The superiority of the late planting yield 
might be due to the increases in the vegetative growth, leaves number per plant intercepted by sunlight, 
fresh weight of sprout and dry weight of leaf and sprout (Table 2). The high yield of sprouts obtained 
by the late planting date might be due to the higher vegetative growth accompanied with, wider leaf 
area, net assimilation rate, relative growth rate ,land equivalent ratio and dry matter accumulation in 
leaves, sprouts and total plant. The Higher total sprouts yield and its components obtained by the late 
plantation accompanied the favorable atmospheric conditions during the growth season. Moderate 
atmosphere, sunshine and low temperature prevailing this region during the late plantation. These 
favorable conditions enhanced plant growth. These conditions created higher photosynthetic and 
biosynthetic activities, consequently, higher levels of carbohydrates and dry matter accumulation. Since 
the total yield is the summation of all these components, higher yields were obtained by the late planting 
date.  

Many investigators studied the effect of planting dates on the total yield. Abou El Magd, (2016) 
working on brussels sprouts came to similar results. Total yield of sprouts in the late planting date (15 
Nov.) was higher than that of the early one (15 Oct.) under Rafah conditions. Sowing Brussels sprouts 
at the late plantation (15 Nov.) gave higher yields per plot and per feddan. Total yield of the late planting 
date, outyielded that of the early planting date (15 Oct.) by 16.4 and 31.4 %, for the first and second 
seasons, respectively. Many investigators all over the world recommended early plantation of brussels 
sprouts for obtaining higher marketable and total sprouts yields (Krieghoff, 1988, Abuzeid and 
Wilcockson,1989, Gaye and Aurer 1991, Babik, 1994). Many investigators came to similar results with 
other cruciferous crops. Hanaa et al., (2010); Hanaa, (2011); Abou El Magd et al., (2013) and Abou El 
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Magd et al., (2017) reported that the total yield of broccoli crop and its components recorded their 
highest values by the late plantation. 

 
3-Quality of sprouts:  

Quality of sprouts expressed as mean weight, diameter and height were widely affected by 
planting date. The highest quality of the sprout (mean weight, diameter and height) were recorded by 
the late plantation plants. Lower values of sprout weight, diameter and height were recorded by the 
medium and early plantations in a descending order. Differences between early and medium plantations 
were not significant with respect to the quality characteristics with exception to sprout height. Results 
of the quality were similar in the two seasons of the experiment. Krieghoff, (1988) reported that Grading 
(percentage of buds 31mm) was not consistently influenced by planting date. There were no interactions 
of only limited importance between the effects of planting date and plant density on yield and grading. 
Kohlrabi plants of the medium plantations (1st Oct.) recorded the highest values of knobs quality 
expressed as knob diameter, and mean weight followed by the early and late plantations in a descending 
order (Abou El Magd, 2019). Beshir, (2003) showed that second transplanting date (23rd Oct.) gave the 
highest values of fresh weight, diameter and length of knobs of kohlrabi. Abou El Magd, (2019) 
indicated that the higher total yield of knobs with high quality expressed as knob weight, diameter, 
height and dry weight were obtained by the medium plantation of kohlrabi compared with early and 
late plantations. Saleh et al., (2013) reported that yield of kohlrabi is generally evaluated as the result 
of tuber size. During the spring growing season, tuber weight, diameter, and yield values were the 
greater than during the fall growing season .They reported that the physical (weight, diameter and 
height) and chemical(dry matter, acidity, TSS%, vit. C content and fiber content) quality of knobs 
recorded their highest values by the medium plantation. Lower physical and chemical quality of knobs 
were obtained by the early and late plantations. 
 
B. Effect of nitrogen fertilization:  

 
1-Vegetative growth:  

Data tabulated in Table (3) show clearly that the vegetative growth of brussels sprouts plants was 
widely affected by nitrogenous fertilization. Vegetative growth of brussels sprouts plants expressed as 
plant height, leaves number, fresh weight of leaves, sprouts and total plant as well as dry weight 
percentage of leaves and sprouts were increased by nitrogenous fertilization. Increasing N level 
increased all the vegetative growth characters up to its highest level. Taller plants with denser leaves 
were obtained by the increased N levels up to the highest level (120Nunits/fed.).Lower values of plant 
height and leaves number were obtained by the medium and low N level, respectively in a descending 
order. Fresh weight of leaves, sprouts and total plant as well as dry weight percentage of leaves and 
sprouts reflected the same trend of the other vegetative growth characters. The highest values of fresh 
and dry weight of the total plant and its organs were obtained by the highest N level .Lower values were 
obtained by the medium and low N levels, respectively in a descending order. The lowest values of all 
the vegetative growth parameters and fresh and dry matter percentage were obtained by the low N level 
(60N units/fed.).These results were similar and true in the two seasons of the experiment.  

Many investigators working on brussels sprouts came to similar results. Abou El Magd et 
al.,(2019) working on brussels sprouts indicated that azotobacter treatment (N dissolving bacteria) 
recorded the highest values of vegetative growth expressed as plant height, leaves number, stem 
diameter, sprouts number as well as fresh weight of leaves, stems, sprouts and total plant and dry weight 
percentage of leaves and stems compared with agrispon and microbein. In addition, the high level of 
mineral nitrogen i.e., 100% recorded higher values of vegetative growth, dry matter percentage and 
sprouts yield compared with 50% of the recommended mineral nitrogen. Rai et al. (2003) working on 
brussels sprouts  reported a pronounced response of different fertilizer combinations. Up to higher levels 
of NPK,140:120:120kg/ha (C4) was evident over control (C5) in respect of growth attributing 
parameters ,i.e., plant height, number of leaves, leaf length, leaf Width. The significantly maximum 
value of the above characters were recorded up to the combination of 140:120:120 kg/ha NPK than 
control, (C5, without fertilizer). 

Many investigators came to similar results with other cruciferous crops. Abou El Magd, (2019) 
working on kohlrabi in newly reclaimed soil North West Egypt, indicated that Higher values of all the 
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Table 2: Effect of planting dates on the vegetative growth, productivity ,total yield and quality of Brussels sprouts . 

Yield increase Sprout 
Diameter 

cm 

Sprout 
height 

cm 

Total 
yield 

ton /fed 

Dry weight % Fresh weight Leaves 
number/ 

plant 

Plant 
height 

cm 

Planting 
dates % Ton/fed sprouts Leaves 

Total 
plant 

sprouts Leaves 

 2011-2012 
-- -- 9.25 19.82 2.75 25.00 9.16 674.8 445.61 229.19 39.33 44.00 Early  

8.00 0.22 9.66 18.21 2.97 26.83 9.21 594.99 347.11 247.88 36.50 39.83 Medium  
42.2 1.16 10.61 20.58 3.91 29.33 10.84 689.53 363.52 326.01 38.67 37.67 Late 

-- -- NS 0.44 0.36 2.11 0.31 89.05 59.04 30.01 1.52 1.00 LSD 
 2012-2013 

-- -- 9.38 11.76 2.84 26.62 9.27 683.66 447.31 236.35 44.58 42.73 Early  
9.2 0.26 9.87 12.67 3.10 28.80 9.33 602.01 343.42 258.59 41.21 37.77 Medium  
48.6 1.38 11.00 13.40 4.22 31.78 11.27 714.52 362.96 351.56 43.78 35.19 Late 

-- -- 0.63 0.16 0.41 1.62 0.26 93.31 50.63 42.68 1.42 2.44 LSD 

 
Table 3: Effect of nitrogen levels on vegetative growth, productivity ,total yield and quality of Brussels sprouts . 

 Yield increase 
Sprout 

Diameter 
cm 

Sprout 
Height 

cm 

Total yield 
ton /fed 

Dry weight % Fresh weight(g) Leaves 
number/ 

plant 

Plant 
height 

cm 

N  
units sprouts Leaves 

Total 
plant 

sprouts Leaves 
% Ton/fed 
 2011-2012 
-- -- 9.21 11.31 2.46 24.00 8.55 467.65 262.89 204.76 34.17 31.33 60 

27.6 0.68 9.28 12.13 3.14 26.17 9.95 680.18 418.53 261.65 31.33 42.83 90 

64.2 1.58 11.03 12.46 4.04 31.00 10.72 811.50 474.82 336.68 49.00 47.33 120 

-- -- 0.57 0.44 0.27 2.21 0.14 62.06 38.78 23.28 1.29 1.13 LSD 
 2012-2013 
-- -- 9.33 11.82 2.49 25.43 8.54 450.48 243.21 207.27 38.43 27.66 60 

32.5 0.81 9.42 12.81 3.30 28.01 10.21 696.72 421.75 274.97 35.06 41.34 90 
75.5 1.88 11.50 13.19 4.37 33.76 11.13 853.00 488.74 364.26 56.08 46.70 120 

-- -- 0.95 0.11 0.22 1.53 1.16 42.17 23.48 18.69 1.69 4.29 LSD 
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vegetative growth parameters, expressed as plant height, leaves number and stem diameter, as well as 
fresh and dry weights of leaves and knobs were obtained by the high N level (120units/Fed.) followed 
by the medium level (90units/Fed) and the lowest N level (60 units/Fed.), respectively in a descending 
order. Patil et al. (2003) working on kohlrabi found that the highest values of plant height, number of 
leaves, plant spread and leaf area were recorded by the high N level (120Kg/ha) and the lowest values 
were recorded by the lowest N level (80 Kg/ha). In addition, Saleh et al. (2013) reported that Increasing 
the application rate of N-fertilizer within the range of 50 up to 100 kg N/feddan increased vegetative 
growth characters of Kohlrabi plants expressed as plant height, number of leaves per plant and plant 
fresh weight. Zaki et al. (2012) reported that mineral nitrogen fertilizer increased broccoli growth. It is 
clear that the application of nitrogen is an important method to protein and plays an important role in 
the cell enlargement and cell division and consequently on plant growth. Nitrogen also plays a great 
role in photosynthesis and in turn in the condensation of its products through plant tissues. 
Consequently, the higher value of vegetative growth of broccoli plants, resulting by nitrogenous 
fertilization might be due to the easy solubility of mineral nitrogen in the soil solution leading to quick 
absorption by the root system. In addition, its direct effect on amino acids and protein synthesis. 
Nitrogen acts as principal component in photosynthesis pattern leading to carbohydrates and protein 
synthesis. A great base in N concentration in kohlrabi leaves was accompanied by higher P and K 
concentrations. In addition, chlorophyll A and B concentrations increased in leaf tissues by nitrogen 
increments. Chlorophyll A and B are the major light absorbing pigments of the plant leaves and play an 
important role in the metabolic activities in plant tissues, obtaining higher vegetative growth, dry matter 
accumulation. Shams, (2012) reported that low or moderate level (60 or 70 kg) of nitrogen in 
combination with boron considerably improved the growth performance of broccoli. Significant values 
of plant height, leaves area, leaves fresh weight and leaves dry matter percentage were acquired with 
nitrogen application due to of quick and vigorous growth of shoot and root development. In fact, 
nitrogen stabilizes the carbon assimilation and mineral acquisition through source sink relationship, 
nutrients and water supply. Also, plants which treated with nitrogen grows quickly and retain maximum 
vegetative growth by means of higher canopy area development,CO2 exchange rate and photosynthetic 
capacity. Rai et al. (2013) in western Chitwan, Nepal  using five levels of nitrogen fertilization reported 
that increasing N levels increased vegetative growth  of broccoli plants. In general, plant height 
increased with increased N rate. Similarly, effect of N rate was also significant at all observation dates. 
Significantly higher numbers of leaves were observed at 150 kg N /ha. as compared to 50 and 0 N 
kg/ha. at 15 and 45 DAT. The highest number of leaves was observed at 200 kg N/ha. while the lowest 
number of leaves was obtained at 0 kg N/ha. at 30 DAT. Results of Gopal Nagar, (2016) with respect 
to growth characters of kohlrabi indicated significant effect of nutrient levels. Amongst nutrient levels, 
the highest level T6 had recorded maximum plant height, number of leaves at knob initiation and knob 
number of leaves, SPAD value at 20, 30, 45 days and leaf area per plant. Lower values were observed 
in case of nutrient level T1. Nutrient level T5 had found maximum fresh weight and dry weight of plant 
at knob initiation and knob harvesting 110 stage. It was followed by T4>T5> T3 and T2 in descending 
order. Minimum fresh weight and dry weight of plant were taken by nutrient level T1.Samar et,al.,2017 
reported that 75% recommended N,P and K enhanced vegetative growth characters of broccoli 
expressed as No. of leaves/ plant, Leaves fresh weight , Main head fresh weight  and Head dry weight 
percentage.Hanaa,2016reported that the highest vegetative growth of broccoli plants expressed as plant 
height, leaves number, branches number and fresh weight of leaves, stems and spears as well as dry 
weight of leaves, stems and spears was obtained by the application of 75% organic manure plus 25% 
mineral fertilizer treatment.  

 
2-Total yield of sprouts:  

Total yield of sprouts and its attributes, i.e. increases due to the increased N levels and their 
percentage were enhanced by nitrogenous fertilization. Linear relationship existed between the total 
yield of sprouts, increases due to N levels and their percentage with the increased nitrogen levels up to 
the high level (120Nunits/fed.).The highest total sprouts yield and its attributes were obtained by the 
application of the high N level. Lower values of the total yield and its attributes were obtained by the 
medium and low levels, respectively in a descending order. The lowest total sprouts yield, the lowest 
increases due to N levels and its percentage were recorded by the low N level .These results were similar 
and true in the two seasons of the experiment.  
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Abou El Magd et al., (2019) working on brussels sprouts found that the highest values of total 
yield were obtained by azotobacter treatment (N solving bacteria) compared with agrispon and 
microbein, respectively in descending order. In addition the high level of mineral nitrogen i.e., 100% 
recorded higher values of total sprouts yield compared with 50% of the recommended mineral nitrogen.  
Many investigators reported that nitrogenous fertilization increased yields of other cruciferous crops 
and their attributes. Results of Abou El Magd, 2019 indicated that total yields of kohlrabi were obtained 
by the high N level (120 units/Fed.) followed by the medium (90units/Fed) and the lowest N level(60 
units/Fed.) respectively in a descending order. Patil et al. (2003) working on kohlrabi found that the 
highest values of the total yield of  knobs and its components, the highest yield per plot and the highest 
yield per hectare were recorded by the highest N level (120 kg/ha.) and the lowest values were obtained 
by the lowest level (80kg/ha.). Saleh et al. (2013) obtained similar results on kohlrabi. They reported 
that the highest application rate (100 kg/fed.) of N-fertilizer resulted in the highest yield as tuber yield 
per plant and calculated ton yield per feddan compared with the medium and low applications. Gobal 
Nagar, (2016) reported that the highest nutrient level (T6) recorded the highest total yield of knobs and 
its attributes .i.e., mean weight and marketable yield. Abou El Magd, (2019) obtained higher values of 
total yield of knobs of kohlrabi by the high N level (120units/Fed.) followed by the medium 
(90units/Fed) and the lowest N level (60 units/Fed.) in a descending order. Rai et al. (2007) in western 
Chitwan, Nepal found that broccoli heads yields were increased by increasing N levels. They added that 
the effect of N level on the yield of terminal curd was highly significant. The highest rate of N fertilizer 
(200 kg N /ha.) produced the highest amount of terminal, auxiliary and total curd. Some investigators 
found that NPK fertilization increased yields of cruciferous crops. Rai et al. (2003) reported that higher 
levels of NPK, 140:120:120kg/ha C4) was evident over control for obtaining the highest yield per ha. 
and yield attributes ,i.e., circumference of knob, vertical length of knob, net weight of knob. Samar et 
al. (2017) that fertilization with 75% of recommended dose from NPK gave the highest values of head 
yield and main head yield of broccoli. 
 
3-Quality of the sprouts:  

Data in Table (3) show clearly   that the quality of the sprouts expressed as mean weight ,diameter 
and height was enhanced by nitrogen fertilization. Application of nitrogenous fertilizer increased 
quality characteristics of brussels sprouts. Linear increases were existed between N levels and quality 
characteristics. Application of the high N level (120Nunits) recorded the highest quality characteristics 
of the sprouts .Lower values of mean weight, diameter and height were obtained by the medium and 
low N level respectively, in a descending order. The lowest quality of the sprouts was recorded by the 
low N level treatment. Insignificant differences in sprouts diameters were noticed between medium and 
low N levels treatments .These results were similar and true in the two seasons of the experiment.  

Many investigators dealt with the relationship of N fertilization and the quality of cruciferous 
crops. Rai et al. (2003) found amongst the different fertilizer combinations, 140: 120:120 kg NPK/ha 
(C4) were attained the maximum quality of knobs of brussels sprouts expressed as circumference of 
knob, vertical length of knob, net weight of knob (Abou El Magd, 2019). Results indicated that higher 
quality of knobs expressed as knob mean weight, diameter, height and dry weight were obtained by the 
medium plantation plants receiving the high N level. Lower values of vegetative growth and knobs 
yield were obtained by the medium and low N levels. Patil et al. (2003) found that the highest values 
of the total yield of  knobs and its components were obtained by the high level of nitrogen fertilization. 
The highest vertical length of knob, the highest average diameter ,the highest yield per plot and the 
highest yield per hectare as well as the longest shelf life were recorded by the highest N level (120 
kg/ha.) and the lowest values were obtained by the lowest level (80kg/ha.). Also, Saleh et al. (2013) 
reported that yield attributes viz., knob length, knob diameter, knob weight, marketable knobs and total 
(knobs + leaves) yield revealed significant impact of N levels in kohlrabi. Results of Gobal Nagar, 
(2016) showed significant effect on quality attributes of nutrient levels expressed as dry matter %, 
ascorbic acid and TSS in knobs of kholrabi. There was an increase in dry matter % with increased 
nutrient levels. Maximum dry matter %, ascorbic acid and highest TSS content were noted in case of 
T6 (the highest nutrient level) which was higher than T4>T5>T3>T2. While minimum dry matter %, 
ascorbic acid and TSS content were recorded under T1 nutrient level each other with respect to TSS 
content in knob. Others dealt with broccoli. Samar et al. (2017) reported that 75% of the recommended 
N, P or K enhanced the quality of broccoli heads. Physical and chemical head quality expressed as head 
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diameter, head height ,chlorophyll content ,carotenoids , carbohydrates percentage  and vitamin C 
content of broccoli heads were enhanced as a result of mineral N,P and K fertilization. Hanaa et al. 
(2016) and Zaki et al. (2016), came to similar results on broccoli crop. 

 
 C. Effect of interaction (planting times x N levels): 
 
1. Vegetative growth:  

Vegetative growth of brussels sprouts plants expressed as plant height, leaves number, fresh 
weight of leaves and total plant and dry weight of leaves, sprouts and total plant was statistically affected 
by the combined effect of planting times and nitrogenous fertilization as shown in table (4). Vegetative 
growth parameters expressed as plant height and leaves number and weight recorded their highest 
values by the combination of the early plantation (15th September) and the high N level (120 N 
units/fed.).These results were similar in the two seasons of the experiment .The lowest values differed 
with the measured parameters. The highest values of fresh weight of sprouts and total plant and dry 
matter percentage of leaves and sprouts were obtained by the interaction of the late plantation (15th Oct.) 
and the high N level (120 N units/fed.). The lowest values of leaves, sprouts and total plant fresh weight 
were recorded by the medium planting and the low N level. The lowest  leaves dry weight were recorded 
by the late planting and the low N level. Dry weight of sprouts was recorded by the early plantation and 
the low N level. Abou El Magd et al. (2019) on brussels sprouts reported that the interaction results 
were nearly similar to the present results. They reported that the combined effect of azotobacter with 
100% mineral-N recorded the highest values of vegetative growth and dry matter percentage. The 
lowest values of growth parameters and dry matter percentage were obtained by microbein combined 
with 50% nitrogen. Other interaction treatments ranged in between these two values. Abou El Magd, 
(2019) on kohlrabi reported that the combined effect of the medium planting time (1st October)   and 
the high N level (120Nunits/fed.) recorded the highest values of vegetative growth parameters of 
kohlrabi plants expressed as plant height, leaves number, leaves and total plant fresh and dry weights. 
Lower values of vegetative growth were obtained by the other interaction treatments. Data of Rai et al. 
(2003)    revealed that the differences due to interaction between spacing and fertilizer combinations on 
growth and yield of brussels sprouts were nonsignificant. 

                                                                                                                                         
 2-Total yield of sprouts:  

Total yield of sprouts and its attributes were significantly affected by the combined effect of 
planting dates and nitrogenous fertilizer levels .The highest total yield of sprouts was obtained by the 
combination of late plantation(15th Oct.) and the high N level(120Nunits/fed.).Lower values of total 
sprouts yield were obtained by the other interaction treatments .The lowest total yield of sprouts was 
recorded by the interaction of the medium plantation(1st Oct.) and the low N level (60 N units/fed.). 
Similar results were obtained on kohlrabi crop by the interaction of bio-stimulants and the N level (Abou 
El Magd et al., 2019).Their results indicated that the highest total yields were obtained by azotobacter 
treatment and the high N level. The lowest values of dry matter percentage were obtained by microbein 
combined with 50% nitrogen. Other interaction treatments ranged inbetween these two values. Abou el 
Magd, (2019) results indicated that higher total yield of knobs, yield increase and their percentage of 
kohlrabi knobs were obtained by the combined effect of the medium plantation plants and the high N 
level. Lower values of knobs yield were obtained by the other interaction treatments. Rai et al. (2003) 
data  revealed that the differences due to interaction between spacing and fertilizer combinations on 
growth and yield of brussels sprouts were nonsignificant.  

                                                                                                                                                                         
3- Quality of the sprouts:  

Quality of the sprouts expressed as sprout mean weight, height and diameter was statistically 
influenced by the interaction of planting times and nitrogenous fertilizer. The highest value of the sprout 
mean weight, height and diameter were obtained by the combination of the late plantation (15th Oct.) 
and the high N level (120 N units/fed.). On the other hand the lowest values of mean sprout weight and 
bulb height were obtained by the medium plantation and the low N levels. The lowest sprout diameter 
was obtained by the early plantation and the low N level. Abou El Magd et al. (2019) working on 
brussels sprouts  reported that the combined effect of azotobacter with 100% mineral N recorded the 
highest values of sprout quality expressed as sprout mean weight, height and diameter. Lower values 
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Table 4: Effect of interaction on vegetative growth, productivity, total yield and quality of Brussels sprouts. 

Yield increase sprout 
diameter 

cm 

sprout  
height 

cm 

Total 
yield 
ton 
/fed 

Dry weight % Fresh weight 
Leaves 

number/plant 

Plant 
height 

cm 
N units 

sprouts leaves 
Total 
plant 

sprouts Leaves 
% Ton/fed 

 2011-2012 
4.15 0.1 8.49 11.27 2.51 22.50 9.28 489.55 280.05 209.50 44.00 32.00 60 

Early 9.1 0.22 8.66 11.93 2.63 25.00 8.81 736.87 517.45 219.42 27.50 46.00 90 
28.6 0.69 10.60 10.56 3.10 27.50 9.41 797.98 539.33 258.65 46.50 54.00 120 

-- -- 8.81 10.98 2.41 24.00 8.38 430.39 229.76 200.63 35.00 29.00 60 
Medium 22.4 0.54 9.51 11.86 2.95 25.00 9.82 584.29 338.87 245.42 27.00 44.00 90 

48.1 1.16 10.68 13.22 3.57 31.50 9.45 770.29 472.69 297.60 47.50 46.50 120 
1.7 0.04 10.33 11.67 2.45 25.50 7.99 483.01 278.86 204.15 23.50 33.00 60 

Late 59.3 1.43 9.69 12.62 3.84 28.50 11.24 719.37 399.27 320.10 39.50 38.50 90 
126.1 3.04 11.82 13.60 5.45 34.00 13.31 866.23 412.45 453.78 53.00 41.50 120 

-- -- NS 0.77 0.48 NS 0.25 107.51 67.18 40.33 2.23 1.96 LSD 
 2012-2013 

4.9 0.12 8.47 11.78 2.55 23.65 9.41 476.55 263.63 212.92 50.13 28.45 60 
Early 11.1 0.27 8.67 12.56 2.70 26.62 8.85 750.85 526.13 224.72 30.50 45.11 90 

34.2 0.83 10.98 10.93 3.26 29.60 9.56 823.57 552.17 271.40 53.11 54.63 120 
26.3 0.64 8.85 11.44 2.43 25.43 8.34 406.14 203.78 202.36 39.42 24.88 60 

Medium 56.8 1.38 9.68 12.48 3.07 26.62 10.06 589.29 333.63 255.66 29.90 42.73 90 
148.6 3.61 11.08 14.10 3.81 34.36 9.61 810.62 492.87 317.75 54.30 45.71 120 
2.1 0.05 10.66 12.26 2.48 27.22 7.87 468.76 262.21 206.55 25.74 29.64 60 

Late 70.0 1.7 9.90 13.38 4.13 30.79 11.74 750.03 405.50 344.53 44.78 36.19 90 
148.6 3.61 12.44 14.55 6.04 37.33 14.21 924.79 421.18 503.61 60.84 39.76 120 

-- -- 0.63 0.71 0.06 3.13 1.33 81.91 70.31 11.60 5.42 7.30 LSD 
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of these parameters were obtained by the other interaction treatments. The lowest values of sprouts 
quality were obtained by the combination of microbein and the low N level. Results of Abou El Magd, 
(2019)  showed that the total yield of knobs with high quality expressed as mean weight, knob diameter, 
height and dry matter were obtained by the medium plantation plants receiving the high N level. Lower 
values of knobs quality were obtained by the other interaction treatments. Rai et al., (2003) data  
revealed that the differences due to interaction between spacing and fertilizer combinations on growth 
and yield of brussels sprouts were nonsignificant 
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