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ABSTRACT 

Two field experiments were carried out on kohlrabi (Brassica Oleracea var. Gongylodes L) in 
newly reclaimed soil in the area of Sadat City, North West Egypt. Treatments of the Experiment were 
three planting dates, i.e. Early (15Th Sep.); Medium (1st Oct.) and late (15th Oct.) with three nitrogen 
fertilization levels (120, 90 and 60 N units/fed). Results indicated that the medium plantation recorded 
the highest values of vegetative growth expressed as plant height, leaf numbers, fresh weight of leaves, 
knobs and total plant and total knobs yield compared with the early and late planting dates. Knobs and 
total plant dry weight were higher in the early plantation. Higher values of all the vegetative growth 
parameters, fresh and dry weights of leaves and knobs as well as total yield of knobs were obtained by 
the high N level(120units/fed.) followed by the medium(90 units/fed) and the lowest N level(60 
units/fed.) in a descending order. Higher vegetative growth, values and higher total yield of knobs with 
high quality were obtained by the medium plantation plants receiving the high N level. Lower values 
of vegetative growth and knobs yield were obtained by the other interaction treatments.   
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Introduction 

Kohlrabi (Brassica oleracea var. Gongylodes L.) which belongs to family Brassicaceae is a fast 
growing cool season vegetable crop. It was first grown in Europe and was imported into America later. 
By the end of the 16th century it was known in Germany, England, Italy, Spain, and the eastern 
Mediterranean (Baldwin, 1995). Kohlrabi is not grown on a large scale in the world but, as a cool season 
vegetable, is widely grown in the united states and northern Europe (Splittstoesser, 1990). In north 
America a few thousand hectares are grown and in Germany about 1600 ha (Nonnecke, 1989) are 
cultivated. Germany is both the world's largest producer, and largest consumer, harvesting 40,000 tons 
a year (Anonymous, 2005). There is also some production in Italy, France, Belgium and Netherlands 
where it is a much less important crop and is mainly grown for fresh vegetable or processing purposes 
(Behr, 1993). An increasing demand from Northern countries for kohlrabi has induced an expansion of 
the cultivated area in the Spanish Mediterranean coast (Namesny, 1996). Kohlrabi is grown in the 
eastern Anatolian region of turkey, but there is no information related to the location of areas of kohlrabi 
production and cultivation in turkey (Ozbakir, 2007). It is grown primarily for its enlarged stem that is 
rich in nutritional components, especially with respect to vitamin C and potassium. The enlarged stem 
of the plant can be eaten raw, cooked or preserved, while its young leaves can be used for salads or 
cooked like spinach (Splittstoesser, 1990; Liebster, 1991). It's valued for its sweet taste and crisp and 
juicy texture which contains 6.2 g of carbohydrates, 1.7 g proteins and 3.6 g dietary fiber in 100 g of 
fresh matter (Anonymous, 2006). Kohlrabi can be an alternative crop for vegetable growers due to its 
similarity to other Brassicaceae members; it is having a short growing season and it is possibilities for 
exportation (Arin et al., 2003). It can be grown for the early, summer and autumn market periods. 
Nowadays there are many cultivars which can produce high yields of good quality stems suitable for 
the fresh market as well as for freezing (Bieasida and Kolota, 2007). kohlrabi has enormous nutritional 
and medicinal values due to its high contents of vitamins ( A, B1, B2, B5, B6 and E) minerals ( Ca, Mg, 
Zn and Fe),vitamin C, potassium and antioxidant substances which prevent the formation of cancer 
causing agents (Beecher 1994). Kohlrabi is widely cultivated in European and American countries. In 
Egypt, still it is grown in a very limited scattered areas and the total cultivated area is not exactly known. 
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In Egypt efforts now are paid for introducing new vegetables to the Egyptian agriculture. In this 
direction few studies were carried out on kohlrabi (Beshir, 2003; Saleh et al., 2010; Saber, 2011 and 
Shams, 2012). Kohlrabi could be profitable vegetable crop in the Egyptian agriculture. This study was 
determined to introduce new vegetable crop to the Egyptian farmer. The aim of this study is to choose 
the suitable planting date and proper nitrogenous fertilization level for obtaining higher yields of 
kohlrabi with high quality in the area of North West Egypt. 

 
Materials and Methods 
 

Two field experiments were carried out on kohlrabi crop in newly reclaimed soil in a private farm 
in Kafr Dawood near Sadat city, Egypt, during the two successive winter seasons of 2011-2012 and 
2012-2013. Physical and chemical analyses of the experiment soil are   tabulated in table (1).Seeds of 
kohlrabi (Brassica Oleracea var. gongylodes L) Family (Cruciferae) cv. Delikatess weisser were 
imported from Netherlands. 
 
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 
 

A. Nursery:  
Foam trays 208 eyes were filled with media consisting of sand and peat moss 1:1 by volume. 

Seeds  of kohlrabi were drilled in the trays one in every eye. Trays were subjected to mist till moisted 
and arranged together in groups each consists of six trays compacted in vertical layer stacks. Every 
stack was wrapped tightly with plastic sheets and kept three days till seed emergence. Then trays were 
arranged individually on the nursery tables. Recommendations of growing cruciferous transplants were 
followed till 35 days age and then trays were trasfered to the open field . 

 

B. Experimental 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 superphosphate and 
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 besides 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 and pests, diseases 
and weeds control programs were followed allover the growth season.  
The experimental treatments were as follows:- 
 

A-Planting dates: 
    1-Early (15 th September) 
    2-Medium (1 st October)   
    3-Late (15 th October)  
 

B-Nitrogen fertilization: Three fertilization treatments: 
1- 60 N units/feddan 
2- 90 N units/feddan 
3- 120 N units/feddan 
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Experimental design:  
Treatments were nine treatments which were the combinations of three planting dates and three 

nitrogen fertilization treatments. Statistical design of the experiment was split plot design with three 
replicates in which planting dates were alloted in the main plots and nitrogen fertilization treatments 
were assigned at random in the sub-plots.  
 
Data recorded: 
 
A .Vegetative growth: 

Plant height, Leaves number/plant, Leaves fresh weight, Knobs fresh weight, Total plant fresh 
weight. Leaves dry weight, Knobs dry weight and Total plant dry weight. 
 
B. Total yield of knobs. 
Total yield (Ton\fed.) was calculated. Yield increase (Ton\fed.) and Yield increase %. 
 
C. Quality of knobs: 
Mean weight of knob (g), Diameter of knob(cm), Height of knob(cm), Dry weight of knob(g). 

 
Results and Discussion 
 
I. Effect of planting dates: 
 
A. Vegetative growth:  

Data in Table (2) showed that the   vegetative growth of kohlrabi plants was influenced by date 
of planting. Medium plantation(1st Oct.) showed the highest values of vegetative growth expressed as 
plant height, leaf numbers, fresh weight of leaves, knobs and total plant as well as dry weight of leaves. 
On the other hand, dry weight of knobs and total plant recorded higher values in the early plantation. 
Plants of the late plantations recorded the lowest values of vegetative growth characters. The vegetative 
growth parameters nearly followed the same trend in the two seasons of the experiment. This 
enhancement in plant growth might be referred to the favorable conditions created by the suitable 
environmental conditions through the growth season of the medium planting. These favorable 
conditions enabled kohlrabi plants to benefit more from the natural resources i.e., sunlight, CO2, 
irrigation water and nutrients. These favorable conditions enables plants to obtain more water and 
nutrients absorption, sunlight radiation, consequently more photosynthetic activity and higher net 
assimilation rate, relative growth rate, land equivalent ratio which increased vegetative growth. The 
obtained increases in vegetative growth by the medium planting date (1st Oct.) might also be due to the 
low temperature prevailing during the growth period which are more suitable for kohlrabi growing 
compared with the early planting (15th Sept.).These increases in the vegetative growth parameters in the 
medium planting date might also be due to the higher nutrients content of plant leaves resulting by the 
medium planting date. Air temperature and solar radiation are major factors affecting crop development 
and growth in broccoli (Mourao and Hadley,1998).The morphological age of the plant i.e. no. of leaves 
appeared to be fairly constant at spear initiation time regardless of sowing dates . The variation in plant 
potential for dry matter production with sowing dates reflects differences in temperature regimes, 
although other environmental parameters, especially solar radiation might have important effect too. 
With regard to temperature effect, it appears that an optimum level during the growing season is more 
important than just an accumulation of heat units. Fink and Krug, (1989) Explained that these increases 
in the morphological characteristics of kohlrabi as leaf area was affected by radiation, air temperature 
and humidity. Beshir, (2003) working on kohlrabi reported that the second transplanting date(23rd Oct.) 
gave the highest values of plant fresh and dry weight, number of leaves and plant length compared with 
the first planting dates(10th Oct.) and the third one(7th Nov.).In addition, the second transplanting date 
recorded the highest values of leaf characteristics for all kohlrabi cvs. Saleh et al.  (2010) reported that 
the highest values of plant height, leaf numbers, fresh and dry weight of kohlrabi plant were obtained 
by the medium plantation, i.e. 20th Sept. lower values were obtained by by the late plantation. The 
lowest values were recorded by the late plantation, (20th Oct.).Dry matter and N, P and K content 
folowed the same trend of vegetative growth. The highest dry weight and N, P and k nutrients were 



Middle East J. Appl. Sci., 9(2): 349-360, 2019 
ISSN 2077-4613 

352 

obtained by the medium plantation. Saber, (2011) obtained results similar to our results. He reported 
that kohlrabi plants of the medium planting date (20/9) were superior in their vegetative growth 
expressed as plant height, leaves number and total plant fresh weight as well as N, P and K leaf content 
compared with those of the first(20/8) and third (20/10)planting dates. Abou El Magd, (2013) working 
on broccoli in Eastern Egypt reported that medium planting (1st Oct.) of broccoli recorded the tallest 
plants, the highest fresh weight and dry weight percentage of leaves and heads followed by the early 
(15th Sept) and late planting (15th Oct.) in a descending order. In another trial on broccoli Abou El Magd 
et al., (2017) reported that the early planting date recorded the tallest plants with denser leaves. Other 
investigators came to similar results. Emam, (2005); Hanaa, (2011) and Abou El-Magd et al. (2017)  
reported that the early planting  in broccoli plants increased vegetative growth parameters. Hanaa (2011) 
found that the highest plant fresh weight was recorded at the third plantation (15th of Oct.) comparing 
with the other plantations (15th of Sept. and 1st of Oct .These increases in vegetative growth owing to 
planting dates might also be due to the relationships between transplanting dates , the nutrients  content 
and dry matter accumulation in kohlrabi plants. In New Zeland, Diputado and Nichols (1989) reported 
that plant total dry matter production of broccoli plants was lower during winter than during summer. 
The variation in plant potential for dry matter production with sowing dates reflected differences in 
temperature regimes, although other environmental parameters, especially solar radiation might have 
important influence too. 

  
B. Total yield of knobs (elongated stems): 

Total yield of knobs, quantity of increase and its percentages were widely affected by planting 
dates. The highest values of total knobs yield, the quantity of increase due to planting dates and their 
percentage were obtained by the medium plantations of kohlrabi plants. Total yield of knobs quantity 
of increase and their percentage of the early plantation followed those of the medium plantation .The 
lowest yields of knobs, and its percentage were obtained by the late plantation compared with those of 
the medium and early plantations .These results of the total yield of knobs and its components followed 
the same trend of the vegetative growth .The high yield of knobs obtained by the medium planting date 
might be due to the higher vegetative growth which accompanied with higher levels of water and 
nutrients absorption leading to higher photosynthetic activity, net assimilation rate, relative growth rate 
, land equivalent ratio and dry matter accumulation. Higher yields of total knobs and marketable 
percentage of the medium planting date might be due to the favorable atmospheric conditions during 
the medium plantation. Moderate atmosphere, sunshine and low temperature prevailing this region 
during the medium plantation enhanced plant growth, photosynthetic activity and dry matter 
accumulation which increased knobs yield. The superiority of the medium planting yield might be also 
due to the increases in the vegetative growth, leaves number per plant intercepted by sunlight. 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 medium planting date. Many investigators studied the 
effect of planting dates on knobs yield. Saleh et al. (2010) working in Assiut Governorate in upper 
Egypt, came to similar results. He reported that the highest plant yield was recorded by the plants of the 
medium plantation, i.e. 20th Sept. Lower plant yield was recorded by the early plantation. The lowest 
yield was recorded by the plants of the late plantation. Saber, (2011) reported that kohlrabi plants of the 
medium planting date (20/9) were superior than those of the first (20/8) and third planting dates(20/10) 
in their total yield. Beshir (2003) indicated that kohlrabi yield was superior with the second 
transplanting date. There is a high probability that this correlates with the higher temperature and light 
conditions of spring. The total yield of the plants is the important target from any plantation, there is no 
doubt that planting dates or in other words temperature degrees play their part in affecting the initiation 
and growth of plant organs and consequently affect the obtained total yield. Work on the yield of 
broccoli spears indicated, in general, that late sowing crop gave late lower Yield, smaller and swallower 
heads and greater variations among the plant. So, attempts were made to correlate the performance of 
the crop from different sowing dates with the temperature variables. It was found that the accumulated 
day-degrees above a base temperature of 20oC during the first half of the period from planting to 
maturity gave the closest correlation with good crop performance (Salter et al., 1984).  Abou El Magd, 
(2013) reported that medium planting date(1st Oct.) recorded the highest total head yield of broccoli , 
yield increase and its percentage, followed by the early plantation (15th Sept.). Late planting date (15th 
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Oct.) recorded the lowest values of head yield and yield increase and its percentage. The relationships 
of transplanting time with nutrients content of kohlrabi leaves and dry matter accumulation may also 
clear the appropriate correlation between the knobs yield and planting dates. 
 
C. Quality of kohlrabi knobs:  

Kohlrabi plants of the medium plantations (1st Oct.) recorded the highest values of knobs quality 
expressed as knob diameter, and mean weight. Plants of the early plantation recorded medium values 
of knob diameter and mean weight. The lowest values of quality, i.e., knob diameter and mean weight 
were obtained by the late plantation plants. The highest knob height was obtained by the early 
plantation. Medium knob height was obtained by the medium plantation treatment .The lowest knob 
height values were those of the late plantation treatment compared with those of the medium and early 
plantation plants. Many investigators came to similar results (Beshir, 2003 and Saleh et al., 2010, Saber, 
2011 on kohlrabi).They reported that medium plantation of kohlrabi crop resulted knobs with higher 
quality compared with those of both early and late plantations. Beshir, (2003) showed that second 
transplanting date (23rd Oct.) gave the highest values of fresh weight, diameter and length of knobs. 
Saleh et al. (2010) 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 reported their highest values 
by the medium plantation. Lower physical and chemical quality of knobs were obtained by the early 
and late plantations. Saber, (2011) working in Assiut in upper Egypt reported that kohlrabi Plants of the 
medium planting date (20/9) were superior those of the first(20/8) and third (20/10) planting dates in 
their tuber mean weight, tuber physical quality (tuber size and diameter) and tuber chemical quality 
(vitamin C, acidity, TSS and fibers content). Aboul- Nasr and Ragab (2000) reported that the average 
head weight and head diameter of broccoli plants in the second planting date (15th of October) was 
higher than in the first (1st of October). Heads produced in the second planting date were larger in size 
and exceeded those pardoned in the first date by 22%. The 15 days difference in sowing date did not 
affect head height, florets length. On the other hand, Emam (2005) found that the late transplanting on 
23rdSeptember in broccoli plants increased head weight and diameter significantly compared with 
planting on 2ndAugust. Abo El-Hamd and Esmail (2005) mentioned that the longest spear highest fresh 
weight of broccoli plants were obtained from planting on 15 September compared with planting on (15th 
August, 1st September, 1st October and 15th October). Esmail (1997) reported that Planting at the second 
of September induced the longest diameter and highest weight compared with other planting dates (15th 
of August, 1st September, 1st October and 15th October).  

 
II. Effect of nitrogenous fertilization: 
                                
A. Vegetative growth:  

Nitrogenous fertilization greatly enhanced the vegetative growth of kohlrabi plants. Data in table 
(3) showed progressive increase in the vegetative growth parameters as nitrogen level increased up to 
its highest level. Data showed that the highest nitrogen level (120N/fed.) recorded the highest values of 
vegetative growth expressed as plant height, leaf numbers, fresh and dry weights of leaves and Knobs 
and total plant. Medium N level(90 N units/fed.) recorded lower values of vegetative growth parameters 
.The lowest values of vegetative growth parameters were obtained by the lowest N level(60 N/fed.) 
fertilization. Vegetative growth parameters were parallel with nitrogen level. Vegetative growth 
parameters were increased by the increase in N applications up to its highest level, i.e.,120 N units/fed. 
Dry weight of plant leaves followed the same trend of the vegetative growth parameters. Dry weight 
percentage of plant leaves and knobs were the highest by the high dose of N fertilizer. Results indicated 
that the vegetative growth parameters and dry matter accumulation were increased by the increase in N 
applications up to the highest level. Lower values of dry weight percentage were recorded by the 
medium and low N applications. The lowest values of knobs dry matter were obtained by the lowest N 
level. Results were similar in the two seasons of the experiment. Many investigators reported that the 
high vegetative growth was obtained by the high levels of nitrogen but the lower N applications 
recorded lower vegetative growth. Many investigators came to similar results. Patil et al. (2003) 
working on kohlrabi found that the highest values of plant height, number of leaves, plant spread and 
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Table 2: Effect of planting dates on vegetative growth, yield ad quality of kohlrabi knobs (2010/2011 and 2011/2012). 

Yield increase 
 

knob 
diameter 

cm 

knob 
height 

cm 

Total 
yield 

ton /fed 

Dry weight 
g/plant 

Fresh weight 
g/plant Leaves 

number 
Plant 

height cm 
Planting 
dates 

% Ton/fed 
Total 
plant 

knobs Leaves 
Total 
plant 

knobs Leaves 

2011-2012 
64.0 1.46 11.77 15.76 3.74 14.51 7.33 7.18 542.68 231.17 311.51 19.50 39.33 Early 

100.1 2.30 12.97 12.77 4.58 13.90 6.55 7.35 685.01 303.62 381.39 21.38+ 43.50 Medium 
-- -- 15.02 18.00 2.28 10.55 4.70 5.85 424.56 234.40 190.16 16.67- 40.33 Late 
-- -- NS 0.56 0.16 0.24 0.21 0.03 41.53 28.29 13.42 1.16 0.21 LSD 0.05 

2012-2013 
82.8 1.73 11.87 15.63 3.82 14.42 7.50 6.92 570.96 243.96 327.0 20.28 41.18 Early 

130.6 2.73 13.30 12.06 4.82 13.68 6.56 7.12 740.18 330.18 410.0 23.05 46.14 Medium 
-- --- 15.74 18.29 2.09 9.69 4.36 5.33 429.80 247.80 182.0 16.90- 42.37 Late 
-- -- 1.13 1.46 0.44 1.27 0.18 1.09 25.31 22.64 2.67  0.38 LSD 0.05 

 
 
Table 3: Effect of nitrogen levels on vegetative growth, yield and quality of kohlrabi knobs (2010/2011 and 2011/2012).  

Yield increase 
knob 

diameter 
(cm) 

knobs 
height 
(cm) 

Total yield 
(ton /fed) 

Dry weight (g/plant) Fresh weight (g/plant) 
Leaves 
number 

Plant height 
cm 

N units Total 
plant 

knobs Leaves 
Total 
plant 

knobs leaves 
% Ton/fed 

2011-2012 
43.6 1.050 13.16 15.66 2.41 11.73 5.58 6.15 432.76 232.28 200.48 17.00 37.00 60 
96.3 2.32 13.48 14.05 3.46 12.67 6.00 6.67 498.11 209.85 288.26 19.00 42.33 90 

-- -- 13.12 16.81 4.73 14.57 7.00 7.57 721.38 327.06 394.32 22.00 43.83 120 
-- -- 0.77 0.85 0.28 0.39 0.21 0.18 77.77 54.38 23.39 1.27 0.66 LSD 0.05 

2012-2013 
-- -- 13.52 15.51 2.23 11.1 5.41 5.69 440.46 245.28 195.18 17.30 38.40 60 

56.5 1.26 13.91 13.59 3.49 12.21 5.91 6.30 518.24 218.60 299.64 19.68 44.75 90 
124.2 2.77 13.48 16.88 5.00 14.47 7.10 7.37 783.92 358.07 425.85 23.25 46.53 120 

-- -- NS 1.12 0.30 0.70 0.28 0.42 49.14 33.58 15.56 1.43 2.84 LSD 0.05 
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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 the mineral nitrogen fertilizer increased the broccoli plant 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 and the easy 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) 
in a crrent study 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. Results of Gopal 
Nagar, (2016) with respect to growth characters of knolkhol indicated significant effect of nutrient 
levels. Amongst nutrient levels, the highest level T6(100 kg N + 60 kg P2O5+ 50 kg K2O) had recorded 
maximum plant height, number of leaves at knob initiation and knob harvesting stage, SPAD value at 
20, 30, 45 days, per plant at knob initiation. Minimum plant height, number of leaves, SPAD value at 
20, 30, 45 days and leaf area per plant 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. Raj 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. 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. Zaki et al. (2012) and Hanaa, (2016)  reported 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+25% mineral fertilizer treatment.  

 
B. Total yield of knobs (elongated stems):                

 Total yield of knobs of kohlrabi plants was greatly affected by the nitrogenous fertilization. Total 
yield of knobs was increased by increasing nitrogen level up to its highest level (120 N units/fed.). 
Results of the total yield of knobs reflected linear relationship with the applied nitrogen levels. Kohlrabi 
plants receiving the higher N levels yielded the highest yield of knobs. Lower values of knobs yield 
were obtained by the medium N level (90N units/fed). The lowest knobs yield was obtained by the 
plants receiving the lowest N level (60 N units/fed.). It was noticed that the yield of knobs of kohlrabi 
plants was parallel with N levels. Results of knobs yield of kohlrabi plants followed the same trend of 
the vegetative growth and dry matter content. In addition, the resulting quantity and percentage of 
increase of knobs followed the same trend of total knobs yield parallel with the the nitrogen levels. 
Results were similar and true in the two seasons of the experiment. Many investigators came to similar 
results with kohlrabi and other cruciferous crops. Patil et al. (2003) working on kohlrabi found that the 
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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.).Similar results 
were obtained on kohlrabi by Saleh et al. (2013). 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. The medium application rate (75 kg/fed.) of N-fertilizer produced 94-93% tuber yield compared 
to 100 kg/fed. Whereas, the lowest application rate (50 kg/fed.) of N-fertilizer produced 87-84% tuber 
yield compared to 100 kg/fed. Yield attributes viz., knob length, knob diameter, knob weight, 
marketable knobs and total (knobs + leaves) yield revealed significant impact of nutrient levels in 
knolkhol. Gobal Nagar, (2016) reported that yield attributes viz., marketable knobs and total (knobs + 
leaves) yield revealed significant impact of nutrient levels in kohlrabi. He added that the highest nutrient 
level (T6) recorded the highest total yield of knobs and its attributes .i.e., mean weight and marketable 
yield . Raj 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. The increment in the yield of curd with the increased N rate application may 
be due to the production of higher amount of photosynthates available for the enlargement of the curds. 
This indicated that optimum level of N could be beyond the rates tested in this study. 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. These results may be due to adding suitable fertilizer dose gave a good 
chance for the vegetative growth by the positive effect of N, P and K on the biological status, which led 
to rapid absorption, that improved clearly vegetative growth of plant organs by increasing chlorophyll 
and carbohydrates formation, increment of photosynthesis rate which reflected on the improvement of 
head yield and main head yield (ton/fed.).  

 
C. Quality of kohlrabi knobs:  

Data tabulated in table (3) show clearly that nitrogenous fertilization enhanced the quality of 
kohlrabi knobs. Quality of knobs expressed as knob diameter, height and mean weight recorded higher 
values with the increase in N levels. The highest knob diameter, height and mean weight were obtained 
by the highest N level followed by the medium level and the lowest quality values were obtained by the 
lowest N level .Quality of knobs was parallel with N levels. Knobs quality followed the same trend of 
vegetative growth, dry matter content and yield response by N levels. 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 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. Results of Gobal Nagar, (2016) showed significant effect on quality attributes of nutrient 
levels on dry matter % content, ascorbic acid and TSS in knob of kholrabi. There was an increase in dry 
matter % content with increased nutrient levels. Maximum dry matter % content ,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 % content, ascorbic acid and TSS content were recorded 
under T1 nutrient level each other with respect to TSS content in knob. Hanaa et al. (2016) and Zaki et 
al. (2016) came to similar results on broccoli crop. 

 
 III. Effect of interaction  
   
A. Vegetative growth: 

The combined action of planting dates and nitrogen levels widely affected vegetative growth of 
kohlrabi plants expressed as plant height, leaves   number, leaves and total plant fresh and dry weight 
as shown in Table (4). The combined effect of the medium planting date 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 weight. The highest fresh 
weight of knobs was obtained by the combined effect of the early plantation and the highest N level. 
The lowest values of plant height and leaf numbers were obtained by the interaction of the early 
plantation and the lowest N level. The lowest fresh and dry weight percentage were recorded by the 
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Table 4: Effect of interaction on vegetative growth, yield and quality of kohlrabi (2010/2011 and 2011/2012).  
Yield increase 

 Knobs 
diameter 

knobs 
height 

Total 
yield 

ton /fed 

Dry weight 
g/plant 

Fresh weight 
g/plant Leaves 

number 
Plant height 

(cm) 
N 

units 

Planting 
dates 

 % Ton/fed 
Total 
plant 

knobs Leaves 
Total 
plant 

knobs leaves 

2011-2012 
25.5 0.51 10.91 14.56 2.51 12.85 6.15 6.70 379.9 208.79 171.11 17.00 35.00 60 

Early 
 

93.5 1.87 11.32 17.28 3.87 14.75 7.50 7.25 595.1 322.84 272.26 20.00 42.50 90 
141.5 2.83 13.07 15.45 4.83 15.95 8.35 7.60 653.06 402.91 250.15 21.50 40.50 120 
35.5 0.71 12.20 12.32 2.71 12.85 6.35 6.50 505.49 226.10 279.39 18.50 41.50 60 

Medium 120.5 2.41 14.96 11.08 4.41 12.65 5.90 6.75 539.36 367.25 172.11 20.00 42.50 90 
230.5 4.61 11.75 14.90 6.61 16.20 7.40 8.80 1010.21 550.84 459.37 27.00 46.50 120 

-- -- 16.35 20.10 2.00 9.50 4.25 5.25 412.88 166.25 246.33 15.50 34.50 60 
Late 5.0 0.10 14.16 13.80 2.10 10.60 4.60 6.00 359.90 174.70 185.20 17.00 42.00 90 

37.5 0.75 14.54 20.09 2.75 11.55 5.25 6.30 500.89 229.22 271.67 17.50 44.50 120 
-- -- 1.36 1.47 0.49 0.68 0.37 0.31 134.71 40.52 94.19 NS 1.14 LSD 0.05 

2012-2013 
34.3 0.60 10.86 14.19 2.35 12.43 6.09 6.34 377.56 205.07 172.49 17.30 36.02 60 

Early 
 

127.4 2.23 11.34 17.43 3.98 14.70 7.70 7.00 633.64 340.79 292.85 20.87 44.95 90 
192.6 3.37 13.42 15.26 5.12 16.12 8.71 7.41 702.61 436.07 266.55 22.66 42.57 120 
48.6 0.85 12.39 11.53 2.60 12.44 6.33 6.11 527.00 225.66 301.34 19.09 43.76 60 

Medium 163.4 2.86 15.68 10.05 4.61 12.19 5.79 6.40 567.31 393.63 173.68 20.87 44.95 90 
313.7 5.49 11.85 14.60 7.24 16.42 7.58 8.84 1127.62 612.11 515.51 29.20 49.71 120 

-- -- 17.33 20.79 1.75 8.45 3.83 4.62 416.81 154.81 262.00 15.52 35.43 60 
Late 6.30 0.11 14.72 13.29 1.86 9.75 4.24 5.51 353.75 164.50 189.25 17.30 44.35 90 

50.9 0.89 15.17 20.78 2.64 10.75 5.02 5.87 521.54 229.38 292.16 17.90 47.33 120 
-- -- 0.51 1.38 0.55 0.05 0.79 0.26 85.79 4.83 80.96 NS 1.27 LSD 0.05 
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interaction of the late plantation and the lowest N level. Other interaction treatments ranged in between 
these values. These results were nearly similar in the two seasons of the experiment. 
 
B. Total yield of knobs (elongated stems): 

The combined effect of planting dates and nitrogenous fertilization widely affected the total knobs 
yield of kohlrabi crop. The highest total yield of knobs was obtained by the combined action of the 
medium plantation (1st Oct.) and the high N level (120 N units/fed.).The resulting increase quantity and 
percentage were obtained by kohlrabi plants of the medium plantation receiving the highest N level. 
The lowest yield of knobs was obtained by kohlrabi plants of the late plantation receiving the lowest N 
level (60 N units/fed.).The resulting increases quantity and percentage followed the same trend of knobs 
total yield in response to the interaction treatments. Other interaction treatments ranged in between 
these two values in response to interaction. It is clear from the obtained results of the interaction that 
the total yield results were parallel with those of the vegetative growth. Changes in the total yield of 
knobs resulting by the interaction treatments followed the same trend of those of vegetative growth and 
dry matter. 
 
C. Quality of kohlrabi knobs:                                                 

Quality of kohlrabi knobs expressed as knob diameter, weight and height was influenced by the 
interaction between planting dates and N levels. Mean weight of knob recorded its highest values as a 
result of the combined effect of the early plantation and the high N level (120 N units/fed.).The lowest 
mean weight of knob was recorded by the late plantation and the lowest N level. Diameter and height 
of knobs were without clear trend in relation to the interaction treatments. 
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