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ABSTRACT 
 
 Two field experiments were carried out in newly reclaimed land at El-Nobaria, Northern Egypt during the 
two successive seasons of 2009/2010 and 2010/2011 to study the response of Kohlrabi plants (Brassica 
oleracea var. Gongylodes L.) to different fertilizer sources and application rates of Nitrogen (N). The 
experiments were carried out in a split plot design with three replicates. Three fertilizer sources, i.e., mineral-N 
fertilizer (control) as ammonium nitrate (33.5% N), organic-N as chicken manure (3.4% N) and combined 
application of 50% mineral-N (ammonium nitrate) + 50% organic-N (chicken manure) were assigned to the 
main-plots, while three N rates, i.e., 50, 75 and 100 kg N/feddan (4200 m2) were randomized and occupied the 
sub-plots. Plant growth characters (plant height, number of leaves per plant and plant fresh weight), chlorophyll 
content and tuber yield as well as chemical composition of edible part (tuber) were evaluated. The data showed 
that applying of mineral-N source ranked the first in increasing Kohlrabi yield followed by the combined 
application of 50% organic-N with 50% mineral-N and lastly coming organic-N source. Organically fertilized 
plants resulted in 83-87% yield containing less nitrate (75-68%) compared to the mineral-N source. The 
productivity of Kohlrabi plants fertilized by 50% mineral-N in combination with 50% organic-N was similar 
(approx 95-96%) to those fertilized by 100% mineral-N. Moreover, the edible part (tuber) had much vitamin C 
and TSS as well as less nitrate content. On the other hand increasing the application rate of N within the range 
of 50 up to 100 kg N/fed. increased all studied plant growth characters, chlorophyll content and tuber yield, but 
the differences within application rate of 75 and 100 were not great enough to be significant. It could be 
concluded that, the economical and useful fertilizer source and application rate of N for the best growth, 
productivity and tuber quality of Kohlrabi plants is the combined source of 50% organic-N with 50% mineral-N 
at application rate of 75 kg N/feddan (4200 m2). 
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Introduction 
 
 Kohlrabi (Brassica oleracea var. Gongylodes L.) is untraditional vegetable crop in Egypt, which belongs to 
Brassicaceae family and is closely related to cabbage. It is a fast growing cool season crop, can be promising 
alternative for vegetable growers due to its similarity to other Brassicaceae members, having a short growing 
season and its export possibility (Arin et al., 2003 and Saleh et al., 2010a). It can be grown from seeds, but 
more frequently it is cultivated from transplants, especially for the early market period (Bieasida, 2008). 
Kohlrabi is grown primarily for its enlarged stem (tuber) that has enormous nutritional and medicinal values due 
to its high contents of vitamins (A, B, C and E), minerals (K, Ca, Mg, Zn) and antioxidant substances which 
prevent the formation of cancer causing agents (Beecher, 1994). 
 Kohlrabi is not grown on a large scale in the world, but as a cool season vegetable, is widely grown in USA 
and Northern Europe (Splittstoesser, 1990). Germany is both the world's largest producer and consumer, 
harvesting 40,000 tons a year (Anonymous, 2005). Kohlrabi is grown in the Eastern Anatolian region of 
Turkey, but there is no information related to the location of areas of production and cultivation (Ozbakir, 
2007), and 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). 
 In Egypt, Kohlrabi still grown in a very limited scattered areas and the total cultivated area and production 
are not exactly known (Hamail et al., 1995; Beshir, 2003 and Saleh et al., 2010a). An increasing demand from 
Northern countries for Kohlrabi has induced an expansion of the cultivated area in Mediterranean coast 
(Namesny, 1996). This can encourage us to extend Kohlrabi cultivation in Egypt for exportation according to 
the gab between the demand and production in the European countries. 
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 The optimum N-form and application rate must be determined for Kohlrabi to produce maximum yield and 
optimum product quality, where nitrogen is required in the largest amount by vegetable plants. It plays an 
essential role for plant production (Marschner, 1995). Increasing the use of mineral-N causes environmental 
problems due to the excessive accumulation of nitrate in the edible portions (Parente et al., 2006) and leaching 
of harmful elements to the ground water (Ju et al., 2007). Vegetables could provide more than 70% of the 
human daily intake of nitrate (Premuzic et al., 2004) and leafy vegetables particularly may accumulate nitrate 
when the supply of N is high (Reinink, 1991 and Prasad and Chetty, 2008). 
 Therefore, N fertilization in vegetable fields has to take into account not only farming economics but also 
the environment and human health (Schenk, 2006). Subsequently, it is advisable to pay a special attention to use 
safe agricultural system for vegetable production. Now vegetable consumers are extremely health conscious and 
their preference is high quality (rich in vitamins and minerals) and chemical residue-free (nitrate and heavy 
metals) products (FAO, 2002). As a result, natural resources or ecologically friendly agriculture is increasingly 
being adopted around the world. Chicken manure as organic-N source contains high levels of available nutrient 
elements, which are essentially required for plant growth and its productivity. Moreover, it plays an important 
role for improving soil physical properties. The supplied vegetable crops with organic fertilizer were proved to 
have higher yield production and for improving its quality (Fawzy et al., 2006; Uddin et al., 2009 Saleh et al., 
2010b; Ezzo et al., 2012; Shams, 2012 and Zaki et al., 2012). 
 Up till now, no studies have been conducted concerning nitrogen requirements for Kohlrabi under Egyptian 
condition. For this reason, the present study was carried out to determine the optimum strategy for nitrogen 
fertilization in Kohlrabi cultivation at new reclaimed lands. The objective of this experiment was to reduce 
mineral-N in Kohlrabi production without yield loss. Thus, Kohlrabi plants (cv. Grand duke) were evaluated 
under different fertilizer sources and application rates of Nitrogen. 
 
Materials and Methods 
 
 Two field trials were conducted in newly reclaimed lands at El-Nobaria, El-Behira Governorate, Northern 
Egypt during the two successive seasons of 2009/2010 and 2010/2011. The soil texture is sandy with 89.1% 
sand, 6.7% silt and 4.2% clay. The pH was 7.8 and EC was 1.9 dS/m. 
 Two-factorial experiment was carried out in a split plot design with three replicates to study the response of 
Kohlrabi plants (Brassica oleracea var. Gongylodes L.) to nine treatments which are combinations of three 
different fertilizer sources and three different application rates of Nitrogen (N). The three fertilizer sources were 
mineral-N fertilizer (control) as ammonium nitrate (33.5% N), organic-N as chicken manure (3.29-3.51% N) 
and combined application of 50% mineral-N + 50% organic-N were assigned to the main-plots (Factor A). 
While the three N rates were 50, 75 and 100 kg N/feddan (feddan= 4200 m2) and were randomly occupied the 
sub-plots (Factor B). 
 The chemical analysis of the applied chicken manure for Kohlrabi plants is presented in Table (1). 
 
Table 1: The chemical analysis of the applied chicken manure during the two seasons of 2009/2010 and 2010/2011. 

Characters 2009/2010 2010/2011 
EC (dS/m) 6.8 7.2 
Organic matter (%) 35.1 40.2 
Total nitrogen (%) 3.51 3.29 
Total phosphorous (%) 1.79 1.62 
Total potassium (%) 2.2 1.9 
Iran (mg/kg) 1855 2018 
Manganese (mg/kg) 261 302 
Copper (mg/kg) 68 93 
Zinc (mg/kg) 192 175 

 
 Calcium super phosphate (15.5% P2O5) as a source of phosphorus at a rate of 60 P2O5 units/fed. and 
potassium sulphate (48% K2O) as a source of potassium at a rate of 50 K2O units/fed. were added for all 
experimental sub-plots. Potassium sulphate quantity was divided into two equal splits doses and applied as top 
dressing near the drippers at 45 and 60 days after transplanting. Chicken manure (organic-N) and calcium super 
phosphate were added through the ditches before transplanting and ditches were covered by soil. Drip irrigation 
lines were spread over the ditches. Ammonium nitrate (mineral-N) was applied in four equal doses, at two-week 
intervals, starting on 15 days after transplanting. 
 Seeds of Kohlrabi (cv. Grand duke) were obtained from Takii & Co. LTD (Kyoto, Japan). Seeds were 
sown in the nursery in foam trays filled with a mixture of peat moss and vermiculite (1:1 volume) on 20th of 
September in 2009 season and 22nd of September in 2010 season. Six-week old Kohlrabi seedlings were 
transplanted on November 1st into the open field. Seedlings were transplanted on two sides of ridge (10 meters 
long and 75 cm wide) at 50 cm apart between each two plants on the ridge. Each sub-plot area was 20 m2, 
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included two ridges and containing 80 Kohlrabi plants. The standard agricultural practices were carried out 
uniformly in all treatments as recommended for cabbage and other Brassicaceae family, wherever they were 
necessary. 
 
Measurements: 
 
 Randomly selected ten plants were harvested from each plot at edible maturity for data collection. The 
following measurements were recorded: 
I. Vegetative growth characters: 
1. Plant height (cm). 
2. Number of leaves/plant. 
3. Plant fresh weight (g). 
II. Tuber yield, as g/tuber (enlarged stem) and ton/feddan. 
III. Chemical composition: 
1. Dry matter (%), representative samples from swollen stems (tubers) were dried for three days in an oven at 
70°C until constant weight. 
2. Chlorophyll content, was measured using a Minolta Chlorophyll Meter (SPAD-501). 
3. Total nitrogen (N %), was determined in the tubers according to a modified method of Kjeldahl (Horneck and 
Miller, 1998). 
4. Nitrate (mg/100g), was determined in distilled water extracts of dried tuber tissues by the procedure of 
Cataldo et al. (1975). 
5. Total soluble solids (TSS, %), was determined by a hand Refractmeter according to the method described by 
A.O.A.C. (1990). 
6. Ascorbic acid (Vit. C) was determined as mg/100g fresh weight of tuber using dye 2, 4, 6-di-
chlorophenolindophenol method as described in A.O.A.C. (1990). 
 
Statistical analysis: 
 
 All data values were subjected to the analysis of variance, and significant differences between treatment 
means were compared according to Duncan's multiple range test at P<5% as described by Gomez and Gomez 
(1984). 
 
Results: 
 
Vegetative growth characters: 
 
1. Effect of different sources of N-fertilizer: 
 
 The effect of different sources of N-fertilizer on vegetative growth characters of Kohlrabi plants during the 
growing seasons 2009/2010 and 2010/2011 is presented in Table (2). The obtained data showed that, the 
addition of 100% mineral-N source (Ammonium nitrate) ranked the first in increasing Kohlrabi vegetative 
growth represented by plant height, number of leaves per plant and plant fresh weight, followed by the 
combined application of 50% organic-N (Chicken manure) with 50% mineral-N and lastly coming 100% 
organic-N source. Whereas, there was significant variation obtained within the combined source (50% organic-
N + 50% mineral-N) and 100% mineral-N source for number of leaves per plant during the two growing 
seasons and plant height in the first season. 
 
2. Effect of different rates of N-fertilizer: 
 
 Increasing the application rate of N-fertilizer within the range of 50 up to 100 kg N/feddan (4200 m2) 
increased vegetative growth characters of Kohlrabi plants expressed as plant height, number of leaves per plant 
and plant fresh weight during the growing seasons 2009/2010 and 2010/2011 (Table 2). Whereas, the obtained 
variation within number of leaves per plant between application rate of 75 and 100 kg N/fed. was not enough to 
reach the 5% level of significance during the two growing seasons. 
 
3. Effect of interaction: 
 
 Data presented in Table (2) showed clearly that, the highest values of vegetative growth characters of 
Kohlrabi plants, i.e., plant height, number of leaves per plant and plant fresh weight were obtained by mineral-
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N source at the highest application rate (100 kg N/fed.) during the two growing seasons. Whereas, the lowest 
values of vegetative growth characters were obtained by organic-N source at the lowest application rate (50 kg 
N/fed.). The differences among all interaction treatments failed to reach the 5% level of significance concerning 
their effect on number of leaves per plant during the two growing seasons and plant height during the second 
season. 
 
Table 2: Effect of different sources and rates of N-fertilizer on vegetative growth characters of Kohlrabi plants during the growing seasons 

2009/2010 and 2010/2011. 
Treatments 1st season (2009/2010) 2nd season (2010/2011) 

Plant height 
(cm) 

No. of 
leaves/ 
plant 

Plant fresh 
weight 

(g) 

Plant height 
(cm) 

No. of 
leaves/ 
plant 

Plant fresh 
weight 

(g) 
N-fertilizer sources (A): 

Mineral-N (M) 42.0a 20.3a 396.0a 40.0a 19.8a 376.0a 
Organic-N (O) 39.3b 18.3b 332.8c 37.4c 18.1b 312.0c 

50% M + 50% O 41.7a 19.4a 379.8b 38.9b 19.2a 357.6b 
N-fertilizer rates (B): 

50 kg N 39.2c 18.3b 340.1c 37.1c 18.0b 316.8c 
75 kg N 41.3b 19.4a 371.3b 38.9b 19.2a 350.9b 

100 kg N 42.4a 20.3a 397.1a 40.3a 19.9a 377.9a 
Interactions (AxB): 

Mineral-N 
(M) 

50 kg N 39.7c 19.3a 370.3c 38.0a 18.3a 346.3c 
75 kg N 42.7ab 20.3a 397.3b 40.3a 20.0a 377.3b 
100 kg N 43.7a 21.3a 420.3a 41.7a 21.0a 404.3a 

Organic-N 
(O) 

50 kg N 37.3d 17.7a 311.0f 35.3a 17.3a 287.0e 
75 kg N 39.7c 18.3a 334.0e 37.3a 18.3a 313.3d 
100 kg N 41.0b 19.0a 353.3d 39.7a 18.7a 335.7c 

50% M + 
50% O 

50 kg N 40.7bc 18.0a 339.0e 38.0a 18.3a 317.0d 
75 kg N 41.7b 19.7a 382.7bc 39.0a 19.3a 362.0b 
100 kg N 42.7ab 20.7a 417.7a 39.7a 20.0a 393.7a 

Means within each column followed by the same letter are not significantly different at P<5%. 

 
Tuber yield: 
 
1. Effect of different sources of N-fertilizer: 
 
 The results presented in Table (3) exhibit the effect of different sources of N-fertilizer on Kohlrabi yield 
during the growing seasons 2009/2010 and 2010/2011. Kohlrabi yield as represented by tuber yield per plant 
(g) and calculated as ton per feddan (4200 m2) were significantly increased by addition of 100% mineral-N 
source during the two growing seasons. Fully N-organically fertilized plants resulted in 87-83% yield compared 
to the fully mineral-N fertilized plants. The productivity of Kohlrabi plants were fertilized by 50% mineral-N in 
combination with 50% organic-N was similar (approx 96-95%) to those fertilized by 100% mineral-N. 
 
Table 3: Effect of different sources and rates of N-fertilizer on tuber yield (enlarged stems) of Kohlrabi plants during the growing seasons 

2009/2010 and 2010/2011. 
Treatments 1st season (2009/2010) 2nd season (2010/2011) 

g/tuber ton/feddan g/tuber ton/feddan 
N-fertilizer sources: 

Mineral-N (M) 312.4a 5.249a 301.3a 5.062a 
Organic-N (O) 271.8c 4.566c 250.4c 4.207c 

50% M + 50% O 300.7b 5.051b 286.7b 4.816b 
N-fertilizer rates: 

50 kg N 273.9c 4.601c 254.0c 4.267c 
75 kg N 295.4b 4.963b 281.7b 4.732b 

100 kg N 315.6a 5.301a 302.8a 5.087a 
Interactions (AxB): 

Mineral-N (M) 50 kg N 290.7a 4.883a 277.3d 4.659d 
75 kg N 313.0a 5.258a 302.7b 5.085b 

100 kg N 333.0a 5.606a 324.0a 5.443a 
Organic-N (O) 50 kg N 255.3a 4.290a 230.0f 3.864f 

75 kg N 272.3a 4.575a 252.3e 4.239e 
100 kg N 287.7a 4.833a 269.0d 4.519d 

50% M + 50% O 50 kg N 275.7a 4.631a 254.7e 4.278e 
75 kg N 301.0a 5.057a 290.0c 4.872c 

100 kg N 325.3a 5.466a 315.3a 5.298a 
Means within each column followed by the same letter are not significantly different at P<5%. 
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2. Effect of different rates of N-fertilizer: 
 
 The highest application rate (100 kg/fed.) of N-fertilizer resulted in the highest yield as tuber yield per plant 
(g) and calculated ton yield per feddan during the two growing seasons (Table 3). 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. 
 
3. Effect of interaction: 
 
 Addition of the highest application rate (100 kg/fed.) as 100% mineral-N source or combined source (50% 
organic-N + 50% mineral-N) increased Kohlrabi yield, without any significant variation between those 
treatments during the two growing seasons (Table 3). Whereas, the lowest tuber yield were obtained when 
Kohlrabi plants were organically fertilized by the lowest application rate (50 kg N/fed.). The statistical analysis 
of the obtained results revealed that, the differences among all interaction treatments were not great enough to 
be significant at the 5% level concerning their effect on Kohlrabi yield during the first season. The little 
difference between the first and the second season may be is due to the difference in the composition of the 
organic manure in the two seasons. 
 
Chemical composition: 
 
1. Effect of different sources of N-fertilizer: 
 
 Data presented in Tables (4 and 5) showed the effect of different sources and rates of N-fertilizer on 
chemical composition of Kohlrabi plants during the growing seasons 2009/2010 and 2010/2011. The obtained 
results indicated that, Kohlrabi plants which were totally fertilized by 100% mineral-N contained the highest 
values of total chlorophyll in plant leaves and the highest total nitrogen as well as nitrate contents in tuber 
tissues during the two growing seasons. The combined sources (50% organic-N + 50% mineral-N) increased 
Kohlrabi quality by increasing the values of vitamin C, total soluble solids (TSS) and the percent of dry matter 
in tuber tissues during the two growing seasons. The lowest values of all chemical constituents were recorded in 
Kohlrabi plants which were totally organically fertilized during the two growing seasons. 
 
Table 4: Effect of different sources and rates of N-fertilizer on chemical composition of Kohlrabi plants during the 1st growing season 

(2009/2010). 

Treatments 
Dry matter 
(%) 

Chlorophyll 
(SPAD) 

Total nitrogen 
(%) 

NO3 
(mg/kg) 

TSS 
(%) 

Vitamin C 
(mg/kg) 

N-fertilizer sources (A): 
Mineral-N (M) 10.5b 61.5a 3.34a 1505a 8.33b 56.0b 
Organic-N (O) 9.8c 54.5b 2.51c 1130c 7.88c 56.8b 
50% C + 50% O 11.0a 59.6a 2.94b 1322b 8.50a 58.9a 
N-fertilizer rates (B): 
50 kg N 10.3a 54.8c 2.70c 1213c 8.07b 54.7b 
75 kg N 10.5a 58.9b 2.93b 1320b 8.33a 58.8a 
100 kg N 10.6a 62.0a 3.16a 1423a 8.31a 58.2a 
Interactions (AxB): 

Mineral-N 
(M) 

50 kg N 10.4a 58.1a 3.08c 1385c 8.10a 53.2e 
75 kg N 10.5a 61.9a 3.36b 1510b 8.50a 58.7b 
100 kg N 10.6a 64.3a 3.60a 1620a 8.40a 56.0d 

Organic-N 
(O) 

50 kg N 9.6a 51.1a 2.38d 1070e 7.70a 54.2e 
75 kg N 9.8a 54.5a 2.49d 1120de 7.93a 57.2c 
100 kg N 10.1a 57.9a 2.67e 1200d 8.00a 59.0b 

50% M + 
50% O 

50 kg N 10.9a 55.1a 2.63e 1185d 8.40a 56.6cd 
75 kg N 11.1a 60.2a 2.96c 1330c 8.57a 60.6a 
100 kg N 11.0a 63.6a 3.22bc 1450b 8.53a 59.6ab 

Means within each column followed by the same letter are not significantly different at P<5%. 
 

2. Effect of different rates of N-fertilizer: 
 
 With increasing the application rate of N-fertilizer within the range of 50 up to 100 kg N/fed., all chemical 
constituents, i.e., chlorophyll in plant leaves, total nitrogen and nitrate contents as well as total soluble solids 
(TSS), vitamin C and the percent of dry matter in tuber tissues were increased during the two growing seasons 
(Tables 4 and 5). Superiority in total soluble solids (TSS) and vitamin C in tuber tissues were associated with 
medium application rate (75 kg/fed.) of N-fertilizer, although this superiority was not great enough to be 
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significant at 5% level. However, there was no significant variation among all three application rates of N-
fertilizer concerning their effect on the percent of dry matter during the two growing seasons. 
 
3. Effect of the interaction: 
 
 Tables (4 and 5) show the response of chemical constituents, i.e., chlorophyll in plant leaves, total nitrogen 
and nitrate contents as well as total soluble solids (TSS), vitamin C and the percent of dry matter in tuber tissues 
of Kohlrabi plants to different interaction treatments between sources and application rates of N-fertilizer during 
the two growing seasons. Interaction treatment of 100% mineral-N at highest application rate (100 kg N/fed.) 
resulted in the highest values of chlorophyll in plant leaves and highest total nitrogen as well as nitrate contents 
in tuber tissues during the two growing seasons. The combined source (50% organic-N + 50% mineral-N) at 
medium application rate (75 kg N/fed.) increased the values of vitamin C in the first season and TSS at the 
highest application rate (100 kg N/fed.) in the second season. Whereas, the lowest values of all chemical 
constituents were associated with organic-N at lowest application rate (50 kg/fed.). However, the statistical 
analysis of the obtained data showed no significant variation among all interaction treatments concerning their 
effect on dry matter in tuber tissues during the two growing seasons, chlorophyll content and TSS (in the first 
season) and vitamin C (in the second season). 
 
Table 5: Effect of different sources and rates of N-fertilizer on chemical composition of Kohlrabi plants during the 2nd growing season 

(2010/2011). 
Treatments Dry matter 

(%) 
Chlorophyll 

(SPAD) 
Total nitrogen 

(%) 
NO3 

(mg/kg) 
TSS 
(%) 

Vitamin C 
(mg/kg) 

N-fertilizer sources (A): 
Mineral-N (M) 9.9b 60.1a 3.78a 1610a 8.27a 60.3c 
Organic-N (O) 9.7b 52.0c 2.84c 1092c 7.93b 61.9b 

50% C + 50% O 10.2a 57.8b 3.32b 1366b 8.44a 63.5a 
N-fertilizer rates (B): 

50 kg N 9.8a 53.0c 3.05c 1251c 8.04b 59.6b 
75 kg N 10.0a 57.0b 3.31b 1356b 8.30a 63.0a 
100 kg N 10.1a 59.9a 3.57a 1462a 8.30a 62.9a 

Interactions (AxB): 
Mineral-N 

(M) 
50 kg N 9.7a 55.5d 3.48c 1493c 8.00c 58.0a 
75 kg N 10.0a 61.1b 3.79b 1611b 8.43ab 62.3a 
100 kg N 10.1a 63.7a 4.07a 1728a 8.39b 60.7a 

Organic-N 
(O) 

50 kg N 9.5a 50.3e 2.69e 1034f 7.80d 59.7a 
75 kg N 9.7a 51.8e 2.81de 1083f 7.98c 62.0a 
100 kg N 9.8a 53.8de 3.01d 1160e 8.01c 63.9a 

50% M + 
50% O 

50 kg N 10.1a 53.3e 2.97d 1225e 8.33b 61.0a 
75 kg N 10.2a 58.0c 3.34c 1374d 8.48a 64.8a 
100 kg N 10.4a 62.1ab 3.64b 1498c 8.50a 64.1a 

Means within each column followed by the same letter are not significantly different at P<5%. 

 
Discussion: 
 
 The objective of our study is to set the adequate strategy for optimum nitrogen requirements for optimum 
Kohlrabi production in new reclaimed lands. 
 The growth parameters in terms of plant height, leaf number and fresh weight of Kohlrabi plants as well as 
tuber yield in the present study were observed to be maximum under 100 kg N/fed. The maximum growth under 
higher supply of nitrogen might be due to increasing the photosynthetic rates and the assimilation rates, which 
leading to increase the vegetative growth and tuber yield of Kohlrabi. Haque and Jakhro, 1996 reported that 
addition of nitrogen promotes vigorous vegetative growth and its deficiency leads to stunted growth with small 
yellow leaves and low production. The plant growth is highly influenced by nitrogen as the compounds of 
nitrogen are assimilated in relatively large quantities especially during cell division and cell enlargement phase 
of growth. With the increase in nitrogen level, growth of plant increased due to reciprocal relationship between 
nitrogen and carbohydrates exist within the plant (Patil et al., 2003). Nitrogen is critical in plant growth and 
development and is essential component of amino acids, proteins, nucleic acids, pigments and many enzymes. 
Plants grown under limited N have reduced chlorophyll, pigments, resulting in stunted plants and characteristic 
leaf chlorosis (Marschner, 1995). The observed enhancement in Kohlrabi growth and its productivity under 
higher rate of nitrogen under our present study condition is in agreement with those of Thakur et al., 1991; 
Chaltoo et al., 1997; Ingle and Jadhao, 1997; Patil et al., 2003; Sher et al., 2003 and Singh, 2004, who reported 
that Kohlrabi yield increased as N rate increased. Increase tuber weight was due to more accumulation of 
carbohydrates and proteins which are the final products of photosynthesis and metabolic activities and the later 



1648 
J. Appl. Sci. Res., 9(3): 1642-1650, 2013 

 

two processes are dependent on the availability of N in the plant. Our results are in close conformity with the 
findings of Ingle and Jadhao, 1997 and Patil et al., 2003 and Sher et al., 2003. 
 Chlorophyll, total nitrogen and nitrate contents were increased as the application rate of N-fertilizer 
increased. McCall and Willumsen, 1998 and Parente et al., 2006 mentioned that higher rates of N are unlikely 
to achieve more gain in yield but risk increasing the nitrate content of the crop to unacceptable levels. 
Increasing the used of mineral-N causes environmental problems due to the excessive accumulation of nitrate in 
the edible portions (Parente et al., 2006) and leaching of harmful elements to the ground water (Ju et al., 2007). 
Now vegetable consumers are extremely health conscious and their preference is high quality (rich in vitamins 
and minerals) and chemical residue-free (nitrate and heavy metals) products (FAO, 2002). Considerable 
attention has been focused recently on the factors affecting nitrate accumulation in vegetables, while they are 
the major source of dietary intake of nitrate. Organic manure may be a part of the solution for decreased 
pollution and high cost of mineral fertilizer, therefore it can be used to reduce the amount of toxic compounds 
(such as nitrate) produced by mineral fertilizers in vegetables like kohlrabi, hence improving the quality of salad 
vegetables produced as well as human health. 
 Using chicken manure positively affects plant productivity either directly by supplying nutrients or 
indirectly by improving soil structure, thereby improving the root environment, and thus stimulating plant 
growth (Chang et al., 2007), which lead to higher yield and good quality (Uddin et al., 2009; Saleh et al., 
2010b; Shams, 2012). The application of organic manure has received great attention from environmentalists, 
agriculturists and consumers alike. High organic matter content in the soil prevents nutrient leaching (nutrient 
slow release) and alleviates the adverse effect of soluble salts on vegetable growth (Chang et al., 2007). 
Organically fertilized Kohlrabi resulted in 87-83% yield compared to the mineral-N source. It is possible to 
reach remarkable yield even applying lower mineral-N rate (50%) than the amount generally applied for plants 
(Parente et al., 2006). As a consequence there is the double advantage by improving the quality of product 
(TSS, vitamin C and dry matter) and reducing the environmental impact without any yield loss risk (Premuzic et 
al., 2004). The increase in tuber yield resulting by chicken manure may be attributed to that chicken manure 
enhanced sandy-soil aggregation and increasing water holding capacity and offers good environmental 
conditions for the root system of Kohlrabi plants (Uddin et al., 2009) as well as lower the leaching of other 
nutrients to underground water (Ju et al., 2007). Also, chicken manure is rich in its nitrogen (3.4%) and other 
nutrients (see Table 1), with nutrients slow-release. These favorable conditions create better nutrients absorption 
and favor for the growth and development of root system which in fact reflect better vegetable growth and 
photosynthetic activity. Consequently higher tuber yield would be obtained by chicken manure application. 
 The Superiority in TSS and vitamin C in tuber tissues were associated with medium application rate of N-
fertilizer. The productivity of Kohlrabi plants fertilized by 50% mineral-N in combination with 50% organic-N 
was not only similar (approx 96-95%) to those fertilized by 100% mineral-N, but also the edible part (tuber) had 
higher vitamin C, TSS and dry matter as well as less nitrate content. The slight decrease in yield (4-5%) is 
acceptable and may partly be compensated by saving of the mineral fertilizers cost and the positive 
environmental effect of nitrate losses (expressed as leaching down) as well as the possible higher price for 
higher nutritional quality of the yield (Uddin et al., 2009). Since the experiments were carried out in sandy soil, 
the maximum tuber weight might be due to balanced fertilization because normal metabolic processes can 
continue in the presence of an optimum level of nitrogen resulting from combination of organic manure and 
mineral nitrogen source (Saleh et al., 2010b; Shams, 2012; Zaki et al., 2012). In conclusion, it is possible to 
achieve acceptable yield levels by providing lower rate of N (50% of the conventional mineral rate) in 
combination with chicken manure, which is best source for optimum Kohlrabi production in new reclaimed 
lands. 
 
Conclusion: 
 
 It could be concluded that, the optimum nitrogen fertilization strategy for Kohlrabi plants is the combined 
source of 50% organic N with 50% mineral-N at application rate of 75 kg N/feddan (4200 m2). Where, there 
was no great variation obtained within the combined source and mineral source; and within application rate of 
75 and 100 kg N. The productivity of Kohlrabi plants fertilized by combined source (50% organic-N + 50% 
mineral-N) was not only similar to those fertilized by 100% mineral-N, but also the edible part (tuber) had much 
vitamin C and TSS as well as less nitrate content. 
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