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ABSTRACT 
 

Field experiments were carried out on Kohlrabi (Brassica oleracea var. gongylodes) ‘Purple Vienna cv.’ at 
the Experimental Farm of the Faculty of Agriculture, Moshtohor, Benha University, Egypt, during the winter 
seasons of 2009 and 2010 under drip irrigation system. This study aimed to investigate the effect of organic 
manure and/or mineral N-fertilizer with or without biofertilizer inoculation on growth, yield and quality of 
kohlrabi knobs. Results show that using 50% mineral-N + 50% organic-N combined with biofertilizer, improved 
plant growth, yield and knob quality compared to other N-fertilizer systems. Inoculation of kohlrabi transplants 
with biofertilizer gave good results in this respect. Therefore, this treatment gave the best growth and increased 
total yield with the best knob quality as compared with uninoculated one. The highest content of nitrate in knobs 
(803.84 mg kg-1 DW) was recorded by using 100% mineral-N treatment (average in both seasons). Whereas, 
adding 100% organic-N recorded the lowest content of nitrate in knobs (387.75 mg kg-1 DW) average of both 
seasons. It is worthy to mention that nitrate concentration in tested kohlrabi knobs is still in the safe border for 
human consumption. Finally, kohlrabi plant contains good amounts of antioxidants substances positioned to be 
at the forefront of salad plants. 
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Introduction 

 
Kohlrabi (Brassica oleraceae var. gongylodes) belongs to family Brassicaceae and considers as a cole crop 

and its edible portion is enlarged stem (knob). It is well known that, kohlrabi has enormous nutritional and 
medicinal values due to its high contents of 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. Kohlrabi can be an alternative crop for vegetable growers due to it's similarity to other Cruciferae 
members, having a short growing season and its export possibility. In Egypt, still it is grown in a very limited 
scattered areas and the total cultivated area is not exactly known.  

Commercial and subsistence farming has been and is still relying on the use of inorganic fertilizers for 
growing vegetables, (Lampkin, 1990). This is because they are easy to use, quickly absorbed and utilized by 
vegetables. However, these fertilizers are believed to contribute substantially to human, animal food intoxication 
and environmental instability/degradation. The continued dependence of Egypt and other developing countries 
on inorganic fertilizers has made prices of many agricultural commodities to skyrocket. The chemical fertilizers 
used in conventional agriculture contain just a few minerals, which dissolve quickly in damp soil and give the 
plants large doses of minerals (Vernon, 1999). Organic manures such as compost improves the soil structure, 
aeration, slow release nutrient which support root development leading to higher growth and yield of kohlrabi 
plants (Uddin et al., 2009). Organic fertilizers can therefore be used to reduce the amount of toxic compounds 
(such as nitrates) produced by conventional fertilizers in vegetables like kohlrabi, hence, improving the quality 
of salad vegetables produced as well as human health. Biofertilizer is a broad term used for products containing 
living or dormant micro-organisms such as bacteria, fungi, actinomycetes and algae alone or in combination, 
which help in fixing atmospheric N or solubilize/ mobilize soil nutrients in addition to secrete growth-promoting 
substances (Rai, 2006). Both bio-fertilization and organic fertilizer may be the solution for decreased pollution 
and high cost of chemical fertilizer. Many investigations presented the effect of untraditional fertilizers on 
grown vegetables (Salem et al., 2010) who showed that compost manure at high rate of nitrogen was 
associated with low nitrate concentration in potato plants. Alian (2005) found that artichoke plant treating with 
Azotobacter and Azospirillium as a biofertilizer resulted in significant increases in shoot height, number of 
leaves and fresh weight. A significant decrease in nitrate accumulation was noticed when the plants treated with 
all studied biofertilizers. 
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Increased consumer awareness of food safety issues and environmental concerns has contributed to the 
development of organic farming over the last few years (Worthington, 2001; Relf et al., 2002). Thus, it may be 
possible to lessen the escalating effects of human diseases such as cancer and boost immunity. Farm income will 
also improve when farmers use less money for fertilizers and pesticides for growing crops, (Vernon, 1999). 
There is increased demand of organically vegetables production in view of its health and nutritional benefits. 
There is paucity of information on the use of organic and bio fertilizers for vegetable production and therefore 
the objective of this study was to asses the effects of nitrogen fertilizer systems “mineral and organic-N” and 
biofertilizer on growth, yield, quality and organoleptic properties of kohlrabi knobs in Egypt.  
 
Material and Methods 
 
3.1 Experimental procedure: 

 
This experiment was carried out during two successive seasons of 2009 and 2010 at the Experimental Farm 

of the Faculty of Agriculture, Moshtohor, Benha University, to study the effect of mineral fertilizers, organic 
manure and biofertilizers as well as their interactions on the growth, yield components and nitrate content of 
kohlrabi (Brassica oleracea var. gongylodes) of ‘Purple Vienna cv.’ grown under clay soil using drip irrigation 
system. Kohlrabi plants were transplanted at the first week of October in the two growing seasons and harvested 
after 10 weeks from transplanting.  

The experimental design was a randomized complete block design (RCBD) with 3 replicates. The 
experiment included two factors as follows: (T). It included five nitrogen fertilizer systems: (1) 100% mineral-N 
as ammonium nitrate (33.5 % N), (2) 75% mineral-N + 25% organic-N, (3) 50% mineral-N + 50% organic-N, 
(4) 25% mineral-N + 75% organic-N and (5) 100% organic-N as compost manure (designated as T1, T2, T3, T4 
and T5, respectively); (B) Biofertilization; two treatments :(1) without biofertilizer (B0) and (2) with 
biofertilizer (B1). The biofertilizer is a combined mixture of N-free fixing bacteria (Azotobacter and 
Azospirillium) + P-dissolving bacteria (Bacillus megatherium). 

Biofertilizer solution was containing 500 ml of N2- fixing free living bacterial cultures (Azotobacter 
chroococcum and Azospirillium lipoferum) and 500 ml of phosphate dissolving bacterial culture (Bacillus 
megatherium). Transplants were inoculated by dipping the roots for about 30 minutes in a solution consist of 
biofertilizer cultures and 40 % sucrose solution. The biofertilizer cultures were prepared by strains reserved in 
the Botany Department (Microbiology Branch), Faculty of Agriculture, Benha University, Egypt. Nitrogen, 
phosphorus and potassium fertilizers were added to all treatments as NH4NO3 (33.5 % N), Ca (H2PO4)2. CaCO3 
(16% P2O5) and K2SO4 (48 % K2O). The organic manure (obtained from Moshtohor village) and phosphate 
fertilizers were added to each experimental plot during soil preparation. Meanwhile, NH4NO3 and K2SO4 
fertilizers were added weekly within the drip irrigation system. Nitrogen (96 kg N ha-1), phosphorus (77 kg P2O5 
ha-1) and potassium (86 kg K2O ha-1) fertilizers were added to all treatments. The added rates of organic- and 
inorganic fertilizers were calculated on basis of N % in both of them. 

Data of chemical composition of compost manure is given in Table 1. 
 

Table 1: Chemical analysis of compost 
Parameter  Unit Value 
pH - 8.11 
EC (1:5 extract) dS m-1 8.21 
Organic matter % 21.57 
Organic-C % 12.54 
Total-N % 1.21 
C:N ratio - 10.36 : 1 
Total-P % 0.91 
N-NH4 mg kg-1 274.7 
N-NO3 mg kg-1 50.1 

 
3.2 Soil and plant analyses: 

 
Before transplanting, random soil samples were taken for chemical and physical analysis as described by 

Chapman and Pratt (1961) and Jackson (1965). The experimental farm soil physical and chemical properties are 
given in Table, 2. 

At harvest, four plants from each plot were randomly taken to evaluate vegetative growth characteristics, 
i.e., plant length (cm), knob diameter (cm), average weight of knob (g plant-1), total fresh yield (t ha-1). 
Chlorophyll a, b and total chlorophyll were determined in leaves according to the method described by AOAC 
(2000). Four kohlrabi knobs were dried at 70 ºC till constant weight and then dry matter of knob (%) was 
calculated. Nitrate content in knobs (mg kg-1 D.W) and fiber % were determined according to the method 
described by Cataldo et al. (1975) and AOAC (2000) respectively. TSS %, Vit. C (mg 100 g-1 F.W) and acidity 
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% were determined according to AOAC (2000). Carbohydrates content was calculated by difference according 
to (Merrill and Watt, 1973). Total phenol (mg g-1 F.W) and antioxidant activity (µ mol g-1 F.W) were 
determined according to the Folin-Ciocalteu spectrophotometric method (Lu et al., 2007). 

 
Table 2: Physical and chemical analyses of the experimental soil before transplanting 

Soil texture 
pH 

EC 
(dS m-1) 

O.M (%) 
CaCO3 
(%) Sand (%) Silt (%) Clay (%) Texture 

24.4 24.6 51 Clay 7.9 2.16 1.41 1.53 
 

Soil available macronutrients (mg kg-1) Total content of soil trace elements (ppm) 
N P K B Zn Mn Cu Cd Ni Pb 
22.5 9.1 120 15.15 89.73 935 64.65 0.154 60.56 9.16 

 
Aqua Regia was used to digest soil sample for total contents of the investigated trace elements (Cottenie et 

al. 1982) 
 

3.3 Statistical analysis: 
 
All obtained data were recorded on plot basis and statistically analyzed according to the randomized 

complete block design in factorial arrangement using, Duncan’s Multiple Range Test at 5 % level to compare 
between treatment means as described by Gomez and Gomez (1984). 
 
Results and Discussion 
 
4.1. Kohlrabi vegetative growth and chlorophyll content: 

 
Regarding the effect of N-systems, results in Table (3) show that plants supplied with T3 (50% mineral-N + 

50% organic –N) gave the best plant growth, i.e., the highest plant length, the largest knob diameter as well as 
the highest leaves chlorophyll a, b and total chlorophyll content as compared to other N-fertilizer system in both 
seasons. Meanwhile, plants supplied with T2 (75% mineral-N + 25% organic –N) and T1 (100% mineral-N) 
came in the second rank followed by T4 (25% mineral-N + 75% organic –N) then T5 (100% organic –N) with 
significant differences among them in all vegetative growth characteristics as a general trend in both seasons. 

In this connection, Zaki et al. (2008) on sweet pepper and Calskan et al. (2004), Bekhit et al. (2005) and 
Salem et al. (2010) on potato plants found that addition of organic manure combined with chemical fertilizers 
improved vegetative growth. The superiority of using 50% of the required N in organic form and 50% in 
mineral form on improving vegetative growth may be due to the favorable effect of the mineral nitrogen 
application on the activity of microorganisms responsible for organic fertilizer decay in the soil (Follett et al., 
1981) which increased available N in soil, N-uptake and consequently encouraged vegetative growth of the 
plant. 

Inoculation of kohlrabi plants with biofertilizer significantly increased plant length and total chlorophyll 
compared to uninculated one (Table, 3). 

The superiority in plant growth due to inoculating with biofertilizer (N-free living bacteria + Phosphorus 
dissolving bacteria) is in agreement with the results obtained by Moustafa and Omar (1990) using Bacillus and 
Azospirillum, Saber (1993) and Abou- Hussein et al. (2002) using microbin and Gomaa (1995) and Alian (2005) 
using Azospirillum, Azotobacter and Bacillus. They mentioned that N-fixing bacteria increased the available N 
in the soil. Moreover, the role of N-free living bacteria in production of phytohormones and/or improving the 
availability and acquisition of nutrients or by both, may explain the encouraged growth of plants inoculated with 
these non-symbiotic N-fixing bacteria (Barakat and Gabr, 1998). Furthermore, Azotobacter and Azospirillum 
could produce IAA and cytokinins which increase the surface area per unit root length and were responsible for 
root hair branching with an eventual increase in acquisition of nutrients from the soil (Jain and Patriquin, 1985). 
In addition, many organic acids produced by rhizosphere micro-organisms are effective in solubilizing soil 
phosphates (Marschner, 1995 and Ashour, 1998). Inoculation the soil with phosphate dissolving bacteria (PDB) 
decreases the rhizosphere pH through production of acids in soil and consequently favoring the solubility of 
calcium phosphates and micronutrients (Follett et al., 1981). 

It could be concluded from data in Table (3) that, plants fertilized with T3B1 (50% mineral-N + 50% 
organic –N and inoculated with the biofertilizer) showed the best plant growth, i.e., the highest plant length, the 
largest knob diameter as well as the highest chlorophyll a, b and total chlorophyll as compared with all other 
treatments. These results are in harmony with those of Kate et al. (2005) on potato. 

Meanwhile, plants supplied with T3B0 (50% mineral-N + 50% organic-N and without biofertilizer) came in 
the second rank regarding in knob diameter, leaves chlorophyll a, b and total chlorophyll contents, as a general 
trend in both seasons. 
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Table 3: Vegetative growth and chlorophyll content (mg 100 g-1 FW) of kohlrabi plant as affected by N-fertilizer systems, biofertilizer and  
              their interaction during the winter seasons of 2009 & 2010. 

             
 
Treatmen
ts 

First Season (2009) Second Season (2010) 
Plant 
length 

Knob 
diameter Chlorop

hyll a 
Chlorop
hyll b 

Total 
chloroph
yll 

Plant 
length 

Knob 
diameter Chlorop

hyll a 
Chlorop
hyll b 

Total 
chloroph
yll (cm) (cm) (cm) (cm) 

  N-fertilizer systems 
T1 55.17 b 8.97 b 95.1 b 74.9 a 170.0 b 55.56 b 8.92 b 96.1 b 72.8 a 168.9 b 
T2 55.09 b 8.95 b 104.3 b 68.7 b 172.9 b 55.88 b 8.93 b 99.3 b 72.8 a 172.1 b 
T3 62.84 a 9.84 a 150.3 a 74.4 a 224.7 a 62.25 a 9.77 a 150.7 a 73.5 a 224.1 a 
T4 50.67 c 8.24 c 81.2 c 67.6 b 148.8 c 51.55 c 8.27 c 85.2 c 63.9 b 149.1 c 
T5 47.34 d 7.22 d 73.8 d 56.6 c 131.0 d 47.48 d 7.14 d 68.1 d 62.3 b 130.4 d 
 Biofertilizer 
B0 53.32 b 8.49 a 92.2 a 66.2 a 158.7 b 53.59 b 8.42 a 92.5 b 65.7 a 158.2 b 
B1 55.11 a 8.79 a 109.6 a 70.6 a 180.3 a 55.49 a 8.79 a 107.2 a 72.5 a 179.7 a 
 Interaction 

T1B0 55.00 b 8.93 cd 96.9 c 70.1 b 
167.0 
cde 

56.09 b 8.80 cd 94.8 cd 68.3 b 
163.1 
cde 

T1B1 55.33 b 9.00 cd 93.3 cd 79.7 a 173.0 cd 55.03 b 9.04 cd 97.5 c 77.3 a 174.8 cd 

T2B0 53.62 bc 8.80 d 94.7 cd 66.7 b 
161.4 
def 

53.75 b 8.73 d 92.6 cd 68.5 b 161.1 de 

T2B1 56.55 b 9.10 c 113.8 b 70.6 b 184.4 bc 58.00 ab 9.13 c 105.9 c 77.2 a 183.1 bc 
T3B0 62.00 a 9.70 b 128.6 b 69.7 b 198.2 b 60.72 a 9.63 b 129.1 b 69.0 b 198.1 b 
T3B1 63.67 a 9.97 a 172.0 a 79.1 a 251.1 a 63.77 a 9.91 a 172.2 a 78.0 a 250.2 a 
T4B0 50.00 d 8.10 f 77.6 d 67.4 b 145.1 fg 51.04 c 8.07 f 81.7 d 63.6 c 145.3 fg 

T4B1 51.33 cd 8.37 e 84.8 cd 67.7 b 
152.5 
efg 

52.06 cd 8.47 e 88.7 cd 64.2 c 152.9 ef 

T5B0 46.00 e 6.90 h 63.4 e 57.2 bc 121.6 h 46.35 e 6.87 h 64.5 f 59.0 d 123.4 gh 
T5B1 48.67 e 7.53 g 84.1 cd 56.0 c 140.3 g 48.60 e 7.40 g 71.8 e 65.6 c 137.3 g 

Values followed by the same letters are not significantly different by Duncan’s test at 0.05 level 

 
4.2. Kohlrabi yield and yield components: 

 
It is clear from data in Table (4) that DM %, average knob weight and total yield of kohlrabi were highest 

when plants fertilized with T3 compared to other N systems. Also, inoculation of plants with biofertilizers gave 
the highest values in this respect.  

Presented data in Table (4) indicate that the highest dry matter %, average weight of knob and total yield 
were obtained by using T3B1 (50% mineral-N + 50% organic-N and inoculated with biofertilizer) followed by 
using the same nitrogen fertilizer system and without biofertilizer (T3B0). Furthermore, using T5B0 or T5B1 
(100% organic-N with or without biofertilizers) recorded the least knob yield and its components of kohlrabi 
plant (dry matter %, average weight of knob and total yield), as a general trend in both seasons.  

The superiority of adding 50% of N in the mineral form  + 50% of N in the organic form over the other N-
fertilizer systems may be referred to the increase in microorganisms activity and increasing adsorbing capacity 
of essential nutrients against leaching. Moreover adding mineral + organic fertilizer together will improve the 
mineralization of organic-N (Tisdale and Nelson, 1975). 

The enhancing effect of biofertilizer application could be referred to the role of free living bacteria on N-
fixation in the soil as well as the role of PDB on increasing the available-P in the soil (Rai, 2006). Moreover, the 
mechanism of action of microorganisms on plant growth and knob yield depends on producing growth 
promoting substances (Uddin et al., 2009). This explanation is in a good line with data of plant growth (Table, 
3). 

Such stimulating effect of free living N-fixing bacteria and PDB on increasing plant growth, chlorophyll 
content may justify the increase in total yield of kohlrabi obtained when plants were inoculated with 
biofertilizer. Results regarding the favourable effect of biofertilizer application on total yield have been 
mentioned by El-Banna and Tolba (2000) and Indiresh et al. (2003) on potato and Alian (2005) on artichoke. 
Application of the amount of N as 100% mineral-N form with or without bio-fertilizer recorded the same trend 
with no significant difference between them regarding average knob weight and total yield. These result may be 
due to that the addition of mineral-N at full dose inhibit the activity of biofertilizer,s microorganisms (Rai, 
2006). 
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Table 4: yield and yield components of kohlrabi plant as affected by N-fertilizer systems, biofertilizer and their interaction during the winter   
             seasons of 2009 & 2010. 

             
 
Treatments 

First Season (2009) Second Season (2010) 

Dry matter 
average weight 
of knob  

Total yield  Dry matter 
average weight 
of knob  

Total yield  

% (g) (t ha-1) % (g) (t ha-1) 
  N-fertilizer systems 
T1 13.56 b 385.55 b 27.759 b 13.31 b 380.96 b 27.429 b 
T2 13.56 b 386.61 b 27.836 b  13.45 b 372.95 b 26.852 b 
T3 15.08 a 422.72 a 30.436 a 14.78 a 437.77 a 31.520 a 
T4 12.38 c 301.80 c 21.730 c 12.11 c 304.76 c 21.943 c 
T5 11.16 d 200.82 d 14.459 d 11.16 c 201.06 d 14.476 d 
 Biofertilizer 
B0 12.79 a 332.62 b 23.949 b 12.66 b 323.81 b 23.315 b 
B1 13.51 a 346.37 a 24.939 a 13.26 a 355.18 a 25.573 a 
 Interaction 
T1B0 13.40 e 376.91 bc 27.137 bc 13.11 e 375.86 d 27.062 d 
T1B1 13.72 d 394.19 abc 28.381 abc 13.51 d 386.05 cd 27.795 cd 
T2B0 12.81 f 359.62 cd 25.892 cd 12.77 f 355.38 e 25.587 e 
T2B1 14.31 c 413.59 ab 29.779 ab 14.12 c 390.51 c 28.117 c 
T3B0 14.80 b 416.04 ab 29.955 ab 14.51 b 422.06 b 30.389 b 
T3B1 15.36 a 429.40 a 30.917 a 15.04 a 453.47 a 32.650 a 
T4B0 12.10 h 276.98 e 19.943 e 11.89 h 280.14 g 20.170 g 
T4B1 12.66 g 326.61 d 23.516 d 12.32 g 329.38 f 23.716 f 
T5B0 10.82 j 233.55 f 16.816 f 11.02 j 185.62 i 13.365 i 
T5B1 11.50 i 168.08 g 12.102 g 11.30 i 216.49 h 15.587 h 

Values followed by the same letters are not significantly different by Duncan’s test at 0.05 level 

 
4.3. Quality and nitrate accumulation of kohlrabi knobs: 

 
Concerning the effect of N-fertilizer system on knob chemical characteristics, data (Table, 5) show that 

using T3 (50% mineral-N + 50% organic-N) recorded the highest significant values of vitamin C, acidity %, 
total soluble solid and carbohydrates content in kohlrabi knobs as compared with the other N-systems, but it 
gave a moderate values of fiber %. It also gave the highest content of phenol and antioxidant activity, Fig. (1, 2, 
3 and 4). Abou-Hussein et al. (2003) found that addition of organic manure combined with chemical 
fertilizers gave the best quality of potato tubers (carbohydrate content). Also, these results are in harmony 
with those of Arisha and Bardisi (1999) and Danilchenko et al., 2005 on potato. 

Biofertilizer inoculation reflected in the highest values of vitamin C, total soluble solid and carbohydrates 
content of knob as compared to the control, i.e., without biofertilizer addition, in both seasons (Table, 5). This 
means that the role of biofertilizer on improving quality of kohlrabi knobs was more pronounced than when no 
biofertilizer was added. Also data (Table, 5) show that adding T3B1 (50% mineral-N + 50% organic-N + 
biofertilizer) gave the highest values of vitamin C, total soluble solid and carbohydrates content of knob 
compared to all other treatments, in both seasons. Also, it gave the highest content (average in both seasons) of 
total phenol (0.766 mg g-1 F.W) and antioxidant activity (0.618 µ mol g-1 F.W). 

Nitrate accumulation in knobs increased in ascending order from T5 (100% organic-N) to T1 (100% 
mineral-N) with significant difference among them. This may be due to the increase in the rate of nitrogen 
absorption than the metabolism within the plant, Fig. (5 and 6). It is clear also that plants supplied with all N 
doses in the mineral form without biofertilizer (T1B0) showed the highest nitrate accumulation in knobs and 
reached 805 and 802.67 mg kg-1 DW respectively (average of both seasons). On the other hand, the lowest 
nitrate accumulation in knob was 363 and 412.5 mg kg-1 DW in plants fertilized with all N as organic form 
without biofertilizer (T5B0) in the first and the second seasons, respectively. It is worthy to mention that the 
determined nitrate concentration in kohlrabi knobs is still in the safe border for human consumption. These 
results are in harmony with Mensinga et al., (2003) and Abadin et al., (1998). Finally, this plant contains good 
amounts of antioxidants substances and is consider the forefront of salad plants. 
 
6. Conclusion: 

 
It could be recommended that inoculation of kohlrabi plants with biofertilizer " N-free living bacteria 

(Azotobacter and Azospirillium) and a phosphate dissolving bacteria (Bacillus megatherium)" and fertilizing 
plants with 50% N in organic form (compost) + 50% N in mineral form (ammonium nitrate) gave the highest 
vegetative growth, total knobs yield as well as the best knob quality of kohlrabi plants (Brassica oleracea var. 
gongylodes) ‘Purple Vienna cv.’ grown under drip irrigation system even in clay soil. The previous combination 
of fertilizers led to less accumulation of nitrate in edible part, which did not exceed the international permissible 
limit. From the applied side, the previous study could be used to produce safe and healthy vegetable for export 
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and thus reducing contamination of soil and ground water with mineral N under a modern irrigation system at 
the Nile Delta region of Egypt. 

 
Table 5: quality of kohlrabi knobs as affected by N-fertilizer systems, biofertilizer and their interaction during the winter seasons of 2009 &  
              2010. 

             
 
Treatment
s 

First Season (2009) Second Season (2010) 
Carbohy
d-rates  

Fiber Vit. C acidity TSS 
Carbohy
d-rates  

Fiber Vit. C acidity TSS 

F.W % % 
mg 100 
g-1 F.W 

% % F.W % % 
mg 100 
g-1 F.W 

% % 

  N-fertilizer systems 
T1 6.71 b 1.24 c 43.01 e 1.39 b 8.30 b 6.62 b 1.85 a 43.19 e 1.33 c 8.30 b 
T2 6.67 b 1.37 c 53.32 d 1.45 b 8.35 b 6.66 b 1.61 b 58.76 c 1.52 b 8.29 b 
T3 7.24 a 1.46 bc 67.60 a 1.74 a 8.64 a 7.23 a 1.46 c 67.52 a 1.75 a 8.63 a 
T4 6.16 c 1.61 b 60.70 b 1.17 c 7.97 c 6.16 c 1.37 c 60.74 b 1.17 d 7.97 c 
T5 5.75 d 1.86 a 58.79 c 1.00 d 7.56 d 5.76 d 1.24 d 53.21 d 1.00 e 7.55 d 
 Biofertilizer 
B0 6.39 b 1.45 a 54.32 b 1.28 b 8.02 b 6.36 b 1.55 a 54.85 b 1.40 a 8.05 b 
B1 6.62 a 1.56 a 59.05 a 1.42 a 8.30 a 6.62 a 1.46 a 58.52 a 1.31 a 8.24 a 
 Interaction 
T1B0 6.64 e 1.18 f 37.85 f 1.33 e 8.20 c 6.53 e 1.94 a 38.73 i 1.36 e 8.23 cd 
T1B1 6.77 d 1.30 e 48.16 e 1.45 d 8.40 b 6.71 d 1.76 b 47.65 h 1.30 e 8.37 c 
T2B0 6.53 f 1.33 de 50.52 e 1.30 f 8.17 cd 6.41 e 1.66 c 58.29 e 1.57 c 8.07 d 
T2B1 6.81 c 1.41 cde 56.12 d 1.61 c 8.52 b 6.91 c 1.55 d 59.22 de 1.48 d 8.50 b 
T3B0 7.06 b 1.44 cd 64.89 b 1.68 b 8.50 b 7.11 b 1.48 de 65.88 b 1.82 a 8.53 b 
T3B1 7.41 a 1.47 c 70.30 a 1.80 a 8.77 a 7.35 a 1.45 e 69.15 a 1.68 b 8.73 a 
T4B0 6.08 h 1.54 c 59.92 bc 1.11 h 7.82 d 6.06 h 1.40 ef 60.29 cd 1.23 f 7.93 d 
T4B1 6.24 g 1.67 b 61.47 bc 1.23 g 8.12 d 6.27 f 1.34 f 61.19 c 1.12 g 8.00 d 
T5B0 5.63 j 1.76 b 58.39 bc 0.96 j 7.41 f 5.69 h 1.29 g 51.04 g 1.02 gh 7.50 f 
T5B1 5.87 i 1.95 a 59.19 bc 1.04 i 7.70 e 5.84 g 1.20 h 55.37 f 0.98 h 7.60 e 

Values followed by the same letters are not significantly different by Duncan’s test at 0.05 level 
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Fig. 1: Effect of interaction between N-fertilizer systems and biofertilizer on total phenol of kohlrabi knobs  
            during the winter season of 2009 
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Fig. 2: Effect of interaction between N-fertilizer systems and biofertilizer on total phenol of kohlrabi knobs  
            during the winter season of 2010. 
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Fig. 3: Effect of interaction between N-fertilizer systems and biofertilizer on antioxicdant activity of kohlrabi  
            knobs during the winter season of 2009 
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Fig. 4: Effect of interaction between N-fertilizer systems and biofertilizer on antioxicdant activity of kohlrabi  
            knobs during the winter season of 2009 
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Fig. 5: Effect of interaction between N-fertilizer systems and biofertilizer on nitrate accumulation of kohlrabi  
            knobs during the winter season of 2009 
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Fig. 6: Effect of interaction between N-fertilizer systems and biofertilizer on nitrate accumulation of kohlrabi  
            knobs during the winter season of 2010 
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