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ABSTRACT 
 
 Considering the importance of cultivated a new vegetables crops in Egypt and also to what extent the use of 
biofertilizer can replace or reduce the application of mineral nitrogen fertilizer. A field experiment in the newly 
cultivated sandy soil at the National Research Centre experimental station in Nubaria region, Beheira 
Governorate, (30° 28’ N / 31° 03’ E) Egypt was conducted (in the two successive winter seasons of 2007/2008 
and 2008/2009) on celeriac plant cv. Monarch. A Complete randomized block design with three replicates was 
used in this experiment. Mixture of two free nitrogen fixing bacteria (Azotobacter chroococcum and 
Azospirillium lipoferum) as biofertilizer was used either individually or combined with mineral nitrogen 
fertilizer at the rates of 50, 75 and 100% of recommended rate. In addition to un-inoculated control (which was 
only given the recommended dose of mineral N). The results of analysis of variance showed that in most case , 
the effects of different treatments on Population Nitrogen fixing Bacteria , leaves and root yield , physical and 
chemical properties of roots were significant. The joint application of full dose of mineral nitrogen and 
biofertilizer gave the highest yield of celeriac plants represented as the fresh leaves (green yield) and root yield 
compared to control treatment as well as other studied treatments. In addition, the same treatment, generally 
decreased NO3-N in both leaves and roots compared to control (full dose of mineral N).  
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 The use of biofertilizer may have an addition benefits such as nitrogen fixation, mobilizing phosphate and 
micronutrients through the production of organic acids and lowering soil pH, besides secretion of growth 
promoting substances e.g, gibberellins, cytokinins and auxins. Several studies were carried out to explain the 
efficiency of N-biofertilizers on growth of many crops. In this respect, El-Shanshoury et al. (1998) El-Zeiny et 
al. (2001) Siddiqui and Irshad (2003) found that inoculation of tomato plants with Azospirilium brasilense 
Azotobacter chroococcum significantly increased dry weight and plant height compared to the control. Abd El-
Fattah and Sorial (2000) indicated that inoculation of squash seeds with biofertilizer (Halex 2) which contains 
mixture of bacteria of genera Azospirillium, Azotobacter and Klebsiella led to significant increments in 
vegetative growth characteristics of squash plants. Ibrahim (2000) found that inoculation of some medicinal 
plants with Azotobacter + Azsospirillium in the presence of full dose of NPK significantly increased plant 
height. Abd El-Fattah et al. (2001) showed that inoculation of sweet potato plants with rhizobactria had a 
significant increase in plant main stem length, leaf area and shoot dry weight /plant as compared with the un 
inoculated plants. Hegazi and Attia (2002) pointed out that the application of N2-fixing bacteria mixture to 
broccoli increased plant growth characteristics in sandy soil conditions. Abd El-Kawy (2003) noticed that using 
the biofertilizer Azospirillium lipoferum at the rate of 30 L/ha induced positive effects on cucumber growth 
parameters. Vessy (2003) reported that the mode of action of plant growth promoting rhizobacteria include 
fixing nitrogen, increasing the availability of nutrient in the rhizospher, positively and promoting other 
beneficial plant microbe symbioses. Zaki et al. (2010) on broccoli cleared that plants treated with biofertilizer 
showed higher vegetative growth parameters (plant height, leaf number as well as fresh and dry weight of 
leaves.. Migahed et al. (2004) on celery reported that inoculation with Azotobacter and Azospirillium increased 
the N, P and K contents of leaves. Zhang-Ying et al.(2000) found that inoculation with nitrogen – fixing bacteria 
increased seedling growth and yield of lettuce. Ali et al. (2001) reported that biofertilization caused increases in 
the fresh and dry weights of garlic. Kandeel et al. (2002) reported that dual inoculation of sweet basil with 
Azotobacter +Azospirillium supplemented with half or full dose of the recommended mineral N- fertilizer, 
significantly increased plant growth compared with uninoculated plant given full dose of nitrogen. Siddiqui and 
Irshad (2003) on tomato reported that inoculation with Azotopacter chroococcum improved plant growth. 
Migahed et al. (2004) on celery reported that inoculation with Azotobacter and Azospirillium increased the N, P 
and K contents of leaves. The experiment aimed to evaluate the interactive effect of biofertilization with the 
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mixture of free nitrogen fixing bacteria either individually or combined with mineral nitrogen fertilizer on the 
yield and its quality of celeriac plant. 
 
Materials And Methods 
 
 This study was carried out in the experimental station of the National Research Centre, at Nubaria, Beheira 
Governorate, Egypt during the two winter successive seasons ( 2007- 2008 and 2008- 2009) . 
 Celeriac seeds (Apium graveolens L. var. rapaceum) cv. Monarsh were germinated under protected green 
house and grown thereafter in well-ventilated conditions. Transplants were removed out side at four-leaf stage 
for hardening off prior to transplanting. Healthy transplants at 80 days old were set up in the field on 20 th of 
October and 1 st of November in the first and second seasons, respectively. 
 The experimental trails were conducted in sandy soil using drip irrigation system. The physical and 
chemical properties of the experimental soil are tabulated in Table (1)  
 
Table 1: Physical and chemical analyses of the used soil. 

(A) Physical properties 
Season Sand % Clay % Silt % Texture 

2007/2008 55.85 3.45 40.70 Sandy loam 
2008/2009 56.72 3.72 39.56 Sandy loam 

(B) Chemical properties 
 

Season 
EC 

dSm 

PH Meq/L 
Cations Anions 

Ca++ Mg++ Na+ K+ CO3
- HCO3 h Cl- SO-

4 
2007/2008 2.18 7.81 8.61 4.80 4.64 1.59 0.12 1.40  1.80 17.40 
2008/2009 1.26 7.76 7.60 2.20 3.79 0.91 0.09 1.43  1.60 12.20 

  
 The soil of the experiment divided into rows, each plot was one row of 1m width and 10 m length. The 
distance between plants were 25 cm on both sides of rows. 
 The experimental soil received calcium super phosphate (15.5% P2O5), at the rate of 150 Kg/feddan 
(1feddan=0.42 hectare)) 5 ton/feddan compost and 100 kg/feddan agricultural sulfur as one dose during soil 
preparation. Potassium sulfate (48% K2O) at 150 kg/ feddan was added at three times, i.e., 30, 60 and 90 days 
after transplanting. The ammonium sulphate (20.5% N) was directly application in three equal portions at 20 , 
40, and 60 days after transplanting. The treatments were as following: 
1- Application of N at 100% of the recommended rate (60 kg N /fed) as ammonium sulfate (20.5 % N). 
2- Soil inoculation with the mixture of Azotobacter chroococcum and Azospirillium lipoferum. 
3- Soil inoculation with the mixture of Azotobacter chroococcum and Azospirillium lipoferum plus 50% of the 
recommended nitrogen dose. 
4- Soil inoculation with the mixture of Azotobacter chroococcum and Azospirillium lipoferum plus 75% of the 
recommended nitrogen dose. 
5- Soil inoculation with the mixture of Azotobacter chroococcum and Azospirillium lipoferum plus 100% of the 
recommended nitrogen dose. 
 
Time and method of application: 
 
 An active free nitrogen fixing bacterial strains Azotobacter chroococcum and Azospirillium lipoferum were 
provided from Unit of Biofertilizer ( UBF), Fac .of Agric .Ain Shams Univ., (Mashhoor et al., 2002) Peat based 
inoculum contained Azotobacter and Azospirillium at the concentration of about 108 cells /ml was used. The 
biofertilizer was applied to the soil surface beside plants after 7, 30 and 60 days after transplanting. Micro 
biological analyses (i.e. total bacteria , Azotobacter and Azospirillum) in the rhizosphere of Celeriac plants after 
90 days from transplanting were carried out using the standard dilution methods.  
 
Data Recorded: 
 
 Harvesting took place after 140 days from transplanting when plants was suitable for marketing at pre 
maturity stage. Meanwhile vegetative measurements and yield data were recorded. 
 
A. Yield: 
 
 Yield per square meter were recorded 
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B. Chemical constituents: 
 
a. Nutrient content: Nitrogen, phosphorus and potassium were determined in dry matter of roots according to 
Cottenie et al (1982). 
b. Nitrate content : Nitrate was extracted from dry root samples and measured according to Al-Redhaiman et al. 
(1998). 
c- Vitamin C: Ascorbic acid ( V.C ) was determined in fresh roots according to (A.O.A.C 1975). 
d-Total sugars : was determined in dry roots according to (A.O.A.C 1975). 
 
 All data were statistically analyzed using Costat computer program according to procedures outlined by 
Snedecor and Cochran (1980. Means followed by the same alphabetical letters are not statistical different at 5% 
level of significance according to Duncan’s multiple range test At harvesting, total sugars, vitamin C nitrate 
contents in Celeriac plats were estimated. 
 
Results and discussion 
 
Table 2: Effect of bio and chemical nitrogen fertilizer on total bacterial (T. C), Azotobacter (Azoto) and Azospirilla (Azos) counts after 120 

days from transplanting in 2007/2007 and2008/2009 seasons. 
2008-20092007-2008Treatments 

**Azos Azoto** *T.C**Azos**AzotoT.C* 
45 7035355030 60KgN/Fed (control) T1 

135 1507011012050 Bio fertilizer T2 
240 27018022021095 Bio +30KgN/Fed T3 
310 360210250270170 Bio +45KgN/Fed T4 
200 250160170195120 Bio +60KgN/Fed T5 

cfu x105 g ** x 104g 

 
Population Nitrogen fixing bacteria:  
 
 Data in Table (2) show that in spite of . Azotobacter and Azospirillum, and total bacterial population 
occurred in high densities in the rhizosphere of un-inoculated Celeriac plants growing in the fertile sandy soil . 
Inoculating Celeriac seeds with Azotobacter and Azospirillum enriched the rhizospher of Celeriac plants with 
such bacteria during the first 45 days from sowing in the two successive cultivation seasons. The highest 
increments in the counts of free living nitrogen fixers (Azotobacter chroccocum and Azospirillium lipoferum) 
were recorded in T4, T3, T5and T2 in descending order in the first and second seasons, respectively. In this 
regard Estefanous et al. (2003), on okra yield Thamodharn et al .,( 2003), denstity in thizosphere, and Sharma 
(2002) on bean cabbage, for Azotobacter,El-Kalla et al. (1997) on tomato. and Abo Sedera et al. (2010) found 
that inoculation with bio-fertilizers (Azotobacter and Azospirlla) enriched the plant rhizosphere with such 
microorganisms.  
 Yield of celeriac plants represented as the green fresh leaves (green yield) and roots shown in Table (3). It 
is clear that application of biofertilizer and full dose of recommended mineral N gave significantly the highest 
green and root yield as compared to the control treatment (full dose of mineral N) as well as other treatments. 
Respecting the other biofertilizer treatments, application 75% of recommended mineral N (45kg N /fed) 
combined with biofertilizer led to insignificant increase in green and root yields compared to the control 
treatment. Meanwhile, the joint application of half dose of recommended mineral N with biofertilizer caused 
insignificant decrease compared to the control plants (with one exception). Whereas, the sole biofertilizer 
inoculation caused further significant decrease in both green and roots yield compared to all the tested 
treatments. These results were fairly true in both seasons. The aforementioned results might be attributed to the 
favorable effect of adequate nitrogen application in the presence of applied biofertilizer which might play an 
important role by enhancing the uptake of soil nitrogen and/or by enhancing the photosynthetic apparatus which 
previously mentioned.  
 In addition, many investigators stated that N2 fixation was not the sole cause of growth response in 
diazotorphs- inoculated plants, thus it has been suggested by many workers that other factors may also 
contribute to growth enhancement and yield production such as D-formation of growth promoting substances, 
e.g . auxins, gibberllins and cytokines . Synthesis of some vitamins e.g B12, increasing amino acids content and 
increasing water and mineral uptake from soil .These effects could be ascribed to the increases in root surface 
area, root hairs and root elongation as affected by Azotobacter as mentioned. Increasing the ability to convert N2 

to NH4 and thus make it available to plant (Hanafy et al., 2002). In addition, our results are further supported 
with the work described by Gomez and Munoz(1998) , Abd El- Fattah and Sorial (2000) on squash, Abd El- 
Fattah et al. (2001) on sweet potato, Hegazi and Attia (2002) on broccoli and El-Araby (2004) on Jerusalem 
artichoke and Zaki et al. (2010) on broccoli. 
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Root quality: Physical properties of roots:  
 
 As shown in Table (4) the highest and significant values of mean root weight were obtained by joint 
application of full dose of N (60 kg N fed) with biofertilizer treatment compared with other used treatments. On 
the other hand, the inoculation with biofertilizer either solely or conjugated with half dose of N significantly 
decreased the root weight compared with any other treatment. Root weight of celeriac plant could be considered 
to be the mirror of growth features so, the highest root weight produced from joint application of full dose of N 
with biofertilizer treatment might be attributed to the previously increment in vegetative growth which were 
high enough to accumulate adequate reserve material to accomplish the highest root weight .In addition, our 
findings agree with those reported by El-Shabasi et al. (2003) found that the highest garlic bulb weight was 
significantly obtained with Nitrogen (N-fixing bacteria) treatment compared to control plant (without 
inoculation) Regarding to the root length, the results show that application of full dose of N plus biofertilizer 
produced in general, the longest root. The results were significant only relative to the plants treated only with 
biofertilizer which gave the shortest root. As regards the root diameter,, in the first season, the highest values 
were recorded by roots of check plants (given full dose of mineral N) foll owed by roots of plants inoculated 
with biofertilizer conjugated with half dose of recommended mineral N respectively, with no significant 
differences between them. Similarly, in the second season, the same treatments produced the highest values, 
although they differed in sequence. On the contrary, roots of plants treated only with biofertilizer recorded the 
lowest values. 
 
Table 3: Leaves and roots yield of celeriac as affected by mineral nitrogen and biofertilizer application during2007/2008 and 2008/2009 

seasons. 
Yield (Kg/m2) Treatments 

Roots Leaves 
2nd 

Season 

1st

Season 

2nd 
Season 

1st

Season 
3.39 b 1.20 b 1.66 b 0.84 b 60KgN/Fed Control) 
1.07 c 0.80 d 0.64 c 0.47 c Bio ferilizer 
3.22 b 0.94 c 1.57 b 0.79 b Bio+30Kg N/Fed 
3.63 b 1.17 b 1.87 b 0.82 b Bio+45Kg N/Fed 
4.02 a 1.39 a 2.71 a 0.92 a Bio+60Kg N/Fed 

Values following by the same letter(s) are not significantly different 5%  

 
Table 4: Some physical properties of celeriac root as affected by mineral nitrogen and biofertilizer application during 2007/2008 and 

2008/2009 seasons. 
Root diameter 

(Cm) 
Root lenght 

(Cm) 
Root weight 

(g ) 
Treatments 

2nd 
Season 

1st 

Season 

2nd 
Season 

1st

Season 

2nd

Season 

1st 

Season 
7.33 a 5.03 a 6.93 a 5.21 a 271.11 b 90.02 b 60 KgN/Fed 

(control) 
4.83 b 4.11 b 5.13 b 4.30 b 87.90 d 60.20 d Bio ferilizer 
7.93 a 4.92 a 7.57 a 5.22 a 259.61 c 74.80 c Bio+30 Kg N/Fed 
7.18 a 4.21 a 6.22 ab 5.33 a 288.09 b 92.89 b Bio+45 Kg N/Fed 
7.30 a 4.86 a 7.61 a 5.88 a 313.19 a 103.30 a Bio+60 Kg N /Fed 

Values following by the same letter(s) are not significantly different 5% 

 
Chemical properties of root. Nutrient content:  
 
 Mineral contents, i-e., nitrogen, phosphours and potassium in roots tissues as influenced by different 
nitrogen levels and bio fertilizer are presented in Table (5). As for nitrogen content the results revealed that, 
during the two growing seasons, the highest and significant values of nitrogen content were obtained when the 
inoculation with biofertilizer was amended with 45 and 30 kg N/ fed respectively, with no significant 
differences between them. Next to these treatments were the plants received full dose of N either coupled with 
biofertilizer or alone. Wherase, the lowest values were obtained by plants treated only with biofertilizer. 
Regarding to phosphorus content, the highest and significant values were obtained by the plants inoculated with 
biofertilizer and supplemented with 45 kg N/ fed. Compared with control plants as well as other studied 
treatments. The interactive between nitrogen levels and biofertilization did not reflect any statistical differences 
on potassium content. 
 
Total sugars content:  
 
 Tata in Table (6) showed that the interaction between mineral nitrogen and biofertilizer had a significant 
effect of on total sugars content. The inoculation of soil with biofertilizer either coupled with the full dose of 
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mineral N or 45 kg N/fed significantly exceeded the comparable control treatment as well as other used 
treatments, with clear superiority to the full dose of N plus biofertilizer. On the hand, the lowest values were 
recorded by the sole biofertilizer application compared to check treatment, but the results were significant only 
in the second season. In this respect, Hanafy et al (2002) found that total sugars in the leaves of lettuce plants 
was increased by all commercial biofertilizer treatments as compared to control –untreated treatments(full dose 
of chemical fertilizer). However, Rana and Chandel (2003) reported that inoculation with Azotobacter spp. 
resulted in higher strawberry fruit content of T.S.S. 
 
Table 5: Some chemical properties of celeriac root as affected by mineral nitrogen and biofertilizer application during 2007/2008 and 

2008/2009 seasons. 
K% P% N% Treatments 

2
nd Season I

st Season 2
nd Season I

st Season 2
nd Season I

st Season 
0.32 a 0.24 a 0.20 b 0.18 b 0.22 b 0.33 b 60 KgN/Fed (control) 
0.36 a 0.27 a 0.26 b 0.22 b 0.11 c 0.12 c Bio ferilizer 
0.37 a 0.30 a 0.22 b 0.23 b 0.34 a 0.48 a Bio+30 Kg N/Fed 
0.39 a 0.34 a 0.36 a 0.33 a 0.38 a 0.49 a Bio+45 Kg N/Fed 
0.32 a 0.35 a 0.22 b 0.23 b 0.27 b 0.36 b Bio+60 Kg N /Fed 

Values following by the same letter(s) are not significantly different  

 
Vitamin C content:  
 
 The results in Table (6) show that significant higher V.C values for biofertilizer conjugated with full dose of 
N followed by inoculation plants with biofertilizer plus 45 kg N/fed, (with no significant differences between 
them) compared to the control. On the other hand, the sole inoculation with biofertilizer attained the significant 
lowest values compared to the control as well as other treatments. These results were true in both growing 
seasons. 
 
Nitrate content:  
 
 Nitrate-No3 content data as affected by mineral nitrogen and biofertilizer inoculation treatments are 
presented in Table (6). The results show that all biofertilizer treatments significantly decreased nitrate content 
compared with uninoculated plants (except of the joint application of full dose of mineral N and biofertilizer in 
the first season, where the difference between them did not reach the levels of significancy). Furthermore, the 
sole inoculation with biofertilizer had the lowest values compared to another treatment. In this respect, it can be 
suggested that increasing nitrogen concentration in the celeriac roots under biofertilization (which previously 
mentioned) is not necessarily accompanied by increasing nitrate accumulation in the roots. This might be due to 
utilization and conversion of nitrogen from the simple such as nitrate to more complicated one such as proteins 
and amino acids. Similar suggestion was reported by. .However, our results matched well with those of Wahba 
et al. (2004) who reported that both nitrite and nitrate content in carrot and turnip were significantly decreased 
with using biofertilizer treatments where the highest values of nitrite and nitrate content were observed after 
using mineral nitrogen with complete recommended mineral N. 
 
Table 6: Total sugars, V.C. and NO3-N of celeriac root a affected by mineral nitrogen and biofertilizer application during 2007/2008 and 

2008/2009 seasons.  
NO3-N 

ppm 
V.C. 

(mg/100g fresh weight) 
Total sugars 

(g/100g dry weight ) 
Treatments 

2nd

Season 

1st 

Season 

2nd 
Season 

1st

Season 

2nd

Season 

1st 

Season 
96 a 103 a 11.30 b 13.62 b 0.34 b 0.22 c 60KgN/Fed (control) 
68 c 72 c 9.01 c 8.60 c 0.21 c 0.19 c Bio ferilizer 
79 b 86 b 11.60 b 13.84 b 0.32 b 0.20 c Bio+ 30 Kg N/Fed 
84 b 88 b 12.41 ab 14.60 a 0.43a 0.30 b Bio+ 45 Kg N/Fed 
86 b 96 ab 14.03 a 15.20 a 0.45 a 0.40 a Bio+ 60 Kg N /Fed 

Values following by the same letter(s) are not significantly different 5%  
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