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ABSTRACT 
 
 This work was conducted at the Experimental Station of the Faculty of Agriculture, Cairo University during 
the winter seasons of 2010/2011 and 2011/2012 to throw a flashlight on the impact of the diazotrophic 
bioformulation “Biofertile” and Saccharomyces cerevisiae in presence of N fertilization on vegetative growth 
and head quality of broccoli yield.  Rhizosphere soil of Biofertile-treated plants accommodated total culturable 
bacteria of > 108 cfu g-1, corresponding estimate for total diazotrophs approximated 107 cfu g-1. In general, 
rhizospheric diazotrophs represented 12.1 - 50.0 % of total bacterial load. The highest records for head diameter, 
average head weight, economic yield and harvest index were attributed to Biofertile in combination with 50 % 
of recommended N fertilization regime. This unique treatment resulted in respective increases of ca. 5 and 4.7 
tonnes fed-1 head yield during the two successive experimental seasons while in the other biotic treatments, the 
yield did not exceed 1.9 tonnes fed-1 compared to control. The presence of yeast strain in the applied treatments 
had no effect on the majority of determined traits. As high as 224.0 mg /100 g ascorbic acid was accumulated in 
heads due to Biofertile treatment. Incorporation into soil of 40 kg N fed.-1 resulted in the highest total 
chlorophyll content (3.06 mg g-1) in broccoli heads. More than 250% increase over full N-dressed plants was 
attributed to inoculation with Biofertile plus yeast strain in presence of 20 kg N fed.-1. Antioxidant activity 
significantly supported due to microbiota treatments. Biofertile treatment significantly modified the N budget of 
soil where a net N gain of ca. 23 kg fed-1 was estimated. 
 Findings of the present study proved saving of 50% of needed mineral N fertilizer by Biofertile application 
besides improving both quality and quantity of broccoli yield. 
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Introduction 
 
 Among the vegetable crops native to the Mediterranean region, broccoli (Brassica oleracea L. var italica 
Plenk) is a unique nutritious cole crop. It is valued for its tender green bud (head), thick floral stalk and the 
secondary heads (spears). The plant is rich in vitamin A, ascorbic acid and is a good source of calcium, niacin 
and riboflavin. Nowadays, broccoli attracted much attention due to its multifarious use and great nutritional 
value (Rangkadilok et. al., 2004). In addition, broccoli is consumed for its florets and richness in bioactive 
compounds such as phenolics, flavonoids and gluconsinolates that possess antioxidant and anticancer effects 
(Yoldas et. al., 2008). 
 Efforts at extending N2-fixing ability to important non-leguminous crops such as cereals and vegetables 
have long been a major goal of workers in the field of biological nitrogen fixation (BNF). Making vegetable 
self-sufficient in N nutrition would be of great benefit to resource-poor farmers in developing countries and 
Africa in particular. Some of diazotrophs so far identified in non-legumes including Azospirillum (Dobbelaere 
et. al., 2001), Azotobacter, Bacillus, Enterobacter and Pseudomonas (Mirza et. al., 2001). Klebsiella is another 
not much studied N2-fixing bacterium which has been shown to infect a number of cereals (Riggs et. al., 2001).  
 Information on biopreparates entrapping these atmospheric dinitrogen assimilators is rather scanty and 
amounts of fixed N2  are disappointingly low except for Azospirillum especially the new species brasilense and 
lipoferum (Weber et. al., 1999).  However, growth promotion has been observed with many of these diazotrophs 
even where N2-fixation could not  be demonstrated. These diazotrophs are reported to improve root growth and 
function, often leading to increased uptake of water and minerals. Biofertilization of vegetables represents one 
of the corner stones under the umbrella of sustainable agriculture to secure clean and safe products. Recently, 
emphasis on multi-strain biofertilizers has already been tidied. 
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 The present study is among the current research activities dealing with food quality and safety in the market 
economy for production of agro-commodities. It is based on the complement of bio- and mineral- fertilization to 
practicize the concept Integrated Fertilizer Management (IFM) to secure a proper and healthy broccoli head 
yield. 
 
Materials and Methods 
 
1- Experimental site: 
 
 The experimental site lies at 31.13 longitude and 30.03 latitude at attitude of 19 m above sea level in the 
Experimental Field Station belonging to Faculty of Agriculture, Cairo University, Giza. Field trail was executed 
during the two successive winter seasons of 2010/2011 and 2011/2012. At that time, the climate is characterized 
by a) average temperatures of 8-22 °C and b) 76% relative humidity. The soil is clay loam in texture with 
particle size distribution and chemical properties (Jackson, 1973) present in Table (1). After applying the 
traditional agricultural practices including ploughing and compacting, the experimental area was divided into 
plots of 8.4 m2 with 3 rows, each 4.0 m long and 0.7 m width. Land preparation encompassed the introduction of 
30 kg P2O5 and 50 kg K2O fed.-1 as well. 
 
Table 1: Mechanical and chemical profiles of soil of the experimental site. 

Properties Records Properties Records 
Mechanical analysis 
Sand (%)                                                                27.6 
Silt (%)                                                                  35.1 
Clay (%)                                                                34.0 
Textural class                                                 clay loam 

Chemical analysis 
Organic carbon (%)                                               0.68 
Total nitrogen (%)                                                 0.08 
C/N ratio                                                                8.5 
pH                                                                          7.96 
EC (dSm-1)                                                            1.63 
Ca++ (meq l-1)                                                        7.11 
Mg++ (meq l-1)                                                       2.94 
Na+ (meq l-1)                                                         6.10 
K+ (meq l-1)                                                           0.31 
CO3

- - + HCO3
- (meq l-1)                                      10.39 

Cl- (meq l-1)                                                           3.65 
SO4

- - (meq l-1)                                                       2.42 

 
2- Broccoli seeds: 
 
 Seeds of broccoli (Brassica oleracea L. var italica Plenk) hybrid Centauro (Takii Co., Japan) were sown in 
the nursery in foam trays filled with a mixture of peat moss and vermiculite (1:1, w/w) on 5th of September. 
Forty day-old seedlings were field transplanted. In case of biological treatments, seedling roots were dipped in 
either Biofertile or yeast liquid inocula for 30 min. prior to transplanting. Seedlings were set on one side of the 
row at 50 cm spacing. Plants harvested were those grown in the central row of either plot. 
 
3- Microbiota: 
 
a- Biofertile: 
 
 An innovative bioformulation produced by the Experimental Studies and Research Unit (ESRU), Faculty of 
Agriculture, Cairo University was used, for the first time, with broccoli. This biopreparate is a composite culture 
of associative and endophytic diazotrophs (Table 2). 
 
b- Yeast: 
 
 One yeast, Saccharomyces cerevisiae, strain was prepared in glucose agar medium as liquid culture for 
broccoli seedling dipping. 
 
Table 2: Diazotrophs formulated in the “Biofertile” multi-strain biofertilizer. 

Diazotroph Strain code Host plant Reference 
Azospirillum brasilense 
Azotobacter chroococcum 
Bacillus polymexa 
Enterobacter agglomerans 
Klebsiella pneumonia 
Pseudomonas putida 

Azos.R7 
Azt 
B30 
K30 
Mk9 
Ps. G 

Ricinus communis 
Hordeum vulgare 
Hamada elegans 
Halva pariflora 
Zea mays 
Sorghum biocolor 

Hamza et. al. (1994) 
Ali et. al. (2005) 
Hegazi and Fayez (2003) 
Hegazi and Fayez (2003) 
Hamza et. al. (1994) 
Hamza et. al. (1994) 
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4- Experimental treatments and layout: 
 
 The experimental layout comprised 6 treatments (Table 3) including mineral N fertilization and inoculation 
with Biofertile and/or Saccharomyces cerevisiae. Nitrogen was incorporated into soil in the form of ammonium 
nitrate (33% N) at levels representing the recommended rate (40 kg N fed.-1) and half of it. This was done in 
three equal portions at 2, 4and 6 week intervals after transplanting. Treatments were allocated in a complete 
randomized block design with 3 replicates. Boost inocula of either microbiota were applied twice at 15-day 
period. 
 
Table 3: Layout of the experimental design. 

Components Treatment no. 
 
40 kg N fed -1 
20 kg N fed -1 
Biofertile 
Yeast 
(Saccharomyces 
cerevisiae ) 

1 2 3 4 5 6 
          •                                                                                            • 
                                                                          •                                                             •                            • 
                                          •                               •                                                                                          • 
                                                                                                        •                                •                           • 

 
5- Determinations: 
 
 Rhizospheric bacteria of the various plant-soil systems were examined for total culturable populations of 
bacteria and associated diazotrophs. At 21, 45, and 90 day intervals, the root closely-adhering soil was removed 
and transferred to plastic bags and immediately analyzed for bacterial status. From each treatment, 10 g soil was 
used to prepare the first dilution in 250 ml glass bottles containing 90 ml distilled water, agitated at 150 rpm for 
10 min. then further serial dilutions were prepared. Suitable dilutions were analyzed for total bacteria on nutrient 
agar medium using the pour plate method of Parkinson et. al. (1971) and total diazotrophs on nitrogen-free 
combined carbon sources medium, CCM of Hegazi et. al. (1998). Incubation took place @ 30° C and developed 
colony forming units (cfu) were counted during 48-72 hrs. 
 At harvest, 90 days after transplanting, three healthy plants were randomly taken representing the plot and 
determined for the following: 
 
a- Vegetative characteristics: 

 
 Stem length from cotyledonary scar to shoot tip, number of leaves more than 1cm long (including scares), 
chlorophyll content (SPAD readings) in the most recent fully expanded leaf and stem diameter. 
 
b- Yield: 
 
 A head was considered mature at the time before it started to lose compactness or just before buds started to 
break up. Yield of top head was recorded in the central row of the plot. Five heads were taken from each plot for 
measuring: head diameter in two directions, head dry matter percent and total head yield. 
 Economic yield (EY) representing the yield of the economic plant part was among the yield parameters 
determined, Harvest index (HI). 
 
c- Chemical profile: 
 
 The chemical profile was monitored on 12 heads, three were taken at random from each plot, and this 
included: a) chlorophyll a and b and carotenoids according to Holden (1965) and b) ascorbic acid by titration 
method using 2, 6 dichloro-phenol-indolphenol dye (AOAC, 1980). Antioxidant activity was measured adopting 
the DPPH procedure described by Burits and Bucar (2000). 
 For chlorophyll and carotenoid determinations, a portion of 0.5 g of fresh head sample was ground with 
acetone (80%) in presence of 0.1 g calcium carbonate. The mixture was extracted with acetone several times 
until the solvent became colorless. The combined extract and washings were made up to 25 ml volume. 
Thereafter, the absorbance was measured at 663,645 and 452 nm in 1 cm quartz cell against blank (80% 
aqueous acetone). The following equations were used:- 
 Chlorophyll a (mg/g) = 12.3 x A663 – 0.8 x A645 x V/A x 100 x W 
 Chlorophyll b (mg/g) = 19.3 x A645 – 3.6 x A663 x V/A x 100 x W 
 Total carotenoids (mg/g) = 4.57 x A452 – 0.22 x total chlorophyll 
 where:  A645 and A663,  the absorbance at A645 and A663 nm; V, the volume in ml; A, the length of light path 
in the cell; and W, the fresh weight in gram. 
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 For antioxidant activity assay, the 2, 2 diphenyl-1-picrylhdrazyl (DPPH) tests were done. Fifty g of head 
sample was subjected to extraction with distilled water (Rosenthaler, 1930). The solvent extract was evaporated 
to dryness and weighed.  One ml of either broccoli water extract (50 or 100 µg/ml) was mixed with 1ml DPPH 
reagent (0.002% (w/v) /methanol solution). After an incubation in dark at room temperature for 30 min., the 
absorbance was measured at 517 nm (using jenway 6130 spectrophotometer). Silymarin (100 µg/ml) was used 
as positive control and the extract concentration providing 50% inhibition (IC50) was calculated from the graph 
plotting inhibition percentages against extract concentration. This test was carried out in triplicate and the 
antioxidant activity was calculated as follows:  
 Activity % =Ac-At / Ac x 100                                                                                   
 where: At,  the absorbance of samples; Ac,  the absorbance of methanolic DPPH solution. 
 For nitrogenase activity determination, the acetylene reduction assay of Hardy et. al. (1968) was used. 
Fifteen gram soil sample in 100 ml glass bottle was amended with 1 % glucose .The bottles were thoroughly 
mixed and incubated at 30 ºC for 24 hrs. Ten percent of pure acetylene was injected into the bottles. Bottles 
were incubated for 4 hrs. and then 0.1 ml of gas samples were withdrawn for the determination of C2H4 formed 
using Hewlett-Pack and 5890 Gas chromatography.  
 
6- Statistical analysis: 
 
 Data were subjected to the statistical analysis according to Snedicor and Cochran (1980) and the means 
were compared using L.S.D test at 5% significance level. Correlation coefficient between ascorbic content and 
antioxidant activity was calculated as well.  
 
Results: 
 
 The rhizospheric populations of total culturable bacteria and diazotrophs of the various broccoli treatments 
are illustrated in Figures (1&2). In the majority of cases (ca. 67%), the enumerated microbiota decreased with 
plant age. Biofertile-received soil harboured the highest total bacterial densities of 108 cfu g-1 in average (Figure 
1). This was followed by co-inoculation of diazotrophic biopreparate with yeast strain. The nitrogen-fixing 
organisms successfully nested the root zones of all treated broccoli with somewhat little fluctuations among the 
experimental treatments (Figure 2). As expected, the rhizospheres of microbiota-treated plants hosted the 
highest culturable diazotrophs with numbers ranging from 105-107 cfu g-1. Compared to others, full N-dressed 
plants, recorded the lowest diazotroph populations in their rhizosphere areas. Diazotrophs developed on 
nitrogen-free combined carbon sources medium (CCM) represented 12.1- 50.0% of total bacteria grown on 
nutrient agar. The highest percentages were scored for broccoli received Biofertile and/or Saccharomyces 
cerevisiae.  

 

 
 
Fig. 1: Periodical changes in total culturable bacteria in the rhizosphers of broccoli treatments. 1) Control (40 kg 

N fed-1), 2) Biofertile (B), 3) B + 20 kg N fed -1, 4) Yeast (Y) + 40 kg N fed -1, 5) Y + 20 kg N fed -1 and 
6) B +Y + 20 kg N fed -1. 
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Fig. 2: Total culturable diazotrophs in the rhizospheres of 21- , 45- and 90- day old broccoli of the different 

treatments. 1) Control (40 kg N fed -1), 2) Biofertile (B), 3) B + 20 kg N fed -1, 4) Yeast (Y) + 40 kg N 
fed -1, 5) Y + 20 kg N fed -1 and 6) B +Y + 20 kg N fed -1. 

 
Vegetative characteristics: 
 
 Data presented in Table (4) show that there were no significant differences between treatments in number of 
leaves per plant, chlorophyll content in leaves, stem diameter and head dry matter percentage in the first and 
second seasons.  
 There were little significant differences between treatments in stem length the treatment of yeast combined 
with 100% nitrogen and treatment of yeast combined with 50% nitrogen had the highest stem length in the first 
season. Meanwhile, the treatment of yeast combined with 100% nitrogen had the highest stem length in the 
second season, the differences were not significant in most cases and microbiota showed no conspicuous 
influence particularly in the second season. 
 
Yield characteristics: 
 
 Data presented in table (4) show that the highest significant value of head diameter, average head weight, 
head yield per fed., economic yield and harvest index was obtained with the treatment of Biofertile in 
combination with 50%of recommended nitrogen regime in the two seasons. In this particular treatment, yield 
increased of 55.2 and 49.5 % over full N-dressed plants in the two seasons. Yeast strain deemed not very much 
successful in this respect.  
 Again, Biofertile in presence of 20 kg fed-1 did express itself as a growth supportive agent and resulted in 
respective increases of   5.01 and 4.71 tonnes fed-1

 head yield during 2010-2011 and 2011-2012 seasons. In the 
other biotic treatments, the yield hardly exceeded 1.97 tonnes fed-1. 
 The beneficial effect of the Biofertile in combination with 50 % of recommended N fertilizer level was 
extended to both economic yield and harvest index. In respect to the former parameter, as high as 116.4 and 
120.8 g plant -1were scored in the two successive seasons.  The highest, respective percentages of 48.51 and 
45.98 were estimated for the latter criterion. 
 In general, microbiota-treated broccoli grew and developed more nicely compared to those supplemented 
with recommended N fertilization regime. 
 Full N-dressed broccoli scored the lowest quantity of ascorbic acid (76.8 mg / 100 g), increases of 99.2 -
191.7% were attributed to biological treatments even with decreasing the N fertilization level to 50% (Table 5). 
Extraordinary amount of vitamin C (224.0 mg/100g) was accumulated in heads of Biofertile-treated plants. 
 Little fluctuations, of no significance in the majority of cases, were reported in chlorophylls a and b 
contents of the head extracts (Table 6), the estimates were 0.98-1.23 mg g-1 for the former and 0.68-1.23 mg g-1 
for the latter. Introduction into soil of 40 kg N fed-1 of N resulted in the highest total chlorophyll content (3.06 
mg g-1). 
 Carotenoids considerably varied among the various treatments (Table 6).  As high as 2.99 mg 
 g-1 representing  250% increase over 40 kg N fed-1 -received plants were due to composite inoculum of 
Biofertile and Saccharomyces cerevisiae plus 20 kg N fed-1. Corresponding increases of 2.4 - 223.6% were 
attributed to the other treatments. 
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Table 4: Effect of mineral N fertilization and microbial inoculation of number of leaves per plant , chlorophyll content (SPAD), stem length, stem diameter , head diameter, average head 
weight, head dry matter percentage, head yield per fed., economic yield and harvest index seasons 2010/2011 and 2011/2012. 

Season  2010/2011  
Treatments  No. of 

leaves 
Plant-1 

Chlorophyll 
in leaves 
(SPAD) 

Stem length
(cm) 

Stem 
diameter 

(mm) 

Head 
diameter 

(cm) 

Average 
head 

weight 
(g) 

Head 
dry 

matter 
(%) 

Head 
yield  

kg  
fed-1 

Economic 
yield  

(g plant-1) 

Harvest 
index 
(%) 

Control (40kgN fed-1) 26.67 a 77.47 a 71.50 b 28.75 a 27.05 ab 793.90 c 9.78 a 9072.0 c 77.58 bcd 41.81 b 
Biofertile(B) 24.67 a 78.50 a 72.33 b 30.87 a 27.17 ab 857.22 bc 9.46 a 9081.0 c 75.08 cd 27.22 d
B+20kg N fed-1  25.00 a 80.90 a 73.33 b 30.76 a 29.75 a 1232.00 a 9.45 a 14080.0 a 116.40 a 48.51 a 
Yeast(Y) +40kgN fed-1 24.33 a 72.97 a 79.50 a 31.32 a 27.55 ab 874.5 0bc 9.71 a 9994.0 bc 84.86 bc 28.35 d 
Y+20kgN fed-1 27.00 a 76.53 a 78.50 a 34.22 a 28.11 a 924.70 b 9.43 a 10570.0 b 87.15 b 27.60 d
B+Y+20kg N fed-1. 25.00 a 77.33 a 70.00 b 28.34 a 25.28 b 852.30 bc 9.16 a 9348.0 c 72.00 d 35.71 c 
L.S.D at 0.05 N S NS 4.16 NS 2.48 101.7 NS 1057 9.80 2.60 

Season 2011/2012  
 Control (40kgN fed-1) 25.67 a 77.17 a 74.00 ab 31.23 a 27.33 bc 830.70 c 9.53 a 9493.0 c 79.20 c 32.21 bc
Biofertile(B) 24.67 a 76.67 a 72.00 b 30.44 a 29.22 ab 1003.22 b 9.42 a 11460.0 b 94.47 b 31.97 bc 
 B+20kg N fed-1 26.33 a 77.10 a 75.50 ab 31.25 a 30.92 a 1242.00 a 9.73 a 14200.0 a 120.80 a 45.98 a 
 Yeast(Y) +40kgN fed-1 27.00 a 80.57 a 73.00 ab 31.73 a 28.33 abc 808.50 c 9.55 a 9240.0 c 77.26 c 27.72 c
 Y+20kgN fed-1 24.67 a 78.08 a 76.67 a 29.43 a 26.78 bc 766.17 c 9.52 a 8756.0 c 72.94 c 34.98 b 
 B+Y+20kg N fed-1. 26.33 a 77.13 a 74.00 ab 29.38 a 25.33 c 834.80 c 9.31 a 9540.0 c 77.72 c 44.87 a 
L.S.D at 0.05 NS NS 3.88 NS 3.02 120.4 NS 1376 10.72 4.56 

 
Table 5: Ascorbic acid content of broccoli head extracts due to chemical and microbial treatments.  

Treatments mg/100g 
Control (40 kg N fed -1) 
Biofertile (B) 
B + 20 kg N fed -1 
Yeast (Y) +40 kg N fed -1  
Y + 20 kg N fed -1 

B +Y + 20 kg N fed -1 

76.8 
224.0 
167.6 
150.6 
176.0 
153.0 

L.S.D (0.05) is 22.4.  
 
Table 6: Chlorophyll and carotenoid contents (mg/g) of the different treatments. 

Treatments Chl. a Chl. b Total chlorophyll Carotenoids 
Control (40 kg N fed -1) 
Biofertile (B) 
B + 20 kg N fed -1 
Yeast (Y)+40 kg N fed -1  
Y + 20 kg N fed -1 

B +Y + 20 kg N fed -1 
L.S.D (0.05) 

1.83 
1.12 
1.49 
0.98 
1.11 
1.05 
0.66 

1.23 
1.03 
0.78 
0.91 
0.68 
0.89 
0.29 

3.06 
2.13 
2.26 
1.9 
1.79 
1.89 
0.44 

0.85 
1.66 
0.87 
2.75 
2.05 
2.99 
0.71 

 
 Biofertile did significantly support the antioxidant activity of broccoli head extracts of both tested 
concentrations (Figure 3). This was very obvious where average increase percentage in the activity of 28.6% 
was estimated in comparison to full N fertilization. Yeast strain, as well, magnified the activity particularly 
when used in combination with the rational N level (average increase of 22.4%). The antioxidant activity was 
found to be concentration-dependent. Irrespective of treatment, the activity at 100 ug ml-1 concentration 
exceeded that at 50 ug ml-1 by ca. 35%. 
 

 
 
Fig. 3: Antioxidant activity (%) of broccoli head water extract of the different treatments compared with BHT at 

different concentrations. 1) Control (40 kg N fed-1), 2) Biofertile (B), 3) B + 20 kg N fed -1, 4) Yeast (Y) 
+ 40 kg N fed -1, 5) Y + 20 kg N fed-1 and 6) B +Y + 20 kg N fed -1. 
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Discussion: 
  
 The major applications of bacteria for improving plant growth include agriculture, horticulture, forestry and 
environmental restoration. Indeed, the direct mechanisms of plant growth promoting rhizobacteria (PGPR) 
include the provision of bioavailable phosphorus for plant uptake, nitrogen fixation for plant use, sequestration 
of iron for plants by siderophores, production of plant hormones like auxins, cytokinins and gibberellins besides 
lowering of plant ethylene levels. The indirect mechanisms, on the other hand, achieved by PGPR encompass 
antibiotic production against pathogenic microbes, reduction of iron available to phytopathogenes in the 
rhizosphere, synthesis of fungal cell wall lysing enzymes and competition with detrimental microorganisms for 
sites on plant roots (Dilfuza, 2008). 
 There is a great deal of contradictory information on the effectiveness of PGPR and diazotrophs in 
particular, on plants in soil under various conditions of site, fertilization and bacterial inoculation. Little is 
known on the validity of diazotrophic biopreparate inoculation to support broccoli yield and production of 
secondary metabolisms. But why broccoli?  a question needs an answer. This particular vegetable, a member of 
the Crucifer family, is rich in a variety of vitamins and minerals such as vitamins A, B and C besides containing 
calcium, carotenoids, fibbers and folic acid (Decoteau, 2000; Michaud et. al., 2002). Broccoli is also a rich 
source of sulforaphane which has been shown to display potent and carcinogenic properties, it reduces the risk 
of cancer. The cancer-fighting ability of broccoli is not new and previous studies related its benefits to the high 
levels of glucosinolates it contains (Zhao et. al., 2007).  This work reports on response of the broccoli vegetative 
growth to the bioformulation “Biofertile” containing 6 strains of associative and / or endophytic N2- fixing 
bacteria in presence of Saccharomyces cerevisiae, as a vitamin-producing organism, and mineral N fertilization. 
 Broccoli rhizospheres accommodated high total bacterial populations of up to 108 cfu g-1. Similarly, 
associative diazotrophs were reported in densities of 105-107 cfu g-1. Biofertile and yeast strain did obviously 
support the soil microbion and biofertility, a finding may in turn ameliorate the vegetable productivity. 
 In comparison to full N-accommodated plants (control), the diazotrophic bioformulation Biofertile either 
alone or in combination with the rational N fertilization regime did significantly support the various broccoli 
growth and yield traits. A phenomenon that authenticates the successful adoption of the Integrated Fertilizer 
Management (IFM) strategy for the vegetable crop cultivation under Egyptian conditions.  An approach leads to 
save up to 50 % of mineral N needs of the crop. The improvement of broccoli vegetative and head yields due to 
fertilization, other than mineral ones, was recently reported by many investigators (Ouda and Mahadeen, 2008; 
Kandil and Gad, 2009; Saha et. al., 2010). 
 Actually, the root (R) /shoot (Sh) ratio is a unique criterion expressing the magnitude of inoculation with 
multifunctional rhizobacteria. The introduction of plant hormone-producing diazotrophs into plant-soil system is 
well documented (Vessey, 2003; Zaki et. al., 2009) to support extraordinary root-biomass production, so higher 
R/Sh ratios are expected.  In the present study, broccoli received no Biofertile recorded R/Sh ratio 0.57( data not 
shown). Such a ratio raised to 0.89 with the diazotrophic biopreparate application in presence of 20 kg mineral 
N fed-1. Relatively high ratio (0.66) was attributed to Biofertile plus Saccharomyces cerevisiae together with 
50% the recommended dose of N fertilizer. In absence of Biofertile, the yeast strain even with full N dressing 
failed to modify the root/shoot ratio of the vegetable plant. 
 The majority of diazotrophs entrapped in Biofertile are known to produce a variety of plant hormones 
especially indol-3-acetic acid, IAA (Bhashara Rao and Charyulu, 2005). Inoculation of maize with IAA-
producing Pseudomonas and Acinetobacter strains exerted beneficial effects on root elongation and lateral root 
production and the effect was comparable to the application of IAA. 
 The chemical profile of broccoli head extracts indicated that microbiota, whether Biofertile or 
Saccharomyces cerevisiae, successfully stimulated accumulation of photosynthetic pigments and carotenoids in 
the vegetable plant tissues to levels exceeded that estimated for heavy N-dressed plants. A finding proves the 
significant contribution of diazotrophic and rhizobacteria to plant nutrition and development (Zaki et. al., 2009). 
 Antioxidant activity was conspicuously enhanced as well due to microbiota presence in the vegetable plant 
environment, an effect previously reported by Anant et. al. (2006) and  Kandil and Gad (2009). Interestingly, 
the antioxidant activity positively correlated with vitamin C content, a relationship expressed in linear regression 
(Fig. 4) and correlation coefficient of 0.831. 
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Fig. 4: Linear regression and correlation between ascorbic acid content and antioxidant activity of broccoli head 

extracts. 
 
 Assuming a C2H2 reduced / N2 fixed conversion factor of 3 (Hardy et. al., 1968), the biopreparates-free soil 
recorded 80.8 nmoles C2H4 g

-1h-1, an estimate represents a net N gain of ca. 11 kg fed-1 ( Fig. 5). Such an amount 
is due to the naturally occurring soil microresidents having the capacity to fix N2 from air. Introduction of 
Biofertile into broccoli-soil system doubled the quantity of N gained to ca. 23 kg fed-1. The efficiency of N2 

assimilation of Biofertile diazotrophic candidates somewhat lowered when added simultaneously with 50 % of 
recommended N fertilization level, an average gain of ca. 18 kg N fed-1 was scored. Presence of Saccharomyces 
cerevisiae in mixed cultivation with Biofertile and 20 kg N fertilizer had no effect on the net yield of N gained. 
 What is currently missing from investigations on PGPR in literature and diazotrophs in the present study, in 
agriculture, is the lack of comparative studies among crop types and different species or strains of rhizobacteria. 
As reported by Hall et. al. (1996), when Pseudomonas putida GR12-12 was introduced to various crops, there 
were dissimilarities in plant stimulation between monocot and dicot plants. There are also significant differences 
in yield of summer compared to winter crops following inoculation with Azospirillum brasilense cd (Okon and 
Labandera-Gozalez, 1994). The positive effects of various rhizobacterial types on many economically important 
crops is a valid phenomenon, and these results can act as a basis for the effective utilization of these biotic 
members in a variety of applications. 
 

 
Fig. 5: Acetylene reducing activities and representative N gains in soils of the various mineral and biological 

treatments. 1) Control (40 kg N fed-1), 2) Biofertile (B), 3) B + 20 kg N fed -1, 4) Yeast (Y) + 40 kg N 
fed -1, 5) Y + 20 kg N fed -1 and 6) B +Y + 20 kg N fed -1. 

 
Conclusion: 
 
 More research is needed on the interaction between broccoli and diazotrophic bioformulations as the 
entrapped candidates of the latter are known with their multi-functions. Of particular necessity would be the 
screening of several cultivars for biopreparate treatment followed by an assessment of the environmental inputs 
that favour or discourage the proper plant-microbe performance. Such a screening programme may well 
discover that diazotroph infection of plant roots is a common feature of broccoli species. These plant / bacterial 
associations involving endophytic diazotrophs and the vegetable plant can be genetically manipulated for 
increased plant growth and possibly head yield. In addition, the inoculant strains should be labeled, so they can 
be easily detected and followed in the environment after being introduced. 
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