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Effects of Several Effective Microorganisms (EM) on the 
Growth of Chinese cabbage (Brassica rapa)

Khalid A. Hussein and Jin Ho Joo*

Department of Biological Environment, Kangwon National University, 192-1 Hyo-Ja Dong, 
Chuncheon, Kangwon-do 200-701, South Korea

The development of satisfactory alternatives for supplying the nutrients needed by crops could decrease the 
problems associated with conventional NPK chemical fertilizers. In this study, the effects of bacterial and 
fungal effective microorganisms (EM) on the growth of Chinese cabbage (Brassica rapa) were evaluated. 
This investigation was carried out parrallel with conventional NPK chemical fertilizer and a commercial 
sold microbial fertilizer to compare between each of their effect. Sterile water and molasses were served as 
controls. Azotobacter chroococcum effect also was studied either alone or in combination with the effective 
microorganisms on the growth parameters. In contrast to the bacterial EM, the fungal EM alone without 
A. chroococcum had a more stimulating effect than fungal EM combined with A. chroococcum. Results 
showed that seedling inoculation significantly enhanced B. rapa growth. Shoot dry and fresh weight, and 
leaf length and width significantly were increased by both bacterial and fungal inoculation. The results 
indicated that the NPK chemical fertilizer deteriorates the microflora inhabiting the soil, while the effective 
microorganisms either fungal or bacterial ones increased the microbial density significantly. This study 
implies that both of fungal and bacterial EM are effective for the improvement of the Chinese cabbage 
growth and enhance the microorganisms in soil. The results showed antagonism occurred between A. 
chroococcum and each of Penicillium sp and Trichoderma sp in both agar and plant assays. The data were 
statistically analyzed by ANOVA and Dunnett test.
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Introduction

The intensive use of chemical fertilizers has side effects 
in polluting underground water, destroying microorganisms 
and insects, making plants more susceptible to the attack 
of diseases and reducing soil fertility (Abdelaziz et al., 
2007). Therefore, the development of satisfactory alternatives 
for supplying the nutrients needed by crops could decrease 
the problems associated with conventional NPK chemical 
fertilizers. Soils contain natural reserves of plant nutrients, 
but these reserves are largely in forms unavailable to 
plants, and only a minor portion is released each year 
through biological activities or chemical processes. This 
release is too slow to compensate for the removal of 
nutrients by agricultural production and to meet crop 
requirements (Chen, 2006). Therefore, biofertilizers are 

designed to supplement the nutrients already present in 
the soil. Biofertilizers comprise microbial inocula or 
assemblages of living microorganisms which exert direct 
or indirect benefits on plant growth and crop yield through 
different mechanisms (Fuentes-Ramirez and Caballero- 
Mellado, 2005). These microorganisms are able to fix 
atmospheric nitrogen or solubilize phosphorus, decompose 
organic material, or oxidize sulfur in the soil properties 
(Marin, 2006). Biofertilizers, commonly known as microbial 
inoculants are produced from cultures of certain soil 
organisms that can improve soil fertility and crop 
productivity such as mycorrhizae (Malik et al., 2005; 
Marin, 2006). One of the world’s most commonly used 
term in the concept of biofertilizer is “effective micro-
organisms” (EM). Azotobacter sp. can produce antifungal 
compounds to fight against many plant pathogens. They 
also increase germination and vigor in young plants 
leading to improved crop stands (Chen, 2006). Kloepper 
et al. (1992) has shown that wheat yield increased up to 
30% with Azotobacter inoculation and up to 43% with 
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Table 1. The groups of microorganisms used as effective microorganisms (EM).

Group Treatments
Group 1 Only water
Group 2 Sterilized molasses
Group 3 NPK chemical fertilizer
Group 4 Commercial EM solution

Group 5 Bacterial EM (Lactobacillus kefir, Rhodobacter sp., Bacillus cereus, Pseudomonas fluorescens, and 
Pseudomonas auregenosa)

Group 6 Azotobacter chroococum + Bacterial EM (Lactobacillus kefir, Rhodobacter sp., Bacillus cereus, 
Pseudomonas fluorescens, and Pseudomonas auregenosa)

Group 7 Azotobacter chroococum + Fungal EM (Penicillium chrysogenum and Trichoderma sp)
Group 8 Fungal EM (Penicillium chrysogenum and Trichoderma sp)
Group 9 Only Azotobacter chroococum

Bacillus inoculation. Other fungal biofertilizers which 
have been used to improve plant growth are Penicillium 
species (Kaewchai et al., 2009). They are phosphate 
solubilizing microorganisms that improve phosphorus 
absorption in plants and stimulate plant growth (Wakelin 
et al., 2004; Pradhan and Sukla, 2005). Fungal biofertilizers 
include plant growth stimulating fungi e.g. Trichoderma, 
enzymatic producing fungi for compost production and 
P-solubilizing fungi and K-solubilizing fungi. Fungal 
biofertilizers play an important role in promoting plant 
growth, health, productivity and improving soil fertility 
(Kaewchai et al 2009). Trichoderma species can not only 
reduce the occurrence of disease and inhibit pathogen 
growth when used as mycofungicides, but they also 
increase the growth and yield of plants (Harman et al., 
2004; Vinale et al., 2008). They also increase the survival 
of seedlings, plant height, leaf area and dry weight 
(Kleifeld and Chet, 1992). Trichoderma species improve 
mineral uptake, release minerals from soil and organic 
matter, enhance plant hormone production, induce 
systematic resistance mechanisms, and induced root 
systems in hydroponics (Yedidia et al., 1999). For these 
reasons Trichoderma species are known as plant growth 
promoting fungi (Hyakumachi and Kubota, 2004; Herrera- 
Estrella and Chet, 2004) or are increasing plant growth 
(biofertilization) (Benítez et al., 2004). Mycofungicides 
and fungal biofertilizers are presently used on a very small 
scale as compared to chemical compounds (Fravel, 2005). 
There is still a wide gap between the considerable, often 
unpublished research carried out in laboratories as compared 
to development for use in the field. Future research should 
therefore develop fungal products which have significant 
effects in field applications and that are also stable when 

stored. A plastic film house experiment was carried out to 
investigate the effects of several effective microorganisms 
of bacterial and fungal application in order to improve the 
yield quality and productivity of Chinese cabbage.

Materials and Methods

Natural silty clay soil was sieved via 2 mm mesh. The 
soil was mixed well manually with manure at the rate of 
1,000 kg 10a-1. Twenty cm diameter pots were filled with 
soil up to 1 cm of the top. Soil in all pots was damp but not 
to the saturation level. Pots were divided into nine groups 
(Table 1) with triplicate. Group one was the negative 
control with only water added throughout the study. Group 
two was a second control treated with 40 ml 5 days-1 pot-1 
sterilized molasses. Group three was given the manufactured 
NPK chemical fertilizer at the rate of N-P2O5-K2O (200- 
78-110 kg ha-1) as basal fertilization. Group four was 
given 40 ml 5 days-1 pot-1 commercial EM solution. Group 
five was given bacterial EM mixture “Lactobacillius kefir, 
Rhodobacter sp., Bacillus cereus, Pseudomonas fluorescens, 
and Pseudomonas auregenosa” 40 ml 5 days-1 pot-1. Group 
six was given the bacterial EM mixture plus Azotobacter 
chroococum 40 ml 5 days-1 pot-1. Group seven was given 
fungal EM “Penicillium chrysogenum and Trichoderma 
sp.” plus Azotobacter chroococum 40 ml 5 days-1 pot-1. 
Group eight was given only fungal EM “Penicillium 
chrysogenum and Trichoderma sp.” 40 ml 5 days-1 pot-1. 
Group nine was given Azotobacter chroococcum alone 
40 ml 5 days-1 pot-1. The experiment elapsed 35 days prior 
to harvest Chinese cabbage and measure growth parameters. 
So, the total volume added of EM solution to each treatment 
was 280 mL/pot (Table 1).



Effects of Several Effective Microorganisms (EM) on the Growth of Chinese cabbage (Brassica rapa) 567

EM species either bacteria or fungi were cultivated in 
molasses separately to avoid antagonistic action inside the 
media. The cultures were also incubated separately for 
three days in convenient conditions before application to 
the soil. Each soil group was inoculated by its corresponding 
treatment one week before planting of the seedlings. EM 
species were mixed evenly in equal amounts only before 
the application to their corresponding group. The seedlings 
roots were immersed in the EM solution corresponding to 
their groups. Water was provided on demand to all plants. 
Measurements of the chlorophyll using Chlorophyll Meter 
(SPAD-502PLUS) were determined twice (two weeks and 
five weeks after seedlings). Root length, root fresh weight, 
shoot dry weight, shoot fresh weight, leaf’s length, and 
width were measured after five weeks. The microbial 
densities of the fresh soils were measured for the all 
treatments and control (Chaudhary and Iqbal, 2006). The 
fresh and dry weights were weighed by an analytical 
balance (High-precision Balance). Plants were dried at 
75℃ for 24 hours.

Cultivation of Microorganisms

Bacterial and fungal species were isolated from the 
rhizosphere of Pinus sylvestris shrubs in the forest area 
near Kangwon National University, Chuncheon, Korea. 
Pseudomonas Agar F selective media was used to isolate 
the pseudomonas species. The media was prepared by 
adding pancreatic digest of casein 10 g; proteose peptone 
10 g; K2HPO4 1.5 g; MgSO4‧7H2O 1.5 g; and Agar 15 g to 
1,000 mL of distilled water. Lactobacillus species was 
isolated on Lactobacilli MRS Agar as selective media 
which contained proteose peptone 10 g; beef Extract 10 g; 
yeast extract 5 g; dextrose 20 g; polysorbate 1 g; ammonium 
citrate 2 g; sodium acetate 5 g; magnesium sulfate 0.1 g; 
manganese sulfate 0.05 g; dipotassium phosphate 2 g; agar 
15 g (pH 6.5) per 1,000 mL of distilled water. The bacterial 
species were purified and examined microscopically. All 
bacterial species were preserved on slant cultures of 
Nutrient Agar media (pH 6.8) which contained peptone 5 
g; yeast extract, 3 g; agar, 15 g per 1,000 mL of distilled 
water. The fungal species were isolated and preserved on 
slant cultures using Czapek’s Agar media (pH 7.3) which 
contained/ liter of distilled water glucose 30 g; NaNO3 3 g; 
KH2PO4 1 g; MgSO4‧7H2O 0.5 g; KCl 0.5 g; (NH4) H2PO4 
10 g; FeSO4‧7H2O 0.01 g; Agar 15 g a 1,000 mL of 
distilled water. 

Antagonism Tests

Fungal and bacterial species were activated on their 
convenient media, agar discs (15 mm diameter) were cut 
from well growing culture with a sterile cork-borer and 
transferred to another agar surface, which was seeded 
about 105 spores/mL with the another antagonistic species. 
The plates were kept overnight in the 4℃ refrigerator to 
allow the diffusion of the metabolites from the discs to the 
surrounding medium without growing of the antagonistic 
species. The plates were incubated in the appropriate 
temperature for 2-3 days. The plates were examined for 
inhibition zones. This agar disc antagonism method was 
repeated among bacterial species, fungal species, and 
Azotobacter against both fungal and bacterial species 
(Patel and Brown, 1969).

Data was compared by analysis of variance (ANOVA) 
and Dunnett test as a post-hoc test (multiple comparisons) 
to see the differences between controls and treatment 
groups.

Microbial Analysis

Fresh soil samples were stored at 4℃ for microbiological 
analyses. Heterotrophic bacterial and fungal populations 
were estimated by the plate count method. Soil suspension 
and dilutions were prepared in sterilized and distilled 
water. Media of nutrient agar (NA), rosebengal starch 
casein nitrate agar (RBSCNA) and modified potato dextrose 
agar (MPDA) were prepared in laboratory and used for 
determination of total soil bacterial, actinomycetes and 
fungi populations, respectively (Alef and Nannipieri 
1995). Each solid medium was inoculated with 0.1 cm3 of 
soil dilution. It was incubated at 27℃. The numbers of 
colonies on each medium were counted and reported 
as CFU (colony-forming units)/g soil. The media for 
Azotobacter enumeration was a solid and N-free medium 
which contained sucrose, mineral salts, bromothymole 
blue and agar (LG medium). Colony-forming units on the 
solid media were numbered after a week of incubation at 
27℃ (Alef and Nannipieri 1995, Subba Rao 2001).

Results and Discussion

Many studies have shown that applying effective 
microorganisms increase crop productivity and diseases 
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Table 2. Effects of different EM inoculations on the Chinese cabbage growth.

No. Treatments

Leaf chlorophyll
(SPAD unit) Root Shoot Leaf R/S ratio

After 2 
weeks

After 5 
weeks

Fresh 
wt. Length Dry wt. Fresh wt. Width Length Fresh wt.

1 Water  44.2cd  50.9bc 1.1a  9.7a 1.6d 11e 4.6e 8.5b 0.10
2 Molasses  43.7cd 46.4c 1.2a  9.7a  2.4cd  15de  5.0de 8.5b 0.08
3 Chem. Fert. 50.8a 59.0a 0.9a  9.8a   3.2abc  20ab    6.1abcd  11.3ab 0.05

4 Commercial 
EM  44.2cd 46.1c 0.9a  9.5a  2.4cd   16cde   5.5cde  10.8ab 0.06

5 Bacterial EM  48.3ab 57.3a 1.1a  9.2a   3.1abc   24abc   6.5abc 11.9a 0.05

6 Bacterial EM + 
Azotobacter  46.5bc 54.9a 1.3a  9.5a   3.1abc  25ab  6.7ab 13.0a 0.05

7 Fungal EM + 
Azotobacter 41.8d 46.5c 1.1a 11.2a  3.0bc   22bcd   5.9bcd  11.3ab 0.05

8 Fungal EM 41.9d 48.1c 1.4a 12.8a 3.9a 31a 7.1a 13.3a 0.05
9 Azotobacter  46.0bc 48.0c 0.9a 11.5a  3.4ab   21bcd   6.2abc 12.7a 0.05

Fig. 1. Leaf color by chlorophyll meter (SPAD-502PLUS) with various treatments of effective microorganisms.

resistance (Iwaishi, 2000; Mridha et al, 1999; Xu, 2000a; 
Yamada et al, 2000). However, the mechanism of the 
effect of EM was not clear in many aspects and there might 
exit some kinds of active substances in the fermented 
solution (Xu, 2000a). Our study confirms the earlier finding 
implies that seedling inoculation significantly enhanced 
Chinese cabbage (Brassica rapa) growth. According to 
our results, shoot dry and fresh weight, leaf length and 
width significantly were increased by both bacterial and 
fungal inoculation. All effective microorganisms except 
fungal EM, increased leaf chlorophyll up to 14.2% over 
non-treated control after two weeks (Table 2, Fig. 1). The 
highest value for leaf chlorophyll appeared in the treatment 
of the NPK chemical fertilizer and was followed by the 

bacterial EM. Similarly, after five weeks the NPK chemical 
fertilizer showed the highest increase 15.9% in chlorophyll 
detected by leaf chlorophyll SPAD unit followed by 
12.6% increase treated with the bacterial EM. However, 
the fungal EM decreased the chlorophyll in the leaves. The 
seedling inoculation of Chinese cabbage with fungal EM 
and bacterial EM supplemented with A. chroococcum 
significantly increased the leaf length and width. Fungal 
EM free from A. chroococcum showed the highest value 
for leaf length with 56.8% increase followed by the 
bacterial EM fortified with A. chroococcum with 52.9% 
increase, while the commercial EM showed 27.4% increase 
(Table 2). For the leaf width, the effect of effective 
microorganisms has similar results with leaf length. 
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Fig. 2. The effect of A. chroococcum combination with 
the fungal EM (A) and the bacterial EM (B) on the growth 
parameters e.g. shoot weight and leaf length. 

However, root length and root fresh weight increased with 
effective microorganisms inoculation, but there were no 
significant differences between all treatments and control. 
The other growth parameters such as shoot dry weight and 
shoot fresh weight indicated that the laboratory prepared 
fungal EM, bacterial EM, and bacterial EM mixed with A. 
chroococcum have significant effects on these parameters. 
A. chroococcum inoculation showed significant differences 
in the growth parameters particularly in the shoot dry 
weight. The fungal EM free from A. chroococcum showed 
the highest increase in both shoot dry weight and fresh 
weight 140% and 187%, respectively. Fungal biofertilizers 
play an important role in promoting plant growth, health, 
productivity and improving soil fertility (Kaewchai et al 
2009). These results were followed by the treatment of 
bacterial EM plus A. chroococcum that gave increase 
93% and 138% for shoot dry weight and fresh weight 
respectively (Table 2). Results implied that the combination 
of A. chroococcum with the bacterial EM improved the 
growth parameters; however, A. chroococcum declined 
the fungal EM efficacy (Fig. 2). Microbial inoculants 
containing many kinds of naturally occurring beneficial 
microbes called ‘Effective Microorganisms’ have been 
used widely in nature and organic farming (Xu, 2000b). 
The effects of a combined treatment of multifunctional 
biofertilizer (mixture of Bacillus sp. B. subtillis, B. 
erythropolis, B. pumilus and P. rubiacearum) plus 50% 
chemical fertilizer (½ CF + biofertilizer) on a treatment of 
with chemical fertilizer (CF) and biofertilizer on the growth 
of lettuce were compared by Young et al. (2003). His 
results showed that there was a 25% increase of lettuce 
yield for the treatment of ½ CF + biofertilizer compared to 
that of the CF treatment, indicating that at least 50% of 
chemical fertilizer can be saved as multifunctional 
biofertilizer was used along with chemical fertilizer. 
Gholami et al. (2009) showed that leaf and shoot dry 
weight were significantly enhanced by bacterial inoculation 
and soil type. Plant growth promoting effects of PGPR 
strains in different crops were clearly demonstrated (Wu et 
al., 2005). Bacterial inoculants are able to increase plant 
growth and germination rate, improve seedling emergence 
and responses to external stress factors, and protect plants 
from disease (Lugtenberg et al., 2002). Jan et al (2009) 
proved that application of microbial inoculation is an 
acceptable approach for higher yield with good quality 
and safe for human consumption than that of chemical 
fertilizer. This study investigated that the bacterial EM 

increased the growth of Chinese cabbage signifcantly, the 
growth parameters showed higher results in treatment of 
bacterial EM + Azotobacter chroococcum (Table 2). That 
may be due to N2 fixation beside that the increased 
synthesis of hormones like gibberellins which would have 
the ability to induce the activity of the plant enzymes. 
Bacteria of the Azotobacter genus synthesize auxins, 
cytokinins, and GA-like substances, and these growth 
materials are the primary substances controlling the 
enhanced growth (Mrkova-ki and Milic, 2001). Azotobacters 
also increase germination and vigor in young plants 
leading to improved crop stands (Chen, 2006). Our 
investigation revealed that A. chroococcum caused a 
significant increase in the growth parameters in comparing 
with the control, particularly in the leaf length and the leaf 
chlorophyll SPAD unit (Table 2). The positive effect of A. 
chroococcum on yield and plant growth after inoculation 
of the seeds or seedlings has been attributed to a multiple 
action of A. chroococcum in soil (Brown, 1974; Shende et 
al., 1975) such as nitrogen fixation, suppression of plant 
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Table 3. Effect of EM on the soil microbial density. 

 Microbial density g-1 soil x 104

No. Treatments    Bacteria Fungi Azotobacter
1 Water 1,900bcd  12 132
2 Molasses 2,312bcd  32 532
3 Chem. fertilizer          572d  12 106
4 Commercial EM 2,532abc  52 732
5 Bacterial EM        3,132ab   6 412
6 Bacterial EM & Azotobacter         3,750a  12 900
7 Fungal EM & Azotobacter 2,032bcd  40 600
8 Fungal EM        1,400cd 286 132
9 Azotobacter        2,266bc  66 880

pathogens, production of plant growth-promoting substances, 
and mobilization of soil phosphate. Our results showed 
that the ratios of root to shoot were low with all treatments 
particularly the pots treated with A. chroococcum and the 
bacterial EM, however, the highest ratio of root to shoot is 
realized only in the water and molasses controls (Table 2). 
These results are in conformity with Hahne and Schuch 
(2004). They indicated that root shoot ratio of jojoba 
seedlings was always less than 1 and as small as 0.3. They 
also indicated that shoot growth was favored over root 
growth throughout the experiment. Crush (1974) estimated 
that phosphate deficiency increased the ratio of root to 
shoot of all the legumes tested. In this study the commercial 
EM didn’t show the best results neither in growth rate nor 
in microbial density of the soil. The highest value for 
leaf chlorophyll appeared in the treatment of the NPK 
chemical fertilizer and this was followed by the bacterial 
EM. However, the commercial effective microorganisms 
came in the third grade (Table 2, 3). Short shelf life, lack of 
suitable carrier materials, susceptibility to high temperature, 
problems in transportation and storage are biofertilizer 
bottlenecks that still need to be solved in order to obtain 
effective inoculation (Chen, 2007). In order to guarantee 
the high effectiveness of inoculants and microbiological 
fertilizers it is necessary to find compatible partners, i.e. a 
particular plant genotype and a particular azotobacteria 
strain that will form a good association (Mrkova-ki and 
Milic, 2001). According our results, plants treated with 
the mixture of bacteria or the mixture of fungi showed 
significant increases in leaf length and width, leaf 
chlorophyll (spad unit), fresh and dry weights, and 
microbial density of their soils, compared to those treated 
with mineral NPK. These results are supported by 
Abdelaziz et al. (2007) stated that plants treated with the 
mixture of compost and microorganisms showed significant 

increases in plant height, number of branches, fresh and 
dry weights, and number of flowers, compared to those 
treated with mineral NPK. 

The Microbial Density 

The results showed that inoculation with bacterial EM 
and fungal EM had a stimulation effect to increase the 
microbial density in soil significantly than water and 
molasses controls. The pots treated with bacterial EM plus 
A. chroococcum showed the highest bacterial density 
(3.75 x 107 CFU g-1 soil), followed by bacterial EM (3.13 
x 106 CFU g-1 soil), while the commercial EM increased 
the bacterial population in soil to 2.53 x107 CFU g-1 
soil, and that showed 33% increase than that of the 
water control (Table 3). The fungal EM alone without 
A. chroococcum had a more stimulating effect than fungal 
EM combined with A. chroococcum based on the fungal 
spores viability in the soil (Fig. 5). However, the bacterial 
EM mixed with A. chroococcum recorded the highest 
bacterial count (Fig. 3). The soil treated with fungal EM 
showed fungal density of 2.86 x 106 CFU g-1 soil, while 
the fungal EM plus A. chroococcum treated soil showed 
only 4.0 x104 CFU g-1 soil (Fig. 5). However, the soil of 
A. chroococcum treatment gave 6.6 x 105 CFU g-1 soil 
(Table 3). Water and molasses controls soil showed fungal 
spores density of 1.2 x 105 CFU g-1 soil and 3.2 x 105 CFU 
g-1 soil, respectively.

Azotobacter viability appeared greater in the bacterial 
EM plus A. chroococcum soil than that of A. chroococcum 
alone treated soil. The soil treated with bacterial EM + A. 
chroococcum showed 9.0 x 106 CFU g-1 soil, while the 
A. chroococcum soil had 8.8 x 106 CFU g-1 soil. The 
commercial EM had 7.32 x 106 CFU g-1 soil of Azotobacter. 
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Fig. 3. Microbial density in the soil with various treatments of effective microorganisms.

However, the fungal EM plus A. chroococcum soil gave 
only 6.00 x 106 CFU g-1 soil of Azotobacter. The water and 
molasse controls have 1.32 x 106 CFU g-1 soil, and 5.32 x 
106 CFU g-1 soil, respectively. The NPK chemical fertilizer 
diminished the Azotobacter viability to 1.06 x 106 CFU g-1 
soil. Table 3 shows that the chemical fertilizer deteriorates 
the microflora inhabiting the soil showing the count 5.72 
x 106 CFU g-1 soil, 1.2 x 105 CFU g-1 soil, and 1.06 x 106 
CFU g-1 soil of bacteria, fungi, and Nitrogen fixing 
bacteria, respectively. The intensive use of chemical 
fertilizers has side effects in destroying microorganisms 
in the soil making plants more susceptible to the attack 
of disease (Abdelaziz et al., 2007). Due to the use of 
pesticides the productivity of agriculture systems has 
increased but environmental deterioration is the consequence 
of these ways of management. However, the use of EM as 
an additive to manure or as a spray directly in the field may 
increase the microfauna diversity of the soil and many 
benefits are derived from that increase (Cóndor-Golec 
et al., 2007).

Antagonism

To confirm our results, we carried out agar antagonism 
tests between all the used effective microorganisms 
species and A. chroococcum and among each others. The 
positive results were shown only between A. chroococcum 
and the fungal species (Fig. 4). The results showed that 
seedling inoculation either by bacterial EM or fungal EM 
significantly enhanced the Chinese cabbage (B. rapa) 

growth. Fungal EM without A. chroococcum performed 
better than fungal EM + A. chroococcum in all the measur-
ements of growth parameters (Table 2, Fig. 2). Moreover, 
in this study Penicillium sp. and Trichoderama were used 
as fungal EM. The results showed that fungal EM free 
from A. chroococcum showed the highest length of leaf 
with 56.8% increase followed by the bacterial EM 
fortified with A. chroococcum with 52.9% increase, while 
the commercial EM revealed only 27.4% increase (Table 
2). Trichoderma species have successfully been used as 
biofungicides and biofertilizers in greenhouse and field 
plant production (Harman et al., 2004; Vinale et al., 
2008). There are many Trichoderma products as fungal 
biofertilizers available in the market. Their applications 
are however related to their ability to control plant 
diseases and promote plant growth and development 
(Harman et al, 2004; Vinale et al, 2006). Trichoderma 
also has various applications and important sources of 
antibiotics, enzymes, decomposers and plant growth 
promoters (Daniel and Filho, 2007). Our data indicated 
that, in contrast the bacterial EM, the fungal EM alone 
without A. chroococcum had a more stimulating effect 
than fungal EM combined with A. chroococcum (Fig. 2). 
These findings may be due to the interaction occurred 
between A. chroococcum and the used fungal species. 
Particularly fungi are one of the major antibiotic-producing 
organisms. Azotobacter sp. can also produce antifungal 
compounds to fight against many plant pathogens. They 
also increase germination and vigor in young plants leading 
to improved crop stands (Chen, 2007). Meshram and Jager 
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Fig. 4. The Agar disc Antagonism between A. chroococcum and Trichoderma sp (A). and A. chroococcum and P. chrysogenum (B).

Fig. 5. The antagonism between A. chroococcum and the fungal species may be affected the fungal density in the fresh soil. The 
soil treated by fungal EM (A) showed fungal density more than the soil treated with fungal EM+ A. chroococcum (B), the water 
control (C), and the molasses control (D) were also shown.

(1983) showed that some isolates of A. chroococcum 
could suppress the growth of R. solani on agar plates; the 
inhibitory effect of Azobacter on R. solani on agar plates 
may be attributed to antibiotic substances produced by the 
isolates. The antagonism investigation showed positive 
results occurred between A. chroococcum and each of 
Penicillium sp and Trichoderma sp in disc agar assay 
(Fig. 4). As A. chroococcum has been found to exhibit 
antagonistic action against pathogenic soil organisms, it is 
worthwhile to examine its possible role in biological 
control of plant diseases (Meshram and Jager 1983). 
Therefore, according to our data the fungal EM alone 
without A. chroococcum had a more stimulating effect 
than fungal EM combined with A. chroococcum regarding 
the fungal spores viability in the soil (Fig. 5). Antifungal 
action of A. chroococcum against Aspergillus glaucus, 
Penicillium spp., Fusarium spp. and Alternaria spp. has 

been reported (Lakshmi Kumari et al., 1972). However, 
Hyde (2001) indicated that in nature fungi will compete 
against a suite of other microorganisms and this competition 
may induce antimicrobial production. The ability of the 
fungi to produce metabolites affecting Azotobacter depended 
greatly on the medium in which they were grown. Six 
Penicillium isolates strongly inhibited Azotobacter growth 
and six were inactive (Patel and Brown, 1969).

Conclusion

The determination of the growth parameters of B. rapa 
(Chinese cabbage) showed significant differences between 
the controls and the applied effective microorganisms. 
However, the rate of improvement varied with effective 
microorganisms groups. The fungal EM free from A. 
chroococcum showed the highest length of leaf with 
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56.8% increase followed by the bacterial EM + A. 
chroococcum with 52.9% increase, while the commercial 
EM revealed only 27.4% increase, that may be explained 
by “antagonism interactions”. According to our results 
the positive effect occurred only between A. chroococcum 
and the fungal species, and no antagonism occurred 
between A. chroococcum and the EM bacterial species. 
The fungal EM alone without A. chroococcum had a more 
stimulating effect than fungal EM combined with A. 
chroococcum regarding the fungal spore viability in the soil. 
However, the bacterial EM mixed with A. chroococcum 
recorded the highest bacterial count. Our results showed 
that the fungal EM soil showed fungal density of 2.86 x 
106 CFU g-1 soil, while the fungal EM + A. chroococcum 
treatment showed only 4.0 x104 CFU g-1 soil. Our results 
showed that inoculation with bacterial EM and fungal EM 
has a stimulation effect to increase the microbial density 
present in the soil significantly than water and molasses 
controls. Also the results indicated that the chemical 
fertilizer deteriorates the microflora inhabiting the soil, 
while the effective microorganisms either fungal or bacterial 
ones increased the microbial density significantly. 

Chemical or microbial fertilizer has its advantages and 
disadvantages in terms of nutrient supply, soil quality, and 
crop growth. Developing a suitable nutrient system may 
be a challenge to reach the goal of sustainable agriculture, 
however, much research is still needed.
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