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ABSTRACT 

 
Excessive usage of chemical fertilizers is on the rise, polluting the groundwater because of the synthetic Nitrogen (N) content in it. 

Experiments were conducted to determine the potential use of a microorganism from a homemade biofertilizer as a source of N-

biofertilizer. First, two homemade biofertilizer sources, vegetables and food waste, were selected and inoculated with microorganisms 

for the growth of the Chinese cabbage. During the experiment, the early growth of the plant was higher than control group and was 

statistically significant. Next, the best microorganisms, which could synthesize the plant-growth promoting elements, were selected 

from the homemade biofertilizer sources. Six strains of microorganisms were screened and tested for production of N through the 

amount of total ammonia by Kjeldahl method and the ability of microorganisms in N-cycle. The end results showed that 

microorganisms promoted the growth of Chinese cabbage more compared to that without biofertilizer (control). 
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INTRODUCTION 

 

 Urea is the most convenient source for Nitrogen (N). However, the efficiency of use of urea-N in crops is 

often very low, generally around 30–40%; in some cases even lower [4]. This low efficiency is attributed mainly 

to ammonia volatilization, nitrification, denitrification, leaching, and run-off losses [3]. Agricultural areas that 

use large quantities of fertilizers cause water contamination [21]. Microbial inoculation of plant growth-

promoting (PGP) bacteria used as biofertilizers or biopeticides are attracting growing interest in such 

management strategies [27], because of their expected the prevention of infections by phytopathogens[6], 

potential for nutrient availability to crops[11],improving efficiency of N2-fixation[4], and their possible use as 

soil conditioners. Anyway, the complexity of the interactions among PGP and possible synergistic effects are 

only poorly understood and most research has focused on inoculate with single strains [27]. 

 The efficiency of fertilizer N use can be increased by reducing the losses by several means including the 

application of inoculant plant growth-promoting (PGP) bacteria [4,10]. Certain soil properties and indigenous 

soil microbial populations often act as constraints to the establishment of microorganisms. Many studies have 

shown that these constraints could be overcome through periodic repeated applications of microorganisms at 

least during the initial years. Microorganism inoculation ensures that all the possible benefits for improving soil 

quality and plant growth, yield, and quality are realized [9,15] In an earlier study on association of dominant 

nitrogen-fixing bacteria with rice grown in a phytotron on Vietnamese acid sulphate soil, N2-fixing bacteria 

were counted and isolated using the “spermosphere model” technique [26]. Under these conditions, N2-fixers 

represented 40% of total cultivable bacteria in the rhizosphere soil sample studied, and in addition to 

Enterobacteriaceae, predominant taxa observed were Azospirillumlipoferum, A. brasilense and Burkholderia, the 

http://creativecommons.org/licenses/by/4.0/
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latter being a new species, subsequently described as B. vietnamiensis [7]. Among the isolates, strain TVV75 of 

B. vietnamiensis was most efficient in reducing acetylene, could inhibit phytopathogenic fungi, and produced a 

new and efficient siderophore [14]. In conclusion, the biodiversity of plant-associated microbial species is a 

basic condition to establish plant fitness in each environment.  

 On the other hand, many different microbial biofertilizers are available on the market for agricultural use. 

Some of them claim to enhance plant growth and improve soil fertility, but the microbial composition is not 

specified in detail, making it difficult for the users to evaluate the product [22]. 

 The purpose of this study was to screen the microorganisms from homemade biofertilizer that could 

promote plant growth and determine the effect of microorganisms on the yield of early Cantonese grown on 

soils over a period. 

 

2.Objectives: 

 To determine the potential use of a microorganism from a homemade biofertilizer as a source of N-

biofertilizer. 

MATERIALS AND METHODS 
 

 Most of chemicals used were of the best grade, and purchased either from Sigma-Aldrich (USA). All the 

media were sterilized by autoclaving (at 121°C, 1.1 atm, for 15 minutes). 

 

3.1Preparation of homemade biofertilizer: 

 Two types of homemade biofertilizers (from vegetable and food waste) were fermented in anaerobic 

condition, room temperature (30°C), for one month. The composition of vegetable biofertilizer consisted of 1 

Kg Chinese cabbage, 1 Kg cabbage, 1 Kg morning glory, and 1 Kg molasses. The composition of food waste 

biofertilizer consisted 1 Kg food waste (equal amount of fish, shrimp and rice) and 1 Kg molasses. The 

homemade biofertilizers prepared were kept in dark containers (anaerobic condition) and these containers were 

kept in room temperature (30°C) before use. 

 

3.2Effect of homemade biofertilizer to promote plant growth: 

 The study was conducted at the Faculty of Engineering, Burapha University, Thailand from November 

2009 to February 2010. The experiment plot was 4.5 m
2
, with four rows leaving 0.50 m distance among them 

and 0.15 m distance between plants, for a total of 60 plants per plot. There were three replications of each 

treatment. Soil was collected from the newly-reclaimed grassland of the soil. Soil properties were as follows: 

organic matter content – 0.5%; total N – 0.04%; available K (as K2O) – 85.2 mg/kg; available P (as P2O5) – 4.8 

mg/kg; and pH (with KCl) – 3.40. All plots were treated with a basal application of fresh swine manure (i.e., 

organic manure or OM) at a rate of 22.5 t/ha. Potassium chloride was applied to each plot at 600 kg/ha; and 

calcium magnesium phosphate at 450 kg/ha. The study consisted of eight treatments: 

1. Control Fresh swine manure was diluted with water and sprayed on the plots. 

2. Fertilizer NPK at recommended rate (farmer’s practice). 

3. Biofertilizer from vegetable (Whole) Fresh swine manure and biofertilizer from vegetable were diluted with 

water and sprayed on plots at various intervals.  

4. Biofertilizer from vegetable (Filtered) Fresh swine manure and biofertilizer from vegetable (after filtered 

with 0.45 micron filter) were diluted with water and sprayed on plots at various intervals. 

5. Biofertilizer from vegetable (Cells) Fresh swine manure and microorganisms cultured from biofertilizer 

from vegetable were diluted with water and sprayed on plots at various intervals. 

6. Biofertilizer from food waste (Whole) Fresh swine manure and biofertilizer from food waste were diluted 

with water and sprayed on plots at various intervals. 

7. Biofertilizer from food waste (Filtered) Fresh swine manure and biofertilizer from food waste (after filtered 

with 0.45 micron filter) were diluted with water and sprayed on plots at various intervals. 

8. Biofertilizer from food waste (Cells) Fresh swine manure and microorganisms cultured from biofertilizer 

from food waste were diluted with water and sprayed on plots at various intervals. 

 

3.3Selection and test of microorganism from homemade biofertilizer: 

1. Selection of microorganism from homemade biofertilizers:   

 Both biofertilizers were serially diluted, and spread on LB agar plates. The culture was incubated for 24 h at 

30°C and the colonies of different morphologies were picked up and purified. 

2. Kjeldahl method 

 Approximately 1 ml of 8 × 1010 CFU mL
−1

 of each of the six microorganisms was inoculated in 100 gm of 

soil (lack of N) containing fresh swine manure. This mix was incubated for two weeks and its ammonia content 

was analysed by Kjeldahl method. The Kjeldahl method may be broken down into three main steps: digestion, 

distillation, and titration as reported by Bremner and Tabatabai [13]. 
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3. Ammonification test 

 Microorganisms were cultured in peptone broth medium. The production of ammonia was detected by 

adding Nessler’s solution as described by Sims and Collins [24] and Rana and Mastrorilli [18]. 

4. Nitrate reduction  

 Microorganisms were cultured in nitrate broth, which had a Durham tube to collect gas; production of 

ammonia, nitrite, and nitrate was detected by adding Nessler’s solution, Trommsdorf’s solution, and 

Diphenylamine, respectively, as described by Sims and Collins [24]. 

5. Non-Symbiotic Nitrogen fixation 

 Microorganisms were cultured in nitrogen free broth and the microorganisms, which had the nitrogen 

fixation process, could grow on top or surface. 

 

3.4Preparation of microorganisms to spray on plot: 

 Microorganisms were stored at −20°C in 50% (vol/vol) glycerol. When required for field experiments, the 

cells were removed from the freezer and placed on LB plates. After incubation for 24 h at 30°C, its purity was 

checked and the cells were used to inoculate 10-liter flasks containing 5 liters of sterile LB broth. To obtain 

bacterial cultures in late log phase, flasks were incubated for 24 h up to a density of 8 × 109 CFU mL
−1

 on a 

rotary shaker at 30°C. Bacterial cells were harvested by centrifugation (7,000 g for 20 min). After removal of 

the culture medium, the bacterial pellet was washed in sterile water and centrifuged again (7,000 g for 20 min). 

Bacterial cells were then resuspended in sterile saline solution (8.5 g KCl L
−1

) to one-tenth of the original 

volume 275 (500 mL); the inoculation mixture thus contained approximately 8 × 1010 CFU mL
−1.

 

 

3.5 Effect of microorganism to promote plant growth: 

 This study was conducted similar to the study of effect of homemade biofertilizers to promote plant growth 

except the treatments, which were: 1) control, 2) microorganism 1, and 3) microorganism 2. 

1. Control Fresh swine manure was diluted with water and sprayed on plots. 

2. Microorganism 1 Fresh swine manure and microorganism 1 were diluted with water and sprayed on plots at 

various intervals.  

3. Microorganism 2 Fresh swine manure and microorganism 2 were diluted with water and sprayed on plots at 

various intervals. 

 

3.6 Analysis of plant growth: 

         After 30 days, 60 plants per treatment were sampled to determine plant height (cm). All samples were kept 

in plastic bags and processed in the laboratory to determine the plant height (from soil surface to the tip of the 

upper leaf). 

 

Results: 

4.1. Effect of homemade biofertilizer to promote plant growth: 

 The effect of homemade biofertilizer to promote plant growth was tested by inoculating the homemade 

biofertilizer from two sources: fermented by vegetable and fermented by food waste, to the early stage of 

Chinese cabbage. Figures 1 and 2 show the height of Chinese cabbage, which were treated in the first month. 

Inoculation with biofertilizer fermented from vegetable showed that EMV1 (whole biofertilizer) and EMV3 

(total microorganisms, which cultured from biofertilizer) exhibited significant (p < 0.05) increases for the height 

over uninoculated plant (Figure 1). EMV2 (filtered biofertilizer, no microorganism) treatment did not increase 

the height of Chinese cabbage plants. The results showed that microorganisms from biofertilizers played an 

important role for promoting Chinese cabbage’s growth. The result of the inoculation with biofertilizer 

fermented from food waste in Chinese cabbages is shown in Figure 2. Inoculation by EMG1 (whole 

biofertilizer) and EMG3 (total microorganisms cultured from biofertilizer) were statistically taller than 

uninoculated plant. EMG2 (filtered biofertilizer, no microorganism) treatment did not differ statistically with 

that of the control group. Plots applied with NPK at recommended rate (farmer’s practice) were taller than other 

plants in the experiment (Figures 1 and 2). The result showed that the promotion of plant growth should come 

from microorganisms from the homemade biofertilizer and we would select the microorganism in the next 

experiment.the homemade biofertilizer and we would select the microorganism in the next experiment. 

 

4.2 Selection and test of microorganism from homemade biofertilizers; 

 The characteristics of microorganisms recovered from both the homemade biofertilizers selected from LB 

agar are summarized in Table. 1, respectively. 

 The selection method, which was used to select the microorganism from biofertilizers for ammonia 

determination consisted of ammonification, nitrate reduction, and nitrogen-fixation. The first test was ammonia 

determination by Kjeldahl method; six bacterial cultures were kept in soil for two weeks to find the 

microorganism, which could highly produce ammonia. The culture in LB broth was incubated for 18 h during 
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the test. The percentage of ammonia in LB and soil are shown in Figure 3. Figure 3 illustrates that six 

microorganisms have the ability to produce ammonia from LB broth when compared with LB broth without 

microorganisms. The predominant microorganisms 3, 1, and 4 produced 0.46, 0.45, and 0.39% of ammonia, 

respectively. 

 The determination of ammonia from the soils showed that six microorganisms have the ability to produce 

ammonia when compared with soil control without microorganisms. Microorganisms 1, 3, and 4 produced 0.45, 

0.37, and 0.35% of ammonia, respectively. 

 The six bacterial cultures were examined for their ability to utilize N sources in terms of amino acid, NH3, 

NO3, and N2 gas. The first pathway, which was tested, was the ammonification pathway.  

 

 
 

Fig. 1: Effect of biological fertilizer to promote plant growth. (A): Bar graph; (B): Real image. 

 

 
 

Fig. 2: Effect of biological fertilizer to promote plant growth. (A): Bar graph; (B): Real image. 

 

 In this pathway, six bacterial cultures were grown in peptone broth medium. The production of ammonia 

was detected by using Nessler’s solution. In nitrate reduction test, nitrate broth is used to determine the ability of 

an organism to reduce nitrate (NO3) to nitrite (NO2) using the enzyme nitrate reductase. It also tests the ability 

of organisms to perform nitrification on nitrate and nitrite to produce molecular N. In nitrogen-fixation test, six 

bacterial cultures were grown in nitrogen-free broth and the microorganisms could grow on top or surface. 

 Table 2 shows that microorganisms 2, 3, 4, and 5 had the ammonification pathway because they had 

deaminase enzyme, which could change amino acid into ammonia. Bacteria, which have this enzyme are 

Pseudomonas sp., Bacillus cereus, Klebsiella sp. [12], and Escherichiacoli [12]. 

  

 

 

 



5 

Table 1: The characteristics of microorganisms selected from home made biofertilizers. 
Name Surface colonies plate culture Surface Optical character Consistency Shape Gram 

Stain Form Elevation Border 

1 Irregular Raised Erose Smooth Opaque Butyrous Bacilli Negative 

2 Rhizoid Flat Filamentous Rough Translucent Membranous Cocci Negative 

3 Circular Raised Erose Smooth Opaque Butyrous Cocci Negative 

4 Irregular Convex Undulate Smooth Opaque Butyrous Bacilli Negative 

5 Circular Flat Entire Smooth Translucent Butyrous Bacilli Negative 

6 Filamentous Flat Filamentous Rugose Translucent Brittle Coccus Negative 

 

Table 2: The ability of microorganisms in nitrogen cycle. 
Test 1 2 3 4 5 6 

Ammonification − + ++ +++ + − 

Nitrate Reduction ++ − +++ ++ + − 

Nitrogen-fixation Growth Growth Growth Growth Growth Growth 

+++ Very high production, ++ High production, + Low production, − No production 

 

 The results showed that microorganisms 1, 3, 4, and 5 had nitrate reduction pathway because they had the 

enzymes nitrate reductase [1] and nitrite reductase [23]. Which could change nitrate and nitrite into ammonia. 

Table. 2 shows that all six cultures had the non-symbiotic fixation pathway because they had nitrogenase [19] 

enzyme, which could use nitrogen from air to be the source of growth. This experiment showed that 

microorganisms 3 and 4 were to be used in the next experiment because high ammonia and nitrate production. 

 

4.3 Effect of microorganism to promote plant growth: 

 The effect of microorganism to promote plant growth was tested by inoculating microorganisms 3 and 4 

separately to the early stage of Chinese cabbage. Figure 3 (a) shows the height of Chinese cabbage, which was 

treated in the first month. 
 

 

 The result shows that inoculation with M1 (microorganism 3) and M2 (microorganism 4) exhibited 

significant (p < 0.05) increases for the height compared to uninoculated plant. The results showed that 

microorganisms 3 and 4 from homemade biofertilizers played an important role for promoting Chinese 

cabbage’s growth. 

 
 

Fig. 3:  Effect of biological fertilizer to promote plant growth. (A): Bar graph; (B): Real image. 

 

5. Discussion: 

 The effect of biofertilizers to promote plant growth by inoculating the biofertilizer or microorganism into 

the soil is found in many studies. The homemade biofertilizers not only promote plant growth due to N-NO3 and 

N-NH4 production, but also from various reasons could have positively influenced the plant growth as many 

reports such as the soil microbial populations can fluctuate dramatically after the introduction of soil 

conditioners and microbial inoculants [17]. Sunathapongsuk et al. [25] also reported that, the application of 

compost amendments tended to increase soil pH. Moreover, the variability in EC and pH of the amended soils 

indicate the activities of microorganisms in the soil. The beneficial interaction is attributed to the release of 

organic substances and soluble nutrients [17]. Higa [8] found that when EC exceeds 0.4 dSm
−1

, the microflora in 

the rhizosphere begin to change; particularly, the mycorrhizal fungi start to disappear and the activities of 

microorganisms decline. When EC exceeds 1 dSm
−1

, harmful anaerobic microorganisms become dominant, and 

various disorders such as the discoloration of plant leaves begin to appear. He also reported that such systems 

were under the zymogenic processes of soil microbial transformations. These phenomena occur when organic 
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substances in the soil are transformed into inorganic substances through putrefaction and various harmful 

intermediate products are produced. Synthetic microorganisms such as photosynthetic bacteria can also 

synthesize amino acids and sugars from these substances using a very small amount of energy. In other words, 

they recycle substances into useful organic energy, thereby decreasing entropy. It has been reported that 

zymogenic and synthetic soil prevents infestation by diseases and insects, and pollution of the environment, thus 

producing high yields of superior crops [8]. 

 On the other hand, the use of plant growth-promoting (PGP) bacteria can increase crop plants’ capacity to 

utilize fertilizer-N efficiently. Azospirillum inoculation can enhance ammonium uptake by plants [16]. 

Rhizobium can also increase N uptake by plants as a PGP bacterium [2]. Thus, the increased N uptake by plant 

will result in the reduction of N losses to the environment. 
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