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ARTICLE INFO                                                ABSTRACT 
 
The important foods like black gram are very essential protein source for Indian 
population. The production of black gram is diminishing due to the infertile 
condition of Indian soil by the prolonged agricultural practices with chemical 
fertilizers. The present study is concerned with effective and alternative 
agricultural practices to chemical fertilizers on black gram production. The 
effective microorganism (EM) technology is used to evaluate the efficacy of 
beneficial microbes present in the EM solution against the black gram plant. The 
plants treated with EM showed good growth and yield also very much increased 
when compared with chemical fertilizers. The EM with vermicompost treatment 
increased the yield of black gram. The microbial population also counted in 
control and EM treated soils. The observation revealed that the EM treatment 
increased the microbial population. The present study suggests that the increased 
microbial population may be responsible for the increased growth and yield of 
black gram.  
 
 

INTRODUCTION 
 

Most of the Asian countries have rice as the main food 
which provides only carbohydrates. So the Asian people 
need protein rich food for their normal physiology and 
development. The black gram is one of the main food 
crops in India (Gupta and Seth, 2007).  Black gram is one 
of the proteins rich food stuff largely cultivated in India. 
We are in need to develop alternative agricultural 
practices to obtain higher yield to fulfill the larger 
population (Cordell et al., 2009). Many researchers 
suggested that the chemical fertilizers used for cultivation 
bring many ill effects to the environment and also to the 
living organisms. The interference of synthetic fertilizers 
in the normal physiological function of living organism 
leads to massive reduction of key organisms. Biodiversity 
needs to be protected from the synthetic fertilizers. Hence, 
a natural agricultural practice should be undertaken to 
restore the human population from the diseases. The 
Micro-organisms are extensively used for agricultural 
practices and there are plenty of evidences which supports 
for EM treated agriculture in most of the countries. Soil 
microorganisms have an important influence on soil 
fertility and plant health (Gianinazzi and Schuepp, 1994). 
 

     Indian soil have low amount of Phosphorus hence the 
farmers add artificial Phosphorus to the plants (Hegde 
et al., 1999). Now a days, Arbuscular mycorrhizal fungi 
(AMF) and plant growth-promoting rhizobacteria (PGPR) 

are used to improve soil fertility and plant growth 
(Artursson et al., 2006, Smith and Read, 2008 and Toro 
et al., 1997). Mere addition of chemical fertilizers may 
cause serious soil infertility. Under such conditions, the 
microbial inoculants with chemical fertilizers and organic 
manure bring better yield and soil fertility (Hegde et al., 
1999).  
 

     Organic matters treatment brings more effects on plant 
growth and development which in turn results in higher 
yield (Ghosh et al., 2004). The previous studies suggested 
that the application of biofertilizers is involved to convert 
nutritionally important element which are from complex 
to simple compounds. Organic fertilizers are good sources 
of nutrients for crop production and improving physical 
and chemical properties of soil. Microorganisms are 
important attributes in agriculture to promote the 
circulation of plant nutrients and reduce the need for 
chemical fertilizers (Chrispaul et al., 2010). EMs enhance 
plant health and development by inducing photosynthesis, 
synthesis bioactive molecules like hormones, enzymes, 
accelerating decomposition of organic materials and 
controlling soil-borne diseases (Hussain et al., 2002).  
 

     Now a day, the agricultural practices are controlled by 
synthetic chemicals in the form of fertilizers and 
pesticides. The prolonged usages of such toxic chemicals 
destroy the beneficial microbes which are in the soil. The 
absence of beneficial microbes leads to infertile soil 

Available Online at http://www.recentscientific.com 
 International Journal 

of Recent Scientific 
Research 

 
International Journal of Recent Scientific Research 

Vol. 3, Issue, 7, pp.585 - 589, July, 2012 
 

Article History: 
 

Received 15th June, 2012 
Received in revised form 30th, June, 2012 
Accepted 15th July, 2012 
Published online 30th July, 2012 
 
Key words: 
 
Effective Micro-organisms, Black 
gram, Yield, Soil, Microbial 
Population, Organic matters. 



International Journal of Recent Scientific Research, Vol.3, Issue, 7, pp. 585 -589, July, 2012 

586 
 

condition and affects the normal growth of plants. So, the 
alternative agricultural practices should be undertaken to 
restore the soil fertility.  The EM technology is the recent 
advancement in agriculture which is cost effective than 
the conventional synthetic fertilizers and easier to 
practice. 
 

     In the best of our knowledge, there are very low 
scientific evidences on EM treatment for the cultivation of 
black gram in India. Hence, the present study is 
formulated to assess the beneficial effect of commercial 
EMs on black gram. 
 
MATERIALS AND METHODS 
 
Source Materials 
 

The black gram seeds, Effective Microorganisms (EMs) 
and NPK fertilizers were purchased from a local 
agricultural shop in Chidambaram, Tamil nadu, India.   
 
Soil Preparation 
 

The study was conducted in Annamalai University, 
Chidambaram, Tamil Nadu, India. The pot culture method 
was carried out in agricultural site of Annamalai 
University with 36 pots.  
 

EM Preparation 
 
Stock EM solution was diluted in the ratio of 1:1000 (EM: 
Distilled Water). The EM was applied by spraying to the 
targeted plant. 
  
Seed Preparation 
 

The seeds were soaked in distilled water and the seeds 
floating on the surface of water were removed. The seeds 
were soaked for overnight and planted on the pots on the 
day after. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Experimental Design 
 

There pots were divided into six groups and each group 
has six pots. The experiment was carried out for 16 
weeks. Group I: Control (The control group plants were 

not received any additives).  Group II: Normal chemical 
fertilizer (NPK). These plants received synthetic chemical 
fertilizers as per the recommendations of Tamil Nadu 
Agricultural Department. Group III: EM 1% alone. These 
plants received only the EM solution which was diluted in 
distilled water as 1:1000. Group IV: EM 1% + poultry 
manure. These group plants received 1% EM solution and 
poultry manure (1 kg of poultry manure was mixed with 1 
litre of 1% EM solution). Group V: EM 1% +      
vermicompost. These group plants received 1% EM 
solution and vermicompost (1 kg of vermicompost was 
mixed with 1 litre of 1% EM solution). Group VI: EM 1% 
+ molasses. These group plants received 1% EM solution 
and molasses obtained from sugar industry (1 kg of 
molasses was mixed with 1 litre of 1% EM solution). 
 
Analysis of EM treatment 
 

The black gram plant growth parameters were measured 
such as shoot length, shoot weight (dry), root weight 
(dry), pod length, pod number, nodule number, nodule 
weight (fresh & dry) and yield of black gram were 
measured after 120 days. Direct plate counts were used to 
quantify total culturable bacteria, fungi and actinomycetes 
population. The population counting was measured 
periodically throughout the experiment duration on 0 day, 
30th day, 60th day, 90th day and 120th day. 
 
Statistical analysis 
 

The data were statistically analyzed using ANOVA 
followed by DMRT and the values are expressed as mean 
± S.D. The values were considered statistically significant 
if the p-value was less than 0.05. 
 
RESULTS AND DISCUSSIONS 
 

In the present study, the effect of commercially available  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Effective Micro-organisms (EMs) was evaluated against 
the growth of Black gram. The growth studies like shoot 
length, shoot weight (dry), root weight (dry), pod length, 
pod number, nodule number, nodule weight (fresh & dry) 
and yield of black gram were calculated in all EM and 

Table 1 Effect of EM treatment with other manure on the growth of Black gram 
 

Groups Shoot Length 
(cm) 

Shoot dry weight 
(g) 

Root dry 
weight (g) Pod length (cm) Pod number 

Group I (control) 22.5 ± 2.5a 2.15 ± 0.3 a 0.29 ± 0.04 a 2.6 ± 0.3 a 17.0 ± 2.6a 
Group II (chemical fertilizer) 31.6 ± 2.9 b 3.2 ± 0.3 b 0.40 ± 0.03 b 3.7 ± 0.2 b 25.3 ± 4.8b 
Group III (EM 1% alone) 28.1 ± 2.0b 3.0 ± 0.3 b 0.40 ± 0.03 b 3.4 ± 0.4 b 25.0 ± 3.0b 
Group IV (EM 1% + poultry manure) 31.1 ± 2.8b 3.8 ± 0.4 c 0.46 ± 0.04 c 4.6 ± 0.3c 26.6 ± 3.2b 
Group V (EM 1% + vermin compost) 37.6 ± 2.5 c 4.6 ± 0.4d 0.52 ± 0.06 c 4.9 ± 0.5c 33.0 ± 3.2a 
Group VI (EM 1% + molasses) 31.5 ± 3.3 b 3.9 ± 0.3 c 0.48 ± 0.02c 4.6 ± 0.3 c 24.6 ± 3.1b 

 
Table 2 Effect of EM treatment with other manure on the growth of Black gram  

 

Groups Seed /Pod Nodule number Nodule weight 
(fresh) (g) 

Nodule weight 
(dry) (g) Yield (g) 

Group I (control) 4.5 ± 0.5 a 96.0 ± 4.1 a 0.17 ± 0.02a 0.07 ± 0.005 a 2.2 ± 0.4 a 
Group II (chemical fertilizer) 5.0 ± 0.6 a 103.0 ± 6.1 b 0.29 ± 0.04b 0.19 ± 0.03bc 3.4 ± 0.3c 
Group III (EM 1% alone) 4.8 ± 0.7 a 100.0 ± 6.4 b 0.27 ± 0.03b 0.17 ± 0.01b 2.8 ± 0.3b 
Group IV (EM 1% + poultry manure) 5.0 ± 0.6 a 110.6 ± 5.4 c 0.41 ± 0.02c 0.24 ± 0.03d 3.9 ± 0.2d 
Group V (EM 1% + vermin compost) 5.3 ± 0.8 a 123.8 ± 5.4 d 0.49 ± 0.03d 0.29 ± 0.03e 5.0 ± 0.3e 
Group VI (EM 1% + molasses) 4.8 ± 0.7 a 113.0 ± 5.5 c 0.41 ± 0.04 c 0.23 ± 0.06cd 4.2 ± 0.3d 
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chemical fertilizers treated plants. The microbial 
population (Bacteria, Fungus and Actinomycetes) also 
calculated in all EM and chemical fertilizers treated  
plants. The results obtained were tabulated and 
statistically analyzed (Table 1 & 2). 
 

     The microbial population (bacteria, fungus and 
actinomycetes) in the EM treated is higher than the other 
plants such as control and chemical fertilizer treated 
plants. The EM with vermicompost treated plants showed 
good soil profile. The microbial diversity especially 
beneficial microbes are very rich in the EM with 
vermicompost treated soil (Tables 3, 4 & 5). The EM 
treated with other fertilizers like poultry manure and 
molasses also showed good microbial diversity. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     Nitrogen (N) is the most important plant nutrient 
required for plant growth which is more abundant in the 
earth’s atmosphere (Muthukumarasamy et al., 2002). The 
continuous use of synthetic fertilizers causes adverse 
effect on N fixation i.e. fixing of atmospheric N into plant 
absorbable nitrogen. Biological nitrogen fixation is one 
way of converting elemental nitrogen into plant usable 
form. Many microbes are involving in the process of 
biological nitrogen fixation and the enrichment of 
microbes is the alternative source for N (Postgate, 1998). 
Dubey (1998) obtained highest grain yield in soybean 
when host plant was inoculated with Bradyrhizobium in 
combination with NPK fertilizers. Effective microbe’s 
treatment brings better yield in the plants. EM treatment 
increases more leaf chlorophyll content and which 
increases the protein synthesis (Hendry et al., 1987).  EM 

treatment enhances the nitrogen fixation into the soil. 
Fixed nitrogen is used by the plant readily and used them 
for synthesizing the biomolecules like amino acids, 
nucleic acids and proteins (Sharma et al., 1995). The 
growth medium of the plant directly involves in protein 
synthesis (Grant and Bailey, 1993). Studies on EM 
technology proved their effectiveness in agricultural 
practices (Higa, 1991). 
 
     The microorganisms improve crop growth and yield by 
increasing photosynthesis, producing bioactive substances 
such as hormones and enzymes, controlling soil diseases 
and accelerating decomposition of lignin materials in the 
soil (Hussain et al., 2002).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Application of EM is known to enhance crop growth and 
yield in many crops both leguminous and non-leguminous 
(Javaid, 2009 and Daiss et al., 2008). Bacteria, fungi and 
actinomycetes are known Plant growth promoting 
microorganisms which are survives in and around the root 
rhizosphere. These microbes enhance the plant growth 
and yield either directly or indirectly (Hariprasad et al., 
2009). In the present study, the microbes such as bacteria, 
fungus and actinomycetes are increased in their 
population when treated with Effective Micro-organisms. 
The healthier growth of plant always depends on the 
solubilization or mobilization of important nutrients 
(phosphorous, potash, zinc, sulphur and iron) or fixing 
atmospheric nitrogen for the uptake of plants. The 
inoculated microbes produce various plant growth 
promoting hormones like indole acetic acid, gibberlic 

Table 3 Bacterial population in the Effective micro-organisms treated soil 
 

Groups 0 day 30 days 60 days 90 days 120 days 
Group I (control) 208.1 ± 5.6b 213.1 ± 5.9 c 229.3 ± 5.8b 258.6 ± 5.7 d 275.5 ± 4.8c 
Group II (chemical fertilizer) 224.1 ± 9.5c 234.5 ± 8.5 d 244.5 ± 6.0 c 265.3 ± 7.9 de 270.0 ± 8.0 c 
Group III (EM 1% alone) 232.8 ± 9.3c 244.5 ± 9.7e 239.0 ± 8.1c 244.1 ± 5.4 c 272.8 ± 8.6 c 
Group IV (EM 1% + poultry manure) 192.6 ± 8.5a 199.3 ± 7.0 ab 216.1 ± 9.1 a 230.0 ± 6.8 b 253.0 ± 7.7b 
Group V (EM 1% + vermin compost) 195.6  ± 8.5 a 206.5 ± 5.3bc 212.8 ± 7.1 a 267.6 ± 6.1 e 291.1 ± 11.0 d 
Group VI (EM 1% + molasses) 193.3 ± 13.9 a 196.1 ± 9.4 a 212.1 ± 5.7 a 211.5 ± 7.8 a 233.5 ± 4.2 a 

 
Table 4 Fungal population in the Effective micro-organisms treated soil 

 
Groups 0 day 30 days 60 days 90 days 120 days 
Group I (control) 95.0 ± 12.4 b 93.1 ± 6.8 bc 100.0 ± 4.0 a 107.8 ± 8.1 a 123.6 ± 6.6 a 
Group II (chemical fertilizer) 90.1 ± 9.4 a b 88.6 ± 4.4 ab 96.5 ± 9.5 a 120.5 ± 5.6 b 136.3 ± 6.2 b 
Group III (EM 1% alone) 80.8 ± 11.9 a 87.3 ± 3.2 ab 92.3 ± 7.3 a 101.8 ± 4.5 a 123.1 ± 5.2 a 
Group IV (EM 1% + poultry 
manure) 97.8 ± 10.14 b 99.1 ± 6.8 c 110.6 ± 6.0 b 119.8 ± 5.8 b 118.6 ± 5.3 a 

Group V (EM 1% + vermin 
compost) 78.8 ± 9.3a 84.0 ± 4.9 a 96.3 ± 9.0 a 101.5 ± 9.1 a 134.3 ± 3.9 b 

Group VI (EM 1% + molasses) 101.5 ± 7.1 b 112.6 ± 5.3 d 120.5 ± 6.3b 129.6 ± 5.6 c 146.8 ± 5.5 c 
 

Table 5 Actinomycetes population in the Effective micro-organisms treated soil 
 

Groups 0 day 30 days 60 days 90 days 120 days 
Group I (control) 13.1 ± 2.6ab 14.6 ± 3.7 a 17.5 ± 2.4 a b 20.6 ± 4.1 a b 28.8 ± 2.1bc 
Group II (chemical fertilizer) 10.8 ± 3.3 a 12.3 ± 2.9 a 14.1 ± 2.8 a 17.0 ± 3.5 a 21.5 ± 3.9 a 
Group III (EM 1% alone) 17.6 ± 3.3bc 20.1 ± 3.4 b 21.0 ± 3.1bc 21.8 ± 2.5 b 27.8 ± 3.7b 
Group IV (EM 1% + poultry 
manure) 11.0 ± 2.8 a 16.0 ± 3.1 a 18.8 ± 2.7 bd 22.1 ± 3.0 b 33.0 ± 4.cd 

Group V (EM 1% + vermin 
compost) 18.6 ± 4.0 c 21.0 ± 2.3 b 25.3 ± 3.1 d 29.6 ± 2.6 c 40.3 ± 3.1e 

Group VI (EM 1% + molasses) 16.0 ± 3.1bc 19.8 ± 3.0 b 23.3 ± 3.2 c 29.1 ± 2.3 c 37.1 ± 5.1 de 
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acid, cytokinins and ethylene (Arshad and Frankenberger, 
1993). The beneficial microbes also indirectly reduce the 
deleterious effect of phytopathogens.  The beneficial 
microbes are attached mutually with rhizosphere and cope 
up with biotic and abiotic stresses and eventually increase 
the plant growth in a healthier way (Maiyappan et al., 
2010). Phosphorus is also an important plant nutrient 
along with N. Phosphorus has significant effect on plant 
growth (Hargrove et al., 1984). Only 10- 20% of fertilizer 
phosphorus can be utilized by the plants, while the major 
part is deposited in the soil as Ca-, Fe-, or Al-phosphates 
(Roemer et al., 1953). Khaliq et al. (2006) reported that 
EM application in combination with organic matter or 
mineral NPK significantly increases cotton yield. Hussain 
et al. (1999) observed that the EM application with 
farmyard manure or mineral NPK increases the wheat and 
rice grains. The increased yield of the plants may by the 
actions of photosynthetic bacteria such as 
Rhodopseudomonas palustris and Rhodobacter 
sphaeroides in EM solution which synthesizes useful 
substances from secretions of plant roots, organic matter 
and harmful gases such as hydrogen sulfide with the help 
of sunlight and the heat of soil as sources of energy (Kim 
et al., 2004). The production of bacteria such as amino 
acids, polysaccharides, nucleic acids, bioactive substances 
and sugars are directly enhances the plant growth and 
development (Kin and Lee 2000 & Ranjith et al., 2007).  
 
CONCLUSION 
 
The present study reveals that the application of EM to 
black gram brings fruitful results. The soil quality is 
improved by the beneficial actions of microbes. The good 
fertile quality of soil is inferred from the plant growth. 
The fertility of soil decides the growth of any plant. The 
increased yield of EM treated plants shows that the soil is 
improved by the beneficial actions of microbes. The 
shoot, pod and nodule are well grown in EM treated 
plants. Hence, we suggest that the application of Effective 
micro-organism may provide higher yield in the black 
gram. 
 
References 
 
Arshad, M, Jr Frankenberger, W. T. 1993. Microbial 

production of plant growth regulators. In Soil 
microbial ecology applications in agricultural and 
environmental management. F.B. Metting, Marcel 
Dekker Inc., New York. 

Artursson, V., Finlay, R.D. and Jansson, J.K. 2006. 
Interactions between arbuscular mycorrhizal fungi 
and bacteria and their potential for stimulating plant 
growth Environmental Microbiology, 8: 1–10 

Chrispaul, M., David, M. M., Joseph, A. O. and Samuel, 
V. O. 2010. Effective microorganisms and their 
influence on growth and yield of Pigweed 
(Amaranthus dubians). ARPN Journal of Agricultural 
and Biological Science, 5(1): 17-22.    

Cordell, D., Drangert, J.O. and S. White. 2009. The story 
of phosphorus: global food security and food for 
thought Global Environmental Change-Human and 
Policy Dimensions, 19 : 292–305 

Daiss, N., Lobo, M.G. and Socorro, R., Bruckner, U., 
Heller, J. and Gonzaler, M. 2008. The effect of three 
organic pre-harvest treatments on Swiss chard (Beta 
vulgaris L. var. cycla L.) quality. Eur. Food Res. 
Technol., 226: 345-353. 

Dubey, S.K. 1998. Response of soybean (Glycine max) to 
biofertilizers with and without nitrogen, phosphorus 
and potassium on swell-shrink soil. Indian J. Agron. 
43: 546-549. 

Ghosh, P.K., Ramesh, P., Bandyopadhay, K.K., Tripathi, 
A.K., Hati, K.M. and Misra, A.K. 2004. Comparative 
effectiveness of cattle manure, poultry manure, 
phosphocompost and fertilizer-NPK on three 
cropping systems in vertisoils of semi-arid tropic. 1. 
Crop yields and systems in performance. Bioresource 
Technology. 95: 77-83. 

Gianinazzi, S. and Schuepp, H. 1994. Impact of 
arbuscular mycorrhizas on sustainable agriculture and 
natural ecosystems. Birkhauser Verlag, Basel. p. 226. 

Grant, C. A. and Bailey, L. D. 1993. Fertility management 
in canola production. Can. J. plant Sci. 73: 651-670. 

Gupta, R. and Seth, A. 2007. A review of resource 
conserving technologies for sustainable management 
of the rice–wheat cropping systems of the Indo-
Gangetic plains (IGP) Crop Protection, 26: 436–447. 

Hargrove, W. L., Boswell, F. C. and Touchton, J. T. 1984. 
Correlation of extractable soil phosphorus and plant 
phosphorus with crop yield for double-cropped wheat 
and soybeans. Res. Bull., Athens, Univ. of Georgia, 
College of Agric. 304 , 14. 

Hariprasad, P., Navya, H.M., Chandra Nayaka, S. and 
Niranjana, S.R. 2009. Advantage of using PSIRB 
over PSRB and IRB to improve plant health of 
tomato. Biological control 50: 307-316. 

Hegde, D.M., Dwivedi, B.S. and Babu, S.N.S. 1999. 
Biofertilizers for cereal production in India – a 
review Indian Journal of Agricultural Sciences, 
69:73–83 

Hendry, G.A.F., Houghton, J.D. and Brown, S.B. 1987. 
Tansley review No 11: The degradation of 
chlorophyll-A biological enigma. New Phytologist. 
107: 255-302. 

Higa, T. 1991. Effective microorganisms: A 
biotechnology for mankind. pp. 8-14. In: J.F. Parr, 
S.B. Hornick, and C.E. Whitman (ed.) Proceedings of 
the First International Conference on Kyusei Nature 
Farming. U.S. Department of Agriculture, 
Washington, D.C., USA. 

Hussain, T., Javaid, T., Parr, J.F., Jilani, G. and Haq, 
M.A. 1999. Rice and wheat production in Pakistan 
with effective microorganisms. Am J Altern Agric 
14: 30-36. 

Hussain, T., Anjum A.D. and Tahir. J. 2002. Technology 
of beneficial microorganisms. Nature Farming 
Environ., 3: 1-14. 

Javaid, A. 2009. Growth, nodulation and yield of black 
gram [Vigna mungo (L.) Hepper] as influenced by 
biofertilizers and soil amendments. Afr. J. 
Biotechnol., 8: 5711-5717. 

Khaliq, A., Abbasi, M.K. and Hussain, T. 2006. Effect of 
integrated use of organic and inorganic nutrient 
sources with effective microorganisms (EM) on seed 



International Journal of Recent Scientific Research, Vol.3, Issue, 7, pp. 585 -589, July, 2012 

589 
 

cotton yield in Pakistan.Bioresour Technol 97: 967-
972. 

Kim, M.K., Choi, K.M. and Yin, C.R. 2004. Odorous 
swine wastewater treatment by purple non-sulfur 
bacteria, Rhodopseudomonas palustris, isolated from 
eutrophicated ponds. Biotechnol Lett 26: 819-822. 

Kin, J.K. and Lee, B.K. 2000. Mass production of 
Rhodopseudomonas palustris as diet for aquaculture. 
Aquaculture Eng 23: 281-293. 

Maiyappan, S., Amalraj, E.L.D., Santhosh, A. and Peter, 
A.J. 2010. Isolation, Evaluation and Formulation of 
Selected Microbial Consortia for Sustainable 
Agriculture. J Biofertil Biopestici 2:109.  

Muthukumarasamy, R., Revathi, G., Seshadri, S. and 
Lakshminarsimhan, C. 2002. Gluconacetobacter 
diazotrophicus (syn. Acetobacter diazotrophicus) 
endophyte in tropics – Curr. Sci. 83(2): 137-145. 

Postgate, J. 1998: Nitrogen fixation - 3rd Ed., Cambridge 
University Press, Cambridge, U. K. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ranjith, N.K., Sasikala, C., Ramana, C.V. 2007. 
Catabolism of l-phenylalanine and l tyrosine by 
Rhodobacter sphaeroides OU5 occurs through 3,                                 
4-dihydroxyphenylalanine. Res Microbiol 158: 506-
511. 

Roemer, T., Scheffer, F. Lehrbuch des Ackerbaus. 4. 
Aufl., Verlag Volk and Wissen, Berlin 1953. 

Sharma, D.C., Chatterjee, C. and Sharma, C.P. 1995. 
Chromium accumulation and its effects on wheat 
(Triticum aestivum LCV.HD 2204). Metabolism. 
Plant Science. 111: 145-151.  

Smith, S.E. and Read. D. 2008. Mycorrhizal Symbiosis 
(third ed.) Academic Press, London: pp.787.  

Toro, M., Azcón, R.  and Barea. J.M.1997. Improvement 
of arbuscular mycorrhiza development by inoculation 
of soil with phosphate-solubilizing rhizobacteria to 
improve rock phosphate bioavailability (32P) and 
nutrient cycling Applied and Environmental 
Microbiology, 63:4408–4412. 

 
******* 


