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ABSTRACT 
 
The potential of A. chroococcum as a biofertilizer to improve the crop productivity is well recognized which has accelerated its use as bioinoculants. 
Unfortunately a huge amount of microbial inoculants are being dumped into the environment without understanding the ecological factors that control 
their fate and importance. The introduction of marker genes that can be easily identified using a chromogenic substrate offers an opportunity for the 
survival studies of the inoculants. The establishment of lacZ marked strain of Azotobacter chroococcum Mac 27 in the rhizosphere of Triticum aestivum 
under pothouse conditions was studied. The lacZ marked strain formed blue colonies on selective media and could be identified from soil on the basis 
of this character. The transconjugant was able to survive in the rhizosphere of Triticum aestivum under pothouse conditions and maintained a population 
of about 106 cfu/plant root after 90 days of sowing in plants treated with A.chroococcum Mac 27 L and the strain has been found to be reliable for 
ecological studies. 
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INTRODUCTION 
 
Due to deliberate use of chemical fertilizers in the soil and the 
deteriorating soil quality, the bacterial inoculants have gained 
momentum in the last decades. Many bacterial species have been 
implicated as biofertilizers for improving soil nutrient status. 
Amongst many, Azotobacter is one that has multifarious effects 
on plant growth. It not only fixes atmospheric nitrogen and 
excretes a part of fixed nitrogen in soil but also produces 
antimicrobial substances, siderophores and growth regulators. 
Developing countries like India having large area under 
cultivation can exploit Azotobacter as a cheap alternate source of 
nitrogen, growth regulators and antimicrobial agents by the use 
of Azotobacter as biofertilizer for cereals, oilseed crops, cotton 
and vegetable crops. 
 
To assess the potential of agriculturally important 
microorganisms including Azotobacter chroococcum in terms of 
increase in yield, it is essential to monitor the survival and 
persistence of inoculated strains of bacteria in soil. Strain 
identification has been done using different methods based on 
serological properties1, bacteriophage susceptibility2, antibiotic 
resistant markers3, DNA homology4 and plasmid profile5,6. Since 
such studies are very laborious, there is a need for simple and 
specific methods of strain identification. In recent years a major 
technical development in the detection of microorganisms in their 
natural environment has been the tagging of a particular strain 
with specific marker genes like lac Z, gus A, etc. Lac Z has been 
a convenient marker for ecological studies since the β 
galactosidase activity can be measured very easily and quickly 
using chromogenic substrates without the need of much 
sophisticated equipments. Moreover the assay is sensitive enough 

to monitor the β galactosidase activity. In this study, lac Z marked 
A. chrroococcum Mac 27 was used to monitor its survival in the 
rhizoplane of Triticum aestivum. 
 
MATERIALS AND METHODS 
 
Bacterial Cultures and growth media 
 
Azotobacter chroococcum Mac 27 and lac Z marked 
transconjugant (A.chroococcum Mac 27 L) was procured from the 
culture collection of Department of Microbiology, CCS Haryana 
Agricultural University, Hisar, India and maintained on Burks 
medium. X-gal (5- Bromo-4-chloro-3-indolyl-β-D-
galactopyranoside) was added to precooled sterilized medium. 
 
Assay of β galactosidase activity 
 
One ml actively growing bacterial broth culture was taken in 
Eppendorf tube and centrifuged at 8000g for 10 min. The cell 
pellet was washed twice with phosphate buffer and resuspended 
in 500 µl of phosphate buffer (pH 7.0). The cells were 
permeabilized by vortexing for 10 seconds with a solution 
containing 25 µl of toluene. To 100 µl of permeabilized cells, 
10µl ONPG was added. The reaction mixture was incubated at 37 
0C in water bath till the development of yellow colour. Reaction 
was stopped by adding 2 ml of 0.4 M Na2 CO3 solutions. Colour 
intensity was determined at 420 nm using a spectrophotometer 
against a blank containing all ingredients except the cell culture. 
β-galactosidase activity is expressed as Millers unit calculated as 
per formula given below: 
 
Millers unit = Absorbance 420 / Absorbance 600 x T x V X 1000 
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where T=Time of reaction (min), V=Volume of the cell culture 
used (ml) 
 
Enumeration of A. chroococcum Mac 27 and Z from the 
rhizoplane of Triticum aestivum 
 
Seeds of Triticum aestivum were surface sterilized and inoculated 
with about 108 cells of Azotobacter chroococcum Mac 27. 
A.chroococcum Mac 27 L. Seeds were sown in pots containing 7 
Kg unsterilized soil. Each treatment was replicated six times. The 
plants were uprooted after 30 and 60 days of growth and the 
rhizospheric soil samples were analysed for total and lacZ marked 
populations. The appropriate serial dilutions were plated on Burks 
medium plates with and without X-gal. The plates were incubated 
for 48 h and the number of colonies that appeared on both types 
of media was counted. 
 
RESULTS AND DISCUSSION 
 

Identification of strains in field experimentation with strains of 
various biological nitrogen fixating bacteria is one of the major 
problem. Many studies have been conducted to monitor and 
identify the inoculated strains under field conditions using 
different techniques but information on the survival of inoculated 
strains is not reliable. So a better way of identifying a strain under 
natural conditions is the introduction of foreign genes that can be 
easily identified using a chromogenic substrate. In the present 
study, lac Z marked A. chroococcum was used to monitor its 
survival in the rhizoplane of Triticum aestivum. However, there 
are a variety of contaminants present in the environment which 
may interfere in the expression of β- galactosidase activity of lac 
Z marked A. chroococcum. To ascertain if the β-galactosidase 
activity of A. chrooococcum Mac 27 lacZ+ strain is affected by 
the presence of contaminants such as Bacillus spp, Rhizobium 
spp., Pseudomonas spp., etc. in the soil, the indigenous β-
galactosidase activity of some of the  common soil bacteria were 
tested and were found to possess almost negligible β-
galactosidase activity (Table-1).  

 
Table-1: β-Galactosidase activity of some commonly occurring soil bacteria 

 
Culture β-Galactosidase Activity (M.U.) 

 5’ 10’ 15’ 30’ 
Bacillus 42.8 42.6 2.84 1.64 

Rhizobium spp p-9038 110 114 3.8 12.6 
Rhizobium spp G-14 7.4 8.2 4.10 2.80 

Rhizobium 106 112 3.7 12.4 
Azotobacter 110 129 4.3 18 

Pseudomonas-1 62.2 68.4 2.3 7.6 
Pseudomonas-2 31.4 34.0 1.17 3.8 

 
The presence of these bacteria had no apparent effect on the β-galactosidase activity of the lac Z marked strain. The β-galactosidase 
activity was found to be 11000-12000 MU in the presence or absence of other bacteria (Fig-1). 
  

 
 

Figure-1: β-Galactosidase activity of A. chroococcum Mac 27 L as affected by other bacteria 
 
Also, there was no effect on the β- galactosidase activity of the transconjugant by the presence of Bacillus spp. in concentration as high 
as 10 times that of A. chroococcum Mac 27 L (Table-2). 
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Table-2: β-Galactosidase activity of A.chroococcum Mac 27 L as affected by different concentrations of Bacillus spp. 

 
Culture Cell concentration 

(600 nm) 
Colour Intensity 

(M.U.) 
Mixed Culture Lac Z marked Absorbance (420 nm) 

Bacillus 1.1 - 0.011 - 
Mac 27 L 0.945 0.945 0.646 9660 

Mac 27 L+ Bacillus (1:1) 0.964 0.482 0.317 9300 
Mac 27 L+ Bacillus (1:2) 0.998 0.332 0.236 10000 
Mac 27 L+ Bacillus (1:3) 1.000 0.250 0.176 9900 
Mac 27 L+ Bacillus (1:4) 1.060 0.212 0.151 10060 
Mac 27 L+ Bacillus (1:5) 1.032 0.172 0.120 9860 
Mac 27 L+ Bacillus (1:6) 1.060 0.151 0.106 9920 
Mac 27 L+ Bacillus (1:7) 1.030 0.128 0.087 9600 
Mac 27 L+ Bacillus (1:8) 1.060 0.117 0.800 9660 
Mac 27 L+ Bacillus (1:9) 1.026 0.103 0.072 9870 

 
The transconjugant was used to monitor its survival in the rhizoplane of Triticum aestivum. The transconjugant was detected by direct 
plating on Burk’s medium containing X-gal. It was observed that out of 2.5x106 cfu/plant root, 4.1x105 cfu/plant root were that of 
A.chroococcum Mac 27 L (Table-3) . 
 

Table-3: Enumeration of different strains of Azotobacter from the rhizoplane of Triticum aestivum 
 

Treatment 30 DAS 60 DAS 90 DAS 
Total Count Count of lacZ 

marked 
Total Count Count of lacZ 

marked 
Total Count Count of lacZ 

marked 
A.chroococcum Mac27 L 7.82X106 6.6X106 5.45X106 5.32x106 2.5X106 4.1X105 
A.chroococcum Mac27 8.15X106 - 5.89X106 - 1.2X106 - 

Control 8.56 X106 - 8.14X106 - 9.4X106 - 
 
The transconjugant could be detected in the presence of other 
bacteria capable of growing on Burks agar medium containing X-
gal on the basis of lac Z marker even after 90 days of inoculation. 
The present study clearly indicates that the lac Z marker can be 
effectively used for monitoring the survival of the introduced 
strains in the soil. 
 
Various Strains of Pseudomonas, Rhizobium and other plant 
growth promoting rhizobacteria with lacZ fusion have been 
constructed and used for ecological studies earlier also.Drahos et 
al7 reported that the lacZ marker system enabled the detection of 
Lac+ transformants at a sensitivity of <10 CFU/g soil(1). Hofte et 
al8 marked the rhizopseudomonas  strain 7NSK2 with a Mu d (lac) 
element for ecological studies. They concluded that MPB1 can 
reliably be used for ecological studies since no genes essential for 
growth, siderophore production, survival in sterile and nonsterile 
conditions, plant growth stimulation and root colonization had 
been damaged. They also reported that upper root parts were 
effectively colonized upon seed inoculation of Maize with MPB1, 
while soil inoculation resulted in a complete colonization of the 
root system. Krishnan and Pueppke9 also reported that gene 
fusions can be used to greatly simplify the assessment of 
nodulation competitiveness in rhizobia, Kamboj et al10 and 
Khokar et al11 tagged Rhizobium and Pseudomonas respectively 
to monitor their persistence in soil. Pal et al12 employed the 
Tn5::lacZ marker to monitor the rhizobacterium Pseudomonas 
glumae EM85, an effective biocontrol agent against Rhizoctonia 
solani from cotton. Solanki and Garg13 have found lac Z marker 
to be reliable in detection of inoculated strains in soil as well as 
in charcoal based inoculants. 
 
CONCLUSION 
 
LacZ can be used as a stable, sensitive and selectable 
chromogenic marker to monitor the colonization of various 
rhizobacterial strains on plant roots. The tagged bacteria can be 
monitored effectively with high sensitivity in natural environment 
by direct plating of soil sample on selective media even in the 

presence of other soil bacteria.The use of marker genes has been 
demonstrated to work with a number of plant growth promoting 
strains on a variety of plants and the introduction of the marker 
gene per se does not show any impact on growth attributes.  
 
REFERENCES 
 
1. Yokoyama T, Ando S, and Tsuchiya K, Serological properties 

and intrinsic antibiotic resistance of soybean bradyrhizobia 
isolated in Thailand. Soil Science and  Plant Nutrition 1999; 
45(2): 505-515. 

2. Rees JC, Pierce CL, Schieltz DM,Barr JR. Simultaneous 
identification and susceptibility determination to multiple 
antibiotics of Staphylococcus aureus by bacteriophage 
amplification detection combined with mass spectrometry. 
Analytical Chemistry 2015; 87(13): 6769–6777 

3. Garg FC, Beri N, Tauro P. Intrinsic antibiotic resistance in 
chickpea (Cicer arietinum) rhizobia.The Journal of 
agricultural Science 1985; 105: 85-89.      

4. Rodriguez-R LM, Grajales A, Arrieta-Ortiz ML, Salazar C, 
Restrepo S, Bernal A. Genomes-based phylogeny of the 
genus Xanthomonas . BMC Microbiology 2012; 12: 43 –57. 

5. Fagundes RBS, Picoli EAT, Lana UGP,Valicente FH. 
Plasmid patterns of efficient and inefficient strains of Bacillus 
thuringiensis against Spodoptera frugiperda (J.E. Smith) 
(Lepidoptera: Noctuidae). Neotropical Entomology 2011; 
40(5): 600-606. 

6. Kalinowski M, Grądzki Z, Jarosz Ł, Kato K, Hieda Y, 
Kakuda T, Takai S. Plasmid Profiles of Virulent Rhodococcus 
equi Strains Isolated from Infected Foals in Poland. PLoS 
ONE. 2016; 11(4): e0152887 

7. Drahos DJ, Hemming BC, Mc Pherson S. Tracking  
recombinant organisms in the environment:β galactosidase as 
a selectable non-antibiotic marker for fluorescent 
pseudomonads. Bio/Technology. 1986; 4: 439-444. 

8. Hofte M, Mergeay M, Verstraete W. Marking the  
rhizopseudomonas  strain 7NSK2 with a Mu d (lac) element 
for ecological studies. Applied and Environment 



Manu	Solanki	&	F	C	Garg.	Int.	Res.	J.	Pharm.	2018,	9	(6)	

 

 188	

Microbiology 1990; 56: 1046-1052. 
9. Krishnan HB, Pueppke SG, A nolC-lacZ gene fusion in 

Rhizobium fredii facilitates direct assessment of competition 
for nodulation of soybean. Canadian Journal of  Microbiology 
1992; 38: 515-519 

10. Kamboj DV, Sharma PK, Kundu BS. Direct monitoring of 
Rhizobium sp (Cicer) in nodules and soil using lacZ fusions. 
Biology and fertility of soils 1996;  21: 309-313 

11. Khokar A, Sinha R, Goel R. A novel approach to tag 
Pseudomonas fluorescence with lac marker for 
environmental monitoring. Indian Journal of Microbiology 
1996;36: 163-164 

12. Pal KK, Tilak KVBR, Saxena AK, Dey R, Singh CS. 

Monitoring a biocontrol rhizobacterium Pseudomonas 
glumae using Tn5: : lacZ marker. Indian Journal of 
Microbiology 2000; 40: 21-24. 

13. Solanki M, Garg, FC. The use of lacZ marker in enumeration 
of Azotobacter chroococcum in carrier based inoculants. 
Brazilian Journal of Microbiology 2014;   45(2): 595–601. 

 
Cite this article as:  
 
Manu Solanki and F C Garg. Ecological monitoring of Lacz 
marked strain of Azotobacter chroococcum in the rhizoplane of 
Triticum aestivum. Int. Res. J. Pharm. 2018;9(6):185-188 
http://dx.doi.org/10.7897/2230-8407.096113   

   
 

Source of support: Nil, Conflict of interest: None Declared 
 

Disclaimer:	IRJP	is	solely	owned	by	Moksha	Publishing	House	-	A	non-profit	publishing	house,	dedicated	to	publish	quality	research,	while	
every	effort	has	been	taken	to	verify	the	accuracy	of	the	content	published	in	our	Journal.	IRJP	cannot	accept	any	responsibility	or	liability	for	
the	site	content	and	articles	published.	The	views	expressed	in	articles	by	our	contributing	authors	are	not	necessarily	those	of	IRJP	editor	or	
editorial	board	members.	
 


