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NMHS Progress Report 
 
(Period from July 2017 to December 2017) 
 
 
1. Project Information 
 
Project ID: NMHS/LG-2016/005 Sanction Date: 31-03-2016 

Project Title: Technology development, management and long-term monitoring of 
shifting cultivation and coal mining in north-eastern India 

BTG:  

PI and 
Affiliation 
(Institution):  

Name & 
Address 

of the Co-PI, if 
any: 

Prof. S.K.Barik, North-Eastern Hill University, Shillong 

Dr. K. Sarma, Indraprastha University, Delhi 

Dr. S. R. Joshi, North-Eastern Hill University, Shillong 

Dr. M. D. Behera, IIT Kharagpur 

 

Structured 
Abstract - 
detailing the 
current year 
progress [Word 
Limit 250 
words]: 

Technology development for sustainable shifting cultivation and 
rehabilitation of coal mining sites including treatment of AMD in north-
eastern states is being undertaken. Sites have been selected for the 
sustainable shifting cultivation model development in Arunachal 
Pradesh, Meghalaya, Mizoram, Tripura and Nagaland. Baseline data on 
soil, soil microbial composition and vegetation of the land selected for 
the model development have been generated. Socio-economic data of the 
beneficiaries of the village have also been collected. These data 
representing pre-project situation will be compared with post-project 
implementation data to objectively assess the ecological, social and 
economic impact of the project. Under the management of acid mine 
drainage work component, microbial composition in AMD as well as 
soils at mining sites have been documented. Heavy metal stress tolerance 
properties of a few isolates have been studied. Molecular and 
Biochemical profiling of these bacterial isolates have been carried out for 
identification.  

Project Partner Affiliations Role & Responsibilities 

Prof. S. K. Barik NEHU, Shillong 

•Model/technology development for modification 
of shifting cultivation including non-land based 
interventions to reduce pressure on the land. 

•Monitoring of biodiversity and nutrient 
conservation in shifting cultivation model plots 



3 

 

including ecosystem services. 

•Technology development for treatment of acid 
mine drainage (AMD), and rehabilitation of mine 
affected areas, and monitoring of recovery. 

Dr. K. Sarma 
Indraprastha 
University, Delhi 

•Identification and mapping of coal mine areas in 
north-eastern India along a time gradient 

Dr. S. R. Joshi NEHU, Shillong 

•Screening of local microbes for potential 
application in AMD treatment. 

•Development of a microbial consortium for 
AMD treatment to be a part of the integrated 
technology for AMD treatment. 

•Rhizobium and phosphorus solubilizing bacteria 
inoculation in shifting cultivation plots, and 
mycorrhizal inoculation for quality planting 
material. 

Dr. M. D. Behera IIT, Kharagpur 

•Long-term ecological monitoring of shifting 
cultivation areas using imageries and GIS along a 
temporal and spatial scale. 

•Depict the changes in cropping pattern in 
shifting cultivation. 

 
2. Project Site Details 
 
 

Project Site Shifting cultivation: 
Meghalaya: (i) Khulia  
Arunachal Pradesh: (i) Batt 
Mizoram: (i) Maubawk 

Nagaland: (i) Ungma 
Coal mining: 
Meghalaya: Khliehriat 

IHR States Covered In addition to Meghalaya and Arunachal Pradesh, shifting 
cultivation plots have also been identified in Mizoram and 
Nagaland. Plot selection is under finalization in Tripura. 

Monitoring of shifting cultivation and coal mining areas 
using imageries is in progress for the entire north-eastern 
region. 

Long. & Lat. Khulia: N 26°01. 599' & E0 91°59. 995' 

Batt: N 27°04. 567' & E0 93°34. 176' 
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Maubawk: N 23°42.916’ & E0 92°39.897’ 

Ungma: N 26°15.377’ & E0 94°29.931’ 

Khliehriat: N25°20.439' & E092°21.488' 

Site Maps [Attached below] 

Site Photographs [Attached below] 

 
 
3. Project Activities Chart w.r.t. Timeframe [Gantt or PERT] 
 
 
Project 
Activities 

Qtr 
1 

Qtr 
2 

Qtr 
3 

Qtr 
4 

July 2017 – December 2017 Output 

Shifting 
cultivation  

    (i) Site selection in Mizoram and 
Nagaland. 

(ii) Interaction with villagers and 
assessment of on-going 
agricultural practices and 
vegetation analysis was done. 

(iii) Baseline data on plots and socio-
economic condition. 

(iv) List of seasonal crops and other 
plants with respect to the area and 
in accordance with the 
beneficiary has been prepared. 

(v) Physicochemical parameters of 
soil samples have been studies. 

(vi) Microbial studies from the 
shifting cultivation plots have 
been initiated. 

Batt Village in Itanagar, 
Arunachal Pradesh, Khulia 
Village in Ri-Bhoi district, 
Meghalaya, Maubawk 
village in Aizawl district, 
Mizoram and Ungma 
village in Mokokchung 
districts, Nagaland have 
been selected for model 
development. 

Monitoring of shifting 
cultivation areas in north-
eastern India has been 
initiated. Some preliminary 
data on Tripura presented. 

Coal mine 
(AMD) 
developme
nt model 

    (i) Microbial composition in the rat-
hole coal mining and AMD sites 
have been studied. 

(ii) Metal concentration of soil and 
water samples has been analyzed. 

(iii)  Metal stress tolerance of the 
isolated bacteria was tested for 
different metal concentration. 

(iv)  Molecular characterization of the 
bacterial isolates has been 
performed. 

(v) Biochemical profiling of selected 
bacterial isolates has been 
evaluated for their ability to grow 
at different pH, temperature and 
salt concentrations. 

(vi) An experimental passive 
biological AMD treatment plant 
has been set up at the AMD site. 

Detailed studies on 
microbial composition and 
metal concentration of soil 
and water samples have 
been done.  
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4. Financial and Resource Information 
 
Note: A separate bank account is expected to be opened for NMHS Project as per the provision 
of Direct Beneficiary Account (DBA) as laid out by the Govt. of India and also facilitate the 
audit of accounts. The interest earned out of the NMHS project funds should be reported 
clearly in the utilization certificate. 

Total 
Grant: 

Rs. 2,85,65,600/- Grant Received 
Date: 

31-03-2016 

 
Project 
Partner(s) 

Affiliations/ Institution Budget 
Allocated to 

Work Done 

Prof. S. K. 
Barik 
 

North-Eastern Hill 
University, Shillong 

190.0 lakhs  Shifting cultivation sites in 
Arunachal Pradesh, 
Meghalaya, Mizoram and 
Nagaland have been selected 
and plant diversity in these 
sites have been studied. 
 Nutrient analysis of soil of 
the identified plots has been 
done. 
 Crop preference for model 
development in the selected 
sites has been discussed and 
finalized with beneficiaries. 

Dr. S. R. 
Joshi 

North-Eastern Hill 
University, Shillong 

31.3 lakhs  Microbial population count 
for different selected coalmine 
sites is completed. 
 Metal stress tolerance, 
molecular characterization 
and biochemical profiling of 
bacterial isolates from AMD 
site has been done. 

Dr. K. Sarma 
 

Indraprastha 
University, Delhi 

20.0 lakhs  

Dr. M. D. 
Behera 

IIT, Kharagpur 22.8 lakhs  
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Project Staff Information: 
 

Sl. 
No. 

Name Qualification Designation Fellowship/ Wages paid Remarks 

      

1. 
Dr. Subhro 
Banerjee 

Ph.D. (Biotechnology) 
Research 
Associate III 

Rs. 40,000/- per month + 
10% HRA 

Continuing 

2. 
Dr. Anamika 
Upadhaya 

Ph.D. (Environmental 
Science) 

Research 
Associate I 

Rs. 36,000/- per month + 
10% HRA 

Continuing 

3. 
Dr. Namita 
Thapa 

Ph.D. (Botany) 
Research 
Associate I 

Rs. 36,000/- per month + 
10% HRA 

Continuing 

4. Ms. Lily Shylla M.Sc. (Biotechnology) 
Junior 
Research 
Fellow 

Rs. 16,000/- per month + 
10% HRA for the 1st two 
years and Rs. 18,000/- per 
month + 10% HRA for the 
3rd year 

Continuing 

5. 

 
Mr. Mansan 
M. Rynghang 
 

 
Graduate 
 

 
Field 
Attendant 
 

 
Rs. 10,000/- per month for 
1st two years and Rs. 
11,000/- per month 
for 3rd year 
 

 
 
Continuing 

6. 

 

 
Mr. Marshall 
Pyngrope 
 
 

 
Class XII passed 
 
 

 
Field 
Assistant 
 
 

 
Rs. 8,000/- per month for 
1st two years and Rs. 
9,000/- per month for 3rd 
year 
 
 

 
 
Continuing 
 

7. 

 

 
Mr. 
Bhaboklang 
Lyngdoh 
 

 
Graduate 
 

Field 
Assistant 
 
 

 
Rs. 8,000/- per month for 
1st two years and Rs. 
9,000/- per month for 3rd 
year 
 

 
Continuing 
 

8. 

 

 

Mr. Dipu 
Choudhary 

Class X passed 
Field 
Attendant 

Rs. 8,000/- per month for 
1st two years and Rs. 
9,000/- per month for 3rd 
year 

Continuing 

9. 

 

Mr. 
Pynshlurlang 
Syiem 

Class IX passed 
Field 
Attendant 

Rs. 8,000/- per month for 
1st two years and Rs. 
9,000/- per month for 3rd 
year 

Continuing 
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5. Equipment and Asset Information 
 

S. Equipment Details (Make/ Cost Date of Photographs Lowest 
No. Name (Qty) Model)  Installation of Equipment Quotation, IF 
      NOT 
      purchased 
       

1. Workstation (1) Model: HP Rs. 1,90,287/-  [Attached]  
       

2. Equipment 2      

  
Under 
procurement     

3. Equipment 3 
Under 
procurement     

       

       
       
 
 
6. Expenditure Statement and Utilization Certificate 
 
Please update the annual Expenditure Statement and Utilization Certificate (UC) periodically. 
 
Expenditure Information: 
 

 S. No. Financial Position/Budget Head Funds Sanctioned Expenditure  % of Total cost 

        

 I Salaries/Manpower cost     
        
 II Travel     
 III Expendables &Consumables     
 IV Contingencies     
 V Activities & Other Project cost     
 VI Institutional Charges     
 VII Equipments     
   Total     
   Interest earned     
   Grand Total     

       
 Period  Expenditure Statement Utilization Certificate (UC)   
       

 Annual  [Attach] [Attach]   
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7. Project Beneficiary Groups 
 

Beneficiary Groups [Capacity Target Achieved 
Building]   
   

No. of Beneficiaries with income  
Beneficiaries have been 
selected and task allotted. 

generation: 50  
   
No. of stakeholders trained, 50  

particularly women:  
Stakeholders have been 
selected. 

   
No. of capacity building Workshops/   
trainings: 5 To be conducted. 
   
No. of Awareness & outreach 5  
programmes:  To be conducted. 
   
No. of Research/ Manpower   
developed: 9 9 
   
 
8. Project Progress Summary (as applicable to the project) 
 

 Description   
Total 
(Numeric) 

Description  

       

 IHR States Covered   4 

Shifting cultivation sites in 
Arunachal Pradesh, 
Meghalaya, Mizoram and 
Nagaland have been covered 
and site in Tripura have been 
identified. One plot for 
restoration of AMD problem 
have been identified in 
Meghalaya and one plot will 
be selected in Assam.  

 

       
 Project Site/ Field Stations 
Developed: 

  (attached photos) 
 

 
   

 
 

      

 No. of Patents filed (Description):   Not applicable Not applicable  

       
 Article/ Review/ Research Paper/    

In process 
 

 
Publication: 

  Not mentioned  
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New Methods/ Modellings 
Developed 

  7 
Under development 

 

 
(description in 250 words): 

    
      
       
 No. of Trainings    

To be conducted 
 

 
(No. of Beneficiaries): 

  Not mentioned  
      

 Workshop:   Not mentioned To be conducted  

 
Demonstration Models (Site): 

   
Under development 
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 Livelihood Options:    In process  
    70   

 Training Manuals:   Not mentioned   
       

 Processing Units:      
    Not mentioned   

 Species Collection:      
    Not mentioned   

 Species identified:   Not mentioned   
       

 Database/ Images/ GIS Maps:   2 Under process  
       

Note: Photos/ maps should be attached in high quality in compatible formats viz., JPEG, 
.JPG, .PNG, .SHP, etc. along with a suitable figure legend/ caption.
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9. Project Linkages (with nearby Institutions/ State Agencies) 

 

S. No. Institute/ Organization Type of Linkages Brief Description 
    

    

    
 
10. Additional (publication, recommendations, etc.) 
 

Time Period 
Publications (Research Papers, Information Material, Policy 
drafts, Patents, etc.) 

  
Annual [Year .........] [Attach] 
  

 
 
11. Project Concluding Remark 
 
Kindly update the following Progress Parameters for the Reporting Period: 
Project Objectives Project Output 

against each 

objective 

Progress made 

against 

Monitoring 

Indicators 

(specified in 

Sanction Letter) 

Remarks 

1. Long term ecological 

monitoring of shifting 

cultivation areas in 

seven states of north-

eastern India, and 

technology/model 

development for 

restoration/improvement 

of shifting cultivation 

Site selection for the 
alternate model 
development for 
shifting cultivation 
has been done in 
Arunachal Pradesh, 
Meghalaya, Mizoram 
and Nagaland. 
 
Baseline data on 
plots and socio-
economic condition 
of beneficiaries has 
been collected. 
 
Physicochemical 
parameters and 
microbial studies of 
soil samples have 
been done. 

Crop preference 

for model 

development in 

the selected sites 

has been 

discussed and 

finalized with 

beneficiaries. 
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List of seasonal crops 
and other plants with 
respect to the area 
and in accordance 
with the beneficiary 
has been prepared. 

    

2. Environmental 

monitoring of coal 

mining areas in north-

eastern India, and 

technology development 

for treatment of acid 

mine drainage (AMD) 

and restoration of coal 

mine affected areas in 

two states viz., 

Meghalaya and Assam. 

Microbial 
composition in the 
rat-hole coal mining 
and AMD sites have 
been studied. 
 
Metal stress 
tolerance, molecular 
characterization and 
biochemical profiling 
of selected bacterial 
isolates has been 
carried out. 
 

Microbial 

composition has 

been studied and 

metal stress 

tolerance, 

molecular 

characterization 

and biochemical 

profiling of 

bacterial isolates 

from AMD site 

has been done. 

 

Methodology (in brief): [Attached below]   

    

Major Research 

Achievements: 

   

    

Brief Conclusion - the 

current year 

[Attached below]   

progress – during the 

reporting 

   

period (point-wise):    

    

Progress Achieved (%):    

    

Remaining work to be 

done: 

[Attached below]   

 



 

 

Figure 1: Shifting cultivation sites selected in north eastern states of India
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Figure 1: Shifting cultivation sites selected in north eastern states of India
 

Figure 1: Shifting cultivation sites selected in north eastern states of India 
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Site photographs 
 

  

(A) (B) 

  

(C) (D) 

Figure 2: The selected sites for shifting cultivation studies and model development in (A) 

Khulia (Meghalaya); (B) Batt Village (Arunachal Pradesh); (C) Ungma Village (Nagaland); 

(D) Maubawk Village (Mizoram). 

 
 
 
 
 
 



 

 
 

Figure 3: Sample collection from acid mine drainage (AMD) sites
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: Sample collection from acid mine drainage (AMD) sites

 

 

: Sample collection from acid mine drainage (AMD) sites 
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Figure 4: Sample collection from shifting cultivation sites 
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Figure 5: Interactions with farmers/land owners and in the process of creation of SHGs at the selected 

sites. 
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Figure 6: Photo of workstation installed (Model: HP) 
 

Methodology (in brief): 
 
(1) Shifting cultivation 
 
Methodology for soil sampling and analyses 
 
Soil samples were collected from the selected agricultural field and three replicated 

soil samples were collected from the surface layer (0–30 cm depth) using a steel corer 

(6.5 cm diameter). The replicated soil samples were then mixed thoroughly to obtain a 

composite sample. Sub–samples of the fresh soil were studied for soil moisture 

content and pH, while the remaining soil was air dried, powdered, sieved (0.2 mm) 

and stored for further physico–chemical analysis. Soil pH was determined using a 

digital pH meter (Professional Meter PP–20, Sartorius) in a 1: 2.5 w/v suspension of 

soil and deionized water (Anderson and Ingram 1993). Soil moisture content was 

determined by gravimetric method (Allen et al. 1974).  

The physical parameters of soil studied were soil texture, water holding capacity 

(WHC) and soil moisture content (SMC). Soil texture was determined by the 

Bouyoucos hydrometer method (Allen et al. 1974). The water holding capacity 

(WHC) was determined by Keen’s box method by using copper cups of 5.6 cm 

internal diameter and 1.6 cm height (Piper 1942). 

Soil chemical properties include soil organic carbon (SOC), soil organic matter 

(SOM), total nitrogen (N), total phosphorus (P) and exchangeable potassium (Kex). 

Soil organic carbon (SOC) was determined by colorimetric method (Anderson and 

Ingram 1993) and soil organic matter (SOM) was obtained by multiplying the soil 

organic carbon content by 1.724, assuming that the SOM contains 58% of carbon. 

Total Kjeldahl nitrogen (TKN) and total phosphorus in soil were determined by 

Kjeldahl digestion of air–dried soil sample with conc. H2SO4 using Kjeltabs as 

catalyst. TKN was analyzed following ammonia reduction method and total P by the 

vanado–molybdate method using FIASTAR 5000 auto–analyzer (FOSS, Denmark). 
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Soil exchangeable potassium (Kex) was analyzed using Flame Photometer (Model–

1381E, ESICO) after extracting the soil with ammonium acetate (pH 7) solution 

(Jackson 1973). 

 

 

Table 1. Study of physical parameters of soil 

 

SITES SOIL PARAMETERS 

pH Moisture 

content 

(%) 

Texture Total 

nitrogen 

(mg g-1) 

Total 

phosphor

us (mg g-1) 

Exchangeab

le potassium 

(mg g-1) 

Organic 

carbon 

(%) 

Soil 

organi

c 

matter 

(%) 

1. Khulia Village 

(Meghalaya) 

4.86  22.03  Sandy 

Loam  

1.58  0.04  0.108  1.54  2.65  

2. Batt Village 

(Arunachal 

Pradesh) 

4.81 20.30 Sandy 

Loam 

1.30 0.36 0.110 1.16 2.00 

3. Ungma Village 

(Nagaland) 

4.39 30.70 Loamy 

sand 

1.42 0.56 0.048 2.44 4.21 

4. Maubawk 

Village 

(Mizoram) 

4.93 23.15 Loamy 

sand 

0.89 0.34 0.099 2.05 3.53 

 

 

Microbial studies from shifting cultivation plots 

 

The soil samples were aseptically collected in sterilized screw capped bottles that 

were properly labeled. Soil samples were dissolved in sterile distilled water to make 

suspension. Serial dilution was carried out for getting isolated single colony. Nutrient 

medium was used for bacterial growth. The plates were incubated at 37°C for 24 hr. 

The viable counts of bacteria were determined by counting visible colonies as colony 

forming unit per ml (cfu/ml). Independently growing colonies were selected based on 

the morphology, shape and color. All the strains were purified by repeated streaking 

on nutrient agar and stored at 4°C for further studies. 
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Figure 7: Soil sampling at the shifting cultivation sites 
 
 
 

Table 2: Microbial population from the jhum sites 
 

LOCATION Sample 

Codes 

Bacteria as colony 

forming units/gm 

soil 

Khulia, 

Meghalaya 

 

 

Sh-1 

 

 

 

120 x 103 

30 x104 

2 x 105 

2 x106 

Sh-2 210 x 103 

37 x 104 

3 x 105 

- 

Batt, AR-1 102 x 103 
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Arunachal 60 x 104 

40 x 105 

16 x 106 

AR-2 102 x 103 

43 x 104 

27 x 105 

19 x 106 

 

 

(2) Coal mining 

 

Microbial composition and stress tolerance on coal mine sites 

 
Samples were aseptically collected from rat hole coal mining sites and AMD sites 

of East Jaintia Hills and analyzed in the laboratory. 

 

 

Physicochemical parameters of samples 

 The pH measurement of the samples were measured and recorded. 
 The pH of the soil and water samples were acidic, ranging  from 2 to 3.8. The metal 

concentration of soil and water samples were analyzed by using Atomic Absorption 

Spectrometry.  

 Among the metals analyzed, Fe, Pb, Zn, Mn, Na, Cd, Cr, Cu have been assessed and 

their concentrations in flowing water and sediments form the AMD sites were 

calculated (Table 7).  

 The metal concentration of each sample was analyzed by Atomic Absorption 

Spectrophotometry (AAS). 

 

Table 7: Metal concentration of samples by Atomic Absorption Spectrophotometry  

Sl 

no 
Sample Elements (ppm) 

  Cd Cr Cu Fe Pb Mn Na Zn 

1 Soil 0.177±0.004 0.041±0.001 0.135±0.002 0.109±0.009 0.490±0.001 0.245±0.008 0.012±0.003 0.021±0.001 

2 Soil 0.115±0.001 0.053±0.004 0.098±0.005 0.132±0.001 0.356±0.008 0.243±0.004 0.079±0.006 0.021±0.001 

3 Soil 0.604±0.006 0.084±0.003 0.129±0.006 0.075±0.001 0.520±0.001 0.345±0.006 0.080±0.004 0.013±0.007 

4 Water 0.194±0.005 0.055±0.008 0.088±0.002 0.162±0.002 0.412±0.002 0.219±0.002 0.083±0.001 0.017±0.002 
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5 Soil 0.149±0.001 0.068±0.007 0.082±0.005 0.096±0.001 0.583±0.019 0.186±0.005 0.068±0.001 0.011±0.009 

6 Water 0.133±0.003 0.033±0.001 0.104±0.001 0.125±0.003 0.436±0.006 0.226±0.007 0.010±0.008 0.019±0.006 

 

 

Isolation of bacteria 

 Serial dilution method was employed for obtaining the population count 

(cfu/ml) and of the soil and water samples. 

 

Table 8: Sampling parameters noted for the coal mining areas 

Sites 
code  

Latitude Longitude 
Elevation  
(metres) 

Description of the 
studied site 

Colony Forming Units 
(CFU) 

I 

1 

N25°20.548' 
E092°21.5
33' 

1080 
Adjacent to Box cut 
Coal mine 

1.5 x 10 

3 3.0 x 10 

2 1.0 x 10 

II 

16 

N25°20.548' 
E092°21.5
30' 

1080 
Adjacent to Box cut 
Coal mine 

3.5 x10 

11 0.2 x10 

4 1.6 x10 

III 
14 

N25°20.548' 
E092°21.5
30' 

1080 
Stream 1 containing  
coal mine running 
water 

0.3 x10 

5 1.3 x10 

IV 

20 

N25°20.548' 
E092°21.5
30' 

1080 
Stream 2 containing  
coal mine running 
water 

0.1 x10 

15 1.3 x10 

13 0.7 x10 

V 
6 

N25°20.426' 
E092°21.5
30' 

1080 Control site 
- 

7 1.5 x10 

VI 
8 

N25°20.447' 
E092°21.4
98' 

1117 Sideway cutting 
- 

21 5.0 x10 

VII 
22 

   
Box cutting 

Clumped colonies 

23 7.0 x10 

VIII 

24 

N25°20.439' 
E092°21.4
88' 

1120 Sideway cutting 

0.1 x 10 

10 0.5 x10 

12 1.0 x10 

Note: 5, 14 = AMD Site 1 samples; 13, 15, 20 = AMD site 2 samples; 6,7 = Control sites; 8,21 

= Side cut coal mine sample; 22,23 = Box cut Mine 2 samples; 10,12, 24 = AMD Site 3 

samples; 1,2,3 = Box cut coal mine 1 samples; 4,11,16 = Box cut Mine 1 soil at 10 ft from the 

mine. TNTC 

 

 Independently growing colonies were selected as isolates based on the 

morphology, shape and color. 

 



 

 

     Screening for metal tolerant bacteria

 The bacterial isolates were tested for their tolerance 

mainly Iron (Fe), Manganese (Mn) and Lead (Pb), by spot inoculation on NA 

plates. 

 

 

 
Fig 8: Metal tolerance screening for bacterial isolates

 

Table 9:  Screening of heavy metal tolerance

different metal concentrations
 Fe (ppm) 

Serial  

No 

isolates 100 500

1 Kh-B.B + + 

2 Kh-6E + + 

3 Kh-11B + + 

4 Kh-12A + + 

5 Kh-4A + - 

6 Kh-EA + + 

22 

 

Fig 7: Pure culture bacterial isolates 

Screening for metal tolerant bacteria 

The bacterial isolates were tested for their tolerance towards three metals 

mainly Iron (Fe), Manganese (Mn) and Lead (Pb), by spot inoculation on NA 

 
: Metal tolerance screening for bacterial isolates 

f heavy metal tolerance among the isolates and their growth at 

different metal concentrations 
 Mn (ppm) 

500 1000 1500 2000 100 500 1000 1500

 - - - + + + + 

 + - - + + + + 

 + + + + + + + 

 + + + + + + + 

- - - + + + + 

 - - - + + + + 

towards three metals 

mainly Iron (Fe), Manganese (Mn) and Lead (Pb), by spot inoculation on NA 

 

among the isolates and their growth at 

Pb (ppm) 

1500 2000 100 500 1000 1500 2000

- + + - - -

+ + + + + -

+ + + + + +

+ + + + + -

- + + - - -

+ + + - - -



 

7 Kh-13A + + 

8 Kh-16F + + 

9 Kh-CC + + 

10 Kh-3 + + 

11 Kh-7B + + 

12 Kh-EE + + 

13 Kh-11C + + 

14 Kh-6A + + 

15 Kh-5A + + 

16 Kh-15A + + 

 

Morphological analysis 

 Colony morphology was noted and Gram’s staining method was employed to 

differentiate the bacterial isolates into gram positive or gram negative isolates.

 

 

Molecular characterization

 Genomic DNA of bacterial cultures was isolated using HiPurA™ Bacterial 

Genomic DNA Purification Kit (Himedia, India). 

 The 16S rRNA gene was amplified using PCR based method, was purified 

sequenced. 

 

SI No Isolate Closest match

1 Kh-16F Bacillus  altitudinis

2 Kh-15A Bacillus megaterium

3 Kh-13A Bacillus albus

4 Kh-12A Bacillus siamensis

5 Kh-EA Bacillus siamensis

23 

 - - - + + + + 

 + + + + + + + 

 + + + + + + + 

 - - - + + + + 

 + - - + + + + 

 + - - + + + - 

 + + + + + + + 

 + + + + + + + 

 + + + + + + + 

 + + - + + + + 

 

Colony morphology was noted and Gram’s staining method was employed to 

differentiate the bacterial isolates into gram positive or gram negative isolates.

 

Fig 9: Gram’s staining of bacterial isolates

Molecular characterization 

Genomic DNA of bacterial cultures was isolated using HiPurA™ Bacterial 

Genomic DNA Purification Kit (Himedia, India).  

The 16S rRNA gene was amplified using PCR based method, was purified 
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Colony morphology was noted and Gram’s staining method was employed to 

differentiate the bacterial isolates into gram positive or gram negative isolates. 

Gram’s staining of bacterial isolates 

Genomic DNA of bacterial cultures was isolated using HiPurA™ Bacterial 

The 16S rRNA gene was amplified using PCR based method, was purified and 

Sequence similarity with NCBI 

database (%) 

99 

97 

99 

99 
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6 Kh-BB Bacillus wiedmanii 97 

7 Kh-11C Bacillus velezensis 98 

8 Kh-11B Bacillus siamensis 96 

9 Kh-7B Bacillus mobilis 97 

10 Kh-6E Bacillus nakamurai 99 

11 Kh-6A Bacillus siamensis 96 

12 Kh-5A Bacillus siamensis 97 

13 Kh-4A Bacillus pseudomycoides 96 

14 Kh-EE Rhodococcus equi 95 

15 Kh-CC Serratia marcescens 98 

16 Kh-3A Paenibacillus chibensis 99 
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Fig 10: Neighbor-joining phylogenetic tree for the bacterial isolatesform coal 

mining sites 

Biochemical profiling of selected bacterial isolates 

 Of the tested isolates, three were selected based on their high metal tolerance 

capacity for the tested metals Fe, Mn and Pb, were considered for biochemical 

characterization (Table 10). 

 These isolates were also evaluated for their ability to grow at different pH, 

temperature and salt concentrations. 

 



26 

 

Table 10: Biochemical profiling of the isolates 

 

Morphology 

 

KH-CC 

 

KH-12A 

 

KH-16F 

Shape Round Irregular Irregular 

Color Creamy white White Brownish 

Margin Entire Lobate Curled 

Elevation Flat Umbonate Raised 

Texture Smooth Mucoid Rugose 

Opacity Transparent Translucent Opaque 

Gram staining Gram negative Gram positive Gram positive 

Shape Rod  Rod  Rod  

Physiology 

Effect of Temperature 

4°C - - - 

20 °C + + + 

30°C + + + 

37°C + + + 

40°C + + + 

Effect of pH 

4 + + + 

5 + + + 

7 + + + 

10 + + + 

Effect of NaCl (%) 

2 + + + 

4 + + + 

8 - - - 

12 - - - 

Biochemical characterization 

Starch hydrolysis test + + + 



 

Lipase test 

Cellulose degrading test 

Casein hydrolysis test 

 

(a) 

(c) 

Fig 11: Biochemical characterization (a) Cellulose degrading test  (b) Starch 

hydrolysis test (c)  Casein hydrolysis test and (d)  Lipase test

 

Determination of MIC, MBC and MTC

 Minimum inhibition concentration (MIC), minimum 

concentration (MBC) and maximum tolerable concentration (MTC) of metals 

against the isolates were tested (Table 11).

 Salts of Fe, Mn and Pb were added to Nutrient agar plates at pH 5 and the 

isolates were spot inoculated onto them.
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(b) 

 

(d) 

: Biochemical characterization (a) Cellulose degrading test  (b) Starch 

hydrolysis test (c)  Casein hydrolysis test and (d)  Lipase test 

Determination of MIC, MBC and MTC 

Minimum inhibition concentration (MIC), minimum 

concentration (MBC) and maximum tolerable concentration (MTC) of metals 

against the isolates were tested (Table 11). 

Salts of Fe, Mn and Pb were added to Nutrient agar plates at pH 5 and the 

isolates were spot inoculated onto them. 

+ 

+ 

+ 

 

 

: Biochemical characterization (a) Cellulose degrading test  (b) Starch 

Minimum inhibition concentration (MIC), minimum bactericidal 

concentration (MBC) and maximum tolerable concentration (MTC) of metals 

Salts of Fe, Mn and Pb were added to Nutrient agar plates at pH 5 and the 
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Table 11: Maximum tolerable concentration (MTC), minimum inhibition concentration 

(MIC) and minimum bactericidal concentration (MBC) of heavy metals against the isolates 

METALS Metal concentrations (PPM) KH-CC KH-12A KH-16F 

Fe 

 100 + + + 

 200 + + + 

 400 + + + 

 800 + + + 

 1000 + + + 

 1500 + + + 

 2000 + MTC MTC 

 2500 + MIC and 

MBC 

MIC and 

MBC 

 3000 MTC - - 

 4000 MIC and MBC - - 

Mn 

 100 + + + 

 200 + + + 

 400 + + + 

 800 + + + 

 1000 + + + 

 1500 + + + 

 2000 + + + 

 2500 + + + 

 3000 + MTC MTC 

 4000 MTC MIC and 

MBC 

MIC and 

MBC 

 4500 MIC and MBC - - 

Pb 



29 

 

 100 + + + 

 200 + + + 

 400 + + + 

 800 + + + 

 1000 + + + 

 1500 + + + 

 2000 + MTC MTC 

 2500 MTC MIC and 

MBC 

MIC and 

MBC 

 4000 MIC and MBC - - 

 

Set up of experimental passive biological AMD treatment plant 

 Experimental treatment plant for AMD was set up near the coal mine where 

the water run-off from the mine will be treated. 

 The treated water will then be converged to nearby water sources. 

 The basis of bioremediation of AMD will be derived from the abilities of few 

of the microorganisms isolated from the coal-mining site to generate alkalinity 

and immobilise metals, thereby essentially reversing the reactions responsible 

for the genesis of AMD. 
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Brief Conclusion: 
 
Shifting cultivation: 

 Alternate model development has been initiated in Meghalaya and Arunachal 
Pradesh.  

 Khulia in Meghalaya, Batt in Arunachal Pradesh, Maubawk in Mizoram and 
Ungma village in Nagaland have been selected.  

 One self help group (SHG) at each site has been constituted.  
 Base-line data before project implementation have been collected with 

reference to the plot as well as socio-economic conditions of the participating 
families.  

 Plants growing in the selected shifting cultivation fallows are: 
o Meghalaya: Pinus kesiya, Rhus javanica, Ageratum conizoides, Boreria 

articularis, Urena lobata, Colocasia esculenta, Areca catechu, Mikania 
micrantha, Tapioca esculenta, Sesamum indicum, Mimosa pudica, 
Desmodium sp.  

 

I 

Aerobic  
 treatment 

II 

Anaerobic  
 treatment 

III 

Alkaline 

 treatment 

Coal mine  Run

Outlet for treated water 

Treatment plant for AMD 

  

Coal mineTreatment plant Treated water released 

 to water body 
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o Arunachal Pradesh: Eupatorium odoratum, Livistonia chinensis, Mikania 
macrantha, Alpinia  sp. 

o Nagaland: Bidens pilosa, Setaria palmifelia, Veronia  sp., Eupatorium 
adenophorum, Thysanolaena maxima, Phaseolus lunatus, Mimosa pudica, 
Mimosa invisia, Desmodium  sp., Duabanga grandiflora, Litsea  sp. 

o Mizoram: Musa sp., Spilanthus acmella, Mikania micrantha, Ageratum 
conyzoides, Costus speciosus, Thysanolaena maxima, Carica papaya, 
Macaranga, Scoparia dulcis, Pueraria  sp. 

 
 Soil physico-chemical parameters of the project sites for all the villages have been 

studied. 
Coal mining: 
 A mine has been identified in Meghalaya for carrying out model development 
for restoration of AMD.  
 Characterization of bacterial isolates from AMD site has been completed, 
where pure cultures of the bacterial isolates from AMD site have revealed diverse 
colonies with distinct colony morphologies and growth patterns.  
 A few acidophiles from the site have also been characterized which are able to 
thrive in pH 5.0. These strains will be tried for their efficacy in restoration of AMD. 
 

Environmental monitoring of coal mining areas in north-eastern India: 

Indraprasth University, New Delhi 

 

1. Appointment of Junior Research/Project Fellow for the project has been completed. 

2. Procurement process of instruments is in progress.  

3. The relevant topographical maps as well as satellite imagery for Meghalaya have 

been collected. The procedures for pre and post image processing of selected imagery 

have been completed. Interpretation of satellite imagery of Jaintia Hills district coal 

mines of Meghalaya (Fig. 1) has been done for 4 years i.e., 1975, 1987, 1999 and 

2007 (Fig. 2, Fig. 3, Fig. 4 and Fig. 5). The latest imagery for the area is under 

procurement process. Mined area was delineated taking 10 km radius from Lad 

Rymbai which is considered to be the nucleus of Jaintia coal mines. The image 

features on the satellite data were interpreted through visual image interpretation 

technique to prepare land use/ cover map using the various image elements like tone, 

texture, pattern, shape, size, shadow, location and association (Garg et al. 1988; 

Lillesand and Kiefer 1987). The area statistics under coal mining along a temporal 

scale is being worked out from the imagery-based maps. 
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Fig. 1 Location of Jaintia coal mines of Meghalaya 
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Fig. 2 
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Fig. 3 
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Fig.4 
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Fig. 5 

 
 

Reference 
Garg, J.K., Narayan, A., & Basu, A. (1988) Monitoring environmental changes over 

Kudremukh iron ore mining areea, India using remote sensing technique. 
Proceedings: Indo-British workshop on Remote Sensing of Environment in 
Mining field. Indian School Mines (pp. 41-47). Dhanbad. 
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Lillesand , T.M. & Kiefer, R.W (1987) Remote Sensing and Image Interpretation. 
John Wiley, New York. 

 

Long-term ecological monitoring of shifting cultivation areas in North-Eastern 
India using imageries and GIS along a temporal and spatial scale: IIT, 
Kharagpur 

1. Satellite Imageries and their corresponding JHUM land related classes were 
derived for the year 2005. Different stages of JHUM land Classification is in 
progress (LH side) 

2. Time Series Sentinel Satellite Imageries of 10m resolution have been used and 
their Enhanced Vegetation 

3. Index (EVI) values for different stages of JHUM lands were plotted (RH side) 
4. Field visit and reconnaissance survey has been done in 2-Districts of Tripura state 

5. The JRF selected for the project work has intimated to join on 1st June 2017. 
 

 

 

 
 

Figure 1. Different stage of abandoned jhum lands in Tripura 
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Figure 2. False color composite image of northeast India 
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Figure 3. Land use and land cover in northeast India. BL - Barren Land, BU - Built 
Up, CL - Crop land, FL - Fallow land, MF - Mixed Forest, SL - Scrub land, WL - 
Waste land 
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Figure 4. Temporal variation in the greenness index in the shifting cultivation fallow 

lands  
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Remaining work to be done 

Shifting cultivation 

Permanent tree cover will be developed by using appropriate land use model (s) on 
the selected shifting cultivation (Jhum) plots in Meghalaya and Arunachal Pradesh. In 
other states, similar works will be undertaken after assessing pre-project soil and 
vegetation status of the selected shifting cultivation plots as well as socio-economic 
conditions of the villagers. The ultimate objective is to provide models that would be 
a settled cultivation model on the same piece of land, and also to ensure that the 
productivity does not decrease year after year as in case of shifting cultivation. 
Temporal changes in shifting cultivation area and cropping pattern will also be 
studied. 

Coal mining 

To resolve the acid mine drainage (AMD) problem at two sites is the ultimate goal. 
Models need to be developed using appropriate microbial consortium and phyto-
remediation measures.  The mining site in Tinsukia district of Assam is to be 
finalized. Recovery of the sites following treatment is to be monitored using 
appropriate indicators. The dynamics of coal mining area in north-eastern India is 
being monitored using imageries.  
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Please fill the NMHS Progress Report pro forma as applicable with respect to time 
and other requirements and return via post/ e-mail. In case of any query, please 
contact at: nmhspmu2016@gmail.com 
 
 
 
 
 
 
 
 


