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NMHS Progress Report 

 

(Period fromApril 2016toApril 2018) 

 

 

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/CSIR-

NBRI, Lucknow 

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]: 

Four-tier models for improvement of shifting cultivation have 

been designed based on farmers’ choice of crops and adequate 

representation of nitrogen fixing legumes currently planted under 

jhum cultivation.  Establishment of these models in the farmers’ 

field is in progress in the states of Arunachal Pradesh, Meghalaya, 

Mizoram and Nagaland. The model plot size varies between 0.5 

and 1 ha shifting cultivation plots in each state. Prior to model 

establishment, soil physico-chemical properties were determined 

and checklist of existing plants in the model plot was prepared. 

The socio-economic profiles of the participating farmers were 

prepared based on focused group discussion to assess the pre-

project implementation status. The list of seasonal crops in jhum 

field for each state was prepared. The culturable legume-

symbionts and phosphorus solubilizing bacteria both in cropping 

and fallow stages of jhum were enumerated at each site. The 

cropping phase legume crop symbionts and phosphorus 

solubilizing bacteria are being evaluated for their efficacy to 

include them in the consortia for biofertilizers preparation for each 

site/state.  

Culturable microbial composition in the rat-hole coal minesand 

along the AMDwas determined. Metal stress tolerance of different 

strains was estimated. Molecular and Biochemical characterization 

of the selected bacterial isolates were carried out. Experimental 

treatment plant for AMD was set up for AMD amelioration. 
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Field work and reconnaissance survey for shifting cultivation has 

been done in the five states of North East India (NEI) i.e. 

Meghalaya, Manipur, Mizoram, Nagaland and Tripura. Studied 

vegetation succession in the abandoned jhum lands. A total of 86 

sample plots laid and 35GCP locations have been recorded in the 

five states of North East India. A total no. of 112 species has been 

recorded in these areas and top 10 dominated species in each 

states has been presented based on their IVI values. The sentinel 

imageries (cloud free/less cloud) of the nearby time periods of 

field visits are using for the analysis of reflectance behavior with 

species and soil. Normalised difference vegetation index(NDVI) 

difference and Normalized Burned Index (NBI) technique used to 

extract the current jhum patches in selected sites in north east 

India. Temporal monitoring of shifting cultivation has been 

carried out using the landsat data and hotspot analysis performed 

to get the statistically significant Jhum areas (hotspot and cold 

spots). 

Spatial and temporal distribution of coal mine areas are in 

progress.  

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 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 
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1. Project Information 

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. 

 

 

 

April, 2016 to April, 2018 

 

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 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. 

 

 

 

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

 

Project Site Shifting cultivation: 

Meghalaya: (i) Khulia 

Arunachal Pradesh: (i) Batt 

Nagaland: (i) Ungma 

Mizoram: (i) Maubawk 

Coal mining: 

Meghalaya: Khliehriat 

IHR States Covered Establishment of the four-tier models for improvement 

of shifting cultivation in the farmers’ field is in progress 

in the states of Arunachal Pradesh, Meghalaya, Mizoram 

and Nagaland. Initiation of the same is under process 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' 

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] 

 

 

 

 

 

 

 

 

 
PROJECT 

ACTIVITIES 
(i) Qtr 1 (ii) Qtr 2 (iii) Qtr 3 (iv) Qtr 4 (v) OUTPUT 

Shifting 

cultivation  

(i) Site selection 

in Mizoram 

and Nagaland. 

(ii) Interaction with 

villagers and 

assessment of 

on-going 

agricultural 

practices and 

(i) Collection of 

baseline data on 

soil and plants of 

the plots, and 

socio-economic 

condition of 

participating 

farmers in four 

villages/states. 

(i) Physico-chemical 

properties of soil 

samples were 

analyzed prior to 

model 

development. 

(ii) Culturable 

legume 

symbionts and 

(i) Clearing and 

cleaning of the 

field was 

completed. 

(ii) Burning of field 

was completed. 

(iii) Establishment 

of the four-tier 

models in 

Batt Village in 

Arunachal Pradesh, 

Khulia in Nongpoh, 

Meghalaya, 

Maubawk in 

Aizawl, Mizoram 

and Ungma in 

Mokokchung, 

Nagaland have been 
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vegetation 

analysis was 

done. 

 

(ii) List of seasonal 

crops and other 

plants for the 

model was 

finalized in 

respect of each 

area in 

consultation with 

the concerned 

farmers. 

 

phosphorus 

solubilizing 

bacteria from 

jhum sites have 

been enumerated  

 

Arunachal 

Pradesh, 

Meghalaya, 

Mizoram and 

Nagaland  was 

initiated. 

selected for model 

development. 

 

List of crops has 

been finalized 

according to 

farmers’ choice.  

Adequate nitrogen 

fixing legumes have 

been added to the 

model. 

 

Initiation of 

cultivation/model 

development 

process, i.e. 

planting in the field 

has been 

completed.  

 

Culturable legume 

symbionts and 

phosphorus 

solubilizing 

bacteria from jhum 

sites have been 

enumerated. 

 

Coal mine 

(AMD) 

development 

model 

Molecular 
characterization of 
the isolates from 
AMD sites was 
undertaken.  
 

Biochemical 
profiling of selected 
bacterial isolates for 
consortium 
development was 
undertaken. 
 

(i) MIC, MBC and 

MTC of three 

bacterial isolates 

were determined. 

 

(ii) Experimental 

passive 

biological AMD 

treatment plant 

was set up near 

the coalmine site. 

 

(i) Treatment with 

limestone and 

bacterial 

consortium 

increased pH of 

AMD. 

 

(ii) Plant growth 

promoting 

properties of the 

bacterial isolates 

from the shifting 

cultivation and 

AMD sites were 

tested. 

Culturable 

microbial 

composition in the 

rat-hole coal-mines 

and along the AMD 

was determined. 

 

Molecular and 

Biochemical 

characterization of 

the selected 

bacterial isolates 

were carried out.  

 

Experimental 

treatment plant for 

AMD was set up 

for AMD 

amelioration. 
 

 

 

4. Financial and Resource Information 
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Note: A separate bank account is expected to be opened for NMHS Project as 

per the provision of DirectBeneficiary 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 

 

National Botanical 

Research Institute 

  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. 

 Initiation of cultivation process, 

namely clearing and burning of the field 

has been done. 

Dr. S. R. Joshi North-Eastern Hill 

University, 

Shillong 

  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 

  

Dr. M. D. Behera IIT, Kharagpur   

 

 

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 

Upto 15th 

November, 2017 

2. Dr. Ph.D. (Environmental Research Rs. 36,000/- per month + Continuing 
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AnamikaUpadh

aya 

Science) Associate I 10% HRA 

3. 
Dr. 

NamitaThapa 
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 

Assistant 

 

 

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. 10,000/- per month 

for 1st two years and Rs. 

11,000/- per month 

for 3rd year 

 

 

 

Continuing 

7. 

 

 

Mr. 

BhaboklangL

yngdoh 

 

 

Graduate 

 

Field 

Assistant 

 

 

Rs. 10,000/- per month 

for 1st two years and Rs. 

11,000/- per month 

for 3rd year 

 

 

 

Continuing 

8. 

 

 

Mr. 

DipuChoudh

ary 

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 

Upto 31st 

January, 2018 

 

5. Equipment and Asset Information 
 

S. Equipment Details (Make/ Cost Date of Photographs Lowest 

No. Name (Qty) Model)  
Installatio
n of Equipment Quotation, IF 
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      NOT 
      purchased 
       

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

       

2. Equipment 2      
       

3. Equipment 3      
       

       
       

 
 
 
 
 
 
 
 
 
 
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  

generation: 50 selected and task allotted. 

   

No. of stakeholders trained,  Stakeholders have been  

particularly women: 50 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: 7 7 

   

 

 

8. Project Progress Summary (as applicable to the project) 

 

Description Total (Numeric) Description 

   

IHR States Covered 4 

Establishment of the four-tier models for 

improvement of shifting cultivation in 

the farmers’ field is in progress in the 

states of Arunachal Pradesh, Meghalaya, 

Mizoram and Nagaland. Initiation of the 

same is under process in Tripura. 

One plot for restoration of AMD 

problem have been identified in 

Meghalaya and another one will be 

selected in Assam.  

   

Project Site/ Field Stations 

Developed: (attached photos)  
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No. of Patents filed 

(Description): Not applicable Not applicable 

   

Article/ Review/ Research 

Paper/ Publication: Not mentioned In process 

   

New Methods/ Modeling 

Developed   

(description in 250 words): 7 Under development 

   

No. of Trainings 

(No. of Beneficiaries): Not mentioned To be conducted 

   

Workshop: Not mentioned To be conducted 

Demonstration Models 

(Site): 7 Under development 

   

Livelihood Options: 70 In process 

   

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 asuitable figure legend/ caption. 

 

    9. Project Linkages (with nearby Institutions/ State Agencies) 

 

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

of north-eastern 

India, and 

technology/model 

development for 

restoration/improv

ement of shifting 

cultivation 

Base-line data before project 

implementation are being 

collected. 

Plant diversity in selected 

shifting cultivation plots has 

been studied.  

Nutrient analysis of soil of the 

identified plots has been done. 

Socio-economic survey of the 

population involved in the 

project is being carried out to 

establish the baseline. 

Initiation of cultivation process 

has begun with clearing and 

cleaning of the field. Burning the 

litter and ploughing for sowing 

has been completed.  

Field arrangements 

completed for initiating the 

model development in 

Arunachal Pradesh, 

Meghalaya, Mizoram and 

Nagaland. 

Rhizobialsymbionts and 

phosphorus solubilizing 

bacteria in both cropping 

phase and fallow stages of 

jhum were enumerated. 

 

    

2. Environmental 

monitoring of coal 

mining areas in 

north-eastern 

India, and 

technology 

development for 

treatment of acid 

Baseline environmental data in 

selected mines are being 

collected.  

Microbial population count for 

different selected coalmine sites 

is completed. 

Metal stress tolerance, molecular 

characterization and 

Experimental treatment 

plant for AMD has been set 

up near the selected 

coalmine area for the 

restoration. 
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mine drainage 

(AMD) and 

restoration of coal 

mine affected areas 

in two states viz., 

Meghalaya and 

Assam. 

Biochemical profiling of the 

selected bacterial isolates has 

been carried out. 

Experimental treatment plant for 

AMD has been set up near the 

selected coalmine area for the 

restoration. 

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

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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

Shifting cultivation sites selected in north eastern states of India 
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(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). 
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Figure 3: Sample collection from acid mine drainage (AMD) sites 

 
  

 
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. 

 

Table1: Demographic data of villages of the selected sites 

 Meghalaya Arunachal 

Pradesh 

Nagaland Mizoram 

Name of the 

Village 

Khulia Batt Ungma Maubawk 

District   Ri-bhoi Itanagar Mokokchung Aizawl 

Tribe  Karbi Nishi  Ao Mizo 

Number of 

Household  

63  37  2309  238  

Total Population  30  256  7078  1177  

Major Occupation Agriculture  Agriculture 

and small 

business  

Agriculture  Agriculture  
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Table 2: List of plant species in the selected fallow lands in different states. 

Meghalaya Arunachal 

Pradesh 

Nagaland Mizoram 

Pinus kesiya, Rhus 

javanica, Ageratum 

conizoides, Boreria 

articularis, 

Urenalobata, Colocasia 

esculenta, Areca 

catechu, Mikania 

micrantha, Tapioca 

esculenta, 

Sesamumindicum, 

Mimosa pudica, 

Desmodium sp.  

Eupatorium 

odoratum, 

Livistonia 

chinensis, 

Mikania 

macrantha, 

Alpiniasp. 

Bidens pilosa, 

Setaria palmifolia,  

Veroniasp., 

Eupatorium 

adenophorum, 

Thysanolaena 

maxima, Phaseolus 

lunatus, Mimosa 

pudica, Mimosa 

invisia, Desmodium 

sp., Duabanga 

grandiflora, Litsea 

sp.  

Musa sp., 

Spilanthus acmella, 

Mikania 

micrantha, 

Ageratum 

conyzoides, Costus 

speciosus, 

Thysanolaena 

maxima, Carica 

papaya, 

Macaranga indica, 

Scoparia dulcis, 

Pueraria sp.  

 

 

Methodology (in brief): 

 

(1) Shifting cultivation 

Methodology for soil sampling and analyses 

 

Soil samples were collected from the selected jhum fallows 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 
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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). 

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 3: Physico-chemical parameters of soil collected from jhum fallows selected for 

model development. 

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 

organic 

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 

 

 

 

 

Initiation of the cultivation at different Shifting Cultivation sites 

Fallow land, ranging from 0.5 to 1 hectare, were selected in all the four states viz., 

Arunachal Pradesh, Meghalaya, Mizoram and Nagaland. These sites are being 

prepared as the models for the technology development on shifting cultivation. 

Vegetation analyses of these fallows were carried out prior to initiation of the 

cultivation process. Clearing and cleaning of the land was carried out by traditional 

methods using local instruments such as dao and spade. The grasses, branches and 

litter were stacked in the field and allowed to dry for about a week. It was then burned 

and the ashes were mixed in the soil by ploughing the field. 
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Table 4: List of seasonal crops finalized for the selected shifting cultivation sites 

State Site Top storey 
Middle 
storey 

Lower 
storey 

Underground 

Meghalaya Khulia Arecanut, Jackfruit Banana, 

Maize, Bottle 

gourd, Ridge 

gourd, French 

beans, Lady’s 

finger 

Rice, 

Pineapple, 

Pumpkin 

Turmeric, 

Colocasia 

Arunachal 

Pradesh 

Batt Agarwood, Guava, 

Orange, Litchi, Arecanut, 

Zanthoxyllum oxyphyllum 

Bitter gourd, 

Beans, 

Cucumber, 

Lady’s 

finger, 

Chillies, 

Brinjal 

Pineapple, 

Pumpkin 

Ginger, 

Turmeric,  

Tapioka, 

Colocasia 

Nagaland Ungma Mango (along boundary) Beans, 

Maize, 

Cucumber, 

Chillies, 

Tomatoes, 

Lady’s 

finger, 

Brinjal, Bitter 

gourd 

Coriander Tapioca, 

Colocasia, 

Onion 

Mizoram Maubawk Guava, Mango, Papaya, 

Tamarind 

Capsicum, 

Cow pea, 

Maize, 

Pigeon pea, 

Bitter gourd, 

Cucumber, 

Urena lobata, 

Banana 

Pumpkin, 

Pineapple 

Colocasia, 

Turmeric, 

Solanum nigrum, 

Tapioca 
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(A) 

 
(B) 

 
(C) 

Figure 6: Clearing and burning of shifting cultivation sites in (A) Khulia, Meghalaya (B) Batt, 

Arunachal Pradesh and (C) Ungma, Nagaland 

 

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. 
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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. 

 

Table5: Microbial population from the jhum sites 

Khulia, Meghalaya 

 

 

Sample Codes Bacteria as colony forming units/gm soil 

Sh-1 

 

 

 

120 x 103 

30 x104 

2 x 105 

2 x106 

Sh-2 210 x 103 

37 x 104 

3 x 105 

BB-2 66 x 10 

18 x 102 

5 x 103 

Batt, 

Arunachal Pradesh 

AR-1 102 x 103 

60 x 104 

40 x 105 

16 x 106 

AR-2 102 x 103 

43 x 104 

27 x 105 

19 x 106 

Ungma, Nagaland AB-1 200 x 10 

40 x 102 

12 x 103 

AB-2 44 x 10 

33 x 102 

10 x 103 

AB-4 23 x 102 

20 x 103 

3 x 104 

AB-5 106 x 10 

61 x 102 

31 x 103 

AB-6 15 x 10 

1 x 102 

0 x 103 

BB-1 30 x 10 

24 x 102 

BB-2 66 x 10 

18 x 102 

5 x 103 
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Microbial studies from shifting cultivation sites 

50 strains of rhizobia from four different species of plants namely Mimosa pudica, 

Mimosa invisia, Phaseolus lunatus and Desmodium sp. growing in the jhum fallows 

of Nagaland were collected. On the basis of the colony characteristics the strains were 

identified as Bradyrhizobium and Burkholderia strains of phosphate-solubilising 

bacteria have been isolated from the soils of Jhum  fallows of Meghalaya. This 

collection of rhizobial bacteria and phosphate-solubilising would be used for the study 

on their synergistic effect on growth for consortia development.  

 

 

 

 
Figure 7: Isolation of bacterial strains from root nodules 
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Figure 8: Plant species from Jhum sites used for the isolation of bacterial strains 

 
 
 

 
Figure 9: Bacterial colonies on the Yeast Extract Maltose Agar (YEMA) plates 

supplemented with Congo Red 
 

 

Plate assay of seed germination 

• The rice seeds (bhalumvariety)) were chosen for testing the plant growth 

promotion ability of Bacteria isolated from jhum fallow.  

• Bacterial isolates were grown in suitable media and Rice seeds were surface 

sterilized, soaked in cell suspension and kept under shaking conditions for 5 hr 

at 160 rpm. 

•  Seeds were aseptically transferred to sterilized plates containing wetted filter 

paper. 

• Seeds soaked in sterilized water were used as control. 
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• Plates were incubated at 28-30 ᴼC and germination was observed after one 

week. 

 

Figure 10: Rice used for in vitro seed germination and pot experiments. 

 

 

 

 
Figure 11: Rice seed germination in plates 

 

Pot experiments 

• The microbial isolates were inoculated in nutrient broth and incubated for 

growth. 

• Surface-sterilized seeds were added on to the culture broth and kept under 

shaking conditions (24 hrs at 22°C). 
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• In the cups dry autoclaved soil was placed were the supernatant of the 

respective culture broth was added.  

• The seeds were placed in the pots, and were allowed to grow in green house 

conditions. 

• On alternate days the pots were watered with distilled water. Observations 

were made for shoot length after two weeks and after four weeks, the plants 

were measured for their growth: shoot length, root length and total aerial 

height.  

 
Figure 12: Rice seed germination in plates using Bacterial isolates 

 

 

Table 6: In vitro seed germination using Bacterial isolates. 

BACTERIA  1 WEEK PLATE EXPERIMENT 

 Root Length 

(cm)  

Percentage increase 

(%)  

Shoot Length 

(cm)  

Percentage increase 

(%)  

Control  5.59±0.260  -  4.13±0.25  -  

Mb-2F 8.91±0.51  37.26  6.92±0.37  40.31  

Mb-2b  9.83±0.55  43.13  7.28±0.28  43.26  

SH2-E  10.57±0.86  47.11  9.62±0.49  57.06  
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  (A) (B) 

Figure 13: Graphical representation depicting root length (A) and shoot length (B) for 

rice of In vitro seed germination using microbial isolates. 

 

 

 
Figure 14: Steps of rice seed germination in pots under Greenhouse conditions  

 

 



28 

 

 
Figure 15: Rice seed germination in pots under Greenhouse conditions  

 

 

 
Figure 16: Rice seed germination in pots after two weeks 
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Table 7: Pot experiment data for rice seed germination using Bacterial isolates after two 

weeks. 

Isolates  Average Shoot Length 

(cm)  

Percentage increase %  

control 11.64 ± 0.50  -  

Mb-2F  14.29 ± 0.25  16.79  

Mb-2b 13.0 ± 0.37  8.53  

SH2-E  14.75 ± 0.15  19.38  

 

 

 

 
Figure 17: Rice seed germination in pots after four weeks 
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Figure 18: Rice seed germination by bacterial isolates after four weeks 

 

 

 

 

 

Table 8: Pot experiment data for rice seed germination using Bacterial isolates after 

four weeks 

BACTERIA 4 WEEKS POT EXPERIMENT 

 Average Root 

Length (cm)  

Average Shoot Length 

(cm)  

Average Aerial 

Height (cm)  

Control  10.25 ± 0.30  17.11 ± 0.50  49.83 ± 0.42  

Mb-2F 11.50 ± 0.63  22.11 ± 0.54  59.89 ± 0.85  

Mb-2b 11.27 ± 0.44  22.08 ± 0.60  58.90 ± 0.80  

SH2-E  14.11 ± 0.47  22.93 ± 0.50  62.62 ± 0.61  
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                                           (A)                                                                                          (B) 

 
(C) 

Figure 19: Pot experimental data for rice seed germination using Bacteria isolates [Average 

root length (A),Average shoot length (B) and Average Aerial height (C)] 

Summary: 

• The seven days plate assay done shows the bacterial isolate SH2-E to increase 

the root length as well as the shoot length of rice. 

• For Pot experiment carried out bacterial isolate SH2-E influenced root growth 

as well influenced the aerial height of the rice. The other two isolates also 

influenced the shoot growth of the experimental plants as compared with the 

control plants treated with water. 

Microbial study on AMD sites 

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 and 

sequenced. 
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Fig 20: 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. 
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Table 9: 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 21: Biochemical characterization (a) Cellulose degrading test  
hydrolysis test (c) Casein hydrolysis test and (d) 

Determination of MIC, MBC and MTC
 Minimum inhibition concentration (MIC), minimum bactericidal 

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.

 

Table 10: Maximum tolerable concentration (MTC), minimum inhibition 
concentration (MIC) and minimum bactericidal concentration (MBC) of heav
against the isolates 
METALS Metal concentrations 

(PPM) 
Fe 
 100
 200
 400
 800
 1000
 1500
 2000

34 

 
 (b) 

 
 (d) 

: Biochemical characterization (a) Cellulose degrading test  (b) Starch 
Casein hydrolysis test and (d) Lipase test 

Determination of MIC, MBC and MTC 
Minimum inhibition concentration (MIC), minimum bactericidal 

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. 

: Maximum tolerable concentration (MTC), minimum inhibition 
concentration (MIC) and minimum bactericidal concentration (MBC) of heav

Metal concentrations KH-CC KH-12A 

100 + + 
200 + + 
400 + + 
800 + + 

1000 + + 
1500 + + 
2000 + MTC 

 

 

(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 

: Maximum tolerable concentration (MTC), minimum inhibition 
concentration (MIC) and minimum bactericidal concentration (MBC) of heavy metals 

KH-16F 

+ 
+ 
+ 
+ 
+ 
+ 

MTC 
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 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 
 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 bacteria consortium was added to one of the tank for 72 hours to check 

generate alkalinity and ability of the isolates to survive. pH reading  was taken 

every 24 hours. 

 Limestone sample was exposed to stagnant AMD in one of the tank for 72 

hours and every 24 hours samples was taken to check the pH (3 kg of 

limestone formed 2 inches bead in the tank). 
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Figure 22: Experimental treatment plant for AMD 

 

 
Figure 23: Limestone treatment for increasing the pH of the AMD 
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Table 11: pH ready noted from the bacterial consortium and limestone treatment 

 pH 

control 1st Day 2nd Day 3rd Day 

Tank with Consortium  3.28 4.12 4.57 5.9 

Tank with limestone 3.30 5.5 5.6 6.4 

 

Result: The bacteria consortium has the ability to increase the pH upto 5.9 in 3 days 

and limestone upto 6.4. The consortium give a desirable increase in pH, which can be 

conclude that limestone treatment may not be required for increasing the pH of the 

AMD in small scale. 

 

Plant growth promoting properties of the Isolates: 

 3 Bacteria isolates from coal mine soil samples which shows high metals 

tolerance and 3 bacteria isolates from Jhum soil samples were screened for 

plant growth promotion (PGP) properties. 

 The isolates were tests for the production of phosphate solubilisation, indole 

compounds, ammonia and catalase activity. 

 

Phosphate solubilisation: 

The isolates were screened for their phosphate solubilizing ability by inoculating onto 

Pikovskaya agar medium. Microbial isolates forming a clear zone around the colonies 

were noted to be phosphate solubilizing microorganisms. 

 

 
Fig 24: Phosphate Solubilization test 
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Production of indole-like compounds: 

Microbial isolates were grown in their respective growth medium, amended with 

0.1% DL-tryptophan and kept in a shaker incubator at 30 °C and 180 rpm under dark 

conditions for 48 hr. The liquid cultures were then centrifuged at 8000 rpm for 10 min 

and the supernatant was used for the estimation of indole production. 

 

 
Fig 25: IAA Production test (30 minutes incubation) 

 

 
Fig 26:  IAA Production test (overnight) 

Production of ammonia: 

10 ml of peptone water was inoculated with freshly grown microbial culture and 

incubated for 48-72 hr at 37 °C. To the above inoculated peptone water, 0.5 ml of 

Nessler's reagent was added after the incubation period, and formation of brown to 

yellow colour indicated a positive test for production of ammonia. 
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Fig 27:  Production of ammonia test 

Production of catalase: 

Test for catalase production was carried out on a clean glass slide by mixing a loopful 

of microbial culture with 1 ml of hydrogen peroxide solution. The presence of 

effervescence depicted catalase activity. 

 

Fig 28: Catalase test 

Brief Conclusion: 

 Set up of experimental treatment plant for restoration of AMD. 

 Bacterial consortium and limestone were used to increase the pH of AMD. 

 Antibiotic susceptibility profile of selected metal-resistant strains was 

performed by disc-diffusion method. 

 The minimal inhibitory concentration (MIC) of the isolates in the liquid media 

was studied. 

 Bacterial isolates from coal mine soil and shifting soil samples were tested for 

plant growth promoting properties. 
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Remaining work to be done: 

 Isolation and identification of more bacterial isolates to formed a prolific 

consortium. 

 Standardization of the bacterial consortium formulation for AMD treatment. 

 Removal of heavy metal from AMD using Immobilized Bacterial consortia. 

 

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

Task accomplished:  
1. Field work and reconnaissance survey has been done in the five states of North 

East India (NEI) i.e. Meghalaya, Manipur, Mizoram, Nagaland and Tripura (Fig 1 

& 2) 

2. Studied vegetation succession in the abandoned jhum lands has been collected 

using the nested quadrant method. 

3. A total of 86 sample plots laid and 35GCP locationshave been recorded in the five 

states of North East India. (Fig 1) 

4. A total no. of112 specieshas been recorded in these areas and top 10 dominated 

species in each states has been presented based on their IVI values (Fig 5). 

5. The sentinel imageries (cloud free/less cloud) of the nearby time periods of field 

visits are using for the analysis of reflectance behavior with species and soil. 

6. Normalised difference vegetation index(NDVI) difference and Normalized 

Burned Index (NBI) technique used to extract the current jhum patches in selected 

sites in north east India. 

7. Temporal monitoring of shifting cultivation has been carried out using the landsat 

dataand hotspot analysis performed to get the statistically significant Jhum areas 

(hotspot and cold spots) (Fig 6 & 7). 
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Figure 1.Sentinel Image (false color composite) of Study sites 

Meghalaya 

Tripura 

Mizoram 

Nagaland 

Manipur 
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Figure 2: Jhum and abandoned patches in Manipur, Meghalaya, Mizoram, Nagaland 
and Tripura 
 
Methodology: 
In shifting cultivation forest area used to be slash and burn. Normalised difference 
Vegetation Index (NDVI) is most used vegetation index for vegetation monitoring. 
High NDVI values indicates the dense vegetation. In the jhum area NDVI values 
shows deep declination and increase in abandoned areas. Hence, NDVI difference of 
two consecutive years has been used to find the jhum patches. Normalised Burnt 
Ratio (NBR) indices also used for detecting current jhum patches. Where, extreme 
negative values of difference indicate the current year jhum lands and positive values 
for previous year jhum lands. Using this technique jhum patches have been extracted 
for some selected five states. Methodology flow chart is displayed in figure 3. 
 
Hotspot Analysis: 
In the present study Hotspot was defined as an area with a high concentration of 
shifting cultivated change patches in space. This statistical approach compares the 
features distribution to a hypothetical random distribution and supports to identify 
spatial patterns of the data (Mitchell 2005). Further hotspot analysis Getis-OrdGi* has 
been performed with the jhum polygons in 5x5 km2 area to locate the statically 
significant cold spots and hot spots regions for all the five sites. The Getis-OrdGi* 
tool is an Arc map works based on the equation (5).  Spatial Jhum hotspot maps were 
generated for the study area. Here, the z-scores and the p-values are used as the 
measures to spatially estimate features with high value and low values are clustered. 
The p-value is the probability that the observed spatial pattern was created by some 
random method. When the p-value is very small, it means it is small probability that 
the observed spatial pattern is the result of random processes. Here, Z scores are 
standard deviations. The Gi* statistic returned for each feature in the dataset is a z-
score. For statistically significant positive z-scores, the larger the z-score is, the more 
intense clustering of high values (i.e., Hot spot). For statistically significant negative 
z-scores, the smaller the z-score is, the more intense the clustering of low values (i.e., 
Cold spot). (Getis and Ord 1996). 
Formulas: 

Normalised Difference Vegetation Index (NDVI) =
�����

�����
 ……………  Eq. 

(1) 

Normalised Burnt Ratio (NBR) =
��������

��������
   …………………..   Eq. 

(2) 
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Where,R, NIR nad SWIR are reflectance in red, near infrared and short wave infrared 
bands respectively 

SDEx=�
∑ (�����)��

���

�
        ……………………                                Eq. 

(3) 

SDEy=�
∑ (�����)��

���

�
 ……………………      Eq. 

(4) 
Where, xi and yi are the coordinates for feature i, X̅, Y̅ represents the mean centre for 
the features, and is equal to the total number of events 
The following equation has been used for calculation of Getis-OrdGi*: 

Gi
*= 

∑ ��,�����̅ ∑ ��,�
�
���

�
���

��[� ∑ ��,�
� �(∑ ��,�)�

���
��

���

���

   …………………     Eq. 

(5) 
Where, xj is the attribute value for feature j, wi,jis the spatial weight between feature i 
and j, is equal to the total number of feature 

S=�
∑ ��

��
���

�
− (��)� ……………………                Eq. 

(6) 
X� = ∑ ��

�
���  ……………………...                 Eq. 

(7) 
The Gi

* is a z-score so no further calculations required 
The detailed methodology flow chart used in the study is displayed in the figure no. 3. 



 

Figure 3: Methodology flow chart adopted in the study

 
s 
 
 
 
 
 
Results:Below image shows historical detection of jhum patches using automatic 
techniques for the selected study site during 1972
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Methodology flow chart adopted in the study 

Below image shows historical detection of jhum patches using automatic 
techniques for the selected study site during 1972-2017).Figure 4. 

 

Below image shows historical detection of jhum patches using automatic 
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Figure 4: Jhum patches in long time period at a selected site in Tripura using 
automation (CP:92°4'39.362"E - 24°1'9.617"N, Scale: - 1:20000). 
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Field data Analysis:We have carried out field studies and analyzed the field data for 
the 5 Northeast states and top 10 dominant plant species and their IVI information has 
been given below. 
Manipur:  
Top ten Important value plant species found in the abundant jhum lands of Manipur 
isAgeratina adenophora (IVI= 31.03)followed byCyperus rotundus (26.80) Panicum 
sp (24.04) Ageratum houstonianum (18.10) Artemisia nilagirica (17.92) Lantana 
camara (16.10) Chromolaena odorata (13.90) Erigeron canandensis (13.26) Centella 
asiatica (12.83)and Gnaphalium affine (9.20). Figure 5. 
Meghalaya:   
Top ten Important value plant species found in the Meghalaya isdominated 
byEragrostis sp (44.12) followed byAristida adscensionis (26.46) Emilia sonchifolia 
(18.61) Centella asiatica (18.16) Ageratum conyzoides (13.72) Asteraceae (13.61) 
Setaria pumila (13.38) Alysicarpus monilifer (13.37) Ageratum houstonianum (13.30) 
and Spilanthes ciliata (11.91). Figure 5. 
Mizoram:  
Top ten Important value plant species found in the Mizoram isAgeratum 
houstonianum (41.81) followed by Mikania micrantha (33.79) Chromolaena odorata 
(24.19) Boukhowr (Ver) (20.84) Ageratina adenophora (20.52) Thysanolaena latifolia 
(19.80) Ageratum conyzoides (16.15) Erigeron canandensis (12.16) Bamboosa 
(10.84) andSpilanthes ciliata (9.10). Figure 5. 
Nagaland:  
Top ten Important value (IVI) plant species found in the Nalanad isdominated 
bySaccharum sp (43.24) followed byPanicum sp (41.31) Ageratum 
houstonianum (36.76) Erigeron canandensis (22.37) Chromolaena odorata (22.35) 
Thysanolaena latifolia (15.98) Mikania micrantha (11.56) Osbeckia stellata (10.63) 
Melastoma malabathricum (8.01) andDigitaria ciliaris   (7.89).Figure 5. 
Tripura:  
The dominant vegetation found in the Tripura state isChromolaena odorata (42.84) 
followed byPennisetum sp (32.99) Mikania micrantha (27.39) Digitaria 
ciliaris (22.05) Setaria pumila (21.63) Borreria latifolia (15.37) Spilanthes ciliata 
(14.87) Curculigo orchioides (12.69) Macaranga peltata (9.84) and Bamboosa 
(7.82).Figure 5. 
 
 



 

 
 
 
 

 
Figure 5. Top 10 dominant 
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dominant species based on the IVI value the five states of NEI.

 

 

species based on the IVI value the five states of NEI. 



 

 
Analysis of field data with high resolution satellite imageries: Below Figures are 
showing plot wise spectral reflectance value vs species.
relationship between high resolution image spectra and species so, we can able 
characterize the abundant jhum lands based on its spectral behavior. This study made 
an attempt towards charac
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Analysis of field data with high resolution satellite imageries: Below Figures are 
spectral reflectance value vs species. We are try to highlight the 

relationship between high resolution image spectra and species so, we can able 
characterize the abundant jhum lands based on its spectral behavior. This study made 
an attempt towards characterizing jhum lands.  

Analysis of field data with high resolution satellite imageries: Below Figures are 
We are try to highlight the 

relationship between high resolution image spectra and species so, we can able 
characterize the abundant jhum lands based on its spectral behavior. This study made 
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Table 1 Species found in abounded jhum lands of all the 5 states of NEI 
Species Name Species Name Species Name 
Ageratina adenophora  Cuequrm sp Mimosa pudica 
Ageratum conyzoides Curculigo orchioides Oldenlandia sp 
Ageratum 
houstonianum  Cyanotis vaga Oldenlandia spp 
Albezia sp Cyperus rotundus Opposite Cirrate 
Alternanthera sessilis cyprus sp Osbeckia stellata 
Alternentra sp Dalbergia paniculata Oxalis corniculata 
Alysicarpus monilifer  Desmodium triflorum Panicum sp 

Anaphalis busua Digitaria ciliaris  
Parthenium 
hysterophorus 

Andropogan sp Emilia sonchifolia Pennisetum sp 
Anogeissus sp Emilia  sp Phyllanthus sp 
Aprosa sp Eragrostis sp Potentilla sp 
Aristida adscensionis Erigeron canandensis Randia spinosa 
Artemisia nilagirica Evolvulus sp Rhynchosia sp 
Arundinella pumila Febeci sp Rubieci sp 
Asteraceae Febeci Yellow Rubus ellipticus 
Bamboosa Ficus racemosa Saccharum sp 
Bidens pilosa Galinsoga parviflora Schima wallichii 
Bignoneaceae blue 
flower Glochedian sp Setaria pumila 
Blumea sp Gmelinea sp Sida sp 
Boerhavia sp Gnaphalium affine Smilax ovalifolia 
Borreria latifolia Grass Bamboo solenum nigra 
Eryngium foetidum Grass sp docti solenum sp 
Bridelia  sp Grewia climber Spilanthes ciliata 
Callicarpa sp Grewia sp. Spilanthes small 
Catunaregam sp. Gynura sp Spilanthes white 
Centella asiatica Hemidesmus indicus Spiranthes sp 

Chromolaena odorata Hydrocotyle 
Stachytarpheta 
jamaicensis 

Clerodendrum sp Hyptis suaveolens Strawberry wild 
Climber Lobet Indigofera tinctoria Thysanolaena latifolia 
Climber long leaf Justicia vahilii Trema orientalis 
Corchorus trilocularis  Lantana camara Trifolium repens 
Crysanthemum Lea sp Uferbiaci sp 
Cucurcitaceae (UID) Litsea cubeba Urena lobata 
 Macaranga peltata Vigna sp 

 
Melastoma 
malabathricum Vitex altissima 

 Mikania micrantha Zingiber officinale 
 
Jhum Hotspot analysis: (2014-2018) 
We performed Hotspot analysis for Manipur state and found that Hot Spot – with 
99% Confidence was 295.6 km2 (65.0%), Hot Spot – with 95% Confidence was 71.4 



 

km2 (15.7%) and 87.6 km
Confidence. Cold Spots are not found in the Manipur state
continuing jhum practice 
Hotspot area among all other Northeast states
869.2.0 km2 (65.8%) followed by 284.5 km
Spot – with 95% Confidence, Hot Spot 
Mizoram shows second highest rank 
(65.2%), Hot Spot – with 95% Confidence was 184.3 km
(12.6%) area found under the Hot Spot 
state contributes the third highest hotspot area under Hot Spot 
was 291.2 km2 (54%) and 86.7 km
found in Hot Spot – with 90% Confidence category i.e. 72.0 (16.0%) of the 
hotspots. Tripura state showing the lowest hotspot area i.e., 170.4 km
102.7 km2 (60.3%) of area found in Hot Spot 
with 90% Confidence category contributes 39.9 km
km2 (16.3%) found in the category of  Hot Spot 
Hotspot analysis shows the Meghalaya shows the highest jhum hotspots was (1321.9 
km2) followed by Mizoram (831.4 km
and lowest jhum hotspot found in Tripura state i.e., 170.4 km
hotspot map was shows in figure 5 and 6
 

Figure: 6 Distribution of Jhum hotspots in North east states
The fragile ecosystem of Hilly regions of Northeast India has been experiencing a 

threatening from shifting cultivation. The major highlight of this study is collecting 
cloud free satellite data sets and investigated for intense shifting cultivation on annual 
basis in the recent past. Shifting cultivation is therefore attributed as the 
contributor towards the degradation of jhum lands and loss of biodiversity so, annual 
monitoring and assessment of jhum are very essential for better management 
activities.The results of this study represent an innovation in generating spatially 
coherent data on the extent and the dynamics of shifting cultivation landscapes. Our 
findings underline the importance of further research related to the delineation of the 
extent and dynamics of shifting cultivation landscapes as well as the analysis of the 
underlying drivers of change.
Future work: 
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(15.7%) and 87.6 km2 (19.3%) area found under the Hot Spot 
Confidence. Cold Spots are not found in the Manipur state which indicates that 
continuing jhum practice in the state. Where as in Meghalaya shows the highest 
Hotspot area among all other Northeast states. Hot Spot – with 99% Confidence was 

(65.8%) followed by 284.5 km2 (21.5%) and 168.2 km2 
with 95% Confidence, Hot Spot – with 90% Confidence respectively. 

second highest rank Hot Spot – with 99% Confidence was 542.1 km
with 95% Confidence was 184.3 km2 (26.5%) and 105.0 km

(12.6%) area found under the Hot Spot – with 90% Confidence category.
highest hotspot area under Hot Spot – with 99% Confidence 

(54%) and 86.7 km2 in Hot Spot – with 95% Confidence and least area 
with 90% Confidence category i.e. 72.0 (16.0%) of the 

hotspots. Tripura state showing the lowest hotspot area i.e., 170.4 km
(60.3%) of area found in Hot Spot – with 95% Confidence and Hot Spot 

with 90% Confidence category contributes 39.9 km2 (23.4%)  and least area of 27.7 
(16.3%) found in the category of  Hot Spot – with 99% Confidence. Over all the 

Hotspot analysis shows the Meghalaya shows the highest jhum hotspots was (1321.9 
) followed by Mizoram (831.4 km2), Manipur (454.6 km2), Nagaland (449.8 km

hotspot found in Tripura state i.e., 170.4 km2 State
otspot map was shows in figure 5 and 6.  

Distribution of Jhum hotspots in North east states 
The fragile ecosystem of Hilly regions of Northeast India has been experiencing a 

threatening from shifting cultivation. The major highlight of this study is collecting 
cloud free satellite data sets and investigated for intense shifting cultivation on annual 
basis in the recent past. Shifting cultivation is therefore attributed as the 
contributor towards the degradation of jhum lands and loss of biodiversity so, annual 
monitoring and assessment of jhum are very essential for better management 
activities.The results of this study represent an innovation in generating spatially 

rent data on the extent and the dynamics of shifting cultivation landscapes. Our 
findings underline the importance of further research related to the delineation of the 
extent and dynamics of shifting cultivation landscapes as well as the analysis of the 
nderlying drivers of change. 
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with 99% Confidence. Over all the 

Hotspot analysis shows the Meghalaya shows the highest jhum hotspots was (1321.9 
), Nagaland (449.8 km2) 

State-wise Jhum 

 

The fragile ecosystem of Hilly regions of Northeast India has been experiencing a 
threatening from shifting cultivation. The major highlight of this study is collecting 
cloud free satellite data sets and investigated for intense shifting cultivation on annual 
basis in the recent past. Shifting cultivation is therefore attributed as the major 
contributor towards the degradation of jhum lands and loss of biodiversity so, annual 
monitoring and assessment of jhum are very essential for better management 
activities.The results of this study represent an innovation in generating spatially 

rent data on the extent and the dynamics of shifting cultivation landscapes. Our 
findings underline the importance of further research related to the delineation of the 
extent and dynamics of shifting cultivation landscapes as well as the analysis of the 
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 Satellite data acquisition and historical monitoring of jhum Hotspots (1972-2018) 

using satellite data. 

 

 
Figure: 7 Spatial distributions of Jhum hotspots in North east states  
 
 Identification of different stages of Jhum lands such as current, abandoned (1-2 

Years) using one-time period satellite imagery.[A suitable classification scheme 

shall be developed] 

 Pre and post field validation of various stages of Jhum lands such as current, 

abandoned (1-2 Years) on ground with respect to satellite imageries. 

 Rule-based algorithm development for automatic identification of various stages 

of Jhum lands from optical data at 5-years interval since 1972 to 2018 (46-years) 

 Analysis of Patch Dynamics using landscape ecological matrices to understand 

the dynamics of Jhum patches. 

 Integrating the Patch Dynamics with the cropping pattern in NE states to 

understand the synergy. 

 
References:  
1. Getis, A, & Ord, JK (1996). Spatial analysis and modeling in a GIS environment. 

a research agenda for geographic information science. 157–196. 
2. Mitchell, A (2005). The ESRI guide to GIS analysis, volume 2. ESRI Press. 

Publications: (Being Planned) 

 
1. Assessment of Shifting Cultivation Hotspots in Northeast India Using Multiple 

Indices and Field Data  
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2. Historical monitoring and dynamics of shifting cultivation Landscapes using 
different indices: A Geospatial Approach  

 

Spatial and temporal monitoring of coal mining areas of north-east 

The northeastern region of India has a good deposit of mineral resources. The mineral 

resources in this region include coal, petroleum crude, natural gas, limestone, 

siliminite, dolomite, uranium, china clay, kaolin, fuller's earth and feldspar. Even 

though there is a huge reserve of coal in this region, the coal has high sulphur content 

and hence is not fit for use in power generation. At present Assam and Meghalaya are 

producing the maximum amount of coal. Besides these two, Nagaland, Arunachal 

Pradesh and Sikkim are also enriched with coal bearing formations. The exploitation 

of the coal in these states are not feasible due to its remoteness and inaccessibility.  

 

Geology of the coal fields of Northeast India 

The coal occurring in this region are unique in character by virtue of its low ash 

content, high sulphur and strong coking characteristics. In Northeast India the coal 

deposits occur along the three distinct geo-tectonic provinces: 

 The Permian Gondwana belts of Arunachal Pradesh disposed as (a) thrust 

sheets at the foot hills of the Himalayas (b) Gondwana outcrops in 

Meghalaya extending upto Assam. 

 The Eocene coal belts of Garo, Khasi and Jaintia hills of Meghalaya and 

Mikir hills of Assam formed on platform areas peripheral to the shield.  

 The Oligocene coalfields of upper Assam, Nagaland and Arunachal 

Pradesh formed in the pericratonicdownwarps in a zone of Schuppen. 

 

The coalfields of this region can, therefore, be classified as follows: 

a) Coal occurrences in the Gondwana belt along thrust sheets of outer 

Himalayas, Arunachal Pradesh and the Gondwana outcrops in Singrimari 

in Assam and Meghalaya. 



57 

 

b) Coalfields of platform areas (Tertiary-Eocene) include coalfields of Garo 

Hills, Langrin (West Khasi Hills), small coalfields of Eastern Khasi Hills, 

coalfields of Jaintia Hills and Mikir Hills. 

c) Coalfields in the zone of Schuppen (Tertiaiy-Oligocene) include Makum, 

Dilli-Joypore, Namchik-Namphuk, Nazira-Boijan, small coal occurrence 

of Nagaland and Jhanzi-Disaivalley (Table 1). 

 

Objectives of the Project  

• Collection of data and development of GISlayers involving vegetation, 

rainfall,topographic features, drainage, geologicalfeatures and soil types. 

• Identification and mapping of coal mining areas in Northeast Indian states along a 

time gradient. 

 

Methods 

Procurement of relevant satellite imagery and topographical maps covering entire 

northeast India, and collection of other collateral data. Preparation of geodatabase for 

interpretation of coal impact analysis in proximity of coal mines (Fig. 1 to Fig. 5). 

Extensive ground truth data collection and ground control points (GCPs) of different 

land use/ cover in and around coal mines. GCPs of coal mines are utilized to locate 

the coal mines on the satellite imagery. Impact zones are delineated for each mine for 

different years. The spatial changes of land use/ cover are detected in the impact 

zones for different mines in time series.  
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Fig. 1 Coal mines of Northeast 

India 

Fig. 2 Coal mine impact (FCC of 
Borjan and Dilli-Jeypore coal 
fields) with land use/ cover in 

Northeast India 
 

 

Fig. 3 Coal mine impact (FCC of West Darrengiri and Lumdidom coal 
fields) with land use/ cover in Meghalaya 
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(a) 

 

(b) 

 
Fig. 4 FCC of coal mining impact zones of Dilli-Jeypore (a) and Borjan (b) 

coal fields of Assam 
 

(a) (b) 

Fig. 5 FCC of coal mining impact zones of West Darrengiri (a) and 
Lumdidon (b) coal fields of Meghalaya 

 
Table-1 State-wise coal occurrences in the Northeast India on the basis of 
their tectonic set up and age 
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Progress on Work Plan till Date (1st half of the year) 

The work plan in this project arranged in the following steps: 

 Appointment of the project fellowand the procurement of the equipment: 

The appointment of the project staff was initiated and completed following 

State name Coal fields Tectonic setup Age  

Assam  Mikir hills coalfields Platform area Tertiary 

Makum coalfields  

Zone of Schuppen 
Dilli-jeypore coalfields 

Singrimari coalfields  Permo-carboniferous 

Meghalaya  
Langrin (Khasi Hills) 

Stable shelf area Tertiary 
Umrileng (Khasi Hills) 
Mawsynram (Khasi Hills) 
Cherrapunji-Mawkma-Laitryngew (Khasi Hills) 
Pynursla-Lyngkyrdem-Thanjinath (Khasi Hills) 

Lumdidom (Khasi Hills) 
Mawbehlarkar (Khasi Hills) 
Lakadong (Jaintia hills) 

Stable shelf area Tertiary 
Malwar-Musiang-Lamare (Jaintia hills) 

Sutnga (Jaintia hills) 

Ioksi (Jaintia hills) 
Chyrmang (Jaintia hills) 

Bapung in (Jaintia Hills) 
East Darrangiri (Garo Hills) 

Stable shelf area Tertiary 

West Darranggiri (Garo Hills) 

Siju(Garo Hills) 

Balphakram-Pendenguru(Garo Hills) 

Karaibari coalfield (Garo Hills) 

Rongrenggiri (Garo Hills) 
Arunachal 
Pradesh 

Namchick- Namphuk (Tirap) 
Zone of schuppen Tertiary  

Miao-Pum  
Nagaland Borjan 

Zone of schuppen Tertiary  
Jhanzi-Disai 
Tuensang 

Tiru valley  
Sikkim Rangit Valley 

Lesser Himalayan 
Region  

Permo 
carboniferous 
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recruitment rules of the University and funding agency. Procurement of 

workstation for the image analysis have been finalized.  

 Literature collection and field orientation: The published literature related 

to the project objectiveshave been collected from different sources. The library 

of various universities and institutions were visited. A field survey was carried 

out after collecting the literature and preparation of tentative base maps of 

different coal minesof Assam, Meghalaya, Arunachal Pradesh and Nagaland. 

Coal mines areas covered so far in the field 

During field survey various coal mines of Assam, Meghalaya, Nagaland and 

Arunachal Pradesh were covered. They are: 

Makum(Assam) - BaragolaiCollliery, Tikak colliery, Tirapcolliery, Ledocolliery 

andDilli-Jeypore coalfields.  

Namchik-Namphuk and Miao Pumcoal fields (Arunachal Pradesh). 

Sutnga Coalfields, Wapung coalfields (Jaintia Hills, Meghalaya);Cherrepunji-

Mawkma-Laitryngew(Khasi Hills, Meghalaya);Kairaibaricoalfield, Hallidyaganj 

coalfields (Garo Hills, Meghalaya). 

Tiru Valley coalfields (Nagaland).  

Coal mines of Assam 

Makumcoalfield- is one of the most potential coalfields of Northeast India. It lies 

between the latitudes 27015'-27025'N and longitudes 95040'-95055'E in the outmost 

flank of the PatkaiPahar.The coal seams are confined to the Tikak Parbat Formation 

and within the Baragolai Formation of Barail Group. The coal seams are exposed at 

several places between Tipongcolliery and Boragolaicolliery (Plate I, Plate II and 

Plate III). 

 

Entrance to Boragolai Colliery 

 

Underground Mining in Baragolai Mining 
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Blasting to remove the overburden Rat Hole Mining encounter in Tirap 
Colliery 

Plate I: Makum coal fields of Assam 

 

 

 

 

 

 

 

 
Mining area in Tirap Colliery Dumping Zone in Tirap Colliery 

Exposed coal seam in Ledo Colliery OPM in Ledo Colliery 

 

Plate II: Tirap-Tikak colliery of Assam 
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Dilli-Jeyporecoalfields, Assam 

Dilli-Jeypore is the second most important coalfield of Assam. At present np mining 

activity is going on in these mines. 

Office of Jeypore Dilli Colliery Exposed coal seam in Dilli Jeypore 

colafield 

Plate III: Dilli-Jeypore coal fields of Assam 

NamchikNamphuk and Miao Pum coalfields of Arunachal Pradesh 

NamchikNamphuk coalfield is the only potential coalfield in Arunachal Pradesh. It 

lies within the latitudes 27023'-N27024'N and 95058'- E96000'E. NamchikNamphuk 

coalfield falls in Kharshangdistrict. In Miao Pum coalfields a number of coal 

exposures have been reported from the northern slope of Miao Pum range particularly 

in the stream sections of MaithongHka and Miao Hka. The mining method use for 

exploration in this area is Open Cast Mining. The coal mining area is also an active 

region for insurgency groups (Plate IV). 
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Plate IV: Thin layer of coal seams in Namchik Namphuk coalfield of Arunachal 

Pradesh 

Meghalaya Coalfields 

In Meghalaya the coal occurrences are confined mainly in the Tertiary sediments and 

spread over Garo, Khasi and Jaintia Hills districts. Minor occurrences in the Lower 

Gondwana sediments developed in the western part of Garo hills districts and 

extending into the border state of Assam. 

 

Coalfields of Jaintiaand Khasi Hills- Jaintiacoalfields are located in the southern 

and the central part of the West Jantiadistrict. It lies within the co-ordinates 25010'-
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25028'N and 92008'- E92033'E.Wapungcoalfield is in the central part and Sutnga 

coalfield is located in the southern extremist of the district. The exploration in both 

the mines is done through subsurface mining. In Khasi Hills the coalfields are located 

in the southern periphery along the Bangladesh border and is located within the co-

ordinates 25010'-25042'N and 91040'- 91055'E. The mining method carried out by the 

local miners is rat hole. In Cherrapunji and Makma there are two seams varying in 

size from 0.30 to 0.40 m and Laitryngew there are five coal seams varying in size 

from 0.90m to 2.70 m. All these areas are under active mining (Plate V). 

 

Mining site in Wapung Coalfield  Rat hole mining in Khasi Hills 

Plate V: Coalfields of Jaintia and Khasi Hills 

 

Coalfields in Garo Hills- In Garo Hills the Tertiary coalfields are located in the 

southernextremity of Shillongplateau. It is located within the co-ordinates 25012'-

25044'N and 89058'-90058'E.The exploration is this area is done through rat hole 

mining. In Karaibari, coalfield coal seams are reportedfrom several areas within the 

Tura sandstone. Hallidyganjcoalfield is located in the border area of Assam and 

Meghalaya in West Garo Hill district. In this coalfield Gondwana type of coal are 

found. Hallidyganj is the extension of Singrimaricoalfield of Assam (Plate VI). 
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Plate VI: Rat hole mining in Hallidayganj Coalfield 

Coalfields of Nagaland 

The coalfields of Nagaland are mainly located in the zone ofSchuppen. The coal 

occurrences are restricted within the Tikak ParbatFormation of Barail Group of rocks of 

Oligocene age. The coal deposits are arranged discontinuously in a NE-SW linear 

belt.Tiruvalley coalfield is in Mon district of Nagaland. Open cast mining method is 

used for exploration in this area (Plate VII).  
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Plate VII: A thick layer of coal seam inTiru Valley Coalfield 

 

 


