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Abstract  

The study was conducted on restored backfill areas of RSMML (Rajasthan state mines and minerals Ltd) Lignite Mining 

Department at Sanu, located Jaisalmer district, Rajasthan state. Soils samples were collected from revegetated backfill areas 

of Sanu mines. Analysing the parameters of residues from restored both, soil fauna as well as earlier plantation on backfilled 

areas. Assessing the success, soil sampling and data collection from restored backfilled areas and blending different residues 

for optimization of quantifiable attributes. These were significantly characterized by basically parameters like the physical 

and chemical qualities of the restored soil, succession rate of visible floral and faunal diversity. The physical and chemical 

analysis of backfilled soil are done. Soil fertility was increased by the plantation and due to soil microbial activity. Organic 

carbon increased greatly. Both old plantation and recent faunal diversity is growing after rehabilitation on backfilled areas, 

are indication of success. Some micro-macro fauna like ants, beetles, deer, desert fox, nilgai or blue bull were present. After 

successful restoration, local people were migrated with their cattle’s like camel, goat, cows, buffalos and sheep’s. 

Keywords: restored, parameters, attributes, backfill, rehabilitation. 

INTRODUCTION: 

RSMML (Rajasthan State Mines and Minerals Limited) in Sanu, is falling under the part of Great Thar desert & 

located in Jaisalmer district, western part of Rajasthan. It is one of the important and advanced Enterprise of the 

Government of Rajasthan Sanu mines are tasked with the large and sustainable supply of raw materials (Lignite).  

Fewer valuable minerals have to be leaved back in the mine and the mine outcome is increasing. In Sanu, mining 

process is totally dry, no liquid waste or sewage will be generated hence no adverse impact on surface water is 

expected. The low-grade fine is concurrently backfilled in the mined-out pit and levelled. This backfilled area will 

have plantation activities using woody plants. 

Opencast mining destroys natural soil strata and productivity of soil, fauna and flora, contaminated soil, and air in 

surrounding area (Safaya 1979, Dhar and Thakur 1995). Mining activities increases the waste dumps. These waste 

dumps and disturbance in soil strata pose adverse condition for soil, microbial activity and plant growth due to their 

low nutrient condition in soil, low water level, contamination in soil, low organic matter. One method to find out 

the success criteria of restored disturb mine land are to restore the soil fauna by backfilling and plantation. In the 

open cast mining, the backfilled material is meant to restore both, the top soil surface and excavated soil of mining 

operations. The application of backfill in order to change the outline of the mine is vital for viable success. In result 

of using backfill, it is possible to change the layout of the excavated areas with plantation and seedling methods. 

Most of the mines restore the land through plantation and seedlings on backfilled.  

Thus, it is possible to assess the success of the productivity and regain the soil fauna of a mine by process of backfill 

and plantation. Setting the criteria for the selection of the best possible methods and materials for future 

improvement, it is useful to know about their qualities and improvements to evaluate succession rate. 

Restoration endpoints: 

The restoration endpoints described in terms of community structure of plants and animals as well as secondary 

growth factors; soil properties (chemical, biological, physical) and soil-plant regulation processes (National 

Research Council, 1992). This type of restoration is rare in desert mining areas.  In Sanu mines, earlier restored area 

has led to practice of having reference restoration provide the basis for both developing revegetation on backfilled 

areas methodology and evaluating the progress of success criteria (Society for Ecological Restoration, 2004). In 
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Sanu mines, yearly they restored these backfill areas by revegetation. Their old restored backfill areas are reference 

for the present restoration.  

 

BACKFILLED AREAS OF SANU MINES AND IT’S CHARACTERISTICS: 

In Sanu mines backfilled areas are covered by the excavated earlier topsoil and remaining mines waste generated 

during the process of opencast mining. Mining affects both ecology and geology status of soil and as well as soil 

plant-stability and nutrient circuit. The effect of soil disturbance is markedly adverse because many beneficial soil 

properties may require from hundred to ten of thousand years to develop paedogenic processes to reach a steady 

state resulting maximum productivity (Jha et. al., 1992). Today natural topsoil is viewed as a strategic resource that 

should be preserved if at all possible, to reuse it after mining activities for restoration. The soil of backfilled area is 

nutritionally, biologically and physically poor. The succession rate of soil is also slow process. On these backfilled 

area, primary succession is enhanced by local and native plantation. The earlier revegetation on backfilled area, 

established nutrient cycle between soil and plants. Gradually this remediation slowly increases the soil properties 

such as nitrogen fixation, bacterial growth and fungal activities. Due to deficiency of nutrients, these features do 

not allow micro-fauna to grow easily on substratum. But after successful earlier rehabilitation process and 

revegetation at Sanu mines they attract macro-fauna near the mining areas.  

 

RESTORATION ON BACKFILLED AREAS OF SANU MINES: 

1. Revegetation by local and native plants:  

The vegetation increases the stability of soil, soil nutrients and preventing the erosion. But due to the deficiency of 

water and stress of abiotic factors like high temperature, low rainfall, harsh environment of desert decreased the 

proper growth of plants. Due to harsh environment only 65-75% plants can survive. The present study shows that, 

the impact of earlier revegetation on backfilled areas improves the soil quality, fertility, soil nutrients and the status 

of soil fauna. 

2. Soil remediation: 

After backfilling, the soil properties depend upon the soil texture. For plant growth, particle size of soil is less than 

2mm is most significant. But the chemical environment is the limiting factor of re-creation of biodiversity. The 

presence of low nutrients and toxicity changes the pH in soil (Bradshaw and Chadwick 1980, Williamson et. al., 

1982). The high and low pH enhanced the soil-plant productivity. A pH near 04 appears to be lower limit for plants 

growth. Below this level acidity increases affects the plant roots and pH above 5.5-6 nutrients are unavailable, this 

will not improve vegetation and soil fauna.  

3. Low nutrition and fertility of backfilled soil:  

Mining decreases micro-nutrients like zinc, copper, molybdenum, chlorine and boron in soil. Biological activity 

plays an important role in maintaining the soil activity and plant growth. The fertility of degraded land restored soil 

fertility by the use of plant species of acacia and leguminous plants (Ahmed, 2002). These species are adapted to 

desert climatic condition and they can grow easily on low nutrients level and shortage of water.  

4. Role of micro to macro fauna in restored area:  

Soil is the home to many different animals, some micro and macro fauna like ants, termites, beetles, worms, moles, 

mouse and snakes are live under the soil. These tiny invertebrates eat, produce bodily waste, and build their 

underground homes. Micro-organism, due to their unique ability to adapt to grow in low nutrient level in soil, high 

temperature, pH, dry environment. They dwell in the soil, so their activity makes new soil and help to keep soil 

healthy. Macro faunal activities influenced physical, chemical and biological activities in soil as well as in plant 

roots. 

 

STUDY SITE: 

The study site, RSMML (Rajasthan State Mines and Minerals Limited) was located near village Sanu about 56 Km 

from Jaisalmer on Jaisalmer – Ramgarh road (Rajasthan) at Latitude: 27016’43” to 27019’40” – N and Longitude: 

70033’52” to 70035’00” – E. The restored backfilled area had covered in 135.92 Hectares and the restoration is 
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more than 10-year-old. The climatic condition is very harsh. It is typically sub-tropical, dry and windy. It is 

characterized by large extremes of temperature and erratic rainfall. The temperature goes as high as 50 deg. C in 

summer and 0 deg. C in winter. Average rainfall is below 200 mm. The mining activity is being carried out by 

opencast method. Since the reclamation process is running since year 1988, the backfilling and Reclamation in the 

mined-out area will be concurrent with the mining operations. There is no overburden in the area. Limestone bed is 

directly exposed on the surface. The inter burden comprising of fine soil mixed with pebbles of limestone will be 

generated, which will be concurrently backfilled in mined out area. 

Vegetation:  

The plants planted in the area are Neem, Shisham, Kikar, Khejari, Rohida, Babool, Jal, Sares, Kumbat, Juli flora in 

backfilled area. During rainy season grass species were found on backfilled areas. (Pictures were taken at Sanu 

mines, during field survey and data collection). 

 

Backfilled Topsoil: 

The topsoil of restored backfill areas slightly increase in macro-nutrients. The restored area supports seedlings and 

the growth of plants. The backfilled soil progress shows satisfactory success of vegetation on disturbed areas.  

Selection of plant species: 

The selection of plants in Sanu mines is based on the climatic condition of Jaisalmer, plant growth and economic 

importance for the local people. Some of the plant species are shelter for animals.  

Grass species: 

• Sewan grass - Lasiurus scindicus 

Plant species: 

• Khejari - Prosopis cineraria 

• Babool - Acacia nilotica 

• Rohida - Tecomella undulata 

 

 

Sampling of restored backfill soil:  

Soil samples were collected from the old plantation and restored backfill areas of Sanu mines. For soil samples, the 

pits were made near the plant roots. The depth of pits was 30 cm from the topsoil. These samples were air dried first 

in laboratory. 

During the soil sample, some invertebrates were found above and below the ground. These were mostly ants and 

species of beetles. Soil samples were collected in air tight plastic jars.  

After mining process texture of soil changed and it’s a combination of silt, clay and sandy. Silt particles are between 

0.002 and 0.05 mm in size, fine particles like the size of talc. Mineral particles smaller than 0.002 mm in diameter 

are called clay, these particles are microscopic. Sand is obviously the largest particle. Soils that are coarsely textured 

are sandy. Soil size was already less than 2mm due to mining process, so it was directly passed through the sieves 

for analysis. Plants residues, gravel and other matter were discarded. Chemical analysis like, water holding capacity, 

bulk density, moisture content was measured. pH is measured by pH meter. EC was measured by conductivity 

meter. 
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Fig. 1. Pictures shows restoration in Sanu mines. 

 

 

 

 

  

 

RESULTS AND DISCUSSION 

1. Sanu restored backfill soil and its micro-macro chemical properties: 

The backfilled soil has improved a bit. The observed pH (7.1) is expected to help in the growth of 

revegetation. Samples were collected from restored areas and were analysed for both physical and chemical. 

The results shown in table. The results indicate the success of reclamation and physical and chemical 

properties improved a bit. The major nutrients of soil N – 0.037, P – 18.6, K -369.6, organic carbon (31%) 

and water holding capacity (34%) of the backfilled soil has improved a bit. (Given in table 1).  

After 10-year reclamation the physio-chemical properties shows that there is increase in the clay percent, 

increase in water holding capacity, increase in total N by revegetation. Some degraded areas are return to 

productivity by some measures of biotic functions. Due to increase in microbial activity, functioning of soil 

fauna increased. 
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Table:1. Changes in Physio-chemical characteristic of soil before mining, after backfill-restoration and 

restoration success criteria in present study at Sanu mines Jaisalmer (Rajasthan). 

S. No.  

Properties and Units of soil samples 

Success criteria of restored disturb areas of Sanu mines 

Before mining and 

restoration 

After restoration 

(2008) 

10-years after successful 

restoration 

(2008-2018) 

Physical characteristics of soil 

1. colour Light grey Light grey Light grey 

2. Texture class Sandy and sandy loam Sandy loam Sandy loam 

3. Bulk density (gm/cc) 1.4 1.54 1.48 

4. Porosity (%) 51 45 49 

5. Water holding capacity 29 32 34 

Particle distribution size 

6. Gravel 6.8 4.2 2.1 

7. Sand 70.8 62.6 60.4 

8. Slit 17.4 13.6 10.6 

9. Clay 9.8 22.0 27.7 

Chemical characteristics of soil 

10. pH 7.9 6.8 7.1 

11. EC 212 184 204 

12. Organic Carbon 0.34 0.22 0.31 

13. CEC (meq/100gm) 7.15 6.8 7.02 

Nutrients availability (kg/ha) 

14. Available N 0.04 0.032 0.037 

15. Available P 21.2 17.0 18.6 

16. Available K 418.2 288 369.6 

2. Stressor and its response on restored areas:  

Regimes of environmental stress on restoration are extremely complex. Specifically, stressors exist within varieties 

of intensity of ecological factors. Abiotic factors are dominant on ecological restoration and biotic factor in desert as 

well as mining areas. Both biotic and abiotic factor interacts with each other. As the stress of abiotic factor increases 

it directly affects the growth of biotic factors. Abiotic factor like, temperature, rainfall, moisture, humidity, dryness 

and wind they act as a stressor if their condition is either insufficient or excessive in nature for restoration, in 

comparison with the suitable needs and comfort zones of ecosystem progress. In contrast, a reduction of ecological 

stress allows some degree of ecosystem recovery (Bill Freedman, 2015). 

3. Impact of seasonal changes on restored areas: 

Desert harsh climatic and seasonal changes the physiological needs of plant development, effects soil properties, 

decrease the underground water level. Seasonal changes directly influence restoration development. In Sanu mines, 

due to scarcity of water in desert area they planted the plants in early rainy season. And it is also impossible to watered 

these large areas.  The soil sample test shows increased in nutrients in both study sites of Sanu mines. It is also clearly 

demonstrated that stream ecosystems during rainy season changes the surrounding terrestrial environments and 

enhanced nutrients in plants as well soil. Because nutrient availability is often limiting to primary and secondary 

production (Schindler 1977, Newbold et al. 1982), understanding the factors which control the ability of stream 
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organisms to cycle nutrients is of major interest for both ecological and public health (Alexander et al. 2000, Meyer 

and Wallace 2001).   

4. Status of earlier to present plantation growth:  

In reclamation, native plant species is a widespread tool in ecological restoration. Restoration is commonly considered 

as accelerated succession (Hilderbrand, Watts, & Randle, 2005). Changes in ecosystem structure and function may 

not be gradual, but show sudden changes (J. cortina et. al., 2006). The most widely applicable method for actively 

restoring a diverse plant community is sowing seeds of numerous species (Kiehl et. al., 2002).  In the restored 

backfilled areas of Sanu mines, among the planted species the best result shown by Khejari, Babool and Rohida. 

These species are adapted to high level abiotic stress condition. The macro-nutrients develop satisfactory success in 

plantation. Plant covers the 60% of land in backfilled areas of Sanu mines. Gradually the plantation covers the land 

year by year it gives satisfactory growth. 

 

5. Revegetation data of Sanu mines: 

Their yearly data of plantation at Sanu mines shows a successful growth of revegetation. Plant species are selected 

according to desert climatic condition, abiotic stress tolerance and also domestically these plants are very useful. 

According to the plant survival data, 70% revegetation survived over the past 10 years on restored backfill area.  

Gradually these restored areas are cover by bunches of trees and shrubs. Sewan grass were notice in rainy season, 

which is use as a fodder for domestic animals.  Some parts of restored areas in study site A and B were (30-35%) 
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degraded in hot dry summer season, with a resulting loss of restored soil nutrient, water shortages, soil erosion, 

decreased biodiversity, and plant-community degradation (Tang et al., 2019). 

 

Graph 1.1 Data of study site A Sanu mines, ten-year graph shows increase in revegetation on restored backfill 

area. 

 

 

Fig. 1.2 Data of study site B Sanu mines, ten-year graph shows increase in revegetation on restored backfill 

area. 
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Dead 1040 1255 302 325 450 510 703 463 410 520

0

1000

2000

3000

4000

5000

6000

T
o

ta
l 

n
u
m

b
er

 o
f 

P
la

n
ta

ti
o

n

Yearly data of Plantation (2008-2018)

10 year Plantation data (Study site A) of Sanu mines, Jaisalmer

Total Plant Survived Dead

2 per. Mov. Avg. (Survived) 2 per. Mov. Avg. (Dead)

2008-09 2009-10 2010-11 2011-12 2012-13 2013-14 2014-15 2015-16 2016-17 2017-18

Total Plant 3748 3203 1120 1046 1391 2356 2848 4700 5000 5000

Survived 2910 2274 780 815 895 1441 1998 3112 3140 3790

Dead 838 929 340 231 496 915 850 1588 1860 1210

0

1000

2000

3000

4000

5000

6000

T
o

ta
l 

n
u
m

b
er

 o
f 

p
la

n
ta

ti
o

n

Yearly data of plantation (2008-2018)

10 Year Plantation data (Study site B) of Sanu mines, Jaisalmer

Total Plant Survived Dead

2 per. Mov. Avg. (Survived) 2 per. Mov. Avg. (Dead)

http://www.jetir.org/


© 2019 JETIR January 2019, Volume 6, Issue 1                                                           www.jetir.org (ISSN-2349-5162) 

JETIR1901C30 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 970 
 

 

Fig. 1.4 Total percentage of survived and dead plants in ten-year at Sanu mines, study site A and B. 

 

Fig. 1.5 Comparative restoration success of both study sites A and B.  

 

6. Status of faunal activity: 

After success of revegetation faunal activities are attracts to the restored areas. Animals are migrating to 

these restored vegetated areas. Vegetation provides them shelter and food. Some large mammals like, fox, 

deer, blue bull and cattle were spotted at these areas. This is a positive indication of slow but successful 

reclamation. During soil sample collection some invertebrates like beetles, ants and termites were present 

over and under the soil.  

7. Monitoring restoration to evaluate success criteria: 

To assess the success criteria of a restored disturbed lands can be evaluate and monitored by the earlier 

restoration’s abiotic and biotic factors, number of survived plants, soil physio-chemical properties, presence 

of micro and macro fauna. Monitoring the restoration success, it is based on desirable and suitable 

concentration stress of environmental factors, indicator species both floral and faunal. Some wild plants 

species were also found in these areas. The presence of indicators species and occurrence of rare species 

are the signals of recovery of an ecosystem.

CONCLUSION: 

The revegetation at Sanu mines yielded satisfactory success. The growth and development of revegetation helped 

in enrich the soil quality, soil fauna and enhanced the microbial activity on backfilled area. Presence of micro-

fauna, plants residue improves the fertility of soil. Established concepts in restoration including trajectory, 

alternate states, and restoration targets can be represented with minimal effort for entire restoration sites or for 

specific attributes of restored ecosystems. Floral growth, Khejari - Prosopis cineraria, Babool - Acacia nitlotica, 
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Rohida - Tecomella undulata leads to biological reclamation and, reducing future monitoring time and effort. But 

also, desert extremities like climatic changes, stressor, depletion of water affects the restoration and limit the 

production and development of plants. 
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