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1. INTRODUCTION 

Bricks are the common but cheapest material for construction. The utilization 

of clay for construction works has a history of many centuries. It goes back to the 

earliest times of human civilization. Heavy clay moulded into bricks was the chief 

building material even in ancient civilization. The hand-made, sun-dried, mud bricks 

were excavated from important sites of human civilizations. The evidences from many 

civilizations including Mesopotamian and Egyptian civilizations point to the fact that 

these simple mud bricks were used during the Pre-Pottery Neolithic Period. The ancient 

Babylonian and Roman Empire further spread the use of burnt bricks throughout the 

world. This tradition of using bricks had undergone several modifications during 

Gothic, Renaissance and Baroque periods and regained its popularity during eighteenth 

century.  The era of industrialization saw the renaissance of brick industry. The 

mechanization of brick manufacture made it to flourish across the globe. 

India was never an exception in brick making even in historic times. The history 

of making bricks with clay in India roots back to Indus Valley civilization which is 

almost 5000 years old. The extensively complex but well-planned cities of Harappa and 

Mohenjo-Daro points towards their skill and knowledge in framing clay into bricks and 

beautiful sculptures. This tradition of brick making is still continued in our country 

making it the second largest producer of brick after China. About 75 per cent of the 

global brick production is concentrated in four Asian countries, namely 

China 54 per cent 700-800 billion / year 

India 11 per cent 140 billion /year 

Pakistan 8 per cent 100 billion / year 

Bangladesh 4 per cent 50 billion / year 

In the prehistoric era, brick production was concentrated in the banks of river 

due to the availability of water and good quality alluvium soil. But with the increasing 

demand for bricks, the agricultural soils are mined to produce clay fired bricks. Thus, 

the brick production has been shifted from river basins to fertile agricultural lands. 

Tile and brick kilns are closely associated with Kerala’s culture and traditional 

architecture, which is continued in modern buildings as well. In Kerala, tile/brick clay 
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occurs in the wetlands/paddy fields in the lowlands and midlands. Studies in clay 

mining regions of Kerala have demonstrated that exceptional increment in the 

infrastructural needs of the State and the consequent increment in the clay extraction 

situations have prompted fast deterioration of the wetlands (paddy fields), which is 

altogether reflected in the declining agricultural profitability of the State. Brick making 

has become a whooping lucrative business in many districts such as Wayanad, Kollam, 

Ernakulam, Thrissur and Palakkad. This has led to the mushrooming of a number of 

legal and illegal, small scale brick producing units in these districts. The foot hills of 

Western Ghats in Palakkad were once dominantly agricultural area. As farming became 

a non-profitable business, the farmers started shifting from agriculture to brick industry. 

The entry of brick industry has created drastic changes in the traditional agricultural 

scenario. The traditional practices of farming have been wiped out as a number of brick 

kilns were established in the farmland. This adversely affected the entire landscape 

causing irreversible damages to soil, hydrology and ecological balance.  

In the study report published by National Centre for Earth Science Studies on 

the impact of clay mining, following recommendations were given with respect to 

tile/brick clay mining: “It is of imminent importance to regulate random mining from 

the paddy fields/wetlands of Kerala by allowing only location-specific resource 

extraction under well-conceived guidelines. It is also crucial to limit the extraction of 

tile and brick clays to meet indigenous and local demand only. This is to save the prime 

agricultural land and also to increase the rice production in the area. The depth of 

mining should be demarcated so as to regulate mining with respect to the water table 

condition in the summer season. Also, adequate measures are to be taken to regenerate 

the natural ground water table using the stored water in the clay mine pits for irrigating 

the agricultural crops of the hinterland areas.” 

The Kerala Conservation of Paddy Land and Wetland Act, 2008 which was 

enacted to protect the wetlands and paddy lands of Kerala imposed strict restrictions in 

mining soil from such areas. The Kerala Minor Mineral Concession Rules, 2015 further 

made it mandatory to get ‘No Objection Certificate’ from the District Collector 

concerned, based on the recommendation of the District Expert Committee constituted 

by the Government. 

Many of the mined areas remain barren and reduce the extent of agriculture 

along with the emergence of serious problem of water scarcity. Hence, the present 
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research work was carried out with an objective to study the impact of mining soil for 

brick production on the soil health and water quality and to identify suitable 

amelioration methods for soils degraded by mining activity. 
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2. REVIEW OF LITERATURE 

Each brick production unit occupies a considerable land area which was once 

used for agricultural purposes. Top soil harvesting has not only depleted the fertility of 

the soil but also affected the physical properties of soil. The high temperature generated 

further affects the soil flora and fauna also. This makes the land unfit for agricultural 

use.  

Brick making process demands huge amounts of water which is obtained from 

the nearby water bodies and ground water sources. This creates the problem of water 

scarcity in such areas of brick production. Thus, brick making units accelerate the 

process of depletion of arable land which creates a concern over the food security of 

our country. 

2.1 IMPACT OF SOIL QUARRYING FOR PRODUCTION OF BRICKS  

2.1.1 General impact 

In an experiment conducted by Larney et al. (1995) to study the effect of 

inorganic fertilizers on artificially eroded dark brown Chernozoic sandy clay loam soils 

of Canada, it was reported that the simulated erosion (desurfacing) had significantly 

reduced the grain and straw yield of wheat. The removal of 10 cm and 20 cm of topsoil 

had resulted in the yield reduction of 43-66 per cent and 60-85 per cent respectively 

when compared within unfertilized undisturbed soils. 

Haack and Khatiwada (2007) reported that the rapid increase in the brick 

manufacturing had led to an unusual crop rotation of ‘rice and then bricks’ in 

Kathmandu valley of Nepal where same land is used for rice production in monsoon 

and brick production in summer. This has led to reduction soil fertility as well as 

productivity. 

The huge consumption of clay and continuous soil quarrying has resulted in the 

degradation of top soil (Vyas et al., 2009). In their study to assess the extent of land 

degradation due to brick production in Ujjain city, it was reported that about 4 sq.ft. of 

soil is required for the production of 470 bricks and the annual production in Ujjain city 

is about 1.6 crores which account to the loss of about 138255 sq. ft. of top soil annually.  

In a study conducted by Gupta and Narayan (2010) in Uttar Pradesh, it was 

reported that the long term brick kiln industrial activity not only affected the soil 
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characteristics but also altered the biomass and diversity structure of plant communities. 

The areas with longer exposure to disturbance were dominated by perennial plants. 

Those areas exposed to shorter duration of disturbances were noted by the presence of 

seasonal weeds. The accumulation of brick dust and huge of amount of heat also 

resulted in making the area susceptible to invasion by non-native weed species like 

Parthenium hysterophorus and Chenopodium murale.  

In a study conducted by Pragathesh and Jain (2013) on behalf of Environment 

impact agency (EIA) Resource and Response Centre (RRC), it was reported that the 

growth of brick industries in agricultural area had a negative impact in the agricultural 

sector. Brick kilns had wiped off the traditional farming practices, changed the 

dynamics of the landscape and caused unalterable damage to ecology and drainage. The 

area having large concentration of brick kilns now suffer severe land degradation as 

industries extract soil beyond the permissible levels. 

Das (2015) reported that the mushrooming of brick kilns in West Bengal is due 

to three reasons, viz., the availability of good quality soil, low value of land and 

availability of cheaper transport. As the top soil sale is remunerative and agriculture is 

less attractive, farmers are forced to sell their land to brick kiln industries. Apart from 

affecting soil fertility, top soil quarrying is causing erosion and water logging in 

quarried lands. It leads to choking of water movement causing fragile irrigation system. 

Consequently, cultivation of the quarried lands can be much more risky enterprise. 

Kumar et al. (2015) conducted a study on the role of soil brick industry in land 

degradation in Telangana State. They reported that the harvesting of top soil from 

agricultural land had resulted in severe soil erosion along with increasing land and 

environmental pollution. Almost 6240 cubic meters of black soil was quarried from 

Nizamabad district of Telangana State for brick production. Further, the open burning 

of bricks using coal increased the impact on environment. 

Singh et al. (2015) reported that the desurfacing had caused a decrease of 4.73 

per cent in the agricultural land area in national capital region (Haryana state) in 5 years. 

While there was an increase in built up area by 92.25 per cent, the forest area, grassland 

and wetland were decreased. The desurfaced land area was increased by 41.7 per cent 

during 5 years (2007-2012). 
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2.1.2 Physical properties 

Khan et al. (2007) reported that the burning of soils near to the brick kiln affects 

the physical properties of the soil. The average sand content in burnt soil were increased 

by 330 per cent whereas silt and clay contents decreased by 49 and 40 per cent 

respectively. 

Singh et al. (2015) investigated the impact of soil desurfacing on the physico-

chemical properties of the soil. They reported that desurfacing has impaired the physical 

properties like texture, bulk density and hydraulic conductivity of soil. The bulk density 

was increased by 14.3 per cent (1.43 – 1.67 μg m-3) and hydraulic conductivity was 

decreased by 51.43 per cent in the desurfaced soil. This has led to soil compaction and 

thus adversely affected the water movement within the soil.  

2.1.3 pH and electrical conductivity 

Khan et al. (2007) reported that the pH values of the burnt soils around brick 

kilns were reduced by 0.4 pH units whereas EC values were increased from 0.26 to 1.77 

mS cm-1 than that of unburnt soils. 

Islam et al. (2015) reported that the pH and EC of burnt and unburnt soil near 

brick kiln are significantly different. The pH of the burnt soil (6.52 to 7.23) was slightly 

higher than that of unburnt soil (5.62 to 6.15). Similarly, EC of burnt soil (32.4 – 70.9 

μS cm-1) was found to be twice than that of unburnt soils (17.2 to 24.8 μS cm-1). It may 

be due to the burning of salts in the soils. 

The pH of the desurfaced soil was found to be higher than that of normal soils. 

This has led to the less availability of micronutrients in desurfaced soils. The EC values 

of desurfaced soils was found to be lesser than that of normal soils (Singh et al., 2015) 

2.1.4 Organic matter 

Morgan and Lal (2003) evaluated the soil organic carbon concentration in 

natural forest, traditional cultivation and top soil removed areas. The loss of SOC pool 

in the topsoil removal treatment was 94.8 MgC ha−1 compared with natural forest. 

Severe erosion, leading to a complete loss of topsoil as in the case of the topsoil removal 

treatment, has drastic adverse impacts on productivity and quality of the exposed sub-

soil. 
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Khan et al. (2007) reported that the burning of the agricultural top soils for brick 

production had resulted in the loss of 6.3 per cent of total organic matter in the soil. The 

total of 75 per cent of the organic matter and soil nutrients were lost during burning of 

top soil or brick production. 

In a study conducted by Islam et al. (2015) in Bangladesh, it was reported that 

the burning of top soil near brick kilns had caused significant reduction in the organic 

matter content. The organic matter content of burnt soils was in the range of 1.07-2.05 

per cent compared to unburnt soils (0.6-0.8 per cent).  

Singh et al. (2015) studied the impact of top soil harvesting on the carbon 

content in the soil. The loss of top soil leads to the exposure of lower horizon which is 

poor in organic content. They reported that the organic carbon stock (mg ha-1) was 

decreased by 47.43 per cent in desurfaced soil. The organic carbon content of the study 

area was reported to be decreased by 55 per cent than the normal soils. 

The organic matter content near brick production units decreases considerably 

due to the reduction of organic carbon and it increases as the distance from the brick 

production unit increases. Decrease in pH had resulted in the decrease of microbial 

activity. The change in the texture of soil affects the infiltration rate of water which 

further lowers the water level of that area. There is a reduction in sulphate and nitrate 

content of the soil. The concentration of heavy metals is found to be high in such areas 

(Bisht and Neupane, 2015). 

2.1.5 Nitrogen (N) 

Islam et al. (2015) reported that the total N in burnt and unburnt soils near brick 

kilns vary to a great extent. The total N content ranged from 0.046 – 0.051 per cent and 

0.057 to 0.072 per cent in the burnt and unburnt soils respectively. The low status of 

total N in burnt soil is attributed to the loss of organic carbon containing nitrogen and 

nitrogen fixing organisms. 

2.1.6 Phosphorus (P) 

Islam et al. (2015) observed that the available P content varies due to the brick 

kiln operations in the agricultural soils. The available P content of the burnt and unburnt 

soil samples near to brick kilns were in the range of 10.54 – 14.57 ppm and 17.54 – 

32.72 ppm respectively.  
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Singh et al. (2015) reported that land desurfacing has a significant effect on the 

available P content in soil. The plant available P content in desurfaced soil was declined 

to about 33.08 per cent. 

2.1.7 Potassium (K) 

In a study conducted by Singh et al. (2015) to investigate the impact of soil 

desurfacing on physico-chemical properties of soil, it was reported that desurfacing 

significantly affects the exchangeable K in the soil. About 44.70 per cent of decline in 

exchangeable K content was observed during the study. This may be due to the 

exposure of biologically less active subsoil which contain very less amount of organic 

matter. The loss of potassium rich clays, illite present in the top soil also might have 

contributed to the decline in exchangeable K in desurfaced soil. 

2.1.8 Sulphur (S) 

Islam et al. (2015) carried out a study on degradation of agricultural soil arising 

from brick burning in Bangladesh. They found that there was a significant variation in 

the amount of available S in the burnt and unburnt soils. The available S ranged from 

4.3 to 10.6 ppm in the burnt and 9.47 to 13 ppm in the unburnt soils near brick kilns. 

2.1.9 Heavy metals and micronutrients 

Islam et al. (2015) conducted a study to understand the impact of brick kiln 

operation on the top soil quality of agricultural land. The mean value of total copper 

(Cu) in burnt and unburnt soils were 0.087 and 0.094 ppm respectively whereas total 

zinc (Zn) content of burnt and unburnt soils were 2.06 and 2.47 ppm respectively. 

In a study conducted by Singh et al. (2015), it was found that micronutrient 

status of the desurfaced soils was much lower than that of normal soils of that area. The 

available zinc, iron (Fe), copper and manganese (Mn) were decreased by 78.40 per cent, 

39.4 per cent, 31.74 per cent and 55.21 per cent respectively. 

The concentration of heavy metals such as lead (Pb), cadmium (Cd) and 

chromium (Cr) is found to be higher in the soils near to brick kilns (Ishaq et al., 2009). 

Ismail et al. (2012) conducted an experiment to study the effect of brick kiln 

emissions on heavy metal concentration in soil and plant. The concentration of Cd in 

soil samples near to brick kilns were in the range 0.036 to 2.40 ppm. Similarly, Cr 

concentration was found to be ranging from 0.03 to 0.26 ppm. They reported that the 
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average Cd and Cr in plants near to brick kilns were found to be 2.03 and 5.76 ppm 

respectively.  

In a case study carried out by Achakzai et al. (2015) in Pakistan, the heavy metal 

concentration was found to be high in soils near to the brick kilns. The concentration 

of investigated heavy metals viz., Zn, Ni, Cd, Cu and Pb as per World Health 

Organization (WHO) standards were found above the permissible limits in the soil. 

They reported that the accumulation of heavy metals in plants was higher that the 

permissible limits prescribed by World Health Organization (WHO).  

Proshad et al. (2018) investigated the presence of hazardous heavy metals 

around brick kilns. They reported that the contamination factor values and pollution 

load index of As and Cd indicates progressive deterioration of soil due to metal 

contamination. 

2.1.10 Biological properties 

Agera et al., (2018) reported that the brick production activities alter the 

microclimate for microorganisms which in turn affect the microbial population of the 

soil. The increase in depth of soil excavation for brick production also affects the 

diversity and population of soil microorganisms. 

2.1.11 Hydrology 

Haack and Khatiwada (2007) pointed out that soil mining for brick production 

is seriously affecting the surface hydrology of desurfaced lands in Kathmandu valley 

of Nepal. The ground water level had decreased to 20 m from 1-2 m. Similarly, the 

extraction of soil had resulted in the increased possibility of rainfall induced landslides 

and disruption of irrigation schemes. The over exploitation of land for bricks had 

resulted in unusual surface elevations, thus making irrigation difficult. 

Pragadesh and Jain (2013) conducted a detailed study on the impact of brick 

kilns in Thadagam valley, Nilgiris. They reported that the deep soil excavations had 

resulted in the formation of big ravines which affected the hydrology and water 

dynamics of that area. Brick industries even excavated soil from dried out streams and 

then blocking any chance of rejuvenation. The dropping water table had further resulted 

in the change in vegetation pattern as wet and dry tropical forests were replaced by 

them and secondary forests.  
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Suraj and Neelakandan (2014) conducted a study on the impact of clay mining 

over hydrologic ecosystem in Thrissur. They reported that the hydrology in the mining 

area was severely affected. Water scarcity in wells adjacent to mining sites during 

summer seasons became a serious problem in those areas. Ground water level 

fluctuations were also reported in the 27 mining sites studied. 

Singh et al. (2015) reported that the increase in desurfaced area has resulted in 

increase in water bodies. They noticed an increase from 840 ha to 1814 ha of water 

bodies in National capital (NCL) during 5 years. This might be due to the uneven top 

soil excavation resulting in large water filled pits.  

There is an increasing trend of deterioration of surface water quality in areas of 

brick production (Jamatia et al., 2014). They carried out a case study to identify 

potential contribution of pollution on the surface water sources by brick industries in 

Tripura state. The turbidity of the water samples was higher which reached upto 36.4 

NTU (Nephalometric Turbidity Units). The hardness of the water was found to be in 

the range of 50.5 - 141 mg L-1 whereas alkalinity ranged between 59 to 146 mg L-1.The 

Total dissolved solids (TDS) level was found to be higher than normal value with a 

highest value of 180 mg L-1. The chloride content was found to be in the range of 9-14 

mg L-1. The disposal of brick industry waste water into the natural water bodies alter 

the quality of water. The disposal of waste water from brick industry into the natural 

water bodies alters the physicochemical properties of water. 

Studies conducted by Dey and Dey (2015) proved that there was a huge 

variation in various physico-chemical parameters such as water temperature, pH, 

conductivity, total alkalinity, dissolved oxygen, carbon dioxide, nitrate, phosphate and 

transparency in the selected water bodies. The studied ponds were found to be in 

degrading state with less productivity. 

2.2 RECLAMATION STUDIES 

Larney et al. (1995) reported that the application of beef feed lot manures was 

effective in improving the carbon and N fractions in the desurfaced soil. In long term, 

the application of manure also improved the physical properties of soil such as water 

stable aggregates.  

Larney et al. (2000) conducted simulated erosion approved to quantity erosion 

and effects of amendments on soil quality. They concluded that application of manure 
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is the best amendment for enhancing soil productivity. The productivity enhancing 

effect of manure depends on the organic carbon status of the soil. 

Under an experiment conducted by Larney et al. (2003) to reclaim abandoned 

natural gas well sites, it was reported that top soil replacement along with organic 

amendment is very effective. One-time application of organic amendments had short 

term (4 year) benefits to the reclamation process. They reported that organic 

amendments like manure and compost can be used as a substitute for top soil for short 

term.  

Zhang and Fang (2007) conducted an experiment in abundant brick making site 

to study the effect of tillage, fertilizers and green manures in improving the soil quality. 

They reported that deep tillage reduced bulk density and increased water infiltration 

rate of soils whereas application of organic manures increased the accumulation or 

organic carbon and nitrogen and formation of water soluble aggregates. They 

recommended that the management of degraded topsoils can be done by deep tillage 

along with the application of organic manure with green manure cropping.  

Rutherford and Arocena (2011) studied the effect of organic amendments such 

as saw dust, sewage sludge and paper sludge and addition of earthworms in the 

reclamation of non-acidic mine tailings in Canada. It was reported that the 

concentrations of NO3-N (1050 mg kg-1) and Bray P (487 mgP kg-1) were found to be 

higher in the mine tailings in the presence of earthworms. 

Singh et al. (2015) investigated the role of different measures to reclaim and 

improve the productivity of desurfaced soils due to brick kilns activity. Use of organic 

amendments like farm yard manure, animal waste, poultry manure, vermicompost and 

crop residues increase the biological activity of the soil and thus enhances the 

rejuvenation process to an extent. It also decreases bulk density of the soil thus 

improving water holding capacity and hydraulic conductivity of the soil. Use of biochar 

as a soil amendment improves the soil carbon content and the physical and biological 

properties. They also pointed out that green manuring, deep tillage and soil replacement 

process are beneficial for reclamation of degraded soils. 

 Knap et al. (2016) studied the physico-chemical properties of sulphur mine 

reclaimed with large amounts of ground, post floatation lime, mineral fertilizers and 

sewage sludge. They reported that the reclaimed soil had showed higher amounts of 

11



 

organic carbon and total N than that of non-reclaimed soil. There was a trend to increase 

the contents of available forms of P, K and Mg observed in reclaimed soils. Apart from 

this, the reclaimed soils were characterized by more favourable properties such as pH 

close to neutral, lower acidity and better sorption capacity as compared to non-

reclaimed soils. 

Wei Zhou et al. (2016) studied the development of top soil properties in open 

cast coal mine under different reclaimed land uses such as cultivated soil, forest, 

grassland and barren soil. They pointed out that the type of land use has a significant 

role in the reclamation process. The top soil properties like organic carbon, N, P and K 

were found to be highest in cultivated soil followed by forest, grass land and barren 

soils. The reclamation age also influences the soil properties. 
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Materials and Methods 



 

3. MATERIALS AND METHODS 

The present study entitled “Assessment of soil degradation and water quality in 

areas of small scale brick production and management of the degraded soil” was 

conducted at College of Horticulture, Vellanikkara, Thrissur, Kerala during 2017-2018. 

This chapter deals with the detailed information of materials and methods adopted 

during the experimental period. 

3.1 EXPERIMENT I 

Evaluation of physical, chemical and biological properties of soil and water samples 

3.1.1 Location and physiography of the experimental site 

Alathur Taluk is located in the central plains of Palakkad District in Kerala. It 

lies between 10⁰38’53”N and 76⁰32’18”E. The study area belonged to Bhavanjinagar 

series proposed by Soil Survey Organization, Kerala. The soil is fine, mixed, 

isohyperthermic, Typic Haplustalf. The climate is humid tropical with mean annual 

temperature of 27.3°C and average annual rainfall of 1174 mm. The soil is heavy 

textured, near neutral subjected to severe moisture stress. Calcium carbonate nodules 

are reported in the subsoils of this region. These soils are suitable for the cultivation of 

coconut, cotton, groundnut and sugarcane with a medium productivity potential.  

3.1.2 Site selection 

A comprehensive survey was conducted in Alathur Taluk in the soil mining 

areas and identified 10 desurfaced (mined) lands for small scale brick production. The 

small scale brick production units were identified in Thenkurissi village situated in the 

border of Alathur-Chitur Taluks (Plate 1). Most of the small scale brick production units 

has been leased out to brick producers from different locations in the state. Each 

individual sampling location had an area of 1 acre and mined to a depth of 1 m. A 

control site was also identified where no mining activity was prevalent till date. The 

sites which were close to agricultural lands and water bodies were selected. The 

sampling sites were georeferenced using GPS device (Table 1).  
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Plate 1: Map of study area 
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Table 1: Details of soils collected from the study area 

Sl. No. Sample number Name of farmer GPS values 

1. S1 Kesavan 76042’41.63” E 

10035’20.89”N 

2. S2 Nandakumar 76042’43.08” E 

10035’06.14”N 

3. S3 Krishnankutty 76042’56.10” E 

10034’50.70”N 

4. S4 Sojesh 76042’56.10” E 

10034’43.88”N 

5. S5 Meghanathan 76042’41.63” E 

10035’20.89”N 

6. S6 Kunjumon 76043’27.41” E 

10035’20.38”N 

7. S7 Krishnakumar 76043’41.63” E 

10035’20.89”N 

8. S8 P. Iyer 76042’48.69” E 

10035’20.89”N 

9. S9 Santhosh 76042’41.49” E 

10034’20.89”N 

10. S10 Manoj 76042’41.63” E 

10034’20.19”N 

11. S11 (Control site) Nadarajan 76043’41.23” E 

10035’40.19”N 
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3.1.3 Collection and characterisation of sample 

3.1.3.1 Soil samples 

Soil samples were collected randomly at a depth of 30 cm and 8 composite soil 

samples were collected from each site within the mined area. A control site with no 

previous history of soil mining was also selected for the study. A total of 88 composite 

soil samples were collected from 11 selected sites under study. The soil samples were 

collected during the period from August to September, 2017. The common problems 

observed in the mined sites included the formation of undulated soil surface resulting 

in water logging and soil erosion, invasion of weeds and finally conversion of fertile 

agricultural lands into waste lands (Plate 3 to Plate 7). 

The collected soil samples were properly air dried and pulverised using wooden 

mallet. These were then passed through 2 mm sieve and labelled and packed in air tight 

polythene covers. The soil samples were subsequently used for the characterisation of 

physical, chemical and biological properties.  

3.1.3.2 Characterisation of soil samples  

3.1.3.2.1 Physical properties 

The methods used for the physical characterisation of soil samples are given in 

Table 2. The texture of the mined soils was found based on the mean values of textural 

analysis of samples from S1 to S10. 

3.1.3.2.2 Chemical properties 

The methods followed in the characterisation of chemical properties of soil 

samples are given in Table 3. 
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Table 2: Methods of physical characterisation of soil samples 

Sl. No. Parameter Method Reference 

1. Soil temperature Soil thermometer Jennifer, 1945 

2. Soil moisture Gravimetry Black, 1965 

3. Bulk density  

Keen Raczkowski brass cup 

method 

 

Piper, 1942 

4. Water holding 

capacity 

5. Soil texture International pipette method Robinson, 1922 
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Table 3: Methods of chemical characterisation of soil samples 

Sl. 
No. 

Characteristics 
Method 

Reference 

Extraction Estimation 

1. pH 1:2.5 soil 
water 
suspension 

Potentiometry 

Jackson, 1958 

2. 
Electrical 
conductivity 

Conductometry 

3. Organic carbon Wet digestion 
Walkely and Black, 
1934 

4. 
Available 
nitrogen 

Alkaline permanganometry 
Subbiah and Asija, 
1956 

5. 
Available 
phosphorus 

Extraction using 
Bray No.1/ Olsen 
reagent and 
estimation 
calorimetrically by 
reduced molybdate 
ascorbic acid blue 
colour method 

Colorimetry 

Bray and Kurtz, 1945 

 
Watanabe and Olsen, 
1965 

6. 
Available 
potassium 

Extraction by 
neutral normal 
ammonium 
acetate 

Flame photometry 

Jackson, 1958 7. Available 
calcium 

Atomic 
Absorption 
Spectrophotometer8. Available 

magnesium 

9. 
Available 
micronutrients 
(Fe, Mn, Cu, 
and Zn) 

Extraction using 
0.1M HCl ICP-OES Sims and Johnson, 1991 

10 
Heavy metals 
(Ni, Cd, Cr and 
Pb) 

Extraction 
using 0.1M 
HCl 

ICP-OES Sims and Johnson, 
1991 
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Plate 2: Soil sample collection from study area 

Plate 3. View of mined area showing uneven soil surface 

 

 



 

Plate 4. View of mined area invaded with weeds 

 

Plate 5. View of mined area subjected to soil erosion 

 

 

 

 



 

Plate 6. Mined area converted to waste land 

 

Plate 7. Water logging in mined soils of study area 

 

 

 



 

3.1.3.2.3. Biological properties 

3.1.3.2.3.1. Microbial biomass carbon 

The microbial biomass carbon was estimated using the procedure laid down by 

Jenkinson and Powlson (1976). A total of five sets of 10 g soil samples were taken. One 

set was kept in an oven at 105º C and the moisture was determined using gravimetric 

method. Vacuum was created inside desiccator using a vacuum pump. Two sets of soil 

samples and a beaker with ethanol free chloroform were kept in vacuum desiccator for 

24 hrs. These were extracted using 0.5 M potassium sulphate to determine organic 

carbon. Potassium dichromate (0.2 M), concentrated sulphuric acid and ortho 

phosphoric acid were added to 10 ml extract. It was kept in a hot plate at 100 ºC for 

half an hour under refluxing condition followed by adding of water and titrated against 

standard ferrous ammonium sulphate. 

3.1.3.2.3.2. Dehydrogenase enzyme activity 

The dehydrogenase activity of the collected soil samples were analysed using 

the procedure given by Casida et al. (1964). About 1 g of air dried soil was taken in a 

screw capped test tube of 15 mL capacity and was saturated with 0.2 mL of 3 per cent 

triphenyl tetrazolium chloride solution. An accurate quantity of 0.5 mL of 1 per cent 

glucose solution was added to the test tube. The test tubes were gently tapped so as to 

remove the air trapped between the soil particles and thus a water seal was created in 

the test tube so as to prevent the formation of air bubbles. It was then incubated at 28ºC 

for 24 hours. After incubation, 11 mL methanol was added to test tubes and incubated 

for another 6 hours after vigorous shaking. The clear pink coloured supernatant solution 

was read at 485 nm wavelength in spectrophotometer. 

3.1.3.2.3.3. Earth worm count 

Earth worm count was recorded by hand sorting method (Plate 8). From each 

site, 5 random spots were identified and 1 m2 area was delineated. The number of 

earthworms from each spots were counted and the mean values were found out. 

3.1.3.2.3.4. Termite mound 

The number of termite mounds in the sampling site was obtained by surveying 

and visual examination of whole area at each location (Plate 9). 
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a) Presence of worm casts in control site 

b) A single worm cast (enlarged) 

c) Presence of earthworm 
Plate 8. Earthworm activity in the control site 

 



 

 

 

 

 

 

 

Plate 9. View of termite mound in control site 

 

 

 

 

 

 

 



 

3.1.3.2 Water samples 

Water samples were collected from the selected farm pond, open well and other 

water bodies from the earlier identified sites for soil sampling. Three composite water 

samples were collected from each site (Table 4 and Plate 10). Each sample was filtered 

and stored in clean, labelled polythene bottles of 500 mL capacity. Few drops of toluene 

was added into each sample in order to prevent the growth of microorganisms and kept 

for further analysis. 

3.1.3.3 Characterisation of water samples 

The methods followed to assess the quality of water samples for irrigation are 

listed in the Table 5.  

Table 4: Details of water samples collected from study area 

Sl. No. Sample No. Name of farmer Source of water 

1. W1 Kesavan Well 

2. W 2 Nandakumar Well 

3. W 3 Krishnankutty Pond 

4. W 4 Sojesh Pond 

5. W 5 Meghanathan Canal 

6. W 6 Kunjumon Canal 

7. W 7 Krishnakumar Pond 

8. W 8 P. Iyer Pond 

9. W 9 Santhosh Well 

10. W 10 Manoj Well 

11. W 11 (Control site) Nadarajan Well 
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a) Canal water from mined site 

 

b) Water from farm pond near mined site 

 

d) Water from open well of control site 

Plate 10. Sources of water samples collected 



 

Table 5: Methods of analysis of physico- chemical properties of water 

Sl. No Parameter Method Reference 

1. Temperature Thermometer Jennifer, 1945 

2. pH Potentiometry Jackson, 1958 

3. Electrical conductivity Conductometry Wilcox, 1950 

4. Total dissolved salts Evaporation method Ayers and Westcot, 1985 

5. Potassium 
Direct reading using 
flame photometer 

Jackson, 1958 

6. Sodium 

7. Calcium 
Direct reading in atomic 
absorption 
spectrophotometer 

 

Jackson, 1958 
8. Magnesium 

9. Nitrate Reduction by Devarda’s 
alloy and Kjeldahl 
distillation 

AOAC, 1950 

10. Phosphate Extraction using Bray 
No.1 and estimation 
colorimetrically by 
reduced molybdate 
ascorbic acid blue colour 
method 

 
 
Bray and Kurtz, 1945 

11. Carbonate  
Acidimetric titration 

 
AOAC, 1950 

12. Bicarbonate 

13. Chloride Mohr’s titration method Motsara and Roy,2008 
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3.2 EXPERIMENT II  

Study on reclamation of soils in areas of soil mining for brick production 

After the physico-chemical characterisation of the soil samples, the soil sample 

with lowest nutrient status in terms of organic carbon and major nutrients was selected 

for further studies. From this area, bulk soil samples (0-30 cm) were collected for 

detailed reclamation study. A pot culture experiment was conducted to study the effect 

of organic manures and chemical fertilizers on the reclamation of these soils. Sixty three 

pots were used for this study involving 7 treatments and 3 replications each. Each 

replication consisted of 3 pots with one seedling per pot. 

Location: College of Horticulture, Vellanikkara 

Period: April – July / August, 2018 

Crop: Chilli 

Variety: Anugraha 

Experimental design: CRD 

No. of treatments: 7 

No. of replication: 3 

No. of pots/replication: 3 

Total number of pots: 63 

Treatment details: 

T1: Soil test based NPK + FYM @ 20 t ha-1 

T2: Soil test based NPK + Poultry manure equivalent to N in 20 t ha-1of FYM  

T3: Soil test based NPK +Vermicompost equivalent to N in 20 t ha-1of FYM  

T4: Soil test based NPK +Coir pith compost equivalent to N in 20 t ha-1 of FYM  

T5: FYM @ 20 t ha-1 

T6: NPK + FYM @ 20 t ha-1 (KAU POP, 2016) 

T7: Absolute control 

Treatments T1 to T4 were given on the basis of soil test based recommendations. 

The treatment, T6 i.e., NPK + FYM @ 20 t ha-1 (KAU POP, 2016) was applied as a 
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blanket recommendation as mentioned in package of practices (KAU POP, 2016).  The 

recommended dose of fertilizers for chilli crop cultivation was 75:40:25 kg N: P2O5: 

K2O per hectare. The collected soil samples were air dried and mixed thoroughly. A 

quantity of 5 kg per each pot was mixed with respective treatments and the pots were 

filled. The amount of organic manures and chemical fertilizers required for each 

treatment is mentioned in Table 15. The nutrient contents of different organic manures 

are given in Appendix I.  

The experiment was conducted in the Plant Propagation and Nursery 

Management Unit field adjacent to College of Horticulture, Vellanikkara. The seeds of 

chilli were sown during the month of February and transplanted during April 2018. 

The following biometric observations as well as yield of chilli were taken during the 

crop period. 

1. Plant height (cm) 

2. Number of branches 

3. Number of leaves 

4. Number of flowers 

5. Number of fruits 

6. Per cent fruit set  

7. Yield  (Weight of fruits per plant) 

The biometric observations such as plant height, number of leaves, number of 

branches and number of leaves were taken at 60 days after transplanting (DAT). 

Observations on the total number of flowers and fruits during the whole period of crop 

growth were also recorded. 

After the harvest of the crop, the soil in the pots was further utilized for the 

analysis of major physical and chemical properties. This was done to assess the changes 

in the nutrient status and physical and biological properties of soil after management of 

soil using various organic amendments and inorganic fertilizers. The soils were air 

dried, processed and passed through 2 mm sieve and kept for analysis. 

3.3 STATISTICAL ANALYSIS 

The statistical analysis was performed with statistical software WASP 2.0 

(Completely randomised design). 
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a) Pots filled with soil and manures 

 

b) Pots after the transplantation of chilli crop 

Plate 11. General view of pot culture experiment 

 

 

 

 

 

 



 

Results 



 

4. RESULTS 

The results of the study on ‘Assessment of soil degradation and water quality in 

areas of small scale brick production and management of the degraded soils’ are 

presented in this section. 

The present study was divided mainly into two experiments. The experiment I 

dealt with laboratory experiments in characterising the soil and water samples collected 

from the study area. Based on the results of soil characterisation, experiment II was 

conducted. The experiment II was pot culture study which aimed at the reclamation of 

degraded soils. The results pertaining to the experiments are discussed as follows. 

4.1 EXPERIMENT I 

Evaluation of physical, chemical and biological properties of soil and water samples 

Based on the comprehensive survey conducted in Alathur block, 10 locations 

were identified where small-scale mining has been taking place. A mining free area was 

also identified as the control site. A total of 88 soil samples (8 from each location) were 

collected and used for soil characterisation. Also 11 water samples (1 from each site) 

were collected from selected ponds and wells and were analysed for physical and 

chemical properties.  

4.1.1 Characterisation of soil samples 

4.1.1.1 Physical properties 

4.1.1.1.1 Bulk density 

The mean values of bulk densities of soil samples are given in Table 6. The 

samples collected from location 5 (S5) had shown the highest bulk density (1.73 Mg m-3). The 

bulk density of the control site (S11) was found to be the lowest (1.22 Mg m-3).  

4.1.1.1.2 Soil moisture 

The average values of soil moisture of the samples are given in Table 6. The 

soil sample, S11 had the highest moisture (14.60 per cent) content whereas the soil 

sample, S5 had the lowest moisture content (3.50 per cent). 
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4.1.1.1.3 Soil temperature 

Table 6 depicts the mean value of soil temperature obtained from each sampling 

site. The sampling location S11 (the control site without mining operation) exhibited the 

lowest soil temperature (25.60°C). The sampling site S5 recorded the highest 

temperature (29.30°C). 

4.1.1.1.4 Water holding capacity 

The average values of soil moisture of the samples are given in Table 6. The 

soil sample, S11 had the highest water holding capacity (29.60 per cent) content whereas 

the soil sample, S5 had the lowest water holding capacity (9.35 per cent). 

4.1.1.1.4 Soil texture 

Soil texture was analysed for two samples from each site. The soils in the mined 

area were of sandy loam texture whereas the soil sample from control site was clayey 

loam in texture (Table 7). 
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Table 6. Physical properties of soil samples for initial characterisation 

Sample 

No. 
Bulk density (Mg m-3) Soil moisture (%) 

Water holding 

capacity (%) 
Soil temperature (°C) 

S1 1.61 5.70 15.90 27.30 

S2 1.61 9.60 25.30 26.80 

S3 1.62 6.30 16.80 27.60 

S4 1.62 6.50 17.20 27.50 

S5 1.73 3.50 9.35 29.30 

S6 1.70 4.80 12.60 26.90 

S7 1.61 5.30 13.20 27.80 

S8 1.66 7.20 20.10 28.10 

S9 1.57 7.70 20.50 28.00 

S10 1.45 12.50 27.50 27.70 

S11 1.22 14.60 29.60 25.60 

 

Table 7. Textural analysis of soil samples 

Soil Separate Mined soil Control soil 

Sand (%) 65.30 46.73 

Silt (%) 24.72 14.77 

Clay (%) 9.98 38.50 

Soil texture Sandy loam Clay loam 
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4.1.1.2 Chemical properties 

The major chemical characteristics of the selected soils such as pH, EC, contents 

of organic carbon, major and micro nutrients and heavy metals were analysed. The 

results of the analysis are given in Tables from 8 to 10. 

4.1.1.2.1 pH 

The mean values of pH of the soil samples are given in Table 8. The range of 

pH of soil samples from mined areas was neutral to slightly alkaline in nature. The 

highest pH was shown by soil samples S5 (7.70) whereas lowest pH was shown by the 

control site (6.33). 

4.1.1.2.2 Electrical conductivity 

The average values of electrical conductivity are furnished in Table 8. The 

highest value of electrical conductivity was observed in S2 (0.055 dS m-1), whereas the 

lowest was in S11 (0.009 dS m-1). 

4.1.1.2.3 Organic carbon 

The mean values of organic carbon is depicted in Table 8. The soil samples from 

top soil mined areas showed a very low status of organic carbon. The percentage of 

organic carbon in the mined soils were in a range of 0.08-0.46 per cent, whereas S5 

(0.08 per cent) showed the lowest organic content. The control site, S11 showed a 

medium range of organic carbon content (0.66 per cent).  

4.1.1.2.4 Available nitrogen 

The mean values of the available nitrogen of soil samples are given in Table 9. 

The available nitrogen content in soil samples from mined sites were ranged 87.81–

196.00 kg ha-1. The soil samples from S5 marked the lowest content of available nitrogen 

(87.81 kg ha-1). The available nitrogen content of the control site S11 was found to be 

the highest (250.88 kg ha-1). The samples belonged to the “low” fertility class in which 

the control soil showed a value towards the upper limit of this class. 
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Table 8: Electrochemical properties and organic carbon content of soil samples 

Sample No. pH 
Electrical conductivity 

(dS m-1) 
Organic carbon (%) 

S1 7.14 0.036 0.30 

S2 7.58 0.055 0.28 

S3 7.47 0.029 0.16 

S4 7.19 0.019 0.26 

S5 7.70 0.017 0.08 

S6 7.02 0.019 0.15 

S7 7.32 0.024 0.36 

S8 7.22 0.026 0.20 

S9 7.20 0.025 0.33 

S10 6.61 0.014 0.46 

S11 (Control soil) 6.33 0.009 0.66 

 

4.1.1.2.5 Available phosphorus 

The mean values of the available phosphorus level of the soil samples are 

presented in Table 9. High content of available phosphorus was observed in all the soil 

samples. The available phosphorus content ranged from 13.25 kg ha-1 to 92.32 kg ha-1. 

The available phosphorus was the lowest in S5 (13.25 kg ha-1) and highest in S11 (92.32 

kg ha-1). All the soil samples belonged to the classes “medium” or “high”. 
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4.1.1.2.6 Available potassium 

The mean values of available potassium content in the soil samples are depicted 

in Table 9. Comparatively, a lower status of available potassium content was observed 

in all the soil samples irrespective of top soil mining. The available potassium content 

ranged from 57.71 kg ha-1(S5) to 305.89 kg ha-1 (S11). 

4.1.1.2.7 Available calcium 

The average values of available calcium content of the soil samples analysed 

are presented in Table 9. The available calcium content on the control site S11 was the 

lowest (105.11 mg kg-1) whereas that of the S2 was the highest (582.06 mg kg -1). 

 4.1.1.2.8 Available magnesium 

The mean values of available magnesium content of soil samples are given in 

Table 9. The available magnesium ranged from 35.19 mg kg-1 (S5) to 129.28 mg kg-1 

(S11). 

4.1.1.2.9 Available zinc 

The mean values of available zinc content of the soil samples are furnished in 

Table 10. The average available zinc content ranged from 0.04 mg kg-1 to 0.22 mg kg-

1. The highest and lowest available zinc content were observed in S5 (0.22 mg kg-1) and 

S11 (0.04 mg kg-1) respectively. 

4.1.1.2.10 Available copper 

The average values of available copper are presented in Table 10. The highest 

content of available copper was observed in S9 (1.07 mg kg-1) whereas lowest content 

of copper was observed in S11 (0.14 mg kg-1). 

4.1.1.2.11 Available iron 

The average values of available iron are presented in Table 10. The highest 

content of available iron was observed in S9 (36.14 mg kg-1) whereas lowest content 

was observed in S11 (5.43 mg kg-1). 
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4.1.1.2.12 Available manganese 

The mean values of available manganese content of the soil samples are 

furnished in Table 10. The average available manganese content ranged from 4.22 mg 

kg-1(S11) to 15.54 mg kg-1 (S6). 

4.1.1.2.13 Available nickel 

The average values of available nickel are presented in Table 10. The highest 

content of available nickel was observed in S4 (0.95 mg kg-1) whereas lowest content 

was observed in S11 (0.19 mg kg-1). 

4.1.1.2.14 Available chromium 

The mean values of available chromium content of the soil samples are 

furnished in Table 10. The average available chromium content ranged from below 

detectable level (S11) to 0.12 mg kg-1 (S4).   

4.1.1.2.15 Available lead 

The average values of available lead content are presented in Table 10. The 

highest content of available lead content was observed in S8 (0.46 mg kg-1) whereas the 

lowest value was observed in S11 (0.15 mg kg-1).  

4.1.1.2.16 Available cadmium  

The content of available cadmium in all the selected soil samples were below 

the detectable level (BDL) (Table 10). 
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Table 9: Content of available major and secondary nutrients of soil samples 

Sample 

No. 

Nitrogen 

(kg ha-1) 

Phosphorus 

(kg ha-1) 

Potassium 

(kg ha-1) 

Calcium 

(mg kg-1) 

Magnesium 

(mg kg -1) 

S1 172.48 15.67 207.40 299.20 72.01 

S2 177.18 15.44 147.07 582.06 72.01 

S3 120.74 33.27 89.66 279.08 88.76 

S4 134.85 26.05 158.30 387.75 73.08 

S5 87.81 13.25 57.71 182.41 35.19 

S6 108.19 57.67 124.77 304.88 52.19 

S7 127.01 23.11 88.17 269.08 47.46 

S8 112.90 15.24 70.39 156.83 47.04 

S9 175.62 48.40 225.88 148.72 35.58 

S10 196.00 41.58 156.94 157.89 49.77 

S11 250.88 92.32 305.89 105.11 129.28 
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Table 10: Content of available micronutrients and heavy metals of soil samples 

Sample No. 
Zinc 

(mg kg-1) 

Copper  

(mg kg- 1) 

Iron        

(mg kg-1) 

Manganese 

(mg kg-1) 

Nickel      

(mg kg-1) 

Chromium  

(mg kg-1) 

Cadmium  

(mg kg-1) 

Lead  

(mg kg-1) 

S1 0.09 0.31 10.82 13.40 0.25 0.05 BDL 0.34 

S2 0.17 0.49 13.40 8.80 0.33 BDL BDL 0.25 

S3 0.14 0.74 17.23 13.92 0.65 0.09 BDL 0.16 

S4 0.20 0.76 23.37 12.26 0.95 0.12 BDL 0.24 

S5 0.22 0.42 15.83 14.68 0.41 0.09 BDL 0.19 

S6 0.17 0.40 11.76 15.54 0.42 0.10 BDL 0.19 

S7 0.15 0.20 8.28 10.03 0.36 BDL BDL 0.40 

S8 0.16 0.22 15.85 11.46 0.36 BDL BDL 0.46 

S9 0.44 1.07 36.14 10.06 0.76 0.08 BDL 0.20 

S10 0.15 0.26 13.38 6.49 0.30 0.02 BDL 0.22 

S11 0.04 0.14 5.43 4.22 0.19 BDL BDL 0.15 

*BDL - Below detectable level
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4.1.1.3 Biological properties 

The results of the biological properties of the selected soil samples are furnished 

in Table 11. 

4.1.1.3.1 Microbial biomass carbon (MBC) 

The microbial biomass carbon (MBC) content of the soil samples ranged from 

100.14 μg g-1 soil (S5) to 290.80 μg g-1 soil (S11).  

4.1.1.3.2 Dehydrogenase enzyme activity 

The mean dehydrogenase enzyme activity of the selected samples are presented 

in Table 11. The minimum dehydrogenase activity was shown by S5 (1.95 μg TPF g-1 

day-1) whereas maximum dehydrogenase activity was shown by S11 (3.69 μg TPF g-1 

day-1). 

 4.1.1.3.3 Earthworm count 

The earthworms were absent in top soil mined areas. The control site from 

where the sample S11 was collected, 13 no. m-2 earthworms were obtained. 

4.1.1.3.4 Termite mound 

No termite mounds were observed in any of the top soil mined sites. But one 

termite mound was observed in the location from where the control soil sample (S11) 

was collected.  
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Table 11: Biological properties of soil samples 

Sample 

No 

. 

Earthworm 

count  

(Number m-2) 

Total termite 

mound (Number 

per area) 

Microbial biomass carbon 

(MBC) (μg g-1 soil) 

 

Dehydrogenase 

activity 

(μg TPF g-1 day-1) 

S1 - - 139.89 2.35 

S2 - - 145.09 2.47 

S3 - - 110.91 2.30 

S4 - - 141.33 2.47 

S5 - - 100.14 1.95 

S6 - - 111.51 2.26 

S7 - - 137.94 2.44 

S8 - - 162.51 2.68 

S9 - - 186.15 2.91 

S10 - - 221.51 3.31 

S11 13 1 290.80 3.69 
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4.1.2 Characterisation of water samples 

The water samples were analysed for their physico-chemical properties. The 

results of the analysis are given in Table 12 and Table 13. 

4.1.2.1 Temperature  

The mean values of temperature of the water samples are given in Table 12. The 

temperature of water samples from mined sites ranged from 21.3°C (W10) to 23.9°C 

(W5). The temperature of water sample from control site was 20.9°C(W11)  which was 

the lowest among all the water samples. 

4.1.2.2 pH 

The pH of water samples collected from topsoil mined area ranged between 6.08 

(W1) to 6.60 (W10) (Table 12). The value for water sample from control site (W11) was 

6.36. As per FAO guidelines for interpretation of water quality for irrigation (1985) 

(Appendix III), the normal range of pH for irrigation water is 6.5-8.4. All the water 

samples from mined area except W1 were in the suitable range of irrigation.  

4.1.2.3 Electrical conductivity 

The average values of electrical conductivity are furnished in Table 12. The 

highest value of electrical conductivity was observed in W5 (0.136 dS m-1) whereas 

lowest was observed in control sample, W11 (0.116 dS m-1). As per FAO guidelines 

(1985) (Appendix III), the values of electrical conductivity from different sources 

remained below the permitted limit and can be used safely for irrigation.  

4.1.2.3 Total dissolved solids (TDS) 

The mean values of TDS of the water samples are given in Table 12. The TDS 

values were in low status where W10 (76.80 mg L-1) showed the lowest value and W5 

(87.04 mg L-1) showed the highest value among the samples from mined area. The TDS 

value of water sample from the control site, W11 was 74.24 mg L-1. As per the FAO 

guidelines for irrigation water quality (1985) (Appendix III), all the water samples are 

safe to be used for irrigation purposes.  
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4.1.2.4 Potassium  

The potassium content in water samples from mined areas ranged from 1.30 mg L-1 

(W5) to 4.1 mg L-1 (W10). The potassium content in the water sample obtained from control 

site, (W11) (0.7 mg L-1) was the lowest among the different samples analysed (Table 12).  

4.1.2.5 Sodium  

The sodium content from the water samples of mined area ranged from 9.6 mg 

L-1 (W9) to 53.4 mg L-1 (W1) (Table 12). There was no regular pattern in the sodium 

content and the different sources showed extreme variation.  

4.1.2.6 Calcium 

The calcium content of water samples from mined soils varied from 7.31 me L-1 

(W10) to 21.97 me L-1 (W5) and followed a relatively irregular pattern. The control sample 

(W11) showed the lowest value of 4.83 me L-1 (Table 12).  

4.1.2.7 Magnesium 

The content of magnesium ions ranged from 1.13 me L-1 (W6) to 1.63 me L-1 (W3) 

for the water sources from mined area. Unlike other cations, the magnesium content of the 

control sample (W11) was found to be having the highest value of 2.76 me L-1 (Table 12). 

4.1.2.8 Nitrate  

The mean values ranged from 3.02 me L-1 (W3) to 4.23 me L-1 (W5) in the case 

of water samples from mined area. The water sample from control site showed a nitrate 

content of 3.08 me L-1 (Table 13). All the water samples showed relatively more or less 

similar values for this parameter. As per FAO guidelines (1985), except the water 

sample, W3, all the other samples from the mined area, came under the slight to 

moderate category of suitability as irrigation water. 

4.1.2.9 Phosphate 

The phosphate content from the mined areas varied from 0.09 me L-1 (W4) to 

0.81 me L-1 (W5). The water sample from the control area, W11 recorded a 

comparatively very low value of 0.04 me L-1 (Table 13). The water samples from the 

mined area showed values 5-10 times greater than that of the control. 
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4.1.2.10 Sulphate 

The sulphate content of water samples from mined areas varied from 0.25 me 

L-1 (W10) to 0.94 me L-1 (W5) and followed a relatively irregular pattern. The control 

sample (W11) showed the lowest value of 0.19 me L-1 (Table 13). 

4.1.2.11 Bicarbonate 

The bicarbonate ion content from the mined areas varied from 4.16 me L-1 (W1) 

to 9.71 me L-1 (W7). The water sample from the control area, W11 recorded a 

comparatively very low value of 6.35 me L-1 (Table 13). All the samples (including the 

control sample) except W7 came under the moderate category. The sample W7 with a 

value of 9.71 me L-1 came under the toxic category.  

4.1.2.12 Chloride 

The chloride concentration of samples from mined area ranged from 4.5 me L-1 

(W8) to 5.5 me L-1 (W5) more or less uniform values (Table 13). The control site (W11) 

showed the lowest value (4.1 me L-1). As per the FAO guidelines (1985), the mined sites 

can be classified under the moderate category with respect to suitability for irrigation. 
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Table 12. Physico-chemical properties of water samples 

Sample No. Temperature (°C) pH EC (dS m-1) TDS (mg L-1) K (mg L-1) Na (mg L-1) Ca (me L-1) Mg (me L-1) 

W1 22.5 6.08 0.131 83.84 2.10 53.40 17.15 1.56 

W2 22.3 6.32 0.135 86.40 3.10 19.70 14.30 1.28 

W3 22.8 6.55 0.133 85.12 2.40 14.70 16.17 1.63 

W4 23.1 6.31 0.125 80.00 1.90 20.00 13.03 1.59 

W5 23.9 6.28 0.136 87.04 1.40 23.90 21.97 1.47 

W6 23.3 6.40 0.121 77.44 1.50 13.90 11.06 1.13 

W7 22.8 6.34 0.129 82.56 1.50 13.70 9.86 1.22 

W8 22.5 6.44 0.133 85.12 1.30 11.20 11.65 1.29 

W9 21.7 6.59 0.128 81.92 1.60 9.60 9.22 1.31 

W10 21.3 6.60 0.120 76.80 4.10 31.60 7.31 1.59 

W11 20.9 6.36 0.116 74.24 0.70 13.10 4.83 2.76 
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Table 13. Concentration of anions in water samples 

Sample No. Nitrate    

(me L-1) 

Phosphate 

(me L-1) 

Sulphate    

(me L-1) 

Bicarbonate 

(me L-1) 

Chloride       

(me L-1) 

W1 3.63 0.14 0.89 4.16 4.8 

W2 3.59 0.21 0.85 4.75 4.6 

W3 3.02 0.19 0.61 4.23 5.1 

W4 3.18 0.09 0.45 5.05 4.6 

W5 4.23 0.81 0.94 5.71 5.5 

W6 4.12 0.45 0.75 4.33 4.9 

W7 3.82 0.36 0.39 9.71 5.2 

W8 3.49 0.69 0.48 7.05 4.5 

W9 3.52 0.49 0.56 6.21 4.7 

W10 3.69 0.13 0.25 6.56 5.4 

W11 3.08 0.04 0.19 6.35 4.1 
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4.2 EXPERIMENT II 

Study on reclamation of soils in areas of soil mining for brick production 

Taking the result of the predecessor research on essential nutrients as a prelude, a 

steady state assessment of mined soils in the survey area under consideration was done 

and a data base was generated based on aforesaid parameters read out in the soil samples 

collected. A cursory inception of data revealed that the soil samples collected from fifth 

location (S5) showed the lowest nutrient status (Table 8 and Table 9). The analytical 

results of the physical, chemical and biological properties of the selected soil sample (S5) 

is given in Table 14. Hence for detailed investigation, as per the experiment II was 

planned, bulk soil samples were collected for the study as envisaged in the experiment 

with 7 ameliorants under study (Table 15). The results of the pot culture study on 

reclamation of soils in areas of soil mining for brick production is discussed in Tables 

from 16 to 20.  
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Table 14. Characteristics of soil sample selected (S5) for pot culture study in chilli 

 

 

 

Sl. No. Soil properties Result 

1. Bulk density (Mgm-3) 1.73 

2. Soil moisture (%) 3.50 

3. Water holding capacity (%) 9.35 

4. Soil temperature (°C) 29.30 

5. pH 7.26 

6. Electrical conductivity (dS m-1) 0.017 

7. Organic carbon (%) 0.08 

8. Av. nitrogen (kg ha-1) 87.81 

9. Av. phosphorus (kg ha-1) 13.25 

10. Av. potassium (kg ha-1) 57.71 

11. Av. calcium (mg kg-1) 182.41 

12. Av. magnesium (mg kg -1) 35.19 

13. Av. zinc (mg kg-1) 0.21 

14. Av. copper (mg kg- 1) 0.42 

15. Av. iron (mg kg-1) 15.83 

16. Av. manganese (mg kg-1) 14.68 

17. Av. nickel (mg kg-1) 0.41 

18. Av. chromium (mg kg-1) 0.09 

19. Av. cadmium (mg kg-1) BDL 

20. Av. lead (mg kg-1)  0.19 

21. Microbial biomass carbon (μg g-1 soil) 100.14 

22. Dehydrogenase (μg TPF g-1 day-1) 1.95 
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Table 15: Nutrient requirement for the soil selected (S5) for pot culture study in chilli 

Sl.No. Treatment Requirement per pot (g) 

1. T1 : Soil test based NPK + FYM @ 20 t ha-

1 

N- 0.5  

P- 0.14 

K- 0.015 

FYM – 45 

2. T2 : Soil test based NPK + poultry manure 

equivalent to N in 20 t ha-1 of FYM 

N- 0.5  

P- 0.14 

K- 0.015 

Poultry manure – 33.75 

3. T3 : Soil test based NPK +vermicompost 

equivalent to N in 20 t ha-1of FYM 

N- 0.5 

P-0.14 

K-0.015 

Vermicompost – 45 

4. T4 : Soil test based NPK +coirpith compost 

equivalent to N in 20 t ha-1of FYM 

N- 0.5 

P- 0.14 

K- 0.015 

Coir pith compost- 45 

5. T5 : FYM @ 20 t ha-1 N- nil 

P- nil 

K- nil 

FYM – 45 

6. T6 : NPK + FYM @ 20 t ha-1 (KAU POP, 

2016)  

N- 0.36 

P- 0.56 

K- 0.10 

FYM – 45 

7. T7 : Absolute control Nil 
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4.2.1 Biometric observations 

4.2.1.1 Plant height 

The data pertaining to plant height at 60 DAT is given in Table 16. The 

treatments significantly influenced the plant height. The treatment receiving NPK+ 

poultry manure (T2) (50.42 cm) recorded significantly highest plant height. The lowest 

value was noticed in absolute control, T7 (21.96 cm) and all the other treatments were 

on par. 

4.2.1.2 Number of branches 

The highest number of branches at 60 DAT (6.11) was found in NPK+ poultry 

manure treated plots (T2). The lowest number of branches found in absolute control, T7 

(3.11) and all the other treatments were on par (Table 16). 

4.2.1.3 Number of leaves 

The data regarding number of leaves at 60 DAT are presented in Table 16. The 

treatment receiving NPK+ poultry manure (T2) recorded the highest number of leaves 

(221.78). The lowest numbers of leaves were recorded in absolute control T7 (15.00). 

The treatments T4 (NPK+ coir pith compost), T5 (FYM @ 20 kg ha-1) and T6 (KAU 

POP, 2016) were on par with T7 (Absolute control). 

4.2.1.4 Number of flowers 

The treatment T2 (NPK+ poultry manure) recorded the highest number of flowers 

(95.33) and was on par with T3 (NPK+ vermicompost) (86.00). Absolute control T7 (3.33) 

recorded the lowest number of flowers. The treatment, T6, blanket recommendation of NPK 

+FYM (KAU POP, 2016) (14.00) was on par with T7 (Table 16). 

4.2.1.5 Number of fruits 

The treatment consisting of various different organic amendments had a 

significant effect on number of fruits. The number of fruits at 60 DAT was highest in 

T2, soil test based NPK+ poultry manure (31.33) and lowest in absolute control, T7 

(0.00) which was on par with T6, NPK +FYM (KAU POP, 2016) (1.67) (Table 16).  
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Plate 12 View of chilli crop at harvest 

a) Absolute control (T7) b) Soil test based NPK + poultry manure 

equivalent to N in 20 t ha-1  of FYM (T2) 

Plate 13. Effect of poultry manure on chilli crop



 

4.2.1.6 Per cent fruit set 

Table 16 represents the result of per cent fruit set significant variation was seen 

among the treatments. Per cent fruit set was highest (32.95 per cent) in treatment 

receiving NPK+ poultry manure (T2). The absolute control T7 had the lowest value 

(0.00 per cent). 

4.2.1.7 Yield per plant 

The data pertaining to yield per plant is given in Table 16. The yield per plant 

was recorded highest in T2, soil test based NPK+ poultry manure (128.47 g) whereas 

the yield of absolute control, T7 was nil. The lowest yield obtained in T7 (0.00 g). 

4.2.2 Soil analysis 

The data regarding soil analysis of pot culture experiment after harvest of the 

crop are given in from Tables 17 to 19. 

4.2.2.1 Bulk density 

The treatment receiving NPK+ vermicompost (T3) recorded the lowest bulk 

density (1.60 Mg m-3) and was on par with NPK+ coir pith (T4) (1.61 Mg m-3). The 

highest bulk density was noted in absolute control, T7 (1.73 Mg m-3) (Table 17) and 

was on par with T1 which was treated with NPK+FYM (1.72 Mg m-3). 

4.2.2.2 Soil pH 

The treatment receiving NPK+ poultry manure (T2) recorded the highest soil 

pH (7.53). The absolute control, T7 recorded the lowest pH (7.27) and was on par with 

T6, KAU POP, 2016 (7.28) (Table 17). 

4.2.2.3 Electrical conductivity 

The highest electrical conductivity (0.03 dS m-1) was recorded in NPK+ poultry 

manure (T2) whereas the lowest (0.017 dS m-1) was observed in absolute control (T7) 

(Table 17). 
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4.2.2.4 Organic carbon 

The treatment NPK+ poultry manure (T2) showed the highest organic carbon value 

(0.15 per cent). The absolute control, T7 recorded the lowest organic carbon 0.10 per cent. 

The treatment, T1 (NPK+FYM) (0.11 per cent) and T6 (0.11 per cent) (KAU POP, 2016) 

were on par with T7 (absolute control) (Table 18). 

4.2.2.5 Available nitrogen 

The treatments significantly influenced the available nitrogen content of the soil 

in the pot culture experiment. The treatment receiving NPK+ poultry manure (T2) 

recorded the highest available nitrogen content (102.17 kg ha-1). The lowest available 

nitrogen content was observed in absolute control, T7 (82.13 kg ha-1). The initial content 

of available nitrogen before pot culture experiment was 87.81 kg ha-1 (Table 18). 

4.2.2.6 Available phosphorus 

The data regarding the available phosphorus content of the soil is given in Table 

18. The treatment, T2 which received NPK+ poultry manure showed a significantly 

higher available phosphorus content (31.40 kg ha-1). The absolute control, T7 recorded 

the lowest available phosphorus content (12.52 kg ha-1). The initial available 

phosphorus content of the soil was 15.24 kg ha-1.  

4.2.2.7 Available potassium 

The treatments had a significant influence on available potassium of the soil. 

The treatment receiving NPK+ poultry manure (T2) marked the highest available 

potassium content (212.07 kg ha-1). The absolute control, T7 had the lowest value of 

available potassium (137.20 kg ha-1) (Table 18). 

4.2.2.8 Microbial biomass carbon 

Various organic amendments had significant influence on the microbial 

biomass carbon of the soil. The treatment with NPK+ poultry manure (T2) recorded the 

highest amount of microbial biomass carbon (374.13 μg g-1 soil) and was on par with 

NPK+ vermicompost (T3) (373.17 μg g-1 soil). The absolute control had the lowest 

microbial biomass carbon content (159.40 μg g-1 soil) (Table 18). 
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4.2.2.9 Dehydrogenase activity  

The dehydrogenase enzyme which represents the microbial activity was 

positively influenced by various treatments. The treatments with NPK+ coir pith (T4) 

recorded the highest dehydrogenase activity (3.63 μg TPF g-1 day-1). This was on par 

with T2 (NPK+ poultry manure) (3.56 μg TPF g-1 day-1). The absolute control T7 marked 

the lowest dehydrogenase activity (2.10 μg TPF g-1 day-1). This was on par with T6 

which was KAU POP, 2016 (2.26 μg TPF g-1 day-1) (Table 18). 
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Table 16: Biometric observations and yield attributes of chilli crop in pot culture study 

Treatments 
Plant height 

(cm) 

Number of 

branches 

Number of 

leaves 

Number of 

flowers 

Number of 

fruits 

Fruit set 

(%) 

Yield/ 

plant (g) 

T1 NPK + FYM @ 20t ha-1 26.59 b 4.00bc 122.22 b 33.00c 4.67d 13.95d 19.13d 

T2 

NPK + poultry manure 

equivalent to N in 20t 

ha-1 of FYM 

50.42a 6.11a 221.78a 95.33a 31.33a 32.95a 128.47a 

T3 

NPK + vermicompost 

equivalent to N in 20t 

ha-1 of FYM 

30.21b 4.66b 86.89c 86.00a 20.33b 23.85b 83.37b 

T4 

NPK + coir pith 

compost equivalent to 

N in 20t ha-1 of FYM 

30.97b 4.00bc 43.33d 68.00b 10.33c 15.44cd 42.37c 

T5 FYM @ 20t ha-1 29.72b 3.56bc 26.33d 46.00c 9.67c 21.16bc 39.63c 

T6 
NPK + FYM @ 20t ha-1 

(KAU POP, 2016) 
26.68 b 3.44bc 21.44d 14.00d 1.67de 12.64d 5.33de 

T7 Absolute control 21.96 b 3.11c 15.00d 3.33d 0.00e 0.00e 0.00e 

Means followed by common letters do not differ significantly at 5 per cent level of DMRT 
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Table 17: Physical and electrochemical properties of soil after pot culture study 

Treatments 
Bulk density 

(Mg m-3) 
pH EC (dS m-1) 

T1 NPK + FYM @ 20 t ha-1 1.72ab 7.35c 0.02c 

T2 
NPK + poultry manure equivalent 

to N in 20 t ha-1 of FYM 
1.70b 7.53a 0.03a 

T3 
NPK + vermicompost equivalent 

to N in 20 t ha-1 of FYM 
1.60c 7.42b 0.03b 

T4 
NPK + coir pith compost 

equivalent to N in 20 t ha-1 of FYM 
1.61c 7.45b 0.03b 

T5 FYM @ 20 t ha-1 1.70b 7.35c 0.02c 

T6 
NPK + FYM @ 20 t ha-1 (KAU 

POP, 2016) 
1.70b 7.28d 0.02c 

T7 Absolute control 1.73a 7.27d 0.017d 

Means followed by common letters do not differ significantly at 5 per cent level of 

DMRT 
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Table 18: Major chemical and biological properties of soil after harvest of chilli 

Treatments 
Organic 

carbon (%) 
Available N 
(kg ha-1) 

Available P 
(kg ha-1) 

Available 
K (kg ha-1) 

Microbial biomass 
carbon (μg g-1 

soil) 

Dehydrogenase 
activity (μg TPF g-1 

day-1) 

T1 NPK + FYM @ 20 t ha-1 0.11d 94.10c 22.57c 174.80d 200.73d 2.84c 

T2 
NPK + poultry manure 
equivalent to N in 20 t 
ha-1 of FYM 

0.15a 102.17a 31.40a 212.07a 374.13a 3.56ab 

T3 
NPK + vermicompost 
equivalent to N in 20 t 
ha-1 of FYM 

0.14b 98.20b 28.23b 197.23b 373.17ab 3.38b 

T4 
NPK + coir pith 
compost equivalent to N 
in 20 t ha-1 of FYM 

0.13c 97.10b 27.53b 190.87c 358.10b 3.63a 

T5 FYM @ 20 t ha-1 0.12c 87.20d 20.57d 160.40e 300.60c 2.48d 

T6 
NPK + FYM @ 20 t ha-1 
(KAU POP, 2016) 

0.11d 93.00c 20.53d 161.67e 206.67d 2.26de 

T7 Absolute control 0.10d 82.13e 12.52e 137.20f 159.40e 2.10e 

Means followed by common letters do not differ significantly at 5 per cent level of DMRT 
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5. DISCUSSION 

The experiment on ‘Assessment of soil degradation and water quality in areas 

of small scale brick production and management of the degraded soils’ was carried out 

at College of Horticulture, Vellanikkara during 2017-2018. The major research findings 

of the above study are discussed below.   

5.1. EXPERIMENT I 

Evaluation of physical, chemical and biological properties of soil and water 

5.1.1. Characterisation of soil samples 

5.1.1.1. Physical properties 

The soil samples were subjected to analysis of temperature, bulk density, water 

holding capacity, moisture content and texture. 

Bulk density is the measure of physical health of soil. It is the major indicator 

of soil air and compaction. The soils with bulk densities above 1.6 Mg m-3 restrict the 

plant growth by restricting the root penetration and decreasing the soil aeration. In the 

study area, the bulk densities of the mined soil varied from 1.45 to 1.73 Mg m-3 (Fig.1). 

The bulk density of the unmined soil was 1.22 Mg m-3 (Table 7). The higher bulk 

densities in the desurfaced soil might be due to the loss of organic carbon in the process 

of top soil removal. Another reason for the higher bulk density might be due to the 

migration and loss of finer particles like clay, silt and CaCO3 during mining.  

The loss of clay and organic matter had resulted in lowering the moisture 

content (Fig.2) and water holding capacity (Fig.3) of mined soils (Table 6). This had 

further resulted in elevating the soil temperature (Fig.4). The loss of clay was reflected 

in the change in soil texture from clay loam to sandy loam (Table 7 and Fig. 5). Similar 

results in the variation of physical properties were also obtained by Indorante et al. 

(1981), Gollany et al. (1992), Singh et al. (2015) and Abdullahi (2018). 
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Fig. 1. Bulk density of soil samples       Fig. 2. Moisture content of soil samples 

                          

Fig.3. Water holding capacity of soil samples       Fig.4. Temperature of soil samples
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5.1.1.2. Chemical properties 

5.1.1.2.1. pH 

Soil pH can be referred to as a master variable as it holds the key for variation 

in physical, chemical and biological properties of soil. Any change in the soil pH 

directly affects the ecology of the soil. It influences the availability of nutrients as well 

as the activity of soil micro fauna and flora. It acts as an indicator of the chemical 

composition of soil. The ideal soil pH ranges from 6.5 to 7.5 in which most of the 

nutrients are available to plants. 

The pH of the control soil which was not mined was slightly acidic (6.33). The 

pH of the desurfaced soils of the study area ranged from 6.61 – 7.59 and were near was 

neutral in nature (Table 8). Most of the crops come well in this range of pH. The 

presence of CaCO3 nodules soil may have attributed to the rise in pH in mined soils. 

The result is in conformity with studies of Grewal and Kuhad (2002), Singh et al. (2015) 

and Islam et al. (2017).  

5.1.1.2.2. Electrical conductivity 

Soil electrical conductivity is the measure of amount of salts in the soil. The 

optimum value of electrical conductivity is essential for the proper growth of plants. It 

always correlate very well with the other soil physical and chemical properties. Lower 

value of EC was observed in control soil (0.009 dS m-1) compared to desurfaced soils 

(Table 8). It may be attributed to the fact that due to high soil temperature and capillary 

rise, the salt got accumulated in the surface of the mined soils. Similar results were 

observed by Grewal and Kuhad (2002). 

5.1.1.2.3. Organic carbon 

Organic matter is the store house of plant nutrients. Apart from providing 

habitat, organic matter improves soil physical properties. Overall, soil organic matter 

play a crucial role in soil health. Soil organic carbon is a measure of soil organic matter. 

Soil organic carbon is greatly influenced by anthropogenic activities. In heavily 

exploited soils, organic carbon may be very low.  

In the desurfaced soils of the study area, the organic carbon was in the range of 

0.08 – 0.46 per cent with mean of 0.26 per cent (Table 8). The organic carbon content 

51



 

in the unmined soil (0.66 per cent) was slightly higher than desurfaced soil. About 61 

per cent reduction of soil carbon was observed.  

This significant reduction in organic carbon is due to fact that top soil was lost 

completely during the process of desurfacing and thus exposing the lower horizons 

which are low in organic matter. The organic matter is always added to the top soil 

which creates a huge difference in the organic carbon levels across the horizons. So 

when top soil is removed the newly formed surface soil is deprived of organic matter 

(Tressen et al., 1994).  

Similar results were obtained by Singh et al. (2015) where the percentage 

reduction of soil organic carbon was 47.43 per cent. These results are also in conformity 

with the studies of Khan et al. (2007) and Islam et al. (2017).  

5.1.1.2.4. Available nitrogen 

Among nutrient elements, nitrogen is the most important element which 

influences the productivity and health of the soil. The amount of available nitrogen in 

the soil is a direct indication of the fertility status of the soil. The process of desurfacing 

adversely affected the available nitrogen in the soil. In the control soil, the available 

nitrogen content was 250.88 kg ha-1 and in desurfaced soil, it was in the range of 87.81– 

196 kg ha-1 with a mean of 141.28 kg ha-1) (Table 9). Net decline amounted to about 

43.70 per cent (Appendix II).  

The loss of organic matter can be attributed to the lower levels of available 

nitrogen as organic matter and organic carbon plays a crucial role in nitrogen dynamics 

of the soil. The nitrogen fixing microbes are also lost during the process of desurfacing. 

The results are in conformity with the studies of Islam et al. (2015). 

5.1.1.2.5. Available phosphorus 

Phosphorus is the second most important nutrient element next to nitrogen. It is 

the important component in nucleic acids, as well as in the production of ATP, the 

energy currency of the cell. It is associated with the energy transformation in the cell. 

It stimulates the root development and is responsible for crop maturity. Overall, 

phosphorus is crucial for growth and development of plants.  
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In the study area, the concentration of available phosphorus in mined soil ranged 

from 13.25 to 57.67 kg ha-1 whereas in normal soil, it was 92.32 kg ha-1 (Table 9). Both 

mined and control soils were having high concentration of available phosphorus. About 

three fourth of the available phosphorus content (74.5 per cent) was lost due to top soil 

mining. The diminishing trend of available phosphorus may be due to the loss of 

organic matter in the subsoil where biological activity is less. High bulk density and 

change in pH also affect the phosphorus dynamics by creating an unfavourable 

environment for phosphorus availability.  

5.1.1.2.6. Available potassium 

Potassium plays a unique function in plants as a regulator of metabolic 

activities. It is the activator of many enzymes and is the only element which remains in 

plant fluids in soluble state. It is known for its ability to improve the drought resistance 

in plants. 

The available potassium in the mined soils of study area ranged between 57.71 

– 225.88 kg ha-1 (Table 9). The percentage reduction in the available potassium content 

was about 43.36 per cent (Brookes et al., 1982) and Singh et al. (2015) had reported 

similar results in their studies.  

Bramble – Brodhal et al. (1985) reported that in desurfaced soils both organic 

carbon and exchangeable potassium followed a similar trend. The exposure of subsoil 

with low organic matter content and poor biological activity can be the cause for the 

diminishing trend of exchangeable potassium. Another reason may be the lack of proper 

weathering process in subsoil resulting in the inefficient release of potassium from 

potassium rich minerals. The surface soil with ample amount of clays which accelerate 

the process of potassium conversion was lost due to soil desurfacing. 

5.1.1.2.7. Available calcium 

Calcium is a key element to both plants as well as soil. In plants, it is essential 

to maintain cell structure and proper growth. In soil, it acts as the major flocculating 

agent in binding soil particles and organic matter thus improving the soil structure and 

porosity. This in turn affects all the physical properties of the soil. In the study area, the 

calcium content of the mined soils were higher than that of the control soils. In mined 

soils, the available calcium content ranged from 148.72 to 582.06 ppm (Table 9). The 
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increase in the available calcium content due to desurfacing is about 62 per cent 

(Appendix IV). The elevation in the available calcium content may be due to the 

presence of free CaCO3 on the surface as well as throughout the profile of the near 

neutral soils as reported by Gollany et al., 1992. 

 

54



 

 

Fig.5. Textural analysis of mined and control soils 

 

Fig.6. pH of soil samples 

 

Fig.7. Electrical conductivity of soil samples 

 

Fig.8. Organic carbon content of soil samples 
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Fig 9. Available nitrogen content of soil samples 

 

Fig 10. Available phosphorus content of soil samples 

Fig 11. Available potassium content of soil samples 
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Fig 12. Available calcium content of soil samples 

 

 

 

 

Fig.13. Available magnesium content of soil samples 
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5.1.1.2.8. Available magnesium 

 Magnesium is a crucial element for plants as it is present in chlorophyll. It is an active 

element in the metabolism of phosphorus. Even though it rarely affects the crop, magnesium 

is essential to maintain the nutritional quality of the crop. 

In the present study, the available magnesium content in the desurfaced soils ranged 

from 35.19 to 73.08 ppm. The average magnesium content of mined soils was 129.28 ppm 

(Table 9). The percentage reduction in available magnesium content due to soil desurfacing 

accounted to 55.6 per cent (Appendix IV). The loss of organic matter in topsoil had resulted 

in the reduction in available magnesium content in desurfaced soils (Gollany et al., 1992). 

5.1.1.2.9. Available micronutrients (Zn, Cu, Mn and Fe) 

The content of all the micronutrient, viz., Zn, Cu, Mn and Fe were found to increase 

in the mined soils compared to the control soil and percentage increase is shown in Appendix 

IV. The available zinc content in the desurfaced soil was in the range of 0.09 – 0.44 ppm. 

The available zinc content in the control soil is 0.04 ppm (Table 10). The percentage increase 

in available zinc content due to desurfacing is 14.41 per cent. 

The available copper content in the top mined soil in the study area ranged from 0.20 

to 1.07 ppm whereas that in normal soil was 0.14 ppm (Table 10). The percentage increase 

in available copper was about 71 per cent. 

The available iron content in the normal soil was 5.43 ppm whereas in desurfaced soil 

it ranged from 8.28 to 36.14 ppm (Table 10). The desurfacing has resulted in the increase of 

96.3 per cent. 

The available manganese content also followed a similar trend. In desurfaced soils it 

ranged from 6.49 to 15.54 ppm whereas in normal soils, it was 4.22 ppm (Table 12). Net 

increase of 63.8 per cent was observed in desurfaced soils. 

 The higher levels of micronutrient content in soils samples from mined area may be 

primarily attributed to the depth of mining activities. The continuous deep mining of soil has 

resulted in the exposure of subsoil which are already rich in micronutrients leached from soil 

surface (Ishaq et al., 2009). 
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5.1.1.2.10. Available heavy metals (Ni, Cd, Cr and Pb) 

Heavy metals followed a similar trend as that of micronutrients with an increase 

(Appendix IV) in their content in mined soils compared to control soil. 

The available nickel (ultra micronutrient) content of the desurfaced soils were in the 

range of 0.25 – 0.95 ppm whereas in the control soil, it is 0.19 ppm (Table 10). The net 

increase in the available nickel content due to desurfacing is about 61 per cent. 

The available chromium content of the desurfaced soils in the study area ranged from 

below detectable limits to a maximum of 0.12 ppm. The available chromium values of normal 

soils were below detectable level (Table 10).  

The available cadmium content of the desurfaced as well as control soils in the study 

area were so low that it could not be detected within the limits (Table 10). 

The available lead also followed a similar trend. The available lead in desurfaced soil 

ranged from 0.16 to 0.46 ppm (Table 10). The value of available lead in normal soil was 0.15 

ppm (Table 10). The percentage increase due to desurfacing was 44 per cent. 

The result is in agreement with the findings of Ishaq et al. (2009). The higher 

concentrations of heavy metals in mined soils when compared to control soil may be due to 

the burning of fuel in brick kilns and subsequent pollution. The main fuel is wood from 

locally available trees along with other fuels like coal. The burning of wood and coal generate 

micronutrient and heavy metal pollutants which settles down in the soil. Another reason for 

higher concentrations of heavy metals is the depth of soil mining. Deep mining of soil results 

in the exposure of subsoil which are rich in heavy metal concentration (Singh et al. 2015). 

5.1.1.3. Biological properties 

The biological properties of soil such as microbial biomass carbon, dehydrogenase 

activity and the count of earthworm and termite mound were found to be significantly 

affected by soil mining activities.  

Earthworms (13 numbers m-2) and termite mound (1 number per area) were observed 

only in the control site. Microbial biomass carbon in control soil was found to be three times 

higher than that of mined soils. Similarly, the dehydrogenase activity was reduced to half in 

case of mined soil (S5)) when compared with control soil (Table 11). The loss of organic 
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carbon and higher bulk density contributed to this phenomenon. The elevated levels of soil 

temperature as well as increased pH also might have affected the biological properties of 

mined soils adversely.
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Fig.14. Available zinc content of soil samples 

 

Fig.15. Available iron content of soil samples 

 

 

Fig.16. Available copper content of soil samples 

 

 

Fig.17. Available manganese content of soil samples 
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Fig.18. Available nickel content of soil samples 

 

Fig.19. Available lead content of soil samples 

 

Fig.20. Microbial biomass carbon content of soil samples 

 

Fig.21. Dehydrogenase enzyme activity of soil samples 
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5.1.2 Water samples   

5.1.2.1 Temperature 

The temperature of water samples collected from mined areas were higher than that 

of control sample (Table 12). Water temperature of an aquatic body shows very close 

association with ambient temperature and plays important role in metabolism of different 

organisms. In the present study increase in water temperature might be due to the emissions 

of heat from the kilns which slightly raised the water temperature in nearby aquatic systems 

which was very much comparable with the heat losses from other brick kilns (Maithel et al., 

1999). The turbidity of water collected from might areas were also high which may have 

caused due to dumping of ash and cutting land resulting in high silt content in water bodies. 

The high turbidity might be responsible for high level of water temperature in the aquatic 

bodies near brick kiln industry because the suspended particles absorb the heat from the 

sunlight making the water warm (Tiwari, 2005; Mishra et al., 2013) 

5.1.2.2 pH 

Measurement of pH indicates the level of acidic and basic nature of the aquatic 

system. During the study, pH was slightly acidic in water bodies close to the mined sites 

(Table 12). This might be due to leaching of some elements or acidic substances into the 

water bodies from the vicinity of the brick kilns (Khan et al., 2007). The fluctuations in pH 

was also related with input loads of pollutants in the aquatic systems (Sahu et al., 1995). 

5.1.2.3 Electrical conductivity and TDS 

The fluctuations in electrical conductivity (Table 12) might be due to fluctuations in 

total dissolved solids and salinity (Boyd, 1981). Water conductivity is mainly attributed to 

the dissolved ions liberated from the decomposed plant matter (Sarwar and Irfan-Ul-Majid, 

1997) and input of organic and inorganic waste (Wright, 1982). The elevated EC values in 

the mined soils can be associated with the increase in EC values in water bodies associated 

with them. 
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5.1.2.4 Potassium 

The potassium content in water samples collected from mined areas were found to be 

higher than that of control sample (Table 12). It may be attributed to the burning of fuel wood 

for brick production were the resultant ash rich in potassium increased its concentration in 

water bodies. The run-off water rich in potassium from agricultural fields also increased the 

concentration of potassium in water from mined areas (Juned and Arjun, 2011). 

5.1.2.5 Sodium 

The sodium concentration in water samples showed an irregular trend. As per the 

results, the sodium concentration of water samples collected from mined areas except that of 

W8 and W9 were found to be higher than control sample (Table 12).  

5.1.2.6 Calcium 

The content of calcium in water samples of mined area was higher than that of control 

samples (Table 12). This might be due to the presence of calcium carbonate nodules in the 

soils of mined area. 

5.1.2.7 Magnesium 

Higher concentration of magnesium was found in water samples collected from 

control area. Unlike other cations, higher concentration of magnesium was found in water 

samples from control area (Table 12). This can be correlated to the lower content of 

magnesium in mined soils when compared to the unmined soils of study area. 

5.1.2.8 Nitrate and phosphate 

The presence of higher concentrations of nitrate and phosphate in water samples of mined 

areas may be attributed to the increase in soil erosion due to topsoil mining (Table 13). The topsoil 

mining resulted in reducing infiltration rate and increasing surface runoff thereby contributing 

towards the erosion of nutrients applied in agricultural fields. This had adversely affected the 

nitrate and phosphate contents in water bodies (Jamatia et al., 2014). 
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5.1.2.9 Bicarbonate  

The concentration of bicarbonate followed an irregular trend where all water samples 

were slightly to moderately toxic to be used as irrigation source (Table 13). This indicated 

the deterioration of water quality for irrigation in these sources. 

5.1.2.10 Chloride 

The chloride content in water samples collected from mined areas were higher than 

that of control sample (Table 13). This may be due to the disposal of waste water generated 

during brick production which later reached the water bodies. 
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Fig.22.Temperature of water samples from different sources 

 

Fig.23. pH of water samples from different sources 

 

Fig.24. Electrical conductivity of water samples from different sources 

 

Fig.25. TDS of water samples from different sources 
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Fig.26. Potassium content of water samples from different sources 

        
Fig.28. Calcium content of water samples from different sources 

 

Fig.27. Sodium content of water samples from different sources 

 
Fig.29. Magnesium content of water from different sources 
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Fig.30. Nitrate content of water samples from different sources 

 

Fig.31. Phosphate content of water samples from different sources 

 

Fig.32. Sulphate content of water samples from different sources 
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Fig.33. Bicarbonate content of water samples from different sources 

 

Fig.34. Chloride content of water samples from different sources 
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5.2. EXPERIMENT II  

Study on reclamation of soils in areas of soil mining for brick production 

The effect of various inorganic and organic fertilizers applied to the desurfaced soil 

is discussed in this section. 

5.2.1. Biometric observations 

During the pot culture experiment, plant height at 60 DAT, number of leaves at 60 

DAT, number of branches, number of flowers, number of fruits, per cent fruit set and yield 

per plant were observed (Table 16). All the biometric observations followed similar trend in 

the effect of various treatments. 

The plant height at 60 DAT was maximum for T2, soil test based NPK+ poultry 

manure application (50.42 cm) whereas lowest was in absolute control, T7 (21.96 cm) (Table 

16). All the other treatments were found to be on par with the control treatment. Organic 

amendments are greatest source of plant nutrients. This further improves the physical 

condition of the soil. The biological activity of the soil is also enhanced.  This results in the 

better plant growth and development. The finding of Detpiratmongkol et al. (2014) confirms 

with the result that application of the poultry manure has a positive effect on the plant growth 

and yield. This might be due to the improvement in soil physical condition for the plant 

growth along with increased availability of N, P and K at the early stage of crop growth (Patil 

et al., 2004). Nitrogen, phosphorus and potassium contained in organic fertilizer have great 

effects in plant growth and development. Plant need high concentration of this primary 

nutrient as any deficiency of these essential nutrients will prevent good plant growth 

(Gholizadeh et al., 2009). Thus, sufficient nitrogen, phosphorus and potassium supplied by 

organic fertilizer help in producing sturdy and taller chilli plant. 

The total number of branches at 60 DAT was found to be highest in T2, soil test based 

NPK+ poultry manure (6.11) and lowest was in absolute control, T7 (3.11). Similarly number 

of leaves at 60 DAT was the highest in T2, soil test based NPK+ poultry manure (221.78) and 

was on par with T3 where soil test based NPK was applied along with vermicompost. This 

finding is also in conformity with the work of Baloch et al. (2008), who reported the organic 

fertilizer contained most macro and micro nutrients along with NPK and mentioned that these 

fertilizers provide nutrients to the plant and had significant effect on branches per plant. 
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The lowest number of leaves were observed in absolute control, T7 (15.00) which was 

on par with T6 where blanket recommendation of NPK and FYM according to KAU POP, 

2016 (21.44), T5 with FYM 20 t ha-1 (26.33) and T4 with soil test based NPK and coirpith 

compost (43.33) (Table 16). As nitrogen is an essential part of chlorophyll, helps in protein 

synthesis. Increase in leaves number per plant may be due to sufficient amount of nitrogen 

provided an ideal environment and balanced nutrition to plants, which increased number of 

leaves (Gholizadeh et al., 2009). 

5.2.2 Yield attributes  

Total number of flowers was maximum in T2, soil test based NPK+ poultry manure 

(95.33) and was on par with T3, soil test based NPK + vermicompost (86.00). The lowest 

number of flowers was observed in absolute control, T7 (0.00) along with T6, NPK +FYM 

(KAU POP, 2016) (14.00).  

Similarly number of fruits at 60 DAT was highest in T2, soil test based NPK+ poultry 

manure (31.33) and lowest in absolute control, T7 (0.00) which was on par with T6, NPK 

+FYM (KAU POP, 2016) (1.67) (Table 16). The highest per cent fruit set was observed in 

T2, soil test based NPK+ poultry manure (32.95) and lowest in absolute control, T7 (0.00).  

The yield per plant was recorded highest in T2, soil test based NPK+ poultry manure 

(126.47 g) whereas the yield of absolute control, T7 was nil. The lowest yield obtained in T7 

was on par with T6, NPK +FYM (KAU POP, 2016) (5.33 g) (Table 16). The results were in 

agreement with the findings of Santhiya (2018) which studied the effect of different organic 

manures in Bhindi crop.  

Khan et al. (2014), stated the highest number of fruits per plant might be due to vigour 

of plant and more number of leaves per plant. The results are in agreement with those of 

Roychaudhury et al. (1995), who reported that the number of fruit per plant increased with 

increasing nitrogen application. Application of poultry manure resulted in increasing of yield 

components due to increased photosynthetic activity and rate at which ultimately resulted in 

higher number of fruits per plant and seed yield per ha. Mogapi et al. (2014) reported the 

application of poultry or chicken manure which is the most widely used for growing crops 

increased the growth of crops, in line with the work of Adejoro et al. (2011)who found 

poultry manure to increase growth and yield of Corchorus olitorius. The individual weight 

was significantly higher in poultry manure treatment. For the control treatment, there was no 

fruit produced. The positive response of the fruit yield to the poultry manure treatment could 
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be due to the synthesis of more assimilates that played significant role in the production of 

more and bigger economic chilli fruits. Application of organic fertilizer will increase values 

of fresh weights of the fruits per plant. Similar results were obtained by Khan et al. (2014) in 

chilli plants treated with organic fertilizers. 

5.2.2. Soil characteristics 

5.2.2.1. Bulk density 

The lowest bulk density was recorded in NPK+ vermicompost (1.60 Mg m-3) and 

highest was recorded in absolute control (1.73 Mg m-3) (Table 17). Zaman et al. (2017) 

reported that the bulk density was decreased when compost was added to the soil. 

5.2.2.2. Soil pH and electrical conductivity 

The treatments significantly increased the soil pH. After pot culture study, the 

treatment with NPK + poultry manure recorded the highest pH (7.53) (Table 17). The 

increase may be due to release of organic anions in the residues that neutralize the hydrogen 

ions in the soil (Zaman et al., 2017). 

The electrical conductivity was also found to be increased in NPK + poultry manure 

(0.029 dS m-1) (Table 17). The poultry manure is rich in basic cations like Ca2+ and K+ 

compared to other organic manures. The electrical conductivity of poultry manure used for 

the study was also high compared to other manures (Appendix I). This might have further 

enhanced the pH and electrical conductivity of soils treated with poultry manure. 

5.2.2.3. Organic carbon 

The highest organic carbon content was observed in NPK + poultry manure treated 

soils (0.154 per cent) (Fig.45) whereas lowest was in absolute control (Table 18). The labile 

fraction of organic matter is the most degradable and therefore the most susceptible to 

mineralization. The poultry manure has a high content of easily mineralisable organic carbon 

content which in turn increased the soil organic carbon content followed by vermicompost. 

On comparison with other amendments, the organic carbon in farm yard manure was not 

easily mineralisable (Cook and Allen, 1992). 
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5.2.2.4. Available nutrients 

The available nutrients like nitrogen, phosphorus and potassium were significantly 

influenced by different nutrients (Table 18). The highest available nitrogen was observed in 

NPK + poultry manure (102.17 kg ha-1). This may be due to the increase in availability of 

nitrogen due to mineralization and biological activity. The level of available phosphorus 

(31.40 kg ha-1)and potassium (212.07 kg ha-1) was also high in NPK + poultry manure applied 

soils (Fig.46-48).When compared with the other organic manures applied, the nutrient 

concentration in poultry manure was found to be higher (Appendix II). This has resulted in 

higher concentrations of plant available forms of N, P and K in soil after harvest. This 

observation is supported by the findings of Barth (1985) who reported that the benefits of 

poultry manure were due to their ability to improve soil physical characteristics and to supply 

micro and trace elements needed by plants but will increase the electrical conductivity of the 

soil. This can also be closely attributed to the type of feed these birds eat which will be high 

in oyster shell and other feed ingredients that are high in calcium. 

5.2.2.5. Biological activity of soil 

The highest microbial biomass carbon content (374.13 μg g-1 soil) and dehydrogenase 

enzyme activity (3.63 μg TPF g-1 day-1) were obtained in treatments, NPK + poultry manure 

and NPK + coir pith compost respectively (Fig. 49 and Fig.50). This can be associated with 

the increase in microbial population and activity as a result of the application of organic 

matter which is rich in carbon nutrients (Appendix II). The supply of readily metabolisable 

C in the poultry manure is the most influential factor contributing to the biomass carbon 

increase. According to De Neve and Hofman (2000), Trinsoutrot et al. (2000), and Tejada 

and Gonzalez (2003, 2004, 2006), soil microbial biomass responded rapidly to additions of 

readily available carbon. The fact that soil microbial biomass and soil respiration were higher 

in poultry manure and vermicompost than in other organic manure amended soils may have 

been due to a greater labile fraction of organic matter in the former product. The labile 

fraction of organic matter is the most degradable and therefore the most susceptible to 

mineralization (Cook and Allen, 1992), acting as an immediate energy source for 

microorganisms.  
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Fig.35. Plant height at 60 DAT in chilli crop 

 

Fig.36. Number of branches at 60 DAT in chilli crop 

 

Fig.37. Number of leaves at 60 DAT in chilli crop 

 

Fig.38. Number of flowers of chilli crop during the study  
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Fig.39.Number of fruits of chilli crop during  the study 

 

Fig.40. Fruit set in chilli plants of pot culture study 

 

Fig.41. Yield of the chilli crop at harvest 
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Fig.42. Bulk density of soil samples after harvest of chilli crop 

 

Fig.43. pH of soil samples after harvest of chilli crop 

Fig.44. Electrical conductivity of soil samples after harvest of chilli crop Fig.45. Organic carbon of soil samples after harvest of chilli crop 
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Fig.46. Available nitrogen content of soil samples after harvest of chilli crop 

 

Fig.47. Available phosphorus content of soil samples after harvest of chilli crop 

 

Fig.48. Available potassium content of soil samples after harvest of chilli crop 
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Fig.50. Microbial biomass carbon content of soil samples after harvest of chilli crop 
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Fig.49. Dehydrogenase activity of soil samples after harvest of chilli crop 
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Summary 



 

6. SUMMARY 

The study on ‘Assessment of soil degradation and water quality in areas of small 

scale brick production and management of the degraded soils’ was conducted in Alathur 

taluk of Palakkad district and College of Horticulture, Vellanikkara, Thrissur, Kerala.  

The present study was divided mainly into two experiments. The experiment I 

dealt with laboratory experiments in characterizing the soil and water samples collected 

from the study area. Based on the results of soil characterization, experiment II was 

conducted. The experiment II was a pot culture study which aimed at the reclamation 

of degraded soils. The conclusion of the study are presented here.  

6.1 EXPERIMENT I 

Evaluation of physical, chemical and biological properties of soil and water samples 

 The sample collected from location 5 (S5) had shown the highest bulk density 

(1.70 Mgm-3) where as that of the control site (S11) was the lowest (1.22 Mg m-3). 

 The loss of clay and organic matter had resulted in the decrease in moisture 

content and water holding capacity of mined soils. The lowest moisture content and 

water holding capacity was observed in sample S5. 

 The texture of soil sample in the control sample was clay loam while in mined 

soil it was sandy loam. 

 The sampling location S11 (the control site without mining operation) exhibited 

the lowest soil temperature (25.6°C). The sampling site S5, recorded the highest 

temperature (29.3°C).  

 The content of organic carbon, available N, P and K decreased by 61.00, 43.70, 

74.50 and 43.36 per cent in the mined soil over control. 

 The biological activity of soil indicated by dehydrogenase enzyme activity and 

microbial biomass carbon were decreased in mined soils. 
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 Water samples were also affected by mining activities. The higher 

concentrations of pollutants such as nitrate and phosphate in mined area indicate the 

higher risk of water pollution. 

6.2 EXPERIMENT II 

Study on reclamation of soils in areas of soil mining for brick production 

 The pot culture experiment was carried out in the soil with lowest nutrient status 

selected from the experiment I. Soil test based N, P, K and organic manures such us 

FYM, poultry manure, vermicompost and coirpith compost were applied as 

treatments. Chilli crop (var. Anugraha) was taken as the test crop. 

 The treatment T2 (soil test based NPK + poultry manure) recorded the highest 

plant height (50.42 cm), number of leaves (221.78) and number of branches (6.11) 

at 60 days after transplanting.  

 The yield attributes such as total number of flowers (95.33), total number of 

fruits (31.33) and per cent fruit set (32.95 per cent) were found to be higher for the 

same.  

 The bulk density of soil after harvest was lowest in treatment T3 (soil test based 

NPK + vermicompost) and was on par with T4 (soil test based NPK + coirpith 

compost).  

 The content of organic carbon, available nitrogen, phosphorus and potassium 

recorded higher values in treatment T2 (soil test based NPK + poultry manure) than 

the other treatments.  

 The biological properties such as microbial biomass carbon (374.133 μg g-1 soil) 

and dehydrogenase activity (3.630 μg TPF g-1 day-1) after harvest of the crop were 

the highest in treatment T2 (soil test based NPK + poultry manure) and T4 (soil test 

based NPK + coirpith compost) respectively.  

 The highest yield was obtained for the treatment T2 (soil test based NPK + 

poultry manure). 

 Integrated nutrient management using poultry manure and vermicompost along 

with NPK fertilizers is a suitable method of management of such soils. 
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 From the study, it can be concluded that the topsoil mining exhibits immediate 

adverse impacts on soil health and productivity which is a matter of serious concern 

and need immediate action. Desurfacing adversely affected the physical, chemical 

properties of soil and thereby hampered the biological activity of the soil. This 

practice should be checked legally and such degraded soils should be managed 

scientifically for sustainability. 

Future line of work 

1. More research should be conducted regarding the changes in physical properties 

of desurfaced soil. 

2. The results of the pot culture study have to be validated by conducting field 

experiments utilizing other organic amendments like biochar. 

3. As the loss of organic matter and clay had resulted in higher bulk density of the 

degraded soils, effect of application of coirpith in order to reduce bulk density can 

also be studied. 

4. Agronomic practices like deep tillage and green manuring along with the 

application of bio fertilizers to enhance the aeration, nutrient status and microbial 

activity in these mined soils can also be attempted. 

5. In situ microclimate management studies utilising suitable plantation crops can 

be taken up in order to avoid huge expenditure to reclaim the whole area of 

degraded soil. 
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Assessment of soil degradation and water quality in areas of small 

scale brick production and management of the degraded soil 

Abstract 

The utilization of clay for construction of habitations and buildings dates back 

to the period of ancient civilizations. Even though centuries had passed and civilizations 

changed, the basic raw material for brick production remained the same. Brick 

production requires fine clayey loam soil with plenty of water supply. With the 

increasing demand for construction material, clay mining had shifted from river banks 

to fertile agricultural lands. This change in land use had resulted in the deterioration of 

soil health and decrease in crop production. The entry of large number of small scale 

brick production units is causing irreversible damages to the soil, hydrology and 

ecosystem. Hence, this study was taken up to characterise the desurfaced (mined) soils 

and water resources and to identify suitable management methods of these soils. 

A comprehensive survey was conducted at Alathur Taluk of Palakkad District 

to identify locations with resurfaced soils. Soil and water samples were collected from 

11 locations including a control location without mining activities during August to 

September, 2017. A total of 88 soil samples (eight samples per location) and 11 water 

samples (one sample per location) were collected for the study. Both soil and water 

samples were analysed for various physico- chemical properties. Biological properties 

of soil samples were also analysed. 

The physical properties of soil such as temperature and bulk density were found 

to be higher in desurfaced soils when compared to control. The water holding capacity, 

porosity and moisture content were found to be reduced in desurfaced soils. The texture 

of the soil changed from clay loam to sandy loam. The organic carbon content of 

desurfaced soils were in the range of 0.08 – 0.46 per cent with a reduction of 61 per 

cent when compared with control soil. The content of available nitrogen, phosphorus 

and potassium were also reduced to the extent of 43.70, 74.50 and 43.36 per cent 

respectively. The available magnesium content was found to be lower in desurfaced 

soils (55.6 per cent reduction). The content of plant available micronutrients (Fe, Mn, 

Cu and Zn) and heavy metals (Ni, Cr and Pb) were high in desurfaced soils. The 

presence of earthworms (13 nos. per m2) and termite mound were observed only in the 
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control soil. The microbial biomass carbon and dehydrogenase enzyme activity were 

highly reduced in desurfaced soils.  

Water samples were also affected by small scale topsoil mining activity. The 

pH, electrical conductivity and TDS were in the safer limits for all water samples. The 

concentrations of sodium (W1 andW10) and calcium (W1 andW5) in certain water 

samples collected from mined areas were high and they were above safe limits to be 

used for irrigation purposes. Similarly the higher levels of nitrate, phosphate, 

bicarbonate and chloride in water samples from mined areas denote the possibility of 

the water bodies being polluted by mining activities.  

Based on the status of organic carbon and major nutrients, the soil with the 

lowest nutrient status (S5) was selected for pot culture study. The pot culture study was 

conducted with chilli (var. Anugraha) as the test crop. The effect of various organic and 

inorganic amendments on the properties of desurfaced soils were evaluated in this 

experiment. The treatment T2 (soil test based NPK + poultry manure) recorded the 

highest plant height (50.42 cm), number of leaves (221.78) and number of branches 

(6.11) at 60 days after transplanting. The yield attributes such as total number of flowers 

(95.33), total number of fruits (31.33) and per cent fruit set (32.95 per cent) were found 

to be higher for the same. The highest yield was obtained for the treatment T2 (soil test 

based NPK + poultry manure). 

The soils were also analysed after the harvest of the crop. The bulk density of 

soil after harvest was the lowest in treatment T3 (soil test based NPK + vermicompost) 

and was on par with T4 (soil test based NPK + coirpith compost). The content of organic 

carbon, available nitrogen, phosphorus and potassium recorded higher values in 

treatment T2 (soil test based NPK + poultry manure) than the other treatments. The 

biological properties such as microbial biomass carbon (374.133 μg g-1 soil) and 

dehydrogenase activity (3.630 μg TPF g-1 day-1) were the highest in treatment T2 (soil 

test based NPK + poultry manure) and T4 (soil test based NPK + coirpith compost) 

respectively.  

The study revealed that top soil mining for brick production predominantly 

affected bulk density, soil temperature and water holding capacity of the soils. The 

content of organic carbon and available nutrients such as N, P and K were also reduced. 

The biological properties like dehydrogenase enzyme activity and microbial biomass 
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carbon reduced to a greater extent. Water samples from mined areas were polluted by 

cations like sodium and calcium and anions like nitrate, phosphate, bicarbonate and 

chloride to limited extent. Poultry manure application as an integrated nutrient 

management technique, followed by vermicompost application were found to be 

beneficial for the management of such desurfaced soils.  
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Appendix I: physico-chemical characteristics of organic manure 

Source pH EC 

(dS m-1) 

Organic 

carbon (%)

Total N 

(%) 

Total P 

(%) 

Total K 

(%) 

FYM 8.0 0.05 42.8 1.0 0.10 0.29 

Poultry manure 8.4 0.12 35.3 1.7 0.68 0.78 

Vermicompost 7.2 0.07 34.8 1.2 0.22 0.75 

Coirpith 

compost 

7.4 0.05 28.0 1.2 0.38 0.72 
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Appendix II: Fertility rating of soils 

a) Organic carbon and major nutrients 

Sl. No. Category  OC (%) Available nutrients 

N (kg ha-1) P (kg ha-1) K (kg ha-1) 

1. Low  <0.75 <280 <10 <115 

2. Medium  0.75-1.50 280-560 10-24 115-275 

3. High  >1.50 >560 >24 >275 

(KAU POP, 2016) 

b) Secondary nutrients 

Sl. No. Nutrient 

(mg kg-1) 

Category 

Deficiency  Sufficiency  

1. Calcium  <300 300 

2. Magnesium  <120 120 

3. Sulphur  <5.00 5.0-10.0 

(KAU POP, 2016) 

c) Critical limits for DTPA-extractable micronutrients 

Sl. No. Availability Micronutrients (μg/g soil) 

Zn Cu  Fe Mn 

1. Very low  0 – 0.5  0 – 0.1  0 – 2  0 – 0.5 

2. Low  0.5 – 1  0.1– 0.3  2– 4  0.5 –1.2 

3. Medium  1–3  0.3 – 0.8  4 – 6  1.2–3.5 

4. High  3 –5  0.8–3  6 –10  3.5 – 6 

5. Very high  > 5  > 3  > 10  > 6 

(FAO, 2008) 
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Appendix III: Quality standards for irrigation water 

Potential Irrigation Problem Units Degree of Restriction on Use 

None Slight to 

Moderate 

Severe

Salinity(affects crop water availability) 

ECw dS/m < 0.7 0.7 – 3.0 > 3.0 

 

TDS mg/l < 450 450 – 2000 > 2000

Specific Ion Toxicity (affects sensitive crops) 

Sodium (Na)         

Surface irrigation SAR < 3 3 – 9 > 9 

Sprinkler irrigation me/l < 3 > 3   

Chloride (Cl)         

Surface irrigation me/l < 4 4 – 10 > 10 

Sprinkler irrigation me/l < 3 > 3   

Miscellaneous Effects (affects susceptible crops) 

Nitrogen (NO3 - N) mg/l < 5 5 – 30 > 30 

Bicarbonate (HCO3) me/l < 1.5 1.5 – 8.5 > 8.5 

pH  Normal Range 6.5 – 8.4 

(FAO, 1985) 
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Appendix IV: Per cent variation in nutrient status of mined soils 

Sl. No. Parameter  Per cent variation (%) 

1. Organic carbon - 61.00 

2. Available nitrogen -43.70 

3. Available phosphorus - 74.50 

4. Available potassium -43.36 

5. Available calcium + 62.00 

6. Available magnesium - 55.60 

7. Available zinc + 14.41 

8. Available copper + 71.00 

9. Available iron + 96.30 

10. Available manganese + 63.80 

11. Available nickel + 61.00 

12. Available lead + 44.00 

 

‘- ‘ represents reduction in nutrient status 

‘+’ represents increase in nutrient status 
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Appendix V: Soil reaction ratings 

Sl. No. pH range Soil reaction ratings 

1. < 4.6  Extremely acidic 

2. 4.6–5.5  Strongly acidic 

3. 5.6–6.5  Moderately acidic 

4. 6.6–6.9  Slightly acidic  

5. 7.0  Neutral 

6. 7.1–8.5  Moderately alkaline 

7. > 8.5  Strongly alkaline 

 

(FAO, 2008) 

 

 

 




