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At the end of first decade of the new millennium, the evidence is overwhelming that an 

agricultural transformation is essential to meet the global challenges of feeding the world’s 

growing population, conserving the environmental capital stocks (soil, water, etc.) and reducing 

poverty. The world population is expected to exceed 8 billion by 2025, an increase of 2.5 billion in 

25 years (Anonymous, 2000). The Nobel laureate, Dr. Norman Borlaug calculates that “to meet 

projected food demands, by 2025 the average yield of all cereals must be 80 per cent higher than 

the average yield in 1990. This increase will have to be achieved in increasingly complex 

circumstances.” 

The task of increasing productivity of rice growing areas is not easy as expected under the 

rapidly changing climatic and environmental factors including the soil, which is the ultimate 

medium for every technological intervention in farming. The task is more challenging for 

developing countries like India which has worked more empirically than analytically on many 

fronts in adoption of crop production technologies like applying as much of chemical fertilizers, as 

much of pesticides and as much of water as deemed fit for producing high yields of rice and other 

crops. Inputs more than the required have been used and are being used for the lack of 

knowledge and proper extension education, essentially for a common (misplaced) notion that the 

higher the inputs the higher the yields. 

 

EMERGING ISSUES AND CONCERNS 

Along with industrial expansion, arable lands have been gradually degraded or 

contaminated with heavy metals and organic pollutants in most Asian countries. During the past 

two decades, this trend led to significant deterioration of the quality of soils and crops as the 

concentration of pollutants continues to increase. Consequently, this became a concern for 

human health and the environmental quality. 

There is also a growing public concern over the heavy metal uptake by crops which affects 

food quality and safety. With the opening up of the rice market, changing land use from paddy 

soils into non-waterlogged cropping system has posed some problems on soil properties and soil 
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systems. Irrigation water for rice production is also at times contaminated by illegal discharges of 

waste from industrial parks or livestock wastewater. 

The concern over soil contamination stems primarily from health risks, both from direct 

contact and from secondary contamination of water supplies. In some developed countries where 

the extent of contaminated land is well delineated, a legal framework to identify and deal with this 

environmental problem has become a requisite. This, however, may well be just the tip of the 

iceberg, with developing countries very likely to be the next generation of new soil contamination 

cases. 

 

BRINGING SOIL POLLUTION AND REMEDIATION  

Unbalanced use of chemical fertilizers 

Approximately 25% of the world's crop yield is estimated to be directly attributed to the 

use of chemical fertilizers. The use of chemical fertilizers has increased significantly over the last 

few decades and is expected to rise even more. The three primary soil nutrients (macronutrients), 

often in short supplies, are nitrogen, phosphorus and potassium. Certain other nutrients like 

boron, zinc and manganese are necessary in extremely small amounts (micronutrients). When 

crops are harvested, a large amount of macronutrients and a small amount of micronutrients are 

removed with the crops. If the same crop is grown again, depleted levels of these nutrients can 

result in decreased yields. These necessary nutrients can be returned to the soil through the 

application of fertilizers and through recycling of the crop residues. 

Specifically speaking, Rice-Rice, a main cropping system in the eastern coast of India, 

requires heavy amount of plant nutrients which results in decline in net returns per unit area 

(Anonymous, 2001).  Rice crop removes about 15 kg N, 4 kg P2O5 and 24 kg K2O to produce 1 

tonne of grain with an equal amount of straw from the soil (Hegde, 1992). Nutrient mining by 

high-yielding rice was usually more than that applied through fertilizers. The negative balance over 

the years led to impoverishment of soil fertility and decline in crop production (Nambiar et al. 

1992). This calls for balanced use of fertilizers according to crop uptake, soil requirements, use of 

organic manures, biological nitrogen fixation including green manuring and adoption of 

appropriate agronomic practices. Balanced application of fertilizers not only supplies nutrients 
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(both from soil and fertilizers) in a well balanced manner, but also increases fertilizer use 

efficiency (FUE) (Tiwari, 2001). 

 

Presence of heavy metals in fertilizers 

Farmers apply fertilizer extensively to crop lands especially in rice cultivation. Fertilizer 

when applied to the soil, judiciously meets the nutrient needs of the crops, but not all of it gets 

used up by the crops; there remains residues in the soil (Misra and Mani, 1994). The fertilizers 

contain certain amount of heavy metal as well such as lead and cadmium which may ultimately 

pollute the soil (Table 1). 

 

 Table 1. Total lead and cadmium content (ppm of fertilizer) 

Fertilizers Lead Cadmium 

CAN 200 6 

Urea 4 1 

SSP 609 187 

Rock Phosphate 1,135 303 

MOP 88 14 

DAP 188 109 

Suphala 313 89 

 

Source: Misra and Mani, 1994 

The soil is a resource for which there is no substitute. We may improve the soil by helping 

its processes along, but we can never recreate what we destroy. Environmental historian Donald 

Worster reminds us that fertilizers are not a substitute for fertile soil. We can no more 

manufacture a soil with a tank of chemicals. Thus, in the long run it is better for us to adopt 

sustainable farming practices to prevent the pollution as well as degradation of soil.  
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Soil Pollution Trends in Asian Countries 

In eastern Asia, a complete database of soil-crop inventory of heavy metals has been 

developed du ring the last two decades. From national monitoring and study programmes, the 

relationships between heavy metals concentration in rice and other crops, as well as such 

concentration in soils to evaluate food safety have been established. 

In Taiwan, more than 90 percent of potential contaminated areas of rural soils are 

produced by wastewater. The government's biggest challenge was the Cd pollution in brown rice 

in 1988. More than 300 ha of rural soils in central Taiwan were also found to be contaminated by 

multiple elements (Cu, Cr, Ni, Pb, and Zn) discharged from wastewater of illegal plants in the area. 

In Japan, a soil survey of heavy metals by its environment agency yielded Cu, Zn, Cd, Pb, Cr, Mn, 

Ni, and As in arable land and forest soil in 1978-1982. Soil samples were collected from 687 sites, 

and the results obtained from this survey were used to determine the natural abundance level of 

heavy metals in cultivated soils in the country. In Korea, an extensive monitoring project of heavy 

metals distribution in soils and crops was conducted during the last few years, revealing 

concentrations of Cd, Cu, Pb and Zn in paddy soils mostly below the threshold levels of arable land 

pollution, but without an evident anthropogenicsource of contaminants. 

(http://www.environmentandpeople.org/SoilPollution.html). 

The recent widespread awareness of the extent of soil pollution and its health risks has led 

most developed countries in the region to establish guidelines and strict rules on legal liability for 

soil contamination. In 2000, Taiwan's Environmental Protection Administration (EPA) declared the 

Soil and Groundwater Pollution and Remediation Act, as well as the regulation of most inorganic 

and organic pollutants for rural soils and non-rural soils including industrial parks. In 2003, the Soil 

Contamination Countermeasure Law was enforced in Japan to protect public health and establish 

measures to prevent human health hazard caused by the contaminated soil.  

In Asia, increased use of low-S concentrated fertilizers and high intensive-rice cropping has 

caused S deficiency (Ponnamperuma and Deturck, 1993). Sulphur deficiency has been reported 

from Bangladesh, Indonesia, Nigeria and Brazil. Iron toxicity is commonly found in continuously 

flooded soils. Other toxicities, such as boron, salinity have been reported in the poor-quality 

irrigation. 



              

Page | 6 

 For more Information contact:  Visit Rice Knowledge Management Portal http://www.rkmp.co.in  

Rice Knowledge Management Portal (RKMP)  

Directorate of Rice Research,  

Rajendranagar, Hyderabad 500030. Email: naiprkmp@gmail.com, pdrice@drricar.org,  shaiknmeera@gmail.com 

Ph: 91-40-24591218, 295 Fax: 91-40-24591217 
 

 

Direct and indirect contamination of pesticides in Rice-Farming soils 

The pesticide pollution is the most serious one and needs to be tackled on a war footing. 

Soils are being contaminated either by ‘fallout’ after spraying of insecticides to the crop for insect 

control or by direct soil treatments with insecticides. We all know that pesticides are commonly 

applied to plant foliage or the soil surface or incorporated into the soil. In any case, a high 

proportion of the chemicals (up to 99%) eventually move into the soil, eventually leading to 

diverse fate in the soil environment Per hectare consumption of pesticides in the country is far low 

than that in some of the developed countries. But the number of persistent chemicals that are 

sold in the country and the indiscriminate use of the plant protection chemicals are matter of 

grave concern to the public and policy makers.  

The agricultural sector uses about 250 pesticides, approximately 100 of which are 

insecticides. Pesticides are used against pests; however, non-target species also get harmed. Soil 

harbours many beneficial organisms like N-fixing bacteria, algae and earthworms which play 

important role in maintaining soil fertility and soil quality. As little as 1% of the pesticides applied 

may contact the target organisms, much of the remainder moves into the soil, thereby soil flora 

and fauna may be adversely affected (Misra and Mani, 1994).  

Rice in general and irrigated rice in particular is the target of attack by over 100 species of 

insects and pathogenic organism. While average yield losses span from 5 to 15% over large areas, 

total crop failure due to pest and disease epidemics is regularly encountered in many parts of the 

country. Therefore, a large amount of pesticides and fungicides are also used to ensure a good 

yield. The pesticide use in the rice crop accounts for about 17% of total use in the country 

(Subbaiah, 2006). Since the high yielding varieties of rice and other cereals are more prone to 

attacks by pests and diseases, use of pesticides has been increased many folds.  

The persistence or breakdown of insecticidal chemicals in soils depends upon various 

factors, viz., the insecticide itself, the soil type, soil moisture, soil temperature, wind and air 

movement, method of soil cultivation and the method of application of pesticides to the soil. They 

may be persistent or non-persistent. Persistent pesticides, once applied, are effective for a long 

time. However, as they do not break down easily they tend to accumulate in the soil and in the 
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bodies of animals in the food chain. For example, DDT, one of the first synthetic organic 

insecticides used, was thought to be the perfect insecticide. During the first ten years of its use 

(1942-1952), DDT is estimated to have saved about five million lives primarily because of its use to 

control disease-carrying mosquitoes. However, after a period of use, many mosquitoes and insects 

became resistant to DDT. In temperate regions, DDT has a half-life of 10-15 years. The half-life of 

DDT varies according to the soil type, temperature, kind of soil organisms present, and other 

factors. In tropical parts of the world, the half-life may be as short as 6 months. The use of DDT 

has been banned in some countries. However, India still permits the use of DDT, although only for 

purpose of mosquito control. Persistent pesticides become attached to small soil particles which 

are easily moved by wind and water to different parts. This affects soils elsewhere.  

 

Detrimental effect of pesticides on soil micro-flora 

 

Pesticides not only kill the pests but also a large variety of living organisms present in the 

soil and even exert deleterious effect on humans. Pesticides have been shown to affect the 

population of Arthropods (insects, mites, spiders, millipedes and centipedes), mollusca (snails, 

slighs), Annelida (earthworms) and protozoa (amoebae, paramaecium), which are very important 

in maintaining soil structure and nutrition. Populations of predaceous and parasitic insects in soil 

have been found to fall by the repeated application of pesticides, especially by using organo-

chlorine insecticides in rice cultivation (Misra and Mani, 1994).  

There exists a general consensus that organochlorines do not affect the microorganisms if 

used at recommended dose. Earthworms appear to make much large contribution to soil fertility 

than do other smaller animals and are fortunately tolerant to most insecticides except chlordane, 

heptachlor, phorate and carbaryl (Misra and Mani, 1994). Since aldrine does not reduce 

earthworm population, there appears to be no direct or indirect effect on soil fertility.   

Therefore, the question that comes to mind is that if pesticides have so many drawbacks 

then what are the substitutes for them? The answer is now-a-days crop protection technology lays 

emphasis on host plant resistance, biological control and more environment friendly alternatives 

towards building an integrated pest management approach (Subbaiah, 2006). However, more and 



              

Page | 8 

 For more Information contact:  Visit Rice Knowledge Management Portal http://www.rkmp.co.in  

Rice Knowledge Management Portal (RKMP)  

Directorate of Rice Research,  

Rajendranagar, Hyderabad 500030. Email: naiprkmp@gmail.com, pdrice@drricar.org,  shaiknmeera@gmail.com 

Ph: 91-40-24591218, 295 Fax: 91-40-24591217 
 

more farmers are increasingly opting to replace chemical pesticides and use different methods of 

controlling pests without affecting their yield. Thus, several different approaches have been 

developed as an alternative to using pesticides.  

 

Remedial measures 

In spite of inherent drawbacks of pesticides in terms of toxicity and pollution (both soil and 

environmental pollution), their use either on foliage or in soil can not be totally dispended with. 

However, continuous use of pesticides requires constant monitoring with respect to their 

persistence in soil and plants and ill-effects on soil micro-organisms and toxic residues. When 

there is no practical alternative to a persistent chemical, every effort should be made to improve 

the efficiency of its use so that less is applied. In near future, the science of plant protection will 

give emphasis on using bio-degradable, photo-sensitive and environmentally safe pesticides. It is 

expected that in coming years more will be heard about pheromones, bio-control agents, 

especially bacteria and viruses, attractants and repellants and selective pesticides.  

Another way to reduce these impacts is through the use of integrated pest management 

(IPM). The IPM promotes the use of bio-pesticides derived from three sources: microbial, 

botanical and biochemical. Microbial pesticides are microorganisms such as bacteria, fungus, virus 

or protozoa that fight pests through a variety of ways. Botanical pesticides produce toxins specific 

to the pests and produce diseases in them. Biochemical pesticides contain several chemicals that 

affect the reproductive and digestive mechanisms of the pests. The most commonly used bio-

pesticides are Bacillus thuringiensis (Bt), neem (Azadirachta indica) and Trichogramma.  

 

Alternative agriculture 

Alternative agriculture is the broadest term that includes all non-traditional agricultural 

methods and encompasses sustainable agriculture, organic agriculture, alternative uses of 

traditional crops, alternative methods for raising crops, etc.  Sustainable agriculture advocates the 

use of methods to produce adequate safe food in an economically viable manner, while 

maintaining the state of the ecosystem. Organic agriculture advocates avoiding the use of 

chemical fertilizers and pesticides. A wide variety of techniques can be used to reduce this 
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negative impact of agriculture. Leaving crop residue on the soil and incorporating it into the soil 

reduces erosion and increases soil organic matter. The introduction of organic matter into the soil 

also makes compaction less likely. Crop rotation is an effective way to enhance soil fertility, reduce 

erosion and control pests. There have been arguments for both and against organic farming. 

Critics argue that organic farming cannot produce the amount of food required for today's 

population and it is economically viable only in certain conditions. However, supporters of organic 

farming feel that if the hidden costs of soil erosion and pollution are taken into account, it is a 

viable approach. 

 

Excess salts and water 

Irrigated lands can produce higher crop yields than those which only use rainwater. 

However, this has its own set of ill effects. Irrigation water contains dissolved salts and in dry 

climates much of the water in the saline solution evaporates leaving its salts, such as sodium 

chloride in the topsoil. Such salinization restricts plant growth, lowers yields and eventually kills 

the crop and renders the land unfit for agriculture. These salts can be flushed out of the soil by 

using more water. This practice, however, increases the cost of crop production and also wastes 

enormous amount of water. Flushing out salts can also make the downstream irrigation water 

saltier. Another problem with irrigation is water-logging. This occurs when large amounts of water 

are used to leach the salts deeper into the soil. However, if the drainage is poor then such 

accumulating water gradually raises the underground water table. The roots of the plants then get 

enveloped in such saline water and eventually die.  

 

Alternative use of plant residues 

 Plant debris especially straw of paddy and other cereal crops can be used as mulch, e.g., it 

can be spread over the ground under orchard trees. Mulching is known to reduce wind and water 

erosion and it sometimes (but not always) leads to improve crop yields. Plant residues, mainly 

paddy straw, are also used to some extent for other purposes, such as bedding material for 

poultry and livestock.     
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Seeding into the loose residue 

In some parts of the country like Punjab and Haryana, the burning of crop residues often 

leads to environmental pollution, loss of soil organic carbon, depletion of plant nutrients such as 

nitrogen and loss of soil micro-flora.  In order to combat this problem a new machine called Rotary 

Disk Drill, which is capable of seeding under loose residue conditions, has been developed with an 

active participation of the Rice-Wheat Consortium for Indo-Gangetic plains (Mishra, 2006).  

 

Crop Diversification 

Diversification of rice-rice and rice-wheat system by introducing short duration legume 

crops for grains or green manuring in between rice and wheat helps in restoring soil health by 

enhancing the organic matter content and improving the soil physico-chemical properties (Mishra, 

2006).  

 

SOIL WATER POLLUTION 

 There is evidence to indicate that Indian people have been irrigating their crops from dug 

wells and inundated waters since the Vedic period (4000 BC). There are many causes for water 

pollution. Contaminants can be broadly classified into organic, inorganic, radioactive and 

acid/base. Sources of water pollutions mainly include contaminants that enter the water supply 

from soils/groundwater systems. Soils and groundwaters contain the residue of human 

agricultural practices (fertilizers, pesticides, etc.).  

 

Intensive use of nitrogenous fertilizer 

So far as nitrogen fertilization is concerned, leaching losses of nitrate or surface run-off of 

nitrogen in different forms pose a threat to pollution of groundwater and surface waters, 

respectively. Different forms of nitrogen added in organic or inorganic forms are quickly 

mineralized through chemical and microbial action first into NH4
+ form and then into NO3

- form. In 

cultivated soil the conversion rate of mineralization is quite rapid in tropical and subtropical 

climate. The NO3
- so formed may become prone to leaching if it is not taken up by plants or 

denitrified. The enrichment of groundwater with NO3
- is facilitated by the absence of impervious 
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layers in the sub-soil and shallow water table, commonly found in rice cultivated areas (Misra and 

Mani, 1994). It is noteworthy to mention that NO3
- becomes a problem only when it is converted 

into nitrite. 

Very little information is available from field studies to indicate the extent of fertilizer N 

applied to the crop being lost in run-off water leading to enrichment of surface water. In India, 

run-off of applied fertilizer could be expected in a rice system where cultivators follow the practice 

to let off water from one field to another during flood irrigation of rice. Water may also overflow 

from one field to another during heavy rains (especially in kharif rice cultivation during monsoon 

period) leading to nutrient losses ultimately polluting soil environment 

(http://www.gdrc.org/uem/water/water-pollution.html).    

 

Control measures 

It is believed that the nitrates accumulating in the unsaturated zone (soil layer between 

potential rooting zone and acquifer), are likely to be leached down under the condition conducive 

to deep percolation of water reaching the aquifers (Misra and Mani, 1994). These problems could 

be controlled by agronomic managements. The foremost of all the measures is to increase the 

fertilizer use efficiency and also ensure greater utilization of residual N so that less and less of it is 

prone to leaching losses.  

 

Potassium fertilization 

 In fact, the nutrient K is not important as a factor of soil and water pollution. But from an 

agricultural point of view, an excess is objectionable. Under field conditions, Mahalanobis (1971) 

reported 15.94 kg K/ha leaching loss in frequently irrigated direct seeded upland rice ultimately 

leading to groundwater pollution. Naidu (1974) in a similar situation found an average loss of 

21.10 kg K/ha in the submerged rice while the loss of K was only 5-8 kg/ha under unsaturated soil 

moisture conditions.  
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Pesticides in run-off 

Pesticides in soil are carried out into lakes and streams in the dissolved state as well as soil 

particles in the run-off. It is believed that the pollution of groundwater by pesticides has been 

found to be more widespread than commonly has been realized but the concentrations (< 1.0 

microgram/l) are very low.  

 

Arsenic and fluoride contamination in groundwater-soil system 

Elevated levels of arsenic and fluoride contamination in ground water have been reported 

from different parts of world at different times. The wide spread arsenic contamination in ground 

water in parts of West Bengal (India) and Bangladesh is well documented. In West Bengal alone, 

111 blocks, located primarily in 5 districts, covering an area of about 39,000 sq. km on the eastern 

bank of the river Bhagirathi, are affected with 11 to 12 million population reportedly drinking 

groundwater laden to various degrees of arsenic contamination (Chowdhury et al., 2001; Ghosh et 

al., 2004; Sanyal, 2005). Latest data reveals that 111 blocks in 12 districts (villages 3417 nos.) are 

affected with 14.1 million people (http://www.soesju.org/arsenic/wb.htm). A large number of 

people have actually shown the symptoms of arsenic poisoning culminating into several deaths 

(Guha Majumder et al., 1998). A large part of the Bengal delta basin bound by the rivers Bhagirathi 

and Padma is affected. Since a greater part of this delta has fallen in Bangladesh, the districts of 

Bangladesh contiguous to the contaminated zones of West Bengal are more widely affected by 

arsenic contamination of groundwater (Sanyal and Dhilon, 2005). The source of such 

contamination is of geogenic origin in which widely practiced summer paddy (boro) cultivation 

using large amount of groundwater, is believed to play a role (Ghosh et al., 2004; Sanyal, 2005). 

Interestingly, the surface water bodies, located in the affected belt, have remained largely free 

from arsenic. This tends to suggest that the soil, which receives arsenic-contaminated irrigation 

water, acts as an effective sink to contain the toxin, thereby preventing the surface run-off to carry 

it to the adjoining water bodies (Sanyal, 1999; Mukhopadhyaya and Sanyal, 2004).    
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Arsenic concentration in groundwater of West Bengal 

The arsenic loading of the groundwater which is used as irrigation source varied from 0.06 

to 0.53 mg/L in Nonaghata mouza of the Haringhata block of Nadia District in West Bengal (ICAR, 

2003). A high degree of such concentration was also found in different parts of the affected belt, 

to name a few, Gotera and Ghentugachhi mouzas of Chakdaha block of Nadia district (ICAR, 2001) 

(ranging from trace to 0.89 mg/L); Ambikanagar, Chakla, Iajpur and Chyangdana villages under 

Deganga block of North 24-Parganas district of West Bengal  (varying from 0.05 to 0.50 mg/L) 

(Sanyal and Dhillon, 2005).  

Fluoride concentration in groundwater 

   The fluoride content of aquifers in India varies from 1.0 to as high as 25 mg/L, depending 

on the contact time between ground water and fluoride bearing rock (Rao and Mamatha, 2004). 

One of the major sources of origin of fluoride in groundwater in India is the over-exploitation of 

groundwater for agricultural irrigation, particularly in rice cultivation. The acceptable 

concentration of fluoride in water is partly related to the climate, as in warmer climates, the 

quantity of water intake is higher, thereby leading to a greater risk (WHO, 1996).  

 The continuous use of irrigation water carrying high concentration of fluorine may lead to 

its accumulation beyond the critical limits and affect the quality of crops, mainly because of 

retention of most fluoride on the soil surface. Kanwar and Mehta (1968) reported toxic 

concentration of fluoride in irrigation waters of Haryana and Punjab. Paliwal et al. (1969) reported 

that fluoride content varies from 2.1 to 22.4 ppm in irrigation waters of Bhilwara districts of 

Rajasthan.  

 

Remedial measures 

The application of FYM and phosphate was found to have opposing effect on release of 

native and applied arsenic in the contaminated soils, with FYM reducing such release, thereby 

tending to moderate the toxic effect of arsenic in soil-plant system (Mukhopadhyay et al., 2002). A 

number of other manures, namely compost, poultry manure, neem cake have also been examined 

as ameliorants, not only for rice, but for other crops as well (e.g., potato, elephant foot yam) with 

encouraging results (Sanyal, 2005). The arsenic decontaminating ability of the microorganism, 
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prevalent in the contaminated soils, was also monitored. This led to the identification of two 

genera of blue-green algae (BGA) (namely, Anabaena sp. and Nostoc sp.) and four different types 

bacteria showing promise of arsenic decontamination ability (Sanyal and Nasar, 2002).       

 

Pollution induced by sudden natural calamities  

 Sometimes natural calamities or aberration of climatic factor may create severe problems 

of soil pollution, as for example, ‘Aila’ in West Bengal. Most of the agricultural lands in North and 

South 24 Parganas districts of West Bengal are affected. The Pathar Pratima, Kakdwip and Kultali 

blocks of South 24 Parganas district of West Bengal were badly affected. The immediate problem, 

as of now, that lies at hand is the damage of cultivable land due to rising salinity of the soil as a 

result of ingression and stagnation of sea water and its inability to recede to the sea being 

impeded by the high embankments. Removal of saline water and silt from the village land and 

tanks is the challenge.  

 The soil, contaminated with excess salt, may be reclaimed by application of well 

decomposed organic manure such as FYM (8-12 t/ha), vermicompost (5 t/ha), etc., so as to 

improve the soil structure and porosity. The latter would help in carrying down, along with the 

rain water, the accumulated salts, at least from the root zone (0-15/20 cm) of paddy. Dhaincha 

can also be grown as green manure crop.       

 

STRATEGIES FOR MONITORING AND REMEDIATION 

Many soil remediation techniques have been developed and applied in the field scale of 

contaminated sites of rural soils, including excavation, attenuation by mixing, chemical 

stabilization, soil washing, phytoremediation, and thermal desorption. The most popular 

remediation techniques used in Asia, as well as new strategies for monitoring of soil quality and 

food safety for human health, are as follows: 

(a) Dilution technique. If the heavy metal concentration is lower in the sub-surface soil than 

that in the surface soil, deep ploughing and consequently mixing the two layers can 

significantly decrease the metal levels to meet pollutant regulation. 
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(b) Chemical stabilization or chemical washing techniques. This technique involves the 

application of chemical amendments to decrease the mobility or solubility of metals in the 

contaminated paddy soil and thus decreases the metal uptake by plants. 

(c) Phytoremediation. This consists of de-polluting contaminated soils with plants able to 

contain, degrade or eliminate metals, pesticides, solvents, explosives, crude oil and its 

derivatives, and various other contaminants, from the media that contain them. 

(d) New aspects and strategies of soil remediation. Some fundamental principles in the 

development of remediation strategies in developed countries include: precautionary 

principle; risk-based philosophy for identifying, prioritizing and assessing the need for 

remedial action; necessity to prevent future pollution; and 'polluter pays' principle, with a 

mechanism for helping innocent landowners. 

 

THREAT TO FOOD QUALITY AND SAFETY 

Food safety is a basic need for any population, yet people hear warnings of hidden dangers 

on the dining table — of unsafe rice and poisoned vegetables. Via the food chain, harmful 

substances from the soils find their way into the crops and into humans, where they can cause a 

variety of illnesses. Hence, soil pollution is now receiving the kind of attention once only accorded 

to air and water pollution. 

Rice is the staple food in most Asian countries, but many paddy soils are now 

contaminated by illegal discharges of waste water from local factories. Results from field studies in 

Taiwan showed that rice variety and soil Cd concentration are major factors affecting edible rice 

safety, with the Indica type rice absorbing significantly more Cd from contaminated soil than does 

Japonica type. In Korea, previous studies have shown that metal contents in rice grown nearby 

abandoned mines are higher than those in unpolluted areas. Among various anthropogenic 

sources for soil pollution, heavy metals from mining activities are known to be the major 

contributors to accumulated metals in crops in the country. In China, an estimated 12 million tons 

of grain are contaminated by heavy metals every year, causing direct losses of 20 billion yuan 

(US$2.57 billion). 
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Of all the elements, the most important to consider in terms of food-chain contamination 

are arsenic (As), cadmium (Cd), mercury (Hg), lead (Pb) and selenium (Se). The propensity for 

plants to accumulate and translocate these contaminants to edible and harvested parts depends 

largely on soil and climatic factors, plant genotype and agronomic management. 

Excessive human intake of Cd is of concern as this element accumulates over a lifetime in 

the body, with impairment of kidney function being the main adverse effect. Cadmium inputs to 

soil in fertilizer, biosolids, soil amendments, and atmospheric deposition often exceed outputs in 

crops and drainage waters, so that Cd concentrations in many agricultural soils are slowly 

increasing. However, evidence for increases in Cd concentrations in crops over time is contentious, 

as is the evidence for human health problems due to low-level Cd contamination of the food 

chain. Adverse health effects due to Cd intake have been manifested only in situations of gross soil 

contamination, with a predominantly rice-based diet, where soil-plant and plant-human transfer 

of Cd would have been enhanced (http://www.agnet.org/library/nc/159d). 

 

RECOMMENDATIONS AND FUTURE PROSPECTS 

Rapid urbanization and industrialization makes soil pollution an inevitable problem and a 

big challenge to scientists and environmental policy makers. For healthy and sustainable future 

generations, the soil resource should be protected against a slow and insidious poisoning by heavy 

metals released from mining, industrial, and agricultural activities. While there is lots of available 

literature on soil pollution, the guidelines established by individual countries worldwide to control 

the pollution of agricultural soils is not consistent and standardized. These points to the 

complexity of heavy metal behaviour in agro-environmental system, the various climatic, geologic, 

and hydrological conditions in different countries, and the political and non-scientific factors 

affecting the establishment of regulations. 

Site-specific and health-based risk assessments are deemed to be the most reliable and 

practical approaches in resolving the problem of soil pollution. More scientific evidence from case-

specific research, especially from long-term field trials involving all kinds of key conditions and 

factors, are necessary to understand the bioavailability of heavy metals in various soil types after 

long periods of time and to provide reliable parameters for health-based risk assessments. 
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CONCLUSION 

The soil which buffers directly or indirectly for environmental and climate changes has now 

been degraded in many areas (Globally 24% of arable land is degraded) and lost its fertility, rather 

its good motherhood capabilities for crop plants (Vidyasagar, 2010). Undoubtedly, we all the 

stakeholders of agriculture, including the Government and NGO sectors, seed, fertilizer and 

pesticide industries, who claim to be working for the benefit of agriculture through research, 

development and extension activities, need to join hands to work on a bigger theme, namely the 

‘soil and sustainability’ in agriculture.   
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