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ABSTRACT 

 

Introduction 

Dinhata occupies a unique place in non-FCV tobacco cultivation producing with the 

capability of good quality which grown during the Rabi season on alluvial sandy loam to 

silty loam soils under irrigated conditions. Thousands of people are engaged in the 

production, manufacture and distribution of tobacco. But recently cultivation of tobacco 

is facing challenging problems in view of the growing anti-tobacco campaigns world 

over against health hazard. In the other hand, the Government of India signed World 

Health Organization Framework Convention on Tobacco Control (WHO-FCTC) treaty.  

It is imperative that the area under tobacco cultivation ought to be reduced to 50% by the 

year of 2020. These issues are posing a serious challenge to tobacco farmers. So the 

farmers who depend on tobacco production for their livelihood, will therefore be left with 

no option but to seek other alternative crops to produce. It is therefore necessary to 

develop a systematic approach to facilitate the production of land suitability information 

and cost-benefit analysis for alternative crops instead of tobacco. Hence the present 

researcher tries to find out the environmental and economically sustainable alternative 

crops of tobacco in different physico-cultural environment of Dinhata subdivision. 

The Area of Study 

Dinhata subdivision is situated south-eastern part of Koch Behar district, extends from 

250 57’ 24’’ to 260 14’ 06’’ north latitudes and 890 15’ 17’’ to 890 37’36’’ east longitudes 

covering 764.84 sq km. area. The subdivision is divided into three administrative blocks 

namely Dinhata-I, Dinhata-II and Sitai. There are 33 Gram Panchayet and 307 Mouzas 

in this subdivision.  

Objectives of the study 

1. To study physical and cultural background of the study area. 

2. To investigate the present status of tobacco cultivation of the study area. 

3. To assess whether Govt. strategies in tobacco control are likely to affect the 

cultivation of tobacco of the study area.  

4. To make land evaluation for best alternative crops of tobacco of the study 

area.  
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5. Identify significant constraints faced by tobacco farmers trying to shift out of 

tobacco production. 

6. To study a comprehensive overview of the economic aspects of tobacco 

farming and to assess economically viable alternative crops to tobacco 

cultivation of the study area. 

7. To suggest recommendations for policy makers aimed at assisting tobacco 

farmers’ shift from tobacco cultivation to alternative crops. 

Hypotheses 

I. Profitability of tobacco cultivation emerges from the fact that most 

farmers economize on the cost of labour required for producing this 

highly labour intensive crop by using farmer’s household labour 

especially of women and children. 

II. Net returns from tobacco are less than from many other crops, and the 

economic condition of farmers would benefit from a switch from tobacco 

to other crops. 

III. As proposed by World Health Organization Framework Convention on 

Tobacco Control for 50% reduction of the area under tobacco cultivation 

by 2020 AD, there is possibility for farmers to switch over from tobacco 

towards alternative crops for exploring viable and profitable substitutes to 

tobacco. 

IV. If irrigation and credit facilities are provided farmers would divert their 

landholdings away from tobacco to more profitable crops. 

Methodology 

The present study was based on both primary and secondary data. Relevant primary data 

were collected from the sample farmers in Dinhata sub division through survey method 

with the use of schedule and questionnaire. A simple random sampling design without 

replacement was adopted for household survey.  Following this method 240 farmers 

selected, out of which 120 famers are observed to cultivate tobacco crop. 

 The climatic suitability evaluation is prepared by parametric method followed by 

FAO qualitative system. First of all, the climatic indices are calculated from the 

individual rating. Then, climate index has been calculated based on khiddir’s square 

root method. Land suitability evaluation have been prepared by Analytical hierarchy 

process through geographic information system. 
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 For compare profitability of the target commodities to understand whether or not 

tobacco cultivation is more profitable than alternative crops, a cost-benefit analysis 

is used for each data set.  

 Maps were prepared under GIS platform. Arc GIS 10.3 software were used to 

accomplish the spatial database creation. Finally Microsoft office was used for the 

documentation and calculations pertaining to the study. 

Findings and conclusions 

The study has been arranged into eight chapters. The chapter one deals with the 

objectives, hypothesis, review of literatures and methodologies. The second chapter 

provides an understanding of the physical, cultural and agronomic characteristics of 

Dinhata Subdivision. The third chapter incorporates types, species and cultural practice 

of tobacco; export and trade scenario of manufacturing tobacco; trend of tobacco 

cultivation, and negative impact of tobacco farming on environment and social impact 

briefly analyzed. The fourth chapter has been analysis present issues regarding tobacco 

cultivation in National perspective. The fifth chapter attempts to evaluate climate and 

soil site suitability for five alternatives crops to tobacco such as maize, potato, mustard, 

wheat and boro paddy, with the help of parametric and analytical hierarchy process using 

GIS. The Sixth chapter deals with an analytic study of cost and profitability of jati 

tobacco, motihari tobacco, maize, potato, mustard, wheat and boro paddy, with the help 

of statistical tools. The Chapter Seventh attempts to analyze perception of tobacco and 

non-tobacco farmers to identify of suitable crops for replacement of tobacco in the study 

area. The eighth and last chapter has been presented with summary and policy 

Implications. 

 The geological formation of the study area is the Alluvium from present day 

formation to ancient times deposited by Singimari, Dharala, Baniadah rivers. The 

entire study area is essentially a flat country with minor undulation and low south 

easterly slope. The agro-climatic condition of this subdivision is characterized as 

humid and damp throughout the year with high rainfall during pre-kharif (March to 

May) and Kharif season (June to September). The overall mean annual rainfall was 

2909.88 mm, with standard deviation 658.39 mm and coefficient of variation 22.62 

%. The annual rainfall of 2800.5 mm with 105 rainy days and 2487.2 mm rainfall 

and 91 rainy days may be expected with 51.24% and 75.64 % probability level, 

respectively. The present research reveals that in kharif season rainfall is adequate 
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for agriculture and summer season rainfall would be helpful for summer ploughing 

operation but rabi cultivation needs irrigation planning. The average monthly 

humidity in the study area is 76.66 percent. It could be observed from the data, the 

winter starts by December and carries on till February and this period is perfect for 

rabi crop cultivation in the study area. Ground water in the study area is good and 

potable for both agricultural and domestic purposes as the concentration of chemical 

constituents are within the permissible limit except for high Fe-contents in localized 

pockets.   

 As per 2011 census of India, Dinhata subdivision had a population 676792 out of 

which 348625 were males and 328167 were females and density of population was 

978 persons per sq km and literacy rate 72.27 percent. Agriculture is the mainstay of 

life of the people of the study area. On an average size of holding is 4.1 acre, which 

ranges from 1.71 acre in the marginal size group to 9.22 acre in the large size group. 

Boro paddy, maize, potato, wheat, mustards and tobacco are majors rabi crops grown 

in the study area. There are no major irrigation schemes worth mentioning in the 

subdivision. At present about 54.33% of the cultivable area is under irrigation. 

 Tobacco as a ‘crop’ is harmful in many ways. A number of concerns have been raised 

about the impact of tobacco cultivation on the farming families who are grown the 

crop. Among these there are direct impact on soil depletion, pollution of water from 

excessive use of chemical fertilizers, the enormous other environmental impact, 

health and socioeconomic costs associated with its production. Moreover, in terms of 

seasons and land covered, tobacco cultivation plays an effective role in replacing 

food and other important commercial crops such as Jute, Maize etc. in the study area. 

In spite of negative impact of tobacco cultivation, its production has been increasing 

at an average annual rate of 3.5% (2006-12) in Dinhata sub-division. It is also 

revealed that the provision of support for economically viable alternative activities 

are not covered in any Indian Act. Since they are not legislative measures.  

 The result of climatic suitability showed that potato and wheat had high suitability 

(S1), with suitability rating 94.45 and 85.05  percent respectively and boro paddy, 

maize and mustard were moderately suitable (S2) with suitability rating 67.63, 77.92 

and 62.59 percent respectively. The soil fertility map reveals that maximum 

percentage of the study area have low fertility group (51.12%) and only 26.70% area 

cover high fertility group. This implies high probability of multiple soil fertility 
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problems for crops in the study area. In general Sitai block possesses comparatively 

better position in term of soil fertility status than Dinhata-I and Dinhata-II blocks. 

 Result of the land suitability evaluation for maize, potato, boro paddy mustard and 

wheat indicated that highly suitable class (S1) accounts 15.29%, 15.88%, 14.52%, 

13.46% and 16.90% while moderately suitable (S2) constitutes 30.99%, 29.01%, 

29.06%, 29.62% and 25.01% and the marginally suitable (S3) are 32.14%, 33.38%, 

34.69%, 34.62% and 35.43% respectively. Whereas not suitable (N) areas for maize, 

potato, boro paddy mustard and wheat accounts 21.58%, 21.73%, 21.73%, 22.31% 

and 22.66% respectively. It is found that better alternative crops exists for 

replacement of tobacco cultivation in the study area.  

 The primary consideration for alternative crops to tobacco were maize, potato, wheat, 

mustard and boro paddy. The cost-benefit analysis shows that cultivating potato 

(Rs.55424/ hectare), maize (Rs.40316/ hectare) and boro paddy (Rs.38851/ hectare), 

gave higher gross profit than motihari tobacco (Rs.34610/ hectare) in the study area. 

The average net profit was highest for potato (Rs.41846/ hectare), followed by maize 

(Rs. 31917/ hectare), jati tobacco (Rs.31820/ hectare), boro paddy (Rs.30110/ 

hectare), motihari tobacco (Rs. 14967/ hectare), mustard (Rs.5913/ hectare) and 

wheat (Rs.3422/ hectare). The data indicate that average cost-benefit ratio in respect 

of operating cost was higher in boro paddy (1.5), maize (1.37) than jati tobacco (1.03) 

and motihari tobacco (0.92). Average return to total cost was also higher in boro 

paddy (0.87), maize (0.84), and potato (0.46) than jati tobacco (0.34) and motihari 

tobacco (0.25), and hence these can be economically viable alternatives to tobacco. 

To identify significant constraints faced by tobacco farmers trying to shift out of 

tobacco production, various aspects of Farmers perception were work out. The 

majority (68.33%) of current tobacco farmer will continue to cultivate tobacco in the 

next cropping season. The factors given were farmer’s experience, suitable soil and 

climatic condition for tobacco growing and profitability of tobacco cultivation. 

Whereas 25.83% non-tobacco farmer will shift to tobacco cultivation in the next 

cropping season. The reason given were suitable soil and climate, good price of 

tobacco cultivation and good source of income or profitable. For those who were 

shifting from tobacco to non-tobacco crops in the next cropping season, 

unprofitability, high input cost, fluctuation of price, farmer preference, high labour 

requirement, and disease prevalence were the major factors given by the respondents. 
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For those shifting from non-tobacco to tobacco, the major reason given were suitable 

soil and climate and good price of tobacco for tobacco in the market. Maize and boro 

paddy were the preferred crops by the tobacco farmers who intend to shift into these 

crop in the next cropping season. Majority of the tobacco farmers have expressed 

their willingness to divert area from tobacco to others crops subject to availability of 

irrigation and credit. If irrigation and credit facilities are provided most of the farmers 

will divert their landholdings away from tobacco to boro paddy and potato 

respectively. 

Policy implication  

 In the study area it has become apparent that maize, boro paddy, potato, mustard 

and wheat are equally suitable for climate and soil, covering large percentage of 

study area, which is an indication that those crops can be viable substitutes for 

the cultivators’ practice to remove the ill effect of traditional tobacco cultivation. 

 Cost benefit analysis reveals that the of maize and potato can be economically 

viable alternative cash crops than tobacco and boro paddy can also be profitable 

alternative food crop than tobacco in Dinhata subdivision. 

 Owing to growing popularity of maize among tobacco farmers in the study area 

since recent past, it can be taken as a promising alternative cash crop to tobacco 

as involved farmers are aware of the ill effect of tobacco. Other crops like potato, 

boro paddy with significant suitability as assessed by the investigator both from 

physical and economic point of view can be taken by the farmers as second choice 

along with some season specific vegetables which also grow well in this region 

as realized by the sample farmers for replacement of tobacco cultivation in the 

study area. 

  Irrigation facilities are required for boro paddy and vegetables, the government 

may take initiatives to provide sufficient irrigation facilities with suitable 

financial assistance to promote these alternative crops in order to reduce and 

replacement of tobacco.  
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PREFACE 

There is a plethora of evidences that consumption, cultivation and processing of tobacco 

constitutes a major health hazard. Tobacco has been identified as one of the main cause 

for the incidence of certain types of cancer and bronchial diseases. With the increasing 

anti-tobacco movement, government’s less support to tobacco cultivation, prohibition of 

smoking in the  public places,  banning and awareness of risks associated with smokeless 

tobacco, the tobacco cultivation and consumption is expected to decrease in the long run. 

Moreover WHO-FCTC introduces a new environment for policy makers to control 

supply of tobacco and they assist technically and financially to ease the transition for 

tobacco producers to economically viable alternatives. It is considered that supply side 

actions are tamed to demand-side measures to control tobacco consumption. Supply-side 

action refers mainly to crop transition, trade restrictions and even banning of the product. 

Therefore, it is keen need to study this matter.   

The present study entitled, STRATEGIES FOR REPLACEMENT OF TOBACCO 

CULTIVATION IN DINHATA SUBDIVISION OF KOCH BEHAR DISTRICT, 

WEST BENGAL, INDIA, makes a part of the study in Agricultural Geography, in 

which I have tried to explain physico-cultural environmental of the study area, present 

status of tobacco cultivation, existing laws and regulations regarding tobacco cultivation 

and consumption, land suitability, economics of alternative crops to tobacco, perceptions 

of tobacco and non-tobacco farmers and policy implications for replacement of tobacco. 

The present study shows that a farmer earns more per hectare by growing tobacco than 

from other crops. The employment generation is also higher. As the study bring out, the 

substitution of tobacco by other crops without loss of income to the grower does not 

appear to be easy; whether owing to growing popularity of maize in the study area since 
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recent past, it becomes more viable, profitable and promising alternative crop than 

tobacco. It is obvious that tobacco consumption cannot be brought down without an 

integrated strategy, in which diversion of tobacco growing lands to other crops is a 

component. Careful thought has to be given in the coming years to the execution of such 

a strategy. 

After outlying the objectives and the major theoretical concern and problems of the 

research, it may be useful to mention the contents of the chapters and how these have 

been arranged in this thesis. The present study has been organized into eight chapters. 

The chapter one, “Introduction” starts with the cultivation of tobacco which is facing 

challenging problem in view of the growing anti-tobacco campaigns world over against 

health hazards and finally deals with the objectives, hypothesis, review of literatures and 

methodologies. 

The second chapter, “Physical and Cultural background of the study area” provides 

an understanding of the physical and cultural and agronomic characteristics of Dinhata 

Subdivision, concentrating primarily on the physical setting such as geology, 

topography, river, climate, vegetation cover, groundwater and cultural characteristics 

such as population distribution, density, occupational structure, transport network, 

cropping pattern, cropping intensity and irrigation status of the study area in necessary 

details.  

The third chapter, “Basic aspect of tobacco cultivation” incorporates origin, types, 

species and cultural practice of tobacco; export and trade scenario of manufacturing 

tobacco; trend of tobacco cultivation, and negative impact of tobacco farming on 

environment and social impact briefly analyzed.  
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CHAPTER - I 

INTRODUCTION 

 

1.0 Introduction 

Dinhata in the district of Koch Behar (spelling as per Govt. of W.B., 2004), West Bengal, 

India is predominantly an agricultural subdivision and agricultural farms are the principal 

occupation there due to absence of notable industry. Most of the people of this 

subdivision are engaged in agricultural pursuits earning livelihood for their families. 

Tobacco is an important cash crop in this subdivision occupying about 7.2 thousand 

hectares of area (14.25 % of the total arable land in the subdivision) and producing 

around 9.38 thousand tonnes of leaf annually (Sub-divisional agricultural office, Dinhata, 

2011). Dinhata occupies unique place in non-FCV (non-Flue-Cured Virginia) tobacco 

cultivation producing with the capability of good quality and strong flavour. Among non-

FCV tobacco, cigar wrapper, cigar filler (cigar tobacco), Jati (chewing tobacco) and 

Motihari (hookah and chewing tobacco) are well grown in this subdivision during the 

Rabi season on Alluvial sandy loam to silty loam soils under irrigated conditions. Out of 

these four types, the first three types fall in Nicotiana tabacum while the fourth one 

belongs to Nicotiana rustica (Deo Singh, 2003). Motihari and Jati are the main types 

grown in this subdivision. But the area under Cigar wrapper and cigar filler are meagre 

due to very low market demand. Jati tobacco was mostly grown in the banks of river 

Singimari.Chama and Podali types are extensively grown in the western (Adabari) and 

eastern site (Natabari) of the river and is famous for its high quality. This tobacco is used 

for both hookah and chewing purposes. Motihari tobacco was  cultivated in most of the 

mozas  in Sitai, Dinhata-I and Dinhata-II blocks, is famous for its quality and strong 

flavour and this tobacco is used for hookah as well as chewing purpose. C.T.R.I. 

Research Station, Dinhata was established in the year 1952 under aegis of the Indian 

Central Tobacco Committee (ICTC), Ministry of Agriculture, and Govt. of India and in 

1965-66 its function was taken over by the Indian Council of Agricultural Research 

(ICAR) for exploring possibility of growing cigar wrapper, cigar filler, jati and motihari 
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tobaccos for enhancing yield and quality of these indigenous tobacco types. Hence, it can 

be said that farmers started cultivating the tobacco in this region with Government 

support since post-independence period.  

1.1 Statement of the Problem 

In the present time tobacco consumption have assumed proportions of an epidemic. 

Tobacco cultivation accordingly has got importants to netigate the use of tobacco. 

Tobacco addiction has become a communicated disease. Tobacco plant is therefore 

rightly called as a killer plant (Panchamukhi, 2000). In such a situation, for controlling 

tobacco consumption any country has to necessarily rely upon controlling the supply of 

tobacco itself rather than the demand. Because it is believed that, ‘supply creates its own 

demand’ (Panchamukhi, 2000). An extended version of this adage may be stated as, 

‘control of supply would control its own demand’. So, if the production of tobacco leaves 

is restricted the supply of leaf as raw materials for manufracturing tobacco products will 

be limited. If such strategy taken in any country, farmers of the tobacco crop will opposed 

for distress. To overcome this situation, the present researcher feels it justified to think 

of alternative crops of tobacco cultivation for the control of tobacco supply as well as 

optimal utilization of agricultural lands for maintain the socio-economic setup of the 

study area. 

The World Health Organization Framework Convention on Tobacco Control (WHO-

FCTC) was developed in response to the globalization of the tobacco consumption 

epidemic. It requires signatories to this framework to provide adequate legislation to 

reduce production of tobacco since in doing so, it is hoped that there will be reduction of 

tobacco, so will there be reduction in use of tobacco. India being a signatory to the FCTC 

treaty, it is imperative that by 2020 AD, the area under tobacco cultivation ought to be 

reduced to 50% (Schwartz, 2011). Farmers, who depend on tobacco production for their 

livelihood, will therefore be left with no option but to seek other alternative crops to 

produce. 

It should be mentioned further that cultivation of tobacco also invites some health hazard 

at the time cultivation and processing until some protective measures are adopted.  In 

study area, there is generally lack of protective devices like gum boots, nose masks, 

overall coats, and gloves etc. required during the production and preliminary processing 

of tobacco leaves. During the harvesting and curing period, there also occurs a serious 
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shortage of storage facilities. Most farmers use their own houses to store the leaves, an 

act which is hazardous to their health. Children and women are more vulnerable than 

men to tobacco-related health risks since they spend a lot of time in tobacco farming. The 

tobacco cultivation is also meagre due to the increase in the costs of different inputs of 

cultivation, socio-economic constrains, orthodox method of farming, stagnancy of 

productivity, fluctuation of market price which causing reduction of the margin of profit 

year after year and also due to the growing awareness of health risk associated with 

tobacco consumption. In such a situation the chewing tobacco crops are not supported 

by Tobacco board/MSP in India. Moreover recently State Govt. of Assam completely 

ban chewing tobacco in Assam, where export huge amount of tobacco from the study 

area. Such anti-tobacco legislation establishes the principle of support to tobacco farmers 

wanting to shift out of tobacco cultivation in the study area.  How to do so remains a key 

challenge.  

Though in developed countries tobacco related activities like cultivation, production and 

consumption of tobacco products, etc seem to be under control. According to WHO-

FCTC, (2003) world tobacco production is shifting towards developing countries, but 

profitability is beginning to decrease due to cost-benefit imbalance, thus affecting 

farmers’ incomes. In this context, the current trends in the global food market represent 

an opportunity for economically sustainable alternatives to tobacco growing, particularly 

as the tobacco crop has a negative impact on food security. The WHO- FCTC has added 

a new dimension to the complex nature of the crop. The treaty envisages non-price, price 

and tax measures to reduce the supply and demand for tobacco in the world. The non-

price measures include, protection from exposure to environmental tobacco smoke 

(ETS); regulation of the contents of tobacco products; regulation of product disclosures; 

packaging & labeling; education, communication, training & public awareness; 

advertising, promotion & sponsorship and demand reduction measures concerning 

tobacco dependence & cessation. The Article 17 of FCTC stipulates “Parties shall, in co-

operation with each other and with competent international and inter-governmental 

organizations, promote, as appropriate, economically viable alternatives for tobacco 

workers, growers and, as the case may be, individual sellers” (WHO, 2003). 

As per the obligations under WHO-FCTC and as an established strategy to reduce the 

supply of tobacco, extensive research to find the alternate crops for tobacco is needed. 
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There have been a few peripheral studies on this subject in the country (discussed in 

literacy review section). However evidence base is required to take up alternate crops on 

a larger scale so that the profit and gain to tobacco farmers is not compromised. Hence 

the present researcher tries to find out the environmental and economically sustainable 

alternative crops of tobacco in different physico-cultural environment of Dinhata 

subdivision. 

1.2 The Area of Study 

The entire study area falls in Dinhata subdivision of Koch Behar district, is situated 

between 250 57’ 24’’ to 260 14’ 06’’ north latitudes and 890 15’ 17’’ to 890 37’36’’ east 

longitudes. The sub-division is situated in the south-eastern part of Koch Behar district. 

In shape it forms an irregular trapezoid having an area of 764.84 sq km., which accounts 

for about 14.85 % of the total geographical area of Koch Behar district and is bounded 

by Sitalkuchi block in the west. On the north partially by Tuanganj block-I and partially 

by Cooch Behar block-I and south and east is entirely bounded by Bangladesh. The 

subdivision is divided into three administrative blocks namely Dinhata-I, Dinhata-II and 

Sitai. There are 33 Gram Panchayet and 307 Mouzas (names given in Appendix-B) in 

this subdivision.  

    

        Figure: 1:1 Mouza map of the study area 
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   Figure: 1:2 Location Map of the study area 
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1.3 Review of literatures 

The present researcher has consulted some books, articles and thesis regarding the 

different aspects related to the present study. During the library work the researcher 

found that till date few rich and applicable works have been done in the field of 

alternative crops of tobacco for replacement.  

 John C. Keyser (2002) in his discussion paper “The costs and profitability of tobacco 

compared to other crops in Zimbabwe” compares the financial costs and returns to 

tobacco growing with twelve alternative crops, looking at profitability, costs, labour 

intensity, financial support, technical infrastructure, land-suitability, marketing 

difficulties world demand and production risks in Zimbabwe. The study finds that 

tobacco is a highly profitable cash crop for both large and small farmers. However, even 

for farmers in suitable agro-ecological areas, tobacco is expensive to grow, with high up-

front costs and high labour requirements. Many commercial farmers have diversified 

sources of income, and most smallholder tobacco farmer grow only small amounts of 

tobacco, and grow other food and cash crops like maize, soybeans, cotton, groundnuts 

and wheat as part of a crop rotation system, to help provide a steady cash flow and as an 

essential part of their household food security strategy. 

Kaur, S. (2002) in his article “Tobacco cultivation in India: Time to search for 

alternatives” examined that tobacco can be replaced with a crop which is at least equally 

profitable, having export potential, and is user friendly. Plantago is a suitable alternative 

as it requires mild temperatures and can be encouraged by the Government and suggests 

that just as other cropping patterns have been changed for various reasons, so tobacco 

cultivation could be reduced in favour of more beneficial alternatives. 

Naher and Efroymson, (2007) another research carried out in Bangladesh observed the 

situation of tobacco growing and vegetable areas. Research for this case study involved 

travel to key tobacco growing regions of Bangladesh as well as collection of information 

in Dhaka from various sources. During the fieldwork, researchers observed the situation 

of tobacco growing and vegetable growing areas, and spoke to current and former 

tobacco farmers about their economic situation and their reasons for growing tobacco or 

switching from tobacco to other crops. It emerged that the principal reason behind 

farmers choosing to grow tobacco is that it is considered to be more profitable than other 

crops due to its guaranteed market and that the farmer receives his entire money for his 

produce at once. The study also observed that the key benefits of tobacco growing, 
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meanwhile, accrue mainly to registered farmers only, while unregistered farmers often 

receive a lower price for their tobacco leaf, depending on registered farmers to buy 

whatever quantity they may need.  

WHO (2004), a paper on Tobacco and Poverty, explains the trouble of tobacco farmers 

and the problems related to tobacco farming around the world. According to the WHO, 

for decades the tobacco industry has encouraged countries and families to cultivate 

tobacco, claiming that it will bring them prosperity. For many farmers, the reality has 

been quite different. Among poor families who depend on tobacco, children work on 

tobacco farms or factories from a childhood or early age, missing out on vital educational 

opportunities that could help life them out of poverty. The use of child worker in the 

tobacco fields is common practice in many tobacco-producing countries. Tobacco 

producing contributes to poverty not only through the money wasted on its marketing but 

also through lost educational opportunities. While some large scale tobacco farmers have 

undoubtedly become wealthy, many are barely making a living producing a crop that is 

labour and input intensive, bringing with it a host of health and environmental dangers 

from pesticide use to nicotine poisoning. Moreover, while tobacco farming is not unique 

in its use of child labour, the particular hazards posed by tobacco cultivation places these 

children at increased risk of disease and illness.  All over the world, and especially in 

developing and poor countries, the expansion of tobacco farming, encouraged and in 

some cases financed by major cigarette companies, has created a situation where more 

and more farmers are competing to produce and sell tobacco to companies at increasingly 

lower prices.  

Naher, F. and Chowdhury, A.N.R. (2002) in his article “To produce or not to produce: 

Tackling the tobacco dilemma in Bangladesh” the authors found that growing vegetables 

and sunflowers can yield more money than tobacco at a lesser cost to the environment, 

and also benefit the health of the farmer. 

Omari, M.P. (2009): in his Thesis “A cost-benefit analysis of substituting bamboo for 

tobacco: a case study of South Nyanza, Kenya”, he applied the framework of cost benefit 

analysis by using primary data to analyze the cost and benefits of both tobacco and 

bamboo.  Results showed that bamboo farming is financially and economically beneficial 

to tobacco farmers since the incremental benefits are positive. This is shown by the 

results which indicate that whilst the financial net present value for tobacco farmers is 
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KShs 155,445 that of bamboo farmers is KShs 663,272. A sensitivity analysis showed 

no change in the sign of the net incremental benefit.  He concluded that bamboo farming 

therefore, if well managed can meet the objective of the Framework Convention on 

Tobacco Control and also the government as it seeks to find an alternative to tobacco 

growing. The study therefore recommends that Bamboo be introduced as an alternative 

tobacco growing areas in Kenya. 

Panchamukhi, P. R. (2000) in his research work “Agricultural Diversification as a Tool 

of Tobacco Control” is to examine determinants of decision to grow or shift from tobacco 

by multivariate statistical analysis. He believes that supply side measures can be only 

long term measures to eradicate the tobacco epidemic. He says that an integrated 

approach of tobacco control, incorporating region specific elements seems to have a 

bigger mileage in achieving the objective of controlling the tobacco epidemic. He 

concludes that mixed cropping may be a better alternative for agricultural diversification 

away from tobacco in Karnataka. Tobacco-plus garlic recorded maximum total yield 

followed by tobacco and rajmash. Maize-plus-potato, garlic and potato are also 

attractive tobacco free mixed cropping alternatives. He also conclude that if tobacco 

needs to be cultivated in view of the environmental and soil conditions of the region then, 

alternative uses of tobacco need to be focused upon. 

 Sharma, S. (1993) in his research “Economics of tobacco cultivation in West Bengal 

with special reference to its constraints and prospects” has made an attempt to examine 

the marketing structure and market performance of leaf tobacco and cost of production 

and profitability of tobacco and its competing crops in West Bengal.  

 Suvarna K. V. and Naveen Thomas (2002) in their article “Tobacco farming in India: 

An unreliable option to growers and workers, expensive proposition to farmers and a 

death warrant to forests” said that tobacco growing can provide the funds for basic 

existence, it keeps the poor entrenched in a cycle of poverty, as can be seen in the cases 

of those whose children are illiterate labourers like themselves. While the owners benefit 

from a continuing pool of desperate people with no better source of livelihood, tobacco 

cultivation is obviously not benefiting the economic development of the country. The 

intensive, difficult, and health-harming nature of the work means that people are happy 

to make a move from tobacco growing to something more remunerative. 
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UBINIG (2008) in a project work “From Tobacco to Food Production: Assessing 

Constraints and Transition Strategies in Bangladesh” discussed the constraints farmers 

face or practical ways to make the transition to alternative cropping systems of tobacco 

in Bangladesh. The findings point to the need for public investment in the rehabilitation 

of soils degraded by years of tobacco production, urgent action to halt the expansion of 

tobacco into new and fragile environments, the critical role of farmer-based seed systems 

in facilitating a transition out of tobacco cultivation, and the need for public investment 

in marketing infrastructure for food and other economic products.  

 Umana M., Paula, M. (2011) in their Master's Thesis "Potential for Alternative 

Agricultural Enterprises to Replace Tobacco: Burley Producers Perceptions" they uses 

a rank-ordered logit model (ROLM) to explore factors affecting farmers’ perceptions 

about the potential for grain crops, cotton, peanuts, hay, fruits and vegetables, cow/calf, 

dairy, beef cattle and, other crops/livestock to replace tobacco production. They suggest 

that hay is one of the on-farm enterprises perceived as having the highest potential to 

replace tobacco among burley tobacco farmers. Age, education, farm size and farm cash 

receipts were found to affect farmers’ perceptions about the potential for different 

alternative enterprises to replace tobacco. 

W. Verheya (1992) in his article “Soil Survey interpretation, Land evaluation and land 

resource management” explains the link between soil data collection and land resource 

management, including policy formation.  

          However, the reviews of literature indicate that, most of the research work had 

been done on flue cured tobacco, covering a vast area of an agro-climatic zone and no 

systematic work had been done by any scholar so far on ‘Strategies for replacement of 

tobacco cultivation in Dinhata subdivision of Koch Behar district’. Hence the present 

research work was undertaken to evolve beneficial alternate crops of tobacco  that may 

help improve the economic and health conditions of  farming community of Dinhata 

subdivision and the outcome of the study will  also be utilize to develop Government 

strategies. 

1.4 Objectives of the study 

There is remarkable variation in the meteorological parameters, soil characteristics, 

cultural practice and economic environment to the growth of rabi crop in different 
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physico-cultural environment of this subdivision. The minute analysis of the growth 

variation of tobacco and its alternative crops requires details investigation of soil 

characteristic, climatic influence, and socio-economic factor which the investigator 

keenly interested for. 

Thus, the present study has the following objectives –  

1. To study physical and cultural background of the study area. 

2. To investigate the present status of tobacco cultivation of the study area. 

3. To assess whether Govt. strategies in tobacco control are likely to affect the 

cultivation of tobacco of the study area. 

4. To make land evaluation for best alternative crops of tobacco of the study area.  

5. Identify significant constraints faced by tobacco farmers trying to shift out of 

tobacco production. 

6. To study a comprehensive overview of the economic aspects of tobacco farming 

and to assess economically viable alternative crops to tobacco cultivation of the 

study area. 

7. To suggest recommendations for policy makers aimed at assisting tobacco 

farmers’ shift from tobacco cultivation to alternative crops. 

1.5 Hypotheses  

The present studies tries to assert the truth or falsity of the following research hypotheses: 

I. Profitability of tobacco cultivation emerges from the fact that most farmers 

economize on the cost of labour required for producing this highly labour 

intensive crop by using farmer’s household labour especially of women and 

children. 

II. Net returns from tobacco are less than from many other crops, and the economic 

condition of farmers would benefit from a switch from tobacco to other crops. 

III. As proposed by World Health Organization Framework Convention on Tobacco 

Control for 50% reduction of the area under tobacco cultivation by 2020 AD, 

there is possibility for farmers to switch over from tobacco towards alternative 

crops for exploring viable and profitable substitutes to tobacco. 

IV. If irrigation and credit facilities are provided farmers would divert their 

landholdings away from tobacco to more profitable crops. 
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1.6 Methodology 

Keeping in mind the above mention objectives and hypotheses the methodology adopted 

by the present researcher is a rationalistic one based on quantitative method depending 

upon both primary and secondary data. 

 Primary Data 

The primary data and information is to be collected from Soil Survey, household survey 

and from unpublished official record. 

Coverage and design of the sample Survey 

Relevant primary data was collected from the sample farmer in Dinhata sub-division 

through survey method with the use of schedule and questionnaire (Appendix-I). A 

simple random sampling design without replacement was adopted for household survey.  

For this purpose four mouzas were chosen from each block on the basis of simple random 

sampling without replacement. The name of the selected mouza are Bara Natabari (J.L. 

No- 2), Alokjhari (J.L. No-28), Bhalka (J.L. No- 46) and Dakshin Kharija Gitaldaha (J.L. 

No-139) at Dinhata-I block; Bhulki (J.L. No- 71),  Karala (J.L. No-174) Bara Shakdal 

(J.L. No- 184) and Sahebganj (J.L. No-208),  at Dinhata-II block; Bara Adabari (J.L. No- 

11), Pirpal Sitai (J.L. No-32), and Bharali (J.L. No-36) Chamta (J.L. No.-51) at Sitai 

block. After the selection of mouzas the tobacco and non-tobacco grower in each mouzas 

were identified. After selection of mouzas tobacco grower and non-tobacco grower 

identified and considering the time and resource constraints, twenty samples in each 

mouzas are proportionately selected among different strata including KPS, ADO, farmer, 

agriculture labourer were selected randomly for details investigation on the basis of 

simple random sampling without replacement. Following this method 240 farmers 

selected, out of which 120 famers are observed to cultivate tobacco crop. 

Secondary data  

The meteorological data for 40 years (1972-2011) were collected from Meteorological 

Station, Central Tobacco Research Institute, regional research station, Dinhata, Koch 

Behar, which is located at 26º20’ N latitude, 89 º 27’ E longitude and 41 metre above 

mean sea level. Soil resources information for this region was collected from national 

Bureau of Soil Survey and Land Use Planning, Regional Centre, Kolkata (2008). 
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           Plate 1.1 Field Survey, 2012 at Chamta Mouza, Sitai block 
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The data on production of different crops were taken from the published reports (Annual 

report of Bureau of Applied Economics and Statistics, Cooch Behar; Department of 

Agriculture, Kolkata and Evaluation Wing, Kolkata, sub-divisional agricultural office, 

Dinhata). The information regarding physical environment, drainage system were 

collected from the latest survey of India Topographical Sheets and Satellite imageries. 

Statistical Tool 

The primary data which has been collected during the field survey and house hold survey 

was verified with the information available from secondary sources. The data and 

information were summarized followed by the suitable statistical methods. 

Various statistical tools, namely statistical tables, standard deviation, co-efficient 

of variation, co-efficient of co-relation and co-efficient of determination were also 

worked out. The yearly rainfall is also classified as drought, normal, and excessive 

rainfall years when particular year receives rainfall less than 𝑦 − 𝑠, 𝑦 + 𝑠, and between 

 𝑦 − 𝑠,  and 𝑦 + 𝑠, respective, where y is mean of yearly rainfall and s represents the 

standard deviation of yearly rainfall (Singh, et al., 2007). The probability analysis was 

carried out using Waybill’s method (Chow, 1964),  which is 𝑃 = [ ] × 100 where , 𝑃 

is the plotting position percent chance; 𝑚 is the rank number when the data are arranged 

in descending order and n is total number of years. Recurrence intervals (𝑇)  were 

calculated using the relationship 𝑇 = 𝑃 . 

Compound growth rate 

Here use exponential curve for computing compound annual growth rate of tobacco 

production, area and yield rate (Gupta, 2008) 

=∧ ( −1)100∧  

By taking logarithm equation become linear function, 

             log 𝑌 = log 𝑎 + (log 𝑏)𝑥                

                                    Where, Y= log y; A= log a; B= log b 

Now, the method of least square can be applied to yield the normal equations given the 

estimates of A and B. 

                             Then, a=Antilog A;  b= Antilog B 

Land suitability evaluation 
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Land suitability evaluation and climate suitability have been prepared followed by FAO 

methods available in the existing literature (FAO, 1976, 1985; Verheya, W. 1992; 

Prakash T.N., 2003; Kuria, D. et. al., 2011; Al-Mashreki, M.H. et.al., 2015; Mustafa, 

A.A. et. al., 2011; Naidu, L.G.K. et.al., 2006) after necessary modifications. 

Parametric method for climate suitability evaluation 

In the parametric method a numeral rating is attributed to each characteristics (Sys et al., 

1991b). The process of evaluation is based on the FAO qualitative land evaluation system 

(FAO 1976, 1984, 1985), which compares climatic conditions including insolation, 

temperature, rainfall and relative air humidity with each specific crop requirements 

developed by Sys et al. (1991a, b, 1993). The climatic indices are calculated from the 

individual rating. If the observed value is x and it falls into the interval [a, b] it needs to 

get a score y that falls into the interval [c, d]. The formula (Baghehzadeh and Gholizadeh, 

2016) to calculate 𝑦 is: 

𝑦 =  𝑎 +  
(𝑏 −  𝑎)( 𝑥 −  𝑐)

(𝑑 −  𝑐)
 

Then, climate index has been calculated based on khiddir’s square root method. The 

formula to calculate CI is: 

Square root method (Khiddir, 1986) 

𝐂𝐈 = 𝐑𝐦𝐢𝐧 ×  
𝐀

𝟏𝟎𝟎
×

𝐁

𝟏𝟎𝟎
 × … 

                                                                                   Where, CI= Climate Index 

                                                                                            Rmin= minimum rating. 

                                                  A, B … = other rating besides the minimum rating, 

The climatic rating to be used in the total evaluation has to be calculated by (Sys et al., 

1991b) 

- If index between 25 and 92.5: climatic rating =16.67 + 0.9 index 

- If index less than 25: Climatic rating = 1.6 × index 

The average day (td) and night (tn) temperature are calculated by following formula 

(Gommes, 1983; Sys et al., 1991a) 

𝓉𝒹 =
(𝑡𝑚𝑎𝑥 + 𝑡𝑚𝑖𝑛)

2
+

(𝑡𝑚𝑎𝑥 − 𝑡𝑚𝑖𝑛)

4𝜋
 
(46 − 𝑁)

𝑁
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𝓉𝓃 =
(𝑡𝑚𝑎𝑥 + 𝑡𝑚𝑖𝑛)

2
−

(𝑡𝑚𝑎𝑥 − 𝑡𝑚𝑖𝑛)

4𝜋
 
(46 − 𝑁)

(24 − 𝑁)
 

                              Where,   

                                     td= average daytime temperature °C  

                                     tn= average night time temperature °C     

                                     tmax= daily maximum temperature °C   

                                    tmin= daily minimum temperature °C  

                                    𝜋 = 3.1416 

It is noted that, in the study area, rabi crops are grown under irrigation supply, hence 

rainfall parameter has not to be considered for climate index. 

Modelling of analytical hierarchy process for land suitability evaluation 

The analytical hierarchy process is firstly introduced by Saaty in 1980. It is a multi-

objective, multi-criteria decision making approach, which enables the user to arrive at a 

scale of preference drown from a set of alternatives (Saaty, 1980). This method is very 

important for suitability analysis, regional planning, decision making. In the construction 

of a pair wise comparison matrix, each factor is rated against every other factor by 

assigning a relative dominant value between 1 and 9 to the intersecting cell. 

For the AHP model, the final result includes the weights of the derived factors, class 

weights and a calculated consistency ratio (CR). In the AHP method, an index of 

consistence, known as the consistency ratio (CR), is used to indicate the probability that 

the matrix judgments were randomly generated (Saaty, 1980). 

𝐶𝑅 = 𝐶𝐼/𝑅𝐼 

Where RI is the average of the resulting consistency index depending on the order of the 

matrix given by Saaty in 1980 and CI is the consistency index and can be expressed as: 

𝐶𝐼 = (𝜆𝑚𝑎𝑥 − 𝑛)/(𝑛 − 1) 

Where λmax is the largest or principle eigenvalue of the matrix and can be easily 

computed from the matrix and ‘n’ is the order of the matrix. The consistency ratio is a 

ratio between the matrix consistency index and random index, and in general ranges from 

0 to 1. A CR of 0.1 or less is a reasonable level of consistency (Malczewski, 1999). A 
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CR above 0.1 requires revision of the judgment in the matrix due to an inconsistent 

treatment for particular factor ratings. 

In this study, the consistency ratio is less than 0.06; the ratio indicates a logical level of 

consistency in the pair-wise comparison that is good enough for recognize factor weights. 

For all cases of the gained class weights, the CRs are less than 0.1, the ratio indicates a 

reasonable level of consistency in the pair-wise comparison that is good enough to 

recognize the class weights. Regard alternative crop suitability mapping (ACSM) by 

AHP, is used based on following equation: 

(𝑅𝑖 × 𝑊𝑖) 

Where Ri is the rating classes each layer and Wi is the weights for each of the crops 

conditioning factors. For the estimation of alternative crops suitability value (ACSV) the 

each crops conditioning factors values is summed by weighted linear sum model on a 

GIS environment (Lee and Talib, 2005). Finally ACSV is classified into four classes (S1, 

S2, S3 and N) based on natural break to determine the class interval in the ACSM. 

Concept of Cost Benefit Analysis used in the study 

Concept of cost is necessary to be developed first for calculation of production cost of a 

crop. The profitability of farming could be affected by many factors, that directly affect 

farm profit are total revenue and total cost. The total revenue is dependent upon yield 

level and production price. Yield level is influenced by technology adoption i.e., the use 

of tobacco variety, fertilizers, pesticides etc. and agro-ecological condition i.e., soil and 

climatic condition. Technology adoption is affected by agro-ecology, input prices such 

as seeds, fertilizers, pesticides, labour etc. and capital availability from bank and money 

lender. Input price, to some extent is determined by Government policies e.g. fertilizer 

subsidy. The following values for revenue, costs and returns were estimated. 

Revenue: Revenue which is measured by the Total Revenue (TR) is the total value of 

output produced. TR will be computed by multiplying average yield by average price at 

farm level. TR includes output produced during the year, which may be sold, used for 

household consumption, used on the farm for seed, used for payments in kind; or kept in 
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the store for future sale (ending stock). Non market transactions are valued at their 

opportunity cost (average market price). 

Costs: Costs are measured by;  

i) Operating costs (Cost A): These refer to the sum of input costs, traction 

contract costs and hired labour costs. Input costs consists of value of expenses 

incurred on seeds, fertilizers, insecticides, fungicides and herbicides while 

traction costs consists of opportunity costs for using tractors or oxen for 

primary land tillage. Non-purchased seeds are valued at their opportunity 

costs i.e. market price.  

ii) Opportunity cost of operating capital (Cost B): This is estimated at 12% 

of cash/operating cost.  

iii) Opportunity cost of family labour (Cost C): This is the value of family 

labour used, which was valued at local wage rate (this study has used the 

average of the cost paid for hired labour by operation).  

iv) Total Enterprise Costs (Cost D): This refers to values of all inputs used in 

production. It was the sum of operating costs, opportunity cost of equity 

capital, and opportunity cost of family labour. Total costs are generally 

divided into total variable costs and total fixed costs.  

Farmer Profit: Following analytical tool used for gross and net profitability of 

tobacco compare to alternative crops. 

Comparison of farm profitability aims to understand whether or not tobacco farm is more 

profitable than alternative crops. To assess the costs and returns of the target commodities 

is used for each data set as an analytical tool. Using a simple formula π = TR – TOC, 

where π= Gross profit, TR= total revenue and TOC= total operating cost. Farmer net 

profitability can be easily estimated using the following simple algebraic equation (Hadi, 

P.U. et al., 2008): 

𝜋 = 𝒬 𝒫 − (𝒬 𝒫 ) − (𝑐 ) 

 

π = Net Profit (Rs/ Hactare) 

𝒬 =Yield (kg/ Hactare) 
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𝒫  =Output price 

𝒬 = Variable input quantity (unit/hactare) 

𝒫 = Variable input price (unit/hactare) 

𝑐  = Fixed cost (Rs/ Hactare) 

i= Variable input (tillage, seed, fertilizer, pesticides, labour, other materials) 

j= Fixed input (family labour, depreciation, interest etc.) 

Rates of returns: Rates of returns were measured by;  

i) Return to operating cost: This is computed by deducting total operating cost 

(Cost A) from TR, then divided by Cost A. 

ii) Return to total cost:  This is the difference between TR and TEC (Cost D), 

which includes the opportunity cost of family labour and equity capital as part 

of cost and then divided by Cost D. 

Labour: In addition to the estimated number of days of family and hired labour required 

for each cultivation, the following measure is also provided. 

i) Gross profit per day family labour, land, management: This is measured 

by dividing gross profit by family labour days. It measures the reward to the 

family for farmers’ labour, management and land. 

ii) Gross profit per day family labour, land, management: This is computed 

by dividing gross profit by total family and hired labour days. It measures the 

reward to the family for farmers’ management and land. 

Unit measurement:   

1 Bigha convert to 1/8.24 hectare as standardized an SI accepted metric system unit. 

Procedure for imputation of values of farm inventory and inputs 

Seeds: Purchase seeds are valued at actual price paid plus transportation costs, and farm 

produced seeds were evaluated at prevailing market rates at the time of sowing. 

Farmyard Manure: It was valued at the actual purchase price and self-produced FYM 

was valued at market prices. 

Fertilizers: Cost incurred in the purchase of fertilizers actual prices plus transport and 

other incidental charges. 
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Plant Protection Chemicals: The actual purchase price of plant protection chemicals, 

purchased by the respondents. 

Irrigation charges: This include repair charges, working expenses such as oil, lubricants 

etc. and hire charges paid for using water from other sources. Irrigation charges paid to 

the concerned Government department for each crop are also include. 

Human Labour: Hired human labour was accounted for at the actual wages paid by the 

farmers. Family human labour was imputed at the prevailing wage rates in the study area. 

Woman labour is taken as equivalent to 0.75 of male labour. One child labour is taken as 

equivalent to half of one adult male labour. One man day means eight hours work of one 

adult man. 

Bullock labour: Hired bullock labour cost was calculated at the prevailing market rate 

for the services of a pair of bullocks in the study area. Owned bullock labour was 

evaluated at the same rate with hired bullock labour. One bullock labour day means 8 

hours of services rendered by one pair of bullocks. 

Tractor power has also been converted into bullock pair day on the basis of average time 

required by tractor power in performing a given job done by a pair of bullock. 

Marketing Costs: These were the costs incurred by the farmers in cleaning, grading, 

packing, transporting and selling their products. 

Miscellaneous Costs: These were the other incidental costs incurred in the operation of 

enterprises. These included cost on perishable implements like ropes, baskets, repairs 

and maintenance of implements used, etc. 

Interest on Working Capital 

Interest on working capital is changed at the time rate of 12% per annum for a period of 

three months for individual crop. The following were the item including under working 

capital such as (i) hired human labour, (ii) hired bullock labour, (iii) machine  labour 

(both owned and hired), (iv) seeds (owned and purchased), (v) manures, fertilizer and 

plant protection chemicals, (vi) insecticides, pesticides and (viii) irrigation charges. 

Fixed Costs 
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Depreciation: The depreciation rates, life span and junk value for various agricultural 

implements and machinery were decided in consultation with the respondents. 

Consequently, the depreciation was calculated using the straight line method as shown 

below. 

Depreciation ∶=
𝑃𝑢𝑟𝑐ℎ𝑎𝑠𝑒 𝑣𝑎𝑙𝑢𝑒 − 𝐽𝑢𝑛𝑘 𝑣𝑎𝑙𝑢𝑒

𝐿𝑖𝑓𝑒 𝑆𝑝𝑎𝑛
 

Electricity Costs: These were levied on horsepower basis and were included under fixed 

costs. 

In this study, other fixed costs such as land revenue, land rent, interest on fixed capital 

were excluded. The study will focus on evaluating the farm’s profitability on a short term 

basis because in the short run, a firm’s output level is determined by variable factor inputs  

Since in the short term fixed costs are ignored, net returns is defined as gross income per 

unit of activity. 

Cartographic Presentation: The calculated data were plotted by suitable cartographic 

methods such as histograms, line graphs, bar graphs, pie charts etc. 

Maps were prepared under GIS platform. Arc GIS 10.3 software were used to accomplish 

the spatial database creation. Finally Microsoft office was used for the documentation 

and calculations pertaining to the study. 

Library Work 

To compile of the bibliography as well as the reference works, the Library of North 

Bengal University; the Library of Central Tobacco Research Institute, Dinhata; 

Uttarbanga Krishi Vishwavidyalaya, Pundibary; The National Library, Siliguri; North 

Bengal Library, Cooch Behar  have been consulted thoroughly. 
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CHAPTER - II 

PHYSICAL AND CULTURAL BACKGROUND 

OF THE STUDY AREA 

 

2.0 Introduction                                                                                                                                                                    

The present chapter deals with a detailed profile of Dinhata subdivision on all of its 

physical, social and agronomic characteristics. The main objective of this chapter is to 

study physical and cultural background of the study area. In effect, the physical and 

human environment of the study area are described using both the primary and secondary 

data. Maps have been prepared using ArcMap 10.3 software. 

 2.1 Physical background of the study area  

2.1.1 Geology  

The geological formation of Dinhata is from the Alluvium of present day formation to 

ancient times deposited by Singimari, Dharala, Baniadah rivers. A belt of alluvial 

detritus of the quaternary formations in the subdivision occurs just south of the Siwalik 

Group rocks. The formations are constituted of boulders, gravels, pebbles, sands and silts 

in the higher reaches forming alluvial fans and fluvial depositional terrace. In the lower 

reaches fluvial terraces of flood plain faces consisting mainly of sands, silts and clays are 

dominant. Seismic survey conducted by the Oil and Natural Gas Corporation of Govt. of 

India (2008-09) indicates that the basement of igneous and metamorphic rocks under 

Dinhata subdivision lies at depths between 1000 metres and 1500 metres and that the 

basement surface has a northerly slope.  

The area is subdivided into a sequence of flood plains, the youngest being the present 

day flood plain represented  by the present day channel deposit of the Jaldhaka and Torsa 

rivers besides minor creeks and gullies. Fluvial terraces of the older floodplain have 

generally a gradational contact. Of these, the lowest alluvial benches and depositional 

landform elements area in the process of formation and stabilization by lateral and 
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vertical accretion processes. The older terraces covering the vast land of the study area 

occupy the elevated ground portions above the occasional and usual flood plain level. It 

is equivalent to Jalpaiguri and shaugaon surface. 

Quaternary sediments that cover the entire subdivision constitute three 

morphostratigraphic units based on relative relief, state of compaction of sediments, 

degree of oxidation of the soil and degree of dissection the highest surface being the 

oldest followed, successively at lower elevations by younger surfaces. The three 

morphostratigraphic units that are hamessed by these surfaces in order of decreasing 

antiquity are: (a) Jalpaiguri formation. (b) Shaugaon formation and (c) present day flood 

plain deposits.  

(a) Jalpaiguri formation (Q2a): The jalpaiguri formation occupy 30.71 percent 

(235.31 sq km) of the total area of Dinhata subdivision (Figure 2.1). This region 

incipient soil formation at the surface has an over burden of light grey silty loam 

underlain  by unaltered multiple  sequences of fine sand, silt and clay and bog clay 

at places in the flood basin . The surface is quite flat and replete with meander 

scars of aggraded streams, cutoff meander loops and remnants of older levees. 

During very high floods, pats of its surface are inundated. This zone is 

characterized by feebly oxidized incipient soil, surface flat with aggraded streams, 

cut off meander loops and older levees.Water logging due to high rainfall is 

however common.  

(b) Shaugoan formation (Q2h): About 48.15 percent (368.3sq km) of the 

subdivision are under the Shaugaon formation, which is characterized by alternate 

rhythmic layers of sand, silt and clay, dynamic flood plain regime replete 

palaeochannels and flood basins, prone to water logging following high 

floods.The sediments are essentially unoxidised and  unconsolidated  except the 

clay horizons that are relatively compact .The sediments are course to fine grained 

and at places contain abundant  mica  flacks which impact  variegated gray ,white 

and light gray tinge to these sediments. 

(c) Present day deposit (Q2p): This region occupy only 11.66 percent (89.18 sq km) 

area of Dinhata subdivision (Table 2.1). The present day deposits are the materials 

of the present channel and stream system. These loose sediment show well 

developed lamination, cross bedding and ripple marks .The sediments are silvery 

grey to grey, coarse to fine grained highly micaceous sand and clay. The channel 
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bars are often composed of layers of pebbles, coarse to fine grained sand and silt. 

This region is often characterized by loose unoxidised entisol, flood plain deposit 

annually, submerged by the rivers during monsoon. 

 Figure: 2.1 Geological Formation 

Table 2. 1 Geological Formation of the study area  

Sl. No 
Geological 

class 
Lithology 

Areas 

(sq km) 

% of 

total 

area 

1 Q 2a Very fine  sand, silt and clay 235.31 30.77 

2 Q2h Alternate layers of sand, silt and clay 368.3 48.15 

3 Q2p 

Light grey silty loam underlain by 

unaltered multiple sequences  of fine 

sand, silt and clay with bog clay 

89.183 11.66 

4 Miscellaneous   72.046 9.42 

Total     764.839 100 

Source: Geological Survey of India, 2008 
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2.1.2 Topography 

The entire area is essentially a flat country with minor undulation and low south easterly 

slope (Figure. 2.2). The rivers originating in the Himalayas to the north inundate the low 

lying areas during the monsoons while areas of marginally higher elevation remains 

above the water level even when the rivers area at spate. Highest altitude of the 

subdivision is 70 metre, and the lowest height is 4 metre, while the relative height is 66 

metre. There are slights ups and down and while some areas are low and inundated by 

rivers during monsoon period, others are slightly higher and remains always, above water 

even when the rivers are in spate. There are no hilly tracts within the subdivision, the 

greater part of the subdivision is cultivated land is composed of green field studded with 

bamboo, plums and orchards. There is no forest worth mention, but tract of land 

consisting mostly of heavy grass and shrubs are seen at places mostly along the 

interfluves of the major rivers. A large network of river lets traverse the subdivision from 

the north-west to south east direction. Being very near to the foot hills the rivers often 

spill their banks after heavy shower in their catchment area.  

          Figure: 2.2 Relief map in the study area 
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       Figure: 2.3 Geomorphology of the Study area 

Table 2.2 Geomorphology of the Study area 

Geomorphology Area (Sq km) Percentage 

F17b 98.46 12.87 

F20a2 598.01 78.19 

Miscellaneous 68.3733 8.94 

Total 764.839 100 

 

The study area is situated on the northern plain region, which is not far away from the 

Himalayan margin, for which different rivers with varied magnitude and intensity carry 

huge amount of detritus from different parts of the hills having varied geological, 

pedological and geomorphic origin and deposit all these materials in a diversified way 

after debouching on to the plain. Therefore the geomorphic characteristics of the 

alluvium (Figure 2.3) and the related pedological set-up of the Dinhata subdivision, 

reveals diversified pedological and geomorphic conditions over different parts of this 

region.  

 



29 
 

2.1.3 Climate 

The agro-climatic condition of this subdivision is characterized as humid and damp 

throughout the year with high rainfall during pre-kharif (March to May) and Kharif 

season (June to September). Long term data of various climatic parameter such as 

minimum and maximum temperature, relative humidity, sunshine hours, rainfall and 

rainy days for 40 years (1972-2011) have been collected from meteorological station of 

Central Tobacco research Institute, regional research station, Dinhata, which is located 

at 260 20’ N latitude and 890 27’ E longitude and 41 metre above the mean sea level. 

2.1.3.1  Temperature 

Average monthly temperature was highest during August (28.28 oC) and lowest in 

January (15.43 oC). The mean annual temperature recorded was 23.18 oC. Mean (of 40 

years) maximum and minimum temperature recorded were 32.93 oC (in August) and 7.49 

oC (in January) respectively (Table: 2.3).The highest maximum temperature experienced 

was 36.60 oC (April 1993) and the lowest minimum temperature was 2.8 oC (January 

1983). The cold weather prevails during December – February is obviously due to 

northeast monsoon. It could be observed from the data, the winter starts by December 

and carries on till February and this period is perfect for rabi crop cultivation in the study 

area. In rabi season, the mean maximum and minimum temperature was recorded 26.52 

oC and 12.04 oC respectively. There is a little fall in maximum temperature in May owing 

to the cumulative effect of the heavy spell of summer rain associated with thunderstorms. 

Table: 2. 3: Average monthly Climatic Parameter in Dinhata subdivision (1972-

2011) 

Month 

Temperature (0oC) 
Relative Humidity (%) 

Sunshine 

Hours 

Maximu

m  

Minimu

m 

Averag

e 

6:32 

hrs 

13:32 

hrs 

Averag

e H/day 

January 23.37 7.49 15.43 89.82 59.44 74.63 7.0 

February 25.45 9.61 17.53 87.86 54.95 71.41 8.0 

March 29.85 13.74 21.80 84.55 51.05 67.80 7.6 

April 31.55 18.07 24.81 84.33 59.55 71.94 7.0 

May 30.98 20.49 25.74 86.68 69.70 78.19 6.6 

June 31.61 22.42 27.02 88.77 75.00 81.89 4.8 
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July 31.22 23.30 27.26 89.27 78.00 83.64 4.1 

August 32.93 23.63 28.28 88.88 75.05 81.97 5.3 

September 31.31 22.33 26.82 89.90 76.21 83.06 4.8 

October 30.55 19.53 25.04 88.02 70.01 79.02 7.3 

November 28.23 14.21 21.22 85.64 60.62 73.13 8.4 

December 24.99 9.34 17.17 88.25 58.26 73.26 7.8 

 

 

 

 

 

 

 

 

 

Figure: 2.4 Average monthly maximum and minimum temperature (1972-2011) 

 

2.1.3.2 Relative Humidity 

The average monthly humidity in the study area is 76.66 percent. It varies between 67.80 

percent in March and 83.64 percent in July (Table: 2.3), whereas seasonal relative 

humidity varied from 72.64 in pre-kharif season to 82.64 in Kharif season (Table: 2.4). 

The study area experienced low humidity in the month of March and in pre-kharif season 

is due to onset of summer and its steadily increases in kharif season due to the effect of 

the south-west monsoon. In rabi season relative humidity (74.29 percent) again decreases 

as the area experience winter. 

 

2.1.3.3 Sunshine Duration 

Mean annual sunshine duration of the study area varied from 4.1 to 8.4 with an average 

of 6.6 ± 0.4 h day -¹ (Table: 2.3) and seasonal sunshine hours per day varied from 4.8 

hours in kharif season to 7.7 hours in Rabi season (Table: 2.4) in this subdivision which 
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is far below from that of other region of West Bengal or state average of West Bengal. 

This low duration of sunshine hours, cloudy weather running throughout maximum time 

during June to September, more infestation of pest and diseases on crops due to existence 

of cloudy weather altogether leads to significantly low productivity of different crops as 

compared to that in the subdivisions of South Bengal. Average period of bright sunshine 

hours per day in winter season (December to February) is also low which effect the 

productivity of rabi crops in this region. The generation of dew begins in the autumn, and 

continues throughout the spring.  

Table: 2.4 Seasonal climatic parameter (1972-2011) 

Season 

Temperature (0oC) 
  Relative Humidity (%) 

Sunshine 

Hours 

Maximum  Minimum 
Average 

6:32 

hrs 

13:32 

hrs Average H/day 

Pre-

Kharif 30.79 17.43 24.11 85.19 60.1 72.64 7.1 

Kharif 31.77 22.92 27.34 89.21 76.07 82.64 4.8 

Rabi 26.52 12.04 19.28 87.92 60.66 74.29 7.7 

Annual 29.34 17.01 23.18 87.66 65.65 76.66 6.6 

 

2.1.3.4 Rainfall 

Analysis of annual and seasonal rainfall and rainy days variability 

During the study period of 40 years (1972-2011), there were about 17.5 % of the years 

faced drought while, 15 % of the years faced excessive or flood and 67.5 % of the years 

had normal (Table.2.5). The mean annual rainfall of the subdivision was found to be 

2909.88 mm. The Standard deviation and coefficient of variation was found to be 658.39 

mm and 22.62 % respectively. The minimum annual rainfall of 1739.8 mm was recorded 

during the year 1994 and maximum of 4441.8 mm during the year 1984 over the study 

period. Hence, the annual rainfall showed high standard deviation and coefficient of 

variation (figure 2.7). The figure 2.6 showed that amount of annual rainfall decreased 

since last two decade except the years 1991, 1998,2005, 2008 and 2010 when rainfall 

was adequate .Out of past 40 years, 20 years recorded in excess of average rainfall and 

20 years recorded as below normal rainfall. 
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 Figure: 2.6 Annual rainfall and rainy days during 1972-2011 

Table: 2.5 Annual drought analysis for the period 1972-2011 

Yea

r      

Rainfall 

(mm) 

Rainy 

days 

Categor

y 

Year Rainfall 

(mm) 

Rainy 

days 

Categor

y 

1972 3428 124 N 1994 1739.8 96 D 

1973 3504.1 132 E 1995 2933.1 87 N 

1974 4388.8 137 E 1996 2565 104 N 

1975 2487.2 110 N 1997 2440.1 87 N 

1976 3111.8 98 N 1998 3465.3 101 N 

1977 3581.1 140 E 1999 2631.7 97 N 

1978 1859.6 90 D 2000 2691.5 96 N 

1979 2916.6 103 N 2001 1904.5 74 D 

1980 1956 112 D 2002 2586.1 91 N 

1981 2628.2 118 N 2003 2739.6 101 N 

1982 2543.4 118 N 2004 2970.4 80 N 

      Figure: 2.5 Annual variability of rainfall over normal for the period of 1972-2011 
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1983 3059.4 122 N 2005 3360.6 99 N 

1984 4441.8 126 E 2006 2179.9 110 D 

1985 3210.7 105 N 2007 2579.3 118 N 

1986 3135.4 109 N 2008 3393.2 125 N 

1987 4341 128 E 2009 2396.5 89 N 

1988 3745.6 116 E 2010 3429.9 112 N 

1989 3268.5 108 N 2011 2140.2 85 D 

1990 2587.4 107 N Mean 2910.05 106      - 

1991 3119.5 118 N SD 658.39 16.1      - 

1992 2140.6 84 D CV 22.62 15.2      - 

1993 2800.5 86 N R 0.65            -      - 

N= Normal, E= Excess, D= Drought    

 

     Figure: 2.7 Yearly variation in total rainfall and corresponding coefficient of variation 

The average annual rainy days was 106.08 and standard deviation and coefficient of 

variation was found to be 16.11 days and 15.19 % respectively. The annual rainy days 

ranged from 74 days (the lowest during the year 2001) to 140 days (the highest during 

the year 1977). The coefficient of correlation between annual rainfall and rainy days 

(r=0.65) was highly positively related. Table 2.7 reveals that 1982-91 decade recorded 

highest average annual rainfall (3341.67 mm), while the lowest mean annual rainfall 

(2533.99) received during the decade 1992-01.During the 1st period, July was found to 

be the wettest month and June was the 2nd wettest month. But in next and recent decade 

June was shifted to the wettest month and July was the next wettest month, while during 

1992-01 decade again July was found to be wettest month but August was 2nd wettest 

month. This shows there is highly erratic rainfall distribution due to breaks in monsoon 

or early onset/withdrawal of monsoon which may have impact on yield of kharif crops, 
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cropping pattern and farming system in this region. Although, the rainfall distribution 

over the period was in no particular trend, however, the amount of rainfall decreased 

drastically for the month of August. The rate of decrease of rainfall in the month of 

August was 40.4 mm per decade. The highest rainfall was received during kharif season 

(2158 mm). The mean rainfall received during summer season was 535.86 mm and 

lowest in rabi season (215.39 mm). The percentage contribution of seasonal rainfall to 

the total was 74.18, 18.42 and 7.4 during kharif, summer and rabi season respectively. 

Table: 2.6 Seasonal Rainfall variability 

   Season     Mean Percentage       SD     CV 

Summer 535.86 18.42 194.65 36.32 

Monsoon 2158.6 74.18 556.14 3.44 

Winter 215.39 7.4 133.63 62.04 

 

Marked variation was observed in the seasonal rainfall pattern. It ranges between 1072.1 

mm to 3555.8 mm in kharif, 262.9 mm and 1278.5 mm in summer and 23.4 mm to 601 

mm in rabi season (Table 2.6). The lower value of coefficient of variation (3.44%) during 

kharif season depicted consistence occurrence of rainfall. However, the higher value of 

CV inferred that cultivation in rabi (62.04) and summer (36.32%) season can be practiced 

by depending on soil residual moisture or irrigation due to uncertainty of rainfall.  

Table: 2.7 Decadal shift in rainfall pattern  

Month 1972-81 1982-91 1991-01 2002-11 

January 9.03 10.98 16.45 5.36 

February 11.32 22.3 10.43 12.22 

March 30.63 34.34 50.77 44.28 

April 167.71 130.93 142.47 167.09 

May 350.07 360.23 372.02 292.91 

June 579.02 746.77 443.53 643.86 

July 703.34 703.77 540.2 616.78 

August 572.85 539.69 496.52 411.25 
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September 345.87 609.58 304.41 376.97 

October 167.38 148.55 145.89 197.38 

November 30.88 19.85 7.2 3.65 

December 9.1 14.68 4.1 5.82 

Annual 2977.2 3341.67 2533.99 2777.57 

 

Analysis of monthly rainfall and rainy days variability 

The average monthly rainfall gradually increased from January onwards and reached its 

peak (641.02 mm) in July, and then it decreased and it was lowest (8.42 mm) in the month 

of December (Table2.8). On the basis of long term data, July was the wettest month 

receiving rainfall 22.03 % of total amount followed by June (20.73%). 

 
Figure: 2.8 Average monthly rainfall variability 

On the other hand, December was the driest month receiving only 0.29 % of total amount 

of rainfall followed by January (0.36%). However, very high coefficient of variation in 

the months of November to March indicating that cultivation of rabi crops without 

irrigation is highly risk. 

The analysis of average monthly days revealed that it also increased gradually January 

up to the month of July (19.65 days), which thereafter decreased and it was minimum 

(0.7 day) in the month of December. The months May to September experienced an 
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average of more than 15 rainy days. But from the month of November to February the 

average rainy days less than 2, which indicate these months experienced drought. 

 

Analysis of weekly rainfall and rainy days variability 

Marked variations were observed in weekly rainfall over the forty year time period. Mean 

weekly rainfall was maximum (147.86 mm) in 30th SMW followed by 26th SMW (146.21 

mm) and 33rd SMW (146.16 mm).The average rainfall ranges from 0.07 mm (14th SMW) 

to 147.86 mm (30th SMW).The average weekly rainfall during the monsoon season (22nd 

to 40th SMW) was found to be higher than other seasons varying from 68.03 mm to 

112.79 mm (figure 2.9). 

These rainfall accounts are sufficient for growing kharif crops in this region. But the high 

intensity or abnormal rainfall storms during southwest monsoon season causes flash 

flood, which adversely affects the lowland crops. The coefficient of variation ranges from 

1.21% (33rd SMW) to 2157.14 (51st SMW). Weekly rainfall variation in monsoon season 

varied between 1.21% and 2.43% indicated more or less stable rainfall during the 

monsoon, where as in rabi season CV varies from 4.47% to 2157.14% and in summer 

season it ranges between 2.73% and 73.56%. 

Table: 2.8 Monthly variability of rainfall in Dinhata subdivision 

Month Mean Percent SD CV Mean+SD Mean-SD 

January 10.46 0.36 18.04 172.55 28.5 -7.58 

February 14.07 0.48 21.37 151.91 35.44 -7.3 

March 40.01 1.37 47.06 117.64 87.07 -7.05 

April 152.05 5.23 82.12 54.01 234.17 69.93 

May 343.81 11.82 141.42 41.13 485.23 202.39 

June 603.3 20.73 278.65 46.19 881.95 324.65 

July 641.02 22.03 230.72 35.99 871.74 410.3 

August 505.08 17.36 268.13 53.09 773.21 236.95 

September 409.21 14.06 208.84 51.04 618.05 200.37 

October 167.05 5.74 129.26 77.38 296.31 37.79 

November 15.4 0.53 27.29 177.27 42.69 -11.89 

December 8.42 0.29 0 0 8.42 8.42 

Annual 2909.88 100 658.39 22.62 3568.27 2251.49 
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The average weekly rainy days show that it increased from first week and reached 

maximum (4.48 days) in 29th SMW, which thereafter decreased as a curvilinear trend. 

However, during the period of study 7.69% of week had no rain or rainfall <2.5 mm. 

Result reveals that 21.15% of the weeks had more than 4 rainy days and 34.62% of the 

week had 1 to 3 rainy days, whereas rest of the weeks 65.38% experienced <1 rainy day. 

Probability of Rainfall and rainy days 

The past 40 years rainfall data have been analyzed and its weekly, monthly, annual, and 

season wise (Kharif or monsoon, rabi or winter and summer) probability occurrence was 

predicted (Table 2.9).  This prediction helps to optimize choice of crops, sowing date, 

and irrigation scheduling for different crops cultivated in this region (Jakhar et al., 

Figure: 2.9 Average weekly rainfall in Dinhata subdivision (1972-2011) 

Figure: 2.10. Variation of weekly rainfall at different probability level 



38 
 

2011).Result presented in Table 2.9 reveals that the probability of occurrence of rainfall 

at 75.64% chance is 1782.8 mm in khaif season, 403.2 mm in summer and 102.8 mm in 

rabi season while at 51.2%, 61%, 71%, 80.5%, and 90.3% chance the expected total 

annual rainfall is 2800.5 mm, 2628.2 mm, 2565 mm, 2396.5 mm, and  

Table: 2.9 Weekly expected rainfall occurrence at different recurrence intervals 

      Rainfall Rainy days 

Rank T P M S W A M S W A 

1 41 2.44 3555.8 1278.5 601 4441.8 88 42 19 140 

2 20 4.88 3261.4 921.2 507.7 4388.8 87 42 18 137 

3 14 7.32 3095.2 906.8 458.9 4341 82 39 18 132 

4 10 9.76 2902.3 834.3 419.1 3745.6 81 38 17 128 

5 8 12.2 2816.4 715.9 411.3 3581.1 81 37 15 126 

6 7 14.64 2619.5 674.7 370 3504.1 81 36 15 125 

7 6 17.08 2567.4 664.6 342.3 3465.3 79 35 15 124 

8 5 19.52 2566.2 634.1 306 3429.9 79 35 15 122 

9 5 21.96 2565.1 620.8 296.7 3428 79 32 15 118 

10 4 24.4 2559.8 609.6 271.2 3393.2 77 32 13 118 

11 4 26.84 2533.7 607.3 271.2 3360.6 76 32 13 118 

12 3 29.28 2518.1 594.5 271 3268.5 76 32 12 118 

13 3 31.72 2514.5 587.9 270 3210.7 75 31 12 116 

14 3 34.16 2460.3 581.6 265.1 3135.4 74 30 12 112 

15 3 36.6 2447.1 569.4 257.2 3119.5 73 30 12 112 

 Figure: 2.11 Weekly expected rainfall occurrence at different recurrence intervals 
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16 3 39.04 2442.7 557.4 250.1 3111.8 72 28 11 110 

17 2 41.48 2441 555.8 237.6 3059.4 72 28 11 110 

18 2 43.92 2346 528 233.7 2970.4 72 28 11 109 

19 2 46.36 2211.3 514 204.8 2933.1 72 27 11 108 

20 2 48.8 2136.4 514 188.5 2916.6 72 27 11 107 

21 2 51.24 1966 499.1 182 2800.5 69 25 10 105 

22 2 53.68 1937.3 483.3 178.3 2739.6 69 25 10 104 

23 2 56.12 1937.2 481.6 172.4 2691.5 67 25 10 103 

24 2 58.56 1933 477.2 167.6 2631.7 66 25 10 101 

25 2 61 1902.8 472.5 161.7 2628.2 66 24 9 101 

26 2 63.44 1899.5 460.8 133.8 2587.4 64 24 9 99 

27 1 65.88 1859.9 438.4 130 2586.1 63 24 9 98 

28 1 68.32 1818.3 437.2 129 2579.3 63 23 9 97 

29 1 70.76 1804 420.6 110.3 2565 61 23 9 96 

30 1 73.2 1803.6 417.3 103 2543.4 59 23 8 96 

31 1 75.64 1782.8 403.2 102.8 2487.2 58 23 7 91 

32 1 78.08 1719.2 397.6 93.6 2440.1 57 23 7 90 

33 1 80.52 1687.6 386.6 89.8 2396.5 56 23 7 89 

34 1 82.96 1662.4 363.6 80.6 2179.9 55 22 7 87 

35 1 85.4 1578 344.7 79.7 2140.6 53 22 6 87 

36 1 87.84 1449.8 324.4 68 2140.2 53 20 6 86 

37 1 90.28 1375.4 319.2 65.8 1956 52 19 6 85 

38 1 92.72 1345 287.7 61.6 1904.5 51 19 6 84 

39 1 95.16 1250 286.2 48.9 1859.6 51 16 5 80 

40 1 97.6 1072.1 262.9 23.4 1739.8 40 16 3 74 

M=Monsoon, S=Summer, W= Winter, A=Annual 

 

1956 mm, respectively. Similarly at 75.64% probability level occurrence of rainy days 

per year is 91, 58 days in kharif 23 days in summer and 7 days in rabi season. The figure 

2.11 reveals that at 71 % chance, no rainfall is expected in every year during 1st to 15th 

and 41st to 52nd SMW, whereas an appreciable amount of rainfall is available during 18th 

to 36th SMW and maximum rainfall of 70.8 mm is expected during 30th SMW. At 71% 

probability, the expected weekly rainfall varied from 1.6 mm to 70.8 during 16th to 40th 
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SMW. In kharif, good weekly rainfall (>15 mm) started from 17 SMW with 80.6% 

probability, when primary tillage operation may be initiated.  

Rainfall analysis further revealed increasing trend at all probability level during 21st 

to36th SMW. This indicates that preparation of seed bed and sowing of kharif crops may 

be performed during 21st SMW. The effective monsoon continues in the region for next 

15th SMW. It is reveals from the Figure 2.11  that more than 10 mm rainfall is expected 

at 2 years recurrence interval between 13th to 41st  SMW, 5 years recurrence interval <10 

mm rainfall is expected between 12th to 43rd  and 10 year interval reveals that <10 mm 

rainfall is expected between most of the SMW. Hence, kharif crop planning can be 

designed on the basis of 2 years recurrence interval but rabi cultivations are not possible 

without irrigation facilities.  

Relation between rainfall and rainy days 

The positive correlation between long term average annual rainfall and rainy days is 

observed, which is significant at 1% probability level (r=0.65), indicates that increasing 

rainy days also increasing the amount of rainfall  in this region, similar relation were 

found for weekly, monthly and seasonal basis data. Although, it was observed that the 

rainfall was higher than the normal in 1976 (201.91), 1995 (23.05 mm), 1998 (555.25 

mm), 2004 (60.35 mm), and 2005 (450.55), whereas rainy days in those year were 

decreased by 8.08, 19.08, 5.08, 26.08, and 7.08 days respectively indicating occurrence 

of flashed flood during those year. Conversely, rainy days were increased than the normal 

in 1975 (3.92 days), 1980 (5.92 days), 1981 (11.92 days), 1982 (11.92 days), and 2006  

 

Figure: 2.12 Relationship between rainfall and rainy days 



41 
 

 (3.92 days) but rainfall decreased by 422.85 mm, 954.05 mm, 281.85 mm, 366.65 mm 

and 730.15 mm. This caused severe drought in those year. The regression equation 

(y=31.39x -9.149) developed between the variables of rainfall (y) and rainy days (x) can 

explain more than 93% of the variability (R2 = 0.938) (figure 2.12). Similar finding were 

reported by Dabral (1996), Chakraborty and Mandal (2008), Jakhar et.al. (2011). 

This region has a brief spell of summer which in fact sandwiched between the spells of 

rainy season from May to July and mid-September to October. Pre- monsoon rainfall 

starts from 1 fortnight of March which facilitates the early sowing of Jute and it continues 

up to middle of October, because of which rabi cultivation is delayed in each year. 

Moreover, the distribution of rainfall throughout the year is not uniform, major 

percentage of rainfall occurs generally in between June to September. But in recent years, 

a significant decrease in rainfall is being noticed during last week of July to last week of 

August which results scarcity of water in transplanted Aman paddy and creates problem 

in retting of Jute. On the other hand, a considerable portion of major share of rainfall 

occurs during June-July (up to 3rd week) and last week of August to September. For this 

reason, 2nd week of July and last week of September are considered as two most 

vulnerable time for flood. And due to occurrence of flood or flood like situation after a 

long dry spell during August, outbreak of Swarming Caterpillar on Aman paddy is a 

common phenomenon of this subdivision. 

Winter in Dinhata subdivision broadly coincides with the Rabi season when a large 

number of crops of all major groups are cultivated taking the advantage of the weather 

characteristic of the season. Important among these are tobacco, wheat, Boro paddy, 

mustard, potato, pulses, winter vegetables and maize. Most of the crops of the season are 

very much weather-sensitive. The spell of bad weather characterised by cloudy sky, light 

to moderate rain, high humidity and fog, large fluctuation of temperature etc. have 

considerable adverse impact on almost all standing crops of the season. This uncongenial 

spells of weather, associated with the passage of the western disturbances, hamper the 

normal growth and development of the crops on one hand and promote the occurrence 

of pests and diseases on the other, resulting in huge crop loss. Another weather hazard 

during tobacco crop period in this study area is thick clouds which suddenly appeared in 

the afternoon followed by severe storm, rain and hailstones which badly damaged the 

tobacco crop which is a common phenomenon as reported by the respondents. 
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2.1.4 Drainage 

The subdivision has network of perennial river and ephemeral stream. The main river of 

the study area are Dharala, Singimari, Baniadaha, Kaljani, Gidari and Maldaha. These 

rivers flow in slanting course from northwest to south-east (figure 2.13). All of them take 

rise in the Himalayas and enter the Cooch Behar district from the western Duars of the 

district of Jalpaiguri. Flowing through the subdivision they pass on the Rangpur district 

of Bangladesh to discharge their waters into the Brahmaputtra. The banks of the river are 

abrupt and the beds are sandy. There is generally a beach on one side through at places 

both banks are abrupt. The bed is sandy and sands shift at the time of the monsoon when 

the rivers are in spate, trees which fall down owing to erosion of the soil on which they 

were rooted are carried along in the torrential current and pose a severe danger to the 

terries over such rivers.  

The rivers in the dry season are tame and with exception of the Singimari mostly shallow. 

But due to the vicinity of the Himalayas, in which they rise, even an ordinary rainfall on 

the hills causes a sudden rise of these rivers which overflow the banks and the gushing 

water destroy crops and even homesteads. Through generally the rivers keep to their beds 

small oscillation and throwing out of a channel are almost annual features of these rivers. 

Just as the water of these rivers suddenly. So also the fall is quickly. The flooding water 

hardly remains on the fields for more than a day or two in ordinary inundation. The soil 

through which the rivers flow being alluvium of very recent origin. 

Floods are the majored environmental hazards of the area during the monsoon because 

of heavy local rainfall discharge of upper basin areas and outfall condition in the 

neighbouring countries. The rivers; as a result broadened and cause bank erosion. In the 

floodplains, the rivers are silt charged. Silt deposition tends to increase the width of the 

river. The curvature of the channel within the present day flood plain determines the 

erosional and depositional banks. Devastation of vast tracts of land, villages, affecting 

bridges, railway lines roads and buildings, is a recurring problems river bank erosion due 

to meandering of rivers is presently the main predicament of Dinhata subdivision. Of the 

large numbers of abandoned channels, some connect with the present rivers during the 

monsoon .The depressed portions in the adjoining areas remain water logged for 

considerable periods causing loss in the landed property and disruption in 

communications of the area .   
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     Plate: 2.1 Singimari River near Gosanimari 
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Figure. 2.13 Drainage system of the Study area 

2.1.5 Ground water 

Ground water in the study area is good and potable for both agricultural and domestic 

purposes as the concentration of chemical constituents are within the permissible limit 

except for high Fe-contents in localized pockets.  The water is feebly acidic to marginally 

alkaline, the pH varies from 6.5 to 7.8, the bicarbonate contents vary from 20 to 510 ppm, 

Iron content generally varies from 0.04 to 10.2 ppm, and fluoride content varies from 

0.12 to 0.37 ppm and as such does not create any health hazard. The specific conductance 

of water varies from 66 to 599 micro ohms / cm at 25oc. Ground water in the district 

occurs under both water table and confines conditions in aquifers ranging in depth from 

about 2 m 303 m b.g.l. Dug wells and medium to heavy duty irrigation tube wells are in 

use to tab the ground water. They vary in depth from about 2 m to 8 m b.g.l.; the majority 

of them have a depth of 4.6 m b.g.l. The depth to water level varies with the topography 

and become steeper towards the northern side; ranging from 1.17 m to 6.70 m b.g.l. The 

maximum depth of water level is about 2.5 m from monsoon to summer. 
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The water bearing layers in the study area which constitute assorted boulders, pebbles, 

gravels and coarse to medium grained sand with occasional pockets of clay, are very 

permeable and transmissive. Transmissivity of sand layers very from 957.37 to 13,997.34 

m3 /d, the coefficient of field permeability varies from 2641 to 338 m3/d. Heavy duty 

irrigation tube wells yield up to about 220 m3/d. Medium duty irrigation       tube wells 

generally yield about 22.7 to 45 m3/d while the dug wells tapping the shallow aquifers 

can normally yield up to 500 m3/d. 

The ground water potential available in the study area for irrigation is about 423.55 MCM 

while the ground water balance available for further development is 530.70 MCM. In 

Dinhata-I block ground water balance of 416.00 MCM available for further development 

and in Sitai block has balance of 114.70 MCM. 

2.1.6 Vegetation cover 

The greater portion of the subdivision is well cultivated, composed of green field studded 

with bamboo clumps and orchards, which surround the homestead of every substantial 

farmer. The major flora here includes among others palms, bamboos, creepers, ferns, 

orchids, aquatic plants, fungi, timber, grass, vegetable and fruit trees. Patches of  

            Figure: 2.14 Vegetation cover of the Study are 
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Plate: 2.2 Vegetation and wetland in the study area 
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brushwood are, however, to be met with in almost every part of the subdivision. In 

absence of notified forest area in the subdivision; only a small area in Gosanimari, and a 

few other patches of land here and there, have clusters of Sal trees on them, not many 

species of animal are found though there are many wildlife sanctuaries, national parks 

and animal reserves in the neighbouring Jalpaiguri district and Alipurduar district which 

are not very far from the study area. 

In 1976 Koch Behar district became home to the Jaldapara Wildlife Sanctuary (now 

Jaldapara National Park), which has an area of 217 km2 (83.8 sq mi) (District profile, 

Cooch Behar).  In Dinhata-I block, there are only 52.52 hectare of forest area along the 

Singimari river, which spread in Khalisa gosanimari, Jambari, Phulbari, Paharganj and 

Chakiarpara Dwitiyakhand. The subdivision consists of 48.89 hactare of social forestry, 

among which 26.21 hactare in Dinhata-I and 22.68 hactare in Sitai block, which 

maintained by the respective panchayet samiti.  

2.2 Cultural background of the study area 

2.2.1 Socio-economic Characteristics of the study area 

2.2.1.1 Density of Population 

Population density of the study area is highly related to the physical environment such 

as relief, flood prone area, wetland, river; economic activity such as agriculture, market, 

transport network, and social conditions. According to 2011census, density of population 

of Dinhata subdivision was 978 persons per sq km. It is high compare with density of the 

district average (832 persons per sq km). Density of population of Dinhata-I, Dinhata-II 

and Sitai block 

were1134 persons per 

sq km, 988 persons per 

sq km and 686 persons 

per sq km respectively 

(Figure 2.15 ). The 

highest density of 

population is observed 

in and around the 

                                              

                                                      Figure: 2.15 Comparison of Population density 
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Dinhata town and lowest density observed along the International border area. 

2.2.1.2 Distribution of population 

As per 2011 census of India, Dinhata subdivision had a population 676792 out of which  

348625 were males and 328167 were females. In Dinhata-I CD block had a population 

of 322393, out of which 165946 males and 156447 females. Scheduled castes numbered 

125873 and scheduled tribes numbered 1171. In Dinhata-II CD block had a population 

of 244066 persons. There were 122663 males and 117403 femalles. Scheduled castes 

numbered 106859 and scheduled tribes numbered 1237. Whereas Sitai CD block had a 

population of 110333, out of which 56016 males and 54317 females. Scheduled castes 

numbered 72924 and scheduled tribes numbered 215 (Appendix-B). 

2.2.1.3 Literacy 

As per 2011 census, about 72.27 percent of population was literate, which is low 

compared to state and 

district literacy rate 

(literacy rate of West 

Bengal 76.26% and Koch 

Behar 74.78 %). Very low 

literacy rate was found in 

Sitai block (62.79%). For 

college studies, people of 

the study area is highly  

                                                                           Figure: 2.16 Literacy rate 

 depends on Dinhata college and nearby Sitalkuchi, Mathabhanga and Cooch Behar 

college, while for higher studies depends on Panchanan Barma University and 

Uttarbanga Krishi Biswavidyalaya, are located near the study area but outside of the 

subdivision. 

 

Table: 2.10 Literacy rate by sex in rural and urban areas in Dinhata Subdivision-2011 

Sub-

Division /  

C.D.Block / 

M 

Rural Urban Total 

Male 
Fema

le 
Total Male 

Fema

le 
Total Male 

Fema

le 
Total 

Dinhata-I 78.62 67.12 73.05 89.09 79.44 84.44 78.79 67.31 73.23 
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Dinhata(M) - - - 94.53 88.62 91.61 94.53 88.62 91.61 

Dinhata-II 78.09 66.10 72.33 - - - 78.09 66.10 72.33 

Sitai 69.17 56.21 62.79 - - - 69.17 56.21 62.79 

Dinhata 

Subdivision 
76.83 64.84 71.02 93.94 87.67 90.85 77.89 66.29 72.27 

Source: Statistical Handbook,2013 

 

2.2.1.4 Occupational structure 

Agriculture is the mainstay of life of the people of the study area, and hence a major 

portion of the population is depends on agriculture. The total population of Dinhata 

subdivision is 676792 of which 

40.37 percent are working 

population, out of which 32.15 

percent main worker and 8.22 

percent marginal worker 

(Table 2.11). 

 

 

                                                     Figure: 2.17 Distribution of worker and non worker 

Table: 2.11 Distribution of worker and non-worker in Dinhata Subdivision-2011 

Sub-

Division / 

 C.D.Block / 

M 

Main workers Marginal workers Non-workers 

Total 

Population Number  P.C. Number  P.C. Number  P.C. 

Dinhata-I 89784 31.36 23949 8.37 172536 60.27 286269 

Dinhata (M) 11377 31.49 870 2.41 23877 66.10 36124 

Dinhata-II 79695 32.65 17182 7.04 147189 60.31 244066 

Sitai 36764 33.32 13623 12.35 59946 54.33 110333 

Dinhata S. 

D. 
217620 32.15 55624 8.22 403548 59.63 676792 

Source: Statistical Handbook, Cooch Behar  

 

The total working population is 273244 in which 75.06 percent are both cultivators and 

agricultural labourer (Figure 2.18). 
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Table: 2.12 Distribution of population over different categories of worker in 

Dinhata Subdivision-2011 

Sub-
Divisio

n / 
 

C.D.Bl
ock / 

M 

Total 
Workers(T

W) 
Class of Total Workers 

Num
ber  

P.C. 

Cultivators 
Agricultural 
Labourers 

Household 
Ind. 

Workers 

Other 
Workers 

Num
ber 

PC 
to 

TW 

Numb
er 

PC 
to 

TW 

Nu
mbe

r 

PC 
to 
T
W 

Num
ber 

PC 
to 

TW 

Dinhat
a-I 

11373
3 

39.7
3 

34673 
30.4

9 
44440 

39.0
7 

4145 3.64 30475 26.80 

Dinhat
a (M) 

12247 
33.9

0 
83 0.68 199 1.62 279 2.28 11686 95.42 

Dinhat
a-II 

96877 
39.6

9 
32463 

33.5
1 

49468 
51.0

6 
1294 1.34 13652 14.09 

Sitai 50387 
45.6

7 
21141 

41.9
6 

22635 
44.9

2 
843 1.67 5768 11.45 

Dinhat
a S. D. 

27324
4 

40.3
7 

88360 
32.3

4 
116742 

42.7
2 

6561 2.40 61581 22.54 

Source: Statistical Handbook, Cooch Behar 
 

 

         Figure: 2.18 Occupational structure of the study area 
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2.2.1.5 Transport 

Transport network plays an important role in the agricultural development. The study 

area is well connected through metalled and unmetalled roads (Figure.2.19).  Dinhata 

town is connected by railway line and there are railways from New Cooch Behar to 

Bamanhat through Dinhata. A major road connects Dinhata- Cooch Behar- Siliguri. 

The state owned North Bengal state transport corporation buses and private buses operte 

on the main roads.Floods occurs almost every year. They cause lots of damage to existing 

roads and bridges every monsoon. Some of the village of the study area are still 

inaccessible during monsoon periods. Singimari the renowned river of the study are 

bisects the two blocks and there is practically still no communication between Dinhata 

and Sitai. Ferry services are available at Adabari ghat. 

     Figure: 2.19 Transport Network the Study area 

2.2.2 Agro-economic characteristics of the selected farm 

2.2.1.1 Average size and distribution of holding 

Average size and distribution of operation holding of the selected farms over the three 

blocks of Dinhata subdivision and in the subdivision as a whole are presented in Table 

2.13. From this table it is manifested that distribution of operational holding is more or 

less egalitarian over the three blocks except Dinhata-I and in the subdivision as a whole. 
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Average size of holding corresponding to each size group is almost the same over blocks. 

On an average in the subdivision as a whole the average size of holding is 1.66 hectare, 

which ranges from 0.69 hectare in the marginal size group to 3.73 hectare in the large 

size group.  

Table: 2.13 Distribution of holding, cultivated area and average size of selected 

farms in various size groups in the selected blocks of Dinhata subdivision and in the 

subdivision as a whole  

Name of the 

Block 

Size of 

holding 

in 

Hactare 

Farm 

group 

No. Of 

selected 

holding 

Cultivated 

area of the 

selected farms  

in Hactare 

Average 

size of the 

selected 

farms in 

Hactare 

Dinhata-I 

<1 Marginal 43 (53.75) 21.18 (20.64) 0.49 

1-2 Small 24 (30.0) 33.99 (33.14) 1.42 

>2 Large 13 (16.25) 47.41 (46.22) 3.65 

Total All farm 80 (100) 102.58 (100) 1.28 

Dinhata-II 

<1 Marginal 34 (42.5) 29.04 (20.10) 0.85 

1-2 Small 27 (33.75) 47.42 (32.83) 1.76 

>2 Large 19 (23.75) 68.20 (47.21) 3.59 

Total All farm 80 (100) 144.45 (100) 1.80 

    Sitai 

<1 Marginal 31 (38.75) 24.71 (16.40) 0.80 

1-2 Small 28 (35.0) 43.85 (29.11) 1.57 

>2 Large 21 (26.25) 82.09 (54.49) 3.91 

Total All farm 80 (100) 150.66 (100) 1.88 

Subdivision 

<1 Marginal 108 (45.0) 74.93 (18.83) 0.69 

1-2 Small 79 (32.92) 125.26 (31.48) 1.61 

>2 Large 53 (22.08) 197.71 (49.69) 3.73 

Total All farm 240 (100) 397.90 (100) 1.60 

Note: Figure in the parenthesis indicate percentage of size of holding. 

Source: Field Survey, 2012 

2.2.1.2 Major Crops of the study area 

Paddy, Tobacco, Jute, Oilseeds, potato, jute are the important crops grown in the study 

area. Aman and Jute are major kharif crops in all the blocks and Dinhata subdivision as 
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a whole. Boro paddy, maize, potato, wheat, mustard and tobacco are majors rabi crops 

(Figure 2.20). 

Table: 2.14: Area, Production and productivity of Principal crops in the study area 

Crops Dinhata-I Dinhata-II Sitai Total 

Aus 

Area 1075 -  1546 2621 

Prodn 1.889 -  2.001 3.89 

Yield 1757  - 1295 1526 

Aman 

Area 20101 18463 10581 49145 

Prodn 40.168 32.845 19.985 92.998 

Yield 1998 1779 1889 1888.67 

Boro 

Area 9809 6615 2636 19060 

Prodn 32.318 17.616 7.75 57.684 

Yield 3295 2663 2940 8898 

Wheat 

Area 111 632 62 805 

Prodn 0.25 1.273 0.133 1.656 

Yield 2248 2015 2146 2136.33 

Maize# 

Area 1600   400  225 2225 

Prodn  6.400 1.592   0.905 8.897 

Yield  4000  3980 4020  4000 

Jute 

Area 8170 10094 2835 21099 

Prodn* 92.893 131.929 28.775 253.597 

Yield** 11.37 13.07 10.15 11.53 

Masur 

Area 7 53  - 60 

Prodn 0.004 0.015  - 0.019 

Yield 539 289  - 414 

Maskalai 

Area 74 20 6 100 

Prodn 0.027 0.01 0.004 0.041 

Yield 361 482 646 496.333 

Khesari 

Area 2 115  - 117 

Prodn 0.002 0.113  - 0.115 

Yield 984 984  - 984 

Mustard 
Area 1013 1346 290 2649 

Prodn 0.567 0.493 0.15 1.21 
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Yield 560 366 517 481 

Til 

Area 5 6 7 18 

Prodn 0.003 0.003 0.004 0.01 

Yield 551 551 551 551 

Potato 

Area 2265 2109 626 5000 

Prodn 60.977 60.799 9.732 131.508 

Yield 26921 28828 15547 23765.3 

Tobacco# 

Area 1800 800 4600 7200 

Prodn 2.34 1.032 6.026 9.398 

Yield 1300 1290 1310 1300 

     Area in hectare, Production in '000 MT and Yield Rate in Kg per hectare 

* in 1000 bales of 180 kgs each ** in bales per hectare 

Source: National Information system, Cooch Behar 

# Source:  SAO, Dinhata 

 

 
     Figure: 2.20 Major rabi crops of the study area 

2.2.1.3 Cropping Pattern 

Season wise acreage allocation in absolute and percentage farm or in other words 

cropping pattern is dependent upon a number of factors like climate, soil suitability, water 

availability and access to market etc. The cropping pattern followed by the selected 

cultivators under different blocks and in the subdivision as a whole is displayed in table 

2.15 Form this table it is noticed that there remains no size-wise variation in a particular 
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season in a particular block. But there remains block-wise variation in the same in all the 

seasons except Khariff season. 

Table: 2.15: Season-wise allocation of area in hectare under different crops and 

their percentage distribution in the study area 

Season Name of the Crop Dinhata-I Dinhata-II Sitai Total 

Pr
e-

 K
ha

ri
ff

 S
ea

so
n 

Aus Paddy 0.34 0.34 0.34 1.01 

Jute 15.71 15.71 15.71 47.14 

Vegetables 10.66 7.10 2.70 20.46 

Other cereal  - -  0.27 0.27 

Maize 2.76 2.76 2.76 8.29 

Total 29.47 25.91 21.78 77.17 

K
ha

ri
ff

 S
ea

so
n Aman Paddy 67.40 70.55 87.77 225.71 

Vegetables 18.66 15.20 10.62 44.48 

Others 5.09 2.05 13.81 20.90 

Total 91.10 87.80 112.19 291.09 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
 R

ab
i S

ea
so

n Tobacco 33.45 18.75 52.41 104.61 

Maize 7.49 20.06 26.40 53.95 

Potato 10.70 14.67 8.60 33.97 

Pulses 2.60 6.69 1.96 11.25 

Oilseed 7.38 9.86 1.08 18.32 

Tomato 0.82 0.54 5.06 6.42 

Chilli 1.26 0.27 2.12 3.66 

Vegetables 14.67 11.56 7.11 33.33 

Wheat 2.43 7.10 5.53 15.05 

Others 0.83 1.88 5.04 7.75 

Total 81.63 91.37 115.30 288.30 

Source: Field Survey 2012 

 

2.2.1.4 Cropping Intensity 

Land being a very scarce resource, multiple cropping is the alternative to increasing the 

effective area under crop production. The extent of multiple cropping as reflected in the 
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intensity of cropping is determined by simple equation. 

                                       𝐶𝐼 = × 100  

                                                               

                                                 Where, 

                                                                    CI= Cropping Intensity 

                                                                    GCA= Gross cropped area 

                                                                    NCA=Net cropped area 

 It is set out in table 2.16 for the selected farms under different size groups over different 

blocks and in the subdivision as a whole. This table manifests that there remains inter-

block variation in the cropping intensity. It is also further evident from this table that 

cropping intensity is decreasing with the increase of the size of holding in all the selected 

blocks and in the subdivision as a whole.  

Table: 2.16 Size wise Cropping Intensity in the Study area 

Name of the 

Block 

Size of 

holding 

in 

hectare 

Farm 

group 

Net 

Cropped 

area in 

Hectare 

Grossed 

cropped 

area in 

hectare 

Cropping 

Intensity 

Dinhata-I 

<1 Marginal 20.57 48.13 234.00 

1-2 Small 33.37 65.74 197.02 

>2 Large 45.79 83.34 181.98 

Total All farm 99.73 197.21 197.74 

Dinhata-II 

<1 Marginal 24.36 48.51 199.12 

1-2 Small 41.62 72.17 173.39 

>2 Large 57.73 65.68 113.77 

Total All farm 119.92 186.35 155.40 

    Sitai 

<1 Marginal 22.86 48.91 213.93 

1-2 Small 34.68 65.83 189.84 

>2 Large 68.99 86.65 125.60 

Total All farm 126.53 201.40 159.17 

Subdivision 
<1 Marginal 66.99 145.55 214.70 

1-2 Small 109.67 203.74 185.78 
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>2 Large 172.51 235.67 136.61 

Total All farm 346.18 584.96 168.98 

Source: Field Survey, 2012 

 

 
Figure: 2.21 Cropping intensity of the sample farm of the study area 

 

2.2.1.5 Irrigation Status 

 Irrigation is one of the most important inputs in boosting agricultural production as it is 

greatly linked with efficiency of fertilizer application. Crop grown during Rabi season 

normally raised with full irrigation although some of these crops are raised on residual 

moisture as well as limited irrigation in some parts of the subdivision. Dinhata is an 

irrigation deficient subdivision. There are no major irrigation schemes worth mentioning 

in the subdivision. At present about 54.33% of the cultivable area is under irrigation 

(Village wise irrigation availability given in Appendix-B). The benefit of the Teesta 

irrigation cannels for the study area is perhaps distant possibility due to the topographical 

reasons. The study area is however blessed with large nos. of perennial rivers, khals, 

beels and water bodies. These resources are being utilized as a source of surface irrigation 

through a number of RLI and Mini RLI schemes. However, most of these RLI often 

remain unutilized or underutilization due to yearly flooding, meandering and heavy 

siltation of these rivers. But the ground water potential of the study area is very high. No 

doubt pump operated shallow tube well is the most viable and popular irrigation scheme 

among the farmers of the study area.  

The extent of irrigation facilities over different sources in three blocks of Dinhata 

subdivision is manifested in table 2.17. Form this table it is observed that the irrigation 
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facilities in terms of percentage of irrigation area to the total area under operation is very 

poor and varied over different blocks. According to national information system (NIC), 

Cooch Behar, a total of 28677 hectares of land is under irrigation, which accounted 54.33 

percent of total agricultural land of the subdivision. The percentages of area under 

irrigation is the highest in Dinhata block-II (57.86 percent) and lowest in Sitai (45.94 

percent). According to village directory  private canals irrigate 240 hectare which covers 

0.45 percent of total agricultural land, tank irrigate 850 hectare accounting only 1.61% 

of total agricultural land, whereas RLI irrigate 4286 hectare, which constitute 8.12 % of 

total agricultural land and DTW irrigate 1531 hectare accounting 2.9% of total 

agricultural land of the study area. On the other hand STW irrigate 19057 hectare of land 

which accounted 36.1% of total agricultural land and ODW irrigate only 248 hectare, 

which constitute 0.47% of total agricultural land of the study area. 

 

Table: 2.17 Sources of Irrigation and area irrigated by different sources in the yare 

2011-12 

Sources of Irrigation Dinhata-I Dinhata-II Sitai Total 

Private Canal 
No  - -  -  -  

Area in Ha 150 40 50 240 

Tank 
No 48 2 30 80 

Area in Ha 690 40 120 850 

RLI 
No 50 38 16 104 

Area in Ha 1820 1810 656 4286 

DTW 
No 24 15 4 43 

Area in Ha 890 486 155 1531 

STW 
No 5177 4342 1524 11043 

Area in Ha 8012 7545 3500 19057 

ODW 
No 21 19 20 60 

Area in Ha 85 68 95 248 

Others 
No 101 33 12 146 

Area in Ha 1020 1165 280 2465 

Total 
No 5421 4449 1606 11476 

Area in Ha 12667 11154 4856 28677 
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Agricultural land in Ha* 22939.33 19276.95 10569.5 52785.8 

% of irrigated area 55.22 57.86 45.94 54.33 

RLI= River lift irrigation, DTW= Deep tube well, STW=Shallow tube well, 

ODW=Open Dug well 

Source: Cooch Behar NIC                   * Source: Village Directory, Cooch Behar 

 

Conclusion 

The study area is essentially flat, there are no hilly tract. The main river of the study area 

is Singimari. Geological succession of the subdivision is mainly sand, silt and clay. There 

is no forest worth mention. The agro-climatic condition of this subdivision is 

characterized as humid and damp throughout the year with long term average annual 

rainfall 2909.88 mm (1972-2011). Average monthly temperature was highest during 

August (28.280C) and lowest in January (15.430C).The average monthly humidity in the 

study area is 76.66 percent. Ground water of this subdivision is good and potable for both 

agricultural and domestic purpose. Total population of the study area was 676792 

persons (2011 census) and density of population was 978 persons/sq km and about 72.72 

percent of population was literate. Marginal farmers of the selected farms of the study 

area account for 18.83 percent of all holding. On the other hand, small farmers of the 

selected farms of Dinhata subdivision account for 31.48 percent of all land holding. 

About 22 percent large farmers constitute only 49.69 percent of the total land holding of 

selected farms. Irrigation status of the subdivision is not satisfactory. Paddy, Tobacco, 

Jute, Oilseeds, Vegetables are the important crops grown in the study area. Fifty percent 

of the total tobacco cultivation of the West Bengal is produced in Dinhata subdivision 

which regulates the daily economy of a large portion of farming and business community. 

The average cropping intensity of the selected farms of the subdivision was 168.98 and 

cropping intensity of marginal, small and large farms constitute 214.70, 185.75 and 

136.61 respectively. The district has no reported economic mineral occurrences. The 

sand of the river beds; Flood plains and channel bars, being highly, micaceous is not 

suitable as construction material.    
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CHAPTER - III 

BASIC ASPECT OF TOBACCO CULTIVATION 

 

3.0 Introduction 

             The purpose of this chapter is to introduce the tobacco crop, the geographical 

requirements for its cultivation, varieties grown, present status of tobacco cultivation, 

curing practice employed for tobacco in the country, in general and the Jati and Motihari 

tobacco the principal variety grown in Dinhata subdivision of Koch Behar district in 

particular. Special emphasis has been laid on trade scenario and end uses of tobacco of 

the study area and export of tobacco from India. Further, an attempt has been made to 

find out negative impact of tobacco farming on water, farmers’ health, and food security 

of the study area. The prime objective of this chapter is to investigate the present status 

of tobacco cultivation of the study area. 

Probably the word ‘Tobacco’ comes from the Arabic word ‘tabaq’ which means 

‘euphoria producing herb’. Many says the word ‘tobacco’ derived from the island of 

‘Tobago’ in the Aribbean. Some says the word ‘Tobacco’ originated from the Carib word 

‘tabaco’ (the name of the pipe in which tobacco was smoked) (Reddy and Gupta, 2004). 

According to Gopalchari (1982), the word tobacco is derived from a Spanish word 

‘tobaca’ which is a Y-shaped instrument used by early American Indians to inhale snuff.          

Cultivation of tobacco is very old process in human civilization. Production of this plant 

dates back 8000 years. There were two species of this plant namely Nicotiana rustica and 

Nicotiana tobacum which were dispersed by American Indians through the southern and 

Northern American continent. Tobacco seeds were discovered in Mexico and Peru and 

the permanent settlements built around 3500 BC (Reddy and Gupta, 2004). Tobacco 

belongs to the plants called solanaceac or the night shaded which contains around 60 

species including potato and the genus Nicotiana. It is now grown chiefly in Turkey, 

India and Russia. Tobacco cultivation was introduced in India by Portuguese during 1600 

A.D (Viswanathan, 2004). Its use and production is so high that today India is the second 
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largest producer of tobacco in the world. Tobacco cultivation spread rapidly along the 

Portuguese trade routes in the east, via Africa to India, Malaysia, Japan and China. 

Cochin and Goa on the west coast of India and Machlipattnam along the East coast were 

the main ports for Portuguese trade. Tobacco was first introduced in the kingdom of Adil 

Shahi. Asad Beg, Ambassador of the Mughal Emperor Akbar visited Bijapur in 

Karnataka during 1604 and large quantities of tobacco was taken to the Mughal kingdom 

in the north and presented some to Akbar along with jewel encrusted pipes. After that 

Tobacco was appreciated by everybody. Thus trading of tobacco spreads rapidly in 

everywhere (Bhonsle et al., 1992). 

Tobacco was cultivated on a large scale in Kaira and Mehsana districts of Gujarat and 

later spread to other areas of India. Improvement of Indian tobacco has began with the 

establishment of the Calcutta Botanical gardens at Kolkata during 1784. A model farm 

was establishment at Pusa in 1875. There was the establishment of Imperial Agriculture 

research institute in 1903. Virginia tobacco was introduced in India by the Indian leaf 

Tobacco Development Company in 1920. After 1930, India found a great place in 

tobacco cultivation in the world. The Central Tobacco Research Institute (CTRI) was 

established in 1947 under Indian Central Tobacco Committee (ICTC) in Madras. CTRI 

has seven regional research station located at Guntur, Kandukur, Jeelugumili, Hunsur, 

Vedasankar, Dinhata and Pusa.                                                                                                                                                                                                               

3.1 Types, species of tobacco 

           Probably man has invested more time and energy to develop tobacco varieties than 

to develop varieties of food grain! It is said that there are as many as sixty five valid 

species of tobacco in the world of which two are cultivated extensively. These two 

species are Nicotiana tabacum and Nicotiana rustica. In India, tabacum covers the largest 

area and rustica plays a relatively minor role. 

The genus Nicotiana is one of the five large genera of Solanaceae and is represented by 

about 60 recognized species (Tucker, 1982). Description is available for all the 60 species 

which are grouped in three sub-groups. 

1. Sub-genus- rustica 

2. Sub-genus- tabacum 

3. Sub-genus- petunioides 
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The original habitat of the genus is considered to be South American, particularly the 

regions surrounding the Andes. There are, however, several species in Australia and 

South Pacific Island that do not occur in the new world. They are considered to be 

derivatives of the South American stock. 

Out of the 60 species, only two species, i.e. Nicotiana tabacum and Nicotiana rustica are 

cultivated extensively. India grows both the species, but by far the largest area in under 

N. tabacum which is grown all over the country. Since N. rustica requires cooler climate, 

its cultivation is confined mainly to the northern and north-eastern areas of the country, 

i.e. Punjab, Uttar Pradesh, West Bengal, Bihar and Assam. The varieties developed in N. 

rustica are used for only chewing, hookah and snuff tobaccos. 

3.1.1 Cigarette types (Nicotiana tabacum) 

The principal types of tobacco of this class are Virginia and Natu or Desi grown mainly 

in Andhra Pradesh and to some extent in Karnataka and Gujrat states. ‘Harrison Special’ 

was the chief variety grown in India which replaced the ‘Adcok’ variety which for a long 

time was the favorite variety among the American tobaccos grown in the country. A 

number of new variety have been brought under cultivation with the establishment of the 

Central Tobacco Research Institute, Rajahmundry, displacing the variety ‘Harrison 

Special’ from general cultivation. 

In Guntur District, Natu tobacco having leaf with tendril-like tip is called Thokaku, the 

one having moderately narrow leaf is known as Desavali and that having board leaf is 

called Dakshinathi. The leaves possess a moderately thin texture with pleasing aroma of 

medium strength and the leaf colour ranging from light to dark brown .The bright brown 

leaves are used in the manufacture of cheap cigarettes and the dark heavy grades used 

for pipe and shag tobacco. 

‘White Burley,’ an air-cured exotic variety, is grown in a limited area and is utilized for 

blending in varying proportions in the manufacture of certain brands of cigarettes. 

3.1.2 Bidi types 

(i) Nicotiana tabacum: Bidi-tobacco is principally grown in the Charotar 

area of Gujarat and Nipani area of Karnataka. The Principal   varieties 
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grown in Gujarat are’ Keliu, Piliu and Gandiu.’ Other type which are 

found in small proportions with keliu are Movadiu, Kalipat and also, 

Piliu. Another variety commonly grown in the area is saijpuriu. The    

important varieties grown in the Nipani area of Karnataka are Mirji, 

‘Nipani’,’Sangli.’ and ‘Jawari’. The leaves are considered tobacco be 

stronger than those from the Gujarat area (Gopalchari, 1985). 

(ii) Nicotiana rustica: A variety of the species called ‘Pandharpuri’ is grown 

in the Nipani area and is used for giving strength to bidi-tobacco. 

3.1.3 Cigar and cheroot types (Nicotiana tabacum) 

Cigar and cheroot-tobacco varieties are mostly grown in Tamil Nadu and West Bengal. 

Cigar leaf is brown tobacco dark brown in colour, thin in texture, and mild to medium 

and even strong in flavour. The colour of the cured leaf of tobacco used in cheroot, 

produced in Tamil Nadu, is dark brown or almost black and used for cheroots. The Lanka 

tobacco produced on the river beds of Godavari and Krishna are used in the manufacture 

of indigenous chuttas (cheroots).  

The ‘Bhengi’ variety of jati tobacco grown in West Bengal and used mostly in the 

manufacture of cheroots is greenish brown in colour, medium in texture and strength. 

3.1.4 Hookah types 

(i) Nicotiana tabacum: The cultivation of hookah tobacco is mostly confined 

to the States of Assam, West Bengal, Bihar, U.P, and Punjab. In Assam, 

it is called Desi, Mitha or Jati. The chief varieties grown are 

‘Snidurkhatua’, ‘Kadamdal’,  ‘Hatikania’, ‘Chama’, ‘Patuakhol’, ‘Daria’, 

‘Sakunia’, and  ‘Barapat’ (Gopalchari, 1982). 

Hookah tobacco grown in West Bengal is called Jati which is also used in the 

manufacture of cheroots. The main Hookah tobacco varieties are ‘Bhengi’, ‘Mena 

Bhengi’, ‘Naokhol’, ‘Snidur Khots’ and ‘Hingli’. 

Hookah tobacco grown in Behar is called as desi. The varieties grown are ‘Boari’ (thick 

and dark leaf) ‘Churia’, (medium and yellow –brown leaf), ‘Kaunia’ (long narrow and 

sometimes bending), ‘Katali’, (pointed as if cut on both sides). ‘Deshla’ (Long and broad 

leaves), ‘Bosi’ (long and broad leaves), ‘Jakhri’ (long and narrow leaves), ‘Lothi’ (long, 

narrow and best leaves) etc. 
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In U.P, Desi tobacco known as poorbi which is used for chewing is sometimes used for 

hookah also. 

In Punjab, the desi variety is used in hookah. The varieties grown are called by different 

names in different areas but most of them can be divided in to four groups viz. ‘Noki’ 

(long narrow and tapering leaves, mild in smoking), ‘Kakka’ (dwarfish plant with thick 

and broad leaves processing folds on the surface and strong in smoking), ‘Ghora’ (tall 

plant with broad and thin leaves poor smoking quality) and ‘Gidri’ (medium –sized plant 

whit broad leaves strong in smoking). 

The bidi tobaccos groun in charotar area of Gujarat and Nipani area of Karnataka are also 

partly used in hookah. In Hyderabad (Andhra Pradesh) tobaccos which are used in 

hookah as also for making chuttas, bidi and cheroots are called zarda and Desi. The leaves 

of zarda are thin to medium in texture, yellowish to light brown in colour and mild in 

strength. The Desi variety has two sub-types one having long narrow leaf and the other 

with short and broad leaf .The cured leaf is dark brown in colour, medium in texture and 

strong and bitter in flavour. The Desi variety is also known as ‘Jawari’ ‘Bhushner’ or 

‘Sulehpetti.’ 

(ii) Nicotiana rustica: The principal varieties are Culcuttia, Gobhi, Motihari 

and Vilayati. Culcuttia is mostly grown in Punjab and U.P. The cured leaf 

is medium to thick, coarse in texture greenish brown in colour, strong in 

flovour. ‘Gobhi’ is grown in Punjab and is similar to ‘Calcuttia’ except 

that the plant is smaller and the leaves are broader and stronger. The well-

known hookah tobacco grown in Kaimganj and Kampil areas of 

Farukhabad district in U.P is called Kampila tobacco comprising two 

varieties, viz., ‘Hakra’(tall plant with smaller leaves) and ‘Baonia’ 

(smaller plant with bigger leaves). ‘Motihari’ grown in the northern area 

of West Bengal is the strongest hookah tobacco. 

3.2 Favourable condition for tobacco cultivation 

Soil and climate are the two important facts of physical environment which determine 

the suitability of a region for commercial cultivation of tobacco crop. This is how 

production of some of the finest types of tobacco have been concentrated on specific 

agro-climatic regions of the world viz, Flue Cured Virginia in U.S.A   and Rhodesia; 

Cigar-Wrapper in Sumatra and Cuba; Cigar –Filler Leaf in Florida; and Oriental Leaf in 
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Turkey. In general, tobacco grows best on sandy loam surface soil with slightly finer sub-

soil having adequate internal drainage, good aeration and high moisture holding capacity 

.As regards climate, a frost-free growing season of 100-120 days with a mean 

temperature of about 26.70C (800F) and a liberal and well distributed rainfall of 8.8 to 

12.5 cm per month are the ideal requirements for the tobacco crop. The relative humidity 

may vary from 70-80 percent in the morning to 50-60 percent during mid-day. 

3.2.1 Climate 

Though tobacco is tropical in origin and thrives best in warm climate, it is being grown 

under a wide range of conditions in tropical, sub-tropical and temperate zones, it grows 

as far North as Central Sweden at a latitude of approximately 600 N and as far South as 

New Zealand at a latitude of about 400S the most important factor determining its 

cultivation being temperature. Being a short duration Crop, it is possible to grow tobacco 

at any latitude and longitude if a mean temperature of about 26.70C (800F), considered 

optimum, prevails for a period of 80 to 120 days at any time of the year. Tobacco in India 

is grown from 340N latitude to 80N latitude and in each major tobacco growing region 

the cropping season is so chosen as to have a suitable temperature range for the type of 

tobacco grown, as for instance 230C for F.C.V. tobacco. This period of suitable 

temperature dose not coincide with the rainy season except in the case of F.C.V. tobacco 

in Karnataka and cigar and chewing tobacco in Tamil Nadu. Even here the shortfall in 

rains is made up by irrigation. However some tobacco such as F.C.V. tobacco raised in 

heavy black soils of Andhra Pradesh are invariably grown under unirrigated conditions. 

Hookah and chewing tobaccos grown in Bihar and West Bengal are given one or two 

light irrigations, while the Karnataka is not usually irrigated, while in Chanta tract of 

Gujarat, quite a few irrigations are necessary particularly for the newly evolved high 

yielding varieties.  

The rainy season in India is of monsoon type and the rains are heavy and uneven during 

a limited period of the year viz. May-September for south west monsoon.  The 

atmospheric temperatures during the period in different tobacco growing areas in India 

except Karnataka are higher than the optimum level necessary for the successful growth 

of the crop.  Due to this, tobacco (Particularly F.C.V. tobacco) raised in India as a 

monsoon crop is susceptible to leaf spot diseases and the yields are not comparable with 
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those of U.S.A or Rhodesia. On the other hand, when the crop is mainly grown in winter 

(October- February) as in Andhra Pradesh, the soil moisture reserve in heavy black soils 

is insufficient to meet the crop demands for full growth and expansion of leaf. 

Supplemental irrigations can neither be heavy nor frequent for these soils. As a result the 

yields of F.C.V tobacco on black soils are severely affected. 

Relative humidity of the atmosphere has a very important bearing on the moisture 

balance in the soil and plant and consequently on the moisture balance in the soil and 

plant and consequently on the yield and quality in the soil and plant and consequently on 

the yield and quality of the tobacco produced. Humidity is also essential during the curing 

season both for curing and handling the cured leaf. In India the relative humidity during 

the tobacco season, varies from 74.4 to 90.7 percent in the forenoon. 

3.2.2 Soil 

The importance of soil in relation to the leaf quality of the plant has always been 

recognized by the tobacco farming community, traders and manufacturers. In any 

tobacco producing area, certain fields are reputed to produce tobacco of excellent quality, 

while the produce from other fields even in close proximity, may be poor (Gopalchari, 

1982). Apparently, apart from the easily understandable soil properties such as soil 

texture, chemical composition, cation exchange capacity, etc., there are certain other 

factors such as drainage, soil aeration, etc., which cannot be easily measured and 

controlled but which none-the-less predominantly influence the yield and quality of the 

crop. Thus, the sub-soil also plays a vital role in the production of quality tobacco. 

Superimposed on these soil factures is the peculiar monsoon type of climate in India. The 

range of soil on which a particular type of tobacco can be grown in any area is, therefore, 

rather limited. it is for this reason that the main tobacco types found in India are localised 

in well-defined zones where the soil conditions are best suited for their growth, e.g. 

F.C.V. tobacco in Andhra Pradesh, Cigar tobacco in Tamil Nadu, Bidi tobacco in North 

Gujarat, Karnataka, Chewing tobacco in West Bengal etc. A description of the soil types 

on which various types of tobacco are grown in India is given below: 

Flue cured tobacco soils: For production of good quality F.C.V. tobacco it is necessary 

to have a soil which is free draining and which can be kept well aerated throughout the 

growing period.  The fertility status of the soil should not be high.  In fact, nitrogen 
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starvation condition should prevail at the time of maturity of leaf.  Flue cured tobacco in  

U.S.A  is grown on light medium coarse sand to sandy loam surface soil with a friable  

well drained sandy clay sub-soil which extends to a depth of 120 to 150 cm  and   is   

characterized by low organic matter content and an acid reaction.  Similarly in Rhodesia, 

flue-cured tobacco is principally grown on soils of medium to coarse grey granitic sands 

overlying rather finer yellow or yellow-grey subsoil.  These soils do not have any 

structure and the clay content is only 2 percent.  With increase in crop production, some 

sandy clay loams of sedimentary origin have also been brought under tobacco cultivation 

in Rhodesia.  But these soils are found to produce leaf of inferior quality.  Well drained 

podzolic sands with about 8.5 per cent sand, 7.5 per cent silt and 7.5 percent clay are 

used in Canada for growing flue-cured tobacco.  In Australia and New Zealand flue-

cured tobacco is produced on sandy and sandy loams though they are of slightly heavier 

texture than the Rhodesian soils.  Soils in countries like Japan Thailand and Tanzania 

which have recent been brought under flue-cured tobacco cultivation also conform sandy 

or sandy-loam textures. On the other   hand, in India about 95 per cent of the flue-cured 

tobacco crop is produced in soils which are heavy i.e. in the Ongole –Guntur-Godavaris 

belt of Andhra Pradesh comprising chiefly the five districts of Prakasam, Guntur, 

Krishna, East and west Godavaris Such heavy soils growing flue-cured tobacco are also 

found in the three interior districts of the Khammam, Karimnagar, and Warangal. 

Black soils: Black soils of Andhra Pradesh which are used for tobacco cultivation may 

be divided into the following classes:  

a)  Soils which are formed in situ and derived from lime stone these can be further sub- 

divided into (i) deep and (ii) shallow soils. Such soils are met within the Guntur district. 

They have characteristic lime nodules in the profile. 

b) Soils which are formed out of old alluvial deposits through fluviatile agencies. Most 

of these soils are deep to medium deep and are found in East and West Godavari districts 

as also parts of Krishna district. These soils do not show any lime nodules in their profile. 

c) Soils which are of recent origin and are formed from silty deposits along the bunds 

and in deltaic island of river Godavari .These soils are very fertile and uniformly clayey 

throughout the profile. Often they have slopy terrains. Such soils are found along the 

river bunds of Godavari in Khammam district and also in deltaic islands of Godavari. 
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Light soils: In recent years, a substantial reduction in the area under traditional flue cured 

tobacco has taken place in Guntur district because of the release of irrigation water from 

Nagarjuna sagar dam and the consequent switch over to irrigated food and other cash 

crops by farmers. In order to meet this shortfall in tobacco acreage, flue – cured tobacco 

cultivation is being extended to light soils, which are sandy to sandy loam in texture, e.g., 

in East Godavari, West Godavari, Nellore and Kurnool districts. While some soils are of 

granitic origin, most of the soils, particularly, the light soils of East and West Godavari 

district are derived from sand stone. They are sandy to sandy loam in texture and acidic 

in soil reaction, very low in exchangeable cations and low in total cation exchange 

capacity. They are characterized by high hydraulic conductivity and low moisture 

equivalent. They are of very poor fertility requiring addition of plant nutrients like 

nitrogen, phosphorus, potassium, calcium and magnesium. Improvement in yield and 

quality of tobacco   produced on this soil s seems to depend on the management practices 

which should aim at optimum supply of nutrients during growing season and then 

maintenance against leaching losses that may occur in the soil. 

Karnataka is also producing small quantities of flue cured tobacco. The cultivation is 

slowly extending from the traditional sandy clay loam soils of Mandya and Mysore 

districts to the lighter sandy and sandy loam areas of Hassan, Chikmagalore and Shimoga 

districts. This new belt of Western Karnataka comprising mostly laterite soils is being 

developed for commercial cultivation of flue-cured tobacco. Flue-cured tobacco is also 

grown to a small extent in Vijayapur area of Mehsana district of Gujarat, soils of which 

are sandy to sandy loam. 

Natu tobacco soils: This local type of tobacco is used in the manufacture of cheroot, 

cigarettes, chewing powders and snuff and also to a limited extent in the preparation of 

pipe mixtures. The leaf used in the manufacture of cigarettes should be thin in texture 

with a pleasing aroma and moderate strength, while that used in cheroot, chewing 

powders and snuff may be stronger. The principal natu tobacco growing areas are in 

Andhra Pradesh distributed in the districts of Guntur, Prakasam, Khammam. West 

Godavari, Krishna, Kurnool and Anantapur. Natu tobacco is also grown for Cheroot and 

chewing purposes in Visakhapatnam and Srikakulam districts of Andhra Pradesh. 
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The soils on which natu tobacco is grown range from heavy black clayey soil as in Guntur 

district to sandy and sandy loam soils of West Godavari and Srikakulam districts. In 

Guntur district natu tobacco is grown on heavy clay soil as an unirrigated crop on the 

conserved moisture from monsoon rains. These soils are generally rich in lime. Some 

‘pati’ soils (soils from old village sites which are rich in potash) are also used for growing 

natu tobacco. In West Godavari district natu tobacco is grown on shallow red loams with 

gravelly sub-soil. Because of the well-draining nature of soil, crop is irrigated several 

times (once a week or ten days). Similarly natu tobacco is grown in srikakulam district. 

In general as an irrigated crop, on red looms. 

Lanka tobacco soils: Lanka tobacco is exclusively grown on the banks and deltaic 

islands of Godavari river in Andhra Pradesh .The soils are derived from the recent 

alluvium deposited annually by the river Godavari during floods and range from sandy 

to loam in texture. Some of these soils, which are submerged during floods every year 

are silty in nature and therefore, highly fertile requiring no fertilization for the crop 

grown. These soils also conserve lot of moisture and so tobacco is cultivated year after 

year on such low lying lankas without any irrigation. Lanka tobacco raised on high level 

lands on the other hand, requires two or three irrigation.  

Cigar filler tobacco soils: In India cigar filler and binder tobacco are grown on sandy to 

loamy well drained red and brown soils off Madurai, Tiruchirapalli and Coimbatore 

district of Tamilnadu. Unlike the cigar tobacco soils of U.S.A this are alkaline in reaction 

and contain free calcium carbonate. Contents of CaO are higher than K2O. Because of 

their highly sandy nature (about 65 percent coarse fraction) and yet a fairly good water 

holding capacity, the right air –water relationship and permeability characteristics exist 

in these soils. Though some rainfall is received by the crop during its growth period, it is 

heavily irrigated, about 20 times in all from well waters without fear of water logging.  

Cigar wrapper tobacco soils: For the production of wrapper tobacco of good quality, 

the requirements of soil and climate are more exacting than for other types. The 

requirements of cigar wrapper for the cigar industry prior to partition of the country was 

net from Rangpur now in Bangladesh after partition exploratory trials carried  out  had 

shown that wrapper tobacco of reasonably good quality could be grown in Dinhata region 

of Koch Behar district of West Bengal. The required qualities of the leaf namely thinness, 



71 
 

silky texture, elasticity mild taste and light aroma are the outcome, of high humidity and 

low temperature prevailing in this area during the growing period. The soil on which this 

tobacco is grown at Dinhata is Silt loam .The texture of the surface soils is light silt loam 

and that of sub- soils heavy silt loam. The soil is acidic and has good water holding 

capacity. 

Chewing tobacco soils: In Tamil Nadu, a large area is under this tobacco which is 

exclusively used for chewing purpose. For production of good quality tobacco, soils of 

red loam nature tilting towards more clay fraction and alkaline pH with assured drainage 

facilities are generally considered ideal. In the costal belt of Thanjavur district of Tamil 

Nadu, some costal sands are used for growing chewing tobacco. Chewing tobacco is 

preferably grown under irrigation with well water which is brackish and rich in soluble 

salts, particularly chlorides, since chlorine enables the chewing tobacco to retain the 

sauces and essences added to it during processing. The different conditions of soil and 

climate conditions have an important influence on the quality of chewing tobacco. This 

is evident from the large number of chewing tobaccos viz. Meenampalayam, Sivapuri, 

Vedanarayan, Momai, etc., which are produced in different regions of the state, each 

noted for its special quality. 

Hookah and chewing tobacco soils: Hookah and chewing tobaccos are grown over a 

very wide types of soils in many states in India viz., Uttar Pradesh, Bihar, West Bengal 

and Punjab. Some of the hookah types can be used for chewing purposes and vice versa 

depending upon the method of curing. 

In Uttar Pradesh, hookah tobacco which receives regular irrigation is grown mainly on 

the alluvial soils of Farrukhabad and Etah districts. Some of this soils are also saline. In 

Bihar, these types of tobacco are grown on sandy to silt loam alluvial soils of the northern 

tract. Lighter soils at higher elevations are generally used for N. tabacum type, while the 

low lying heavier soils are preferred for N. rustica type. These soils are deficient in 

available phosphorus and potassium. The soils are alkaline in reaction and contain free 

calcium carbonate. 

In West Bengal, these types of tobacco are grown on sands tobacco Loamy soils of Koch 

Behar, Jalpaiguri, Dinajpur, Malda, and Murshidabad districts. In the Punjab, they are 
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grown on sandy loam soils of Jullundur and Ferozepur districts. These soils are alkaline 

and well supplied with nutrients.  

Bidi tobacco soils: Bidi is the indigenous equivalent of a cigarette but with a leafy 

wrapper. The soils best suited for bidi tobacco cultivation are light to medium loams of 

old alluvial origin. Development of spangles (reddish brown spots), which is of vital 

importance to the quality of bidi tobacco is generally found to be profuse in light loams. 

However, this type of tobacco is grown in medium and medium heavy loams although 

the spangle development in these soils is not satisfactory. 

Cultivation of bidi tobacco is confined to two zones namely Chantal in north Gujarat and 

Nipani in Karnataka.  In the Chantal zone, which corresponds to the Kaira and Baroda 

district of Gujarat State, bidi tobacco is generally grown on sandy to sandy loam soils 

called goradu soils.  In Baroda district two types of soils are met with viz, black and 

gorat, which are both Alluvial with differences in their contents of sand and clay.  While 

the gorat soils have low content of organic matter and nitrogen, the black soils contain a 

little higher amount of nitrogen. The soils of Kaira district are sub divided into four 

groups by the farmers.  They are (1) goradu (2) resar (3) black and (4) batha soils.  The 

farmer two are coarser and contain from 6 to 10 percent clay and 70 to 80 percent sand, 

while the latter two are finer and contain 10 to 13.5 percent clay and 50 to 70 percent 

sand.  The soils are alkaline in reaction with a pH of about 7.9 and are low in total 

exchange capacity. In Nipani area bidi tobacco is grown on silt loams. 

3.3 Cultural practice of tobacco 

            In tobacco farming there are different types of processes like sowing, 

transplanting of seedlings, spraying, topping of flowering buds, disbudding of axillary 

buds, harvesting of plant, separating of leaves, curing, grading etc. Usually the farmers 

of the study area do not wear the gloves during the various agricultural processes like 

axillary buds and harvesting of plant, their hands get smeared with thick sticky plant sap 

and they have to wash their hands which require soap and kerosene after each shift to 

remove this plant sap. Most of tobacco farmers, tobacco farm-workers are ignorant about 

the adverse health consequences they face. In the organized sector, the government has 

legislated for the rights of the workers (such as the Factories Act. and Mining Act.) but 

there are no such enabling provisions for unorganized tobacco farm workers. It is well 
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documented that workers engaged in tobacco cultivation suffer from an occupational 

illness known as ‘Green Tobacco Sickness’ (GTS), largely due to absorption of nicotine 

through the dermal route (Riza et al., 2008). The symptoms of GTS include headache, 

nausea/vomiting, dizziness, loss of appetite, fatigue and weakness. Severe toxicity may 

also lead to breathlessness and fluctuation in blood pressure or heart rate. The studies 

carried out by the National Institute of Occupational Health (NIOH), in CTRI farms in 

Andhra Pradesh reveal discoloration of the skin for workers coming into contact with 

tobacco leaves (NIOH,1978). Even the storage of tobacco in houses was found to lead to 

higher incidences of nausea, headache and dizziness. Likewise the dust generated during 

the processing of tobacco was found to result in allergies among the workers. 

            Another studies by NIOH (2000) reveals that the prevalence of GTS among 

Indian tobacco harvesters both of the varieties i.e., non-Virginia (86.20%) and Virginia 

(53.29%). They also observed that excretion rate of nicotine and its major metabolic 

continue in urine were increased about 3 to 4 times among exposed workers (NIOH, 

2000). 

3.3.1 Bed preparation 

            Tilled beds where tobacco saplings are grown and regularly watered and weeded, 

with frequent application of fertilizers, insecticides and pesticides. High lying, well-

drained soil should be selected for a good nursery site. Apply well-rotten and semi-dry 

powdered farm-yard manure at two kilos for every square metre area of nursery (2 tonnes 

per hectare). Mix it thoroughly with the soil. After preparing of beds, single super 

phosphate @ 350-400 kg per hectare or 200-220 g per bed is applied on top soil and 

mixed thoroughly. Seed rate for Wrapper and Jati tobacco should be 3 to 5 kg/ha or 0.3 

to 0.5 g/sq. m bed 3 to 5 g/10 sq m bed and for Motihari tobacco should be 6 kg/ha or 0.6 

g/sq m bed or 6.0 g/10 sq m bed as recommended by CTRI, Dinhata. 

            Seedbeds should be 15 cm high from ground level, 1.0 m wide (net) and of 

convenient length (10 m). In between the beds 45-50 cm space to be maintained to 

facilitate, irrigation, drainage and cultural operations including weeding and plant 

protection measures. Time of sowing of Wrapper and Jati Tobacco is at end of August to 

1st week of September and Motihari Tobacco sowing time is middle of October to 3rd 

week of October. To ensure good germination seedbeds are mulched with paddy straw, 

which are removed after the initiation of germination. 
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3.3.2 Land preparation 

             Land preparation is an important part of successful production. Extensive 

ploughing is necessary but most should be completed before transplanting rather than 

during the production period. Soil should be prepared fairly deep, and ploughed only 

when the moisture level is normal or soil is in good tilth. Deep summer ploughing in 

June-July 2-3 times is highly useful to minimize weed population, Orobanche menace, 

insect pest and soil borne pathogens (CTRI, Dinhata). It also helps in improving soil 

water and nutrient holding capacity. Ploughing the field 6-8 times with tractor followed 

by equal number of ploughing by bullock drawn patella (plank) helps in preparation and 

levelling of the field. 

3.3.3 Transplanting 

            Transplanting is done in the morning or in the evening. The seedling are taken 

out from the bed, and carried in a bamboo basket to the field, which lies around and close 

to the farmer’s dwelling. A hole is made with a pasoon at each intersection of the rows 

already marked out, and a plant is put into the same about 2 inches into the earth, and the 

gap closed by gently pressing the soil around. The transplantation is made in the 

afternoon so that the seedling may be immediately nourished by the dews and coolness 

of the night. Four men can transplant one Bigha of land in one afternoon.                                                    

The newly transplanted plants formerly covered for about two days with some leaves 

during day time but now-a-days in Dinhata cultivators are not covered the newly 

transplanted seedling. Motihari (Rustica) tobacco seedling is transplanted after 5 to 6 

weeks of sowing during middle of November to 2nd week of December and Jati and 

Wrapper (Tabacum) tobacco seedling is transplanted after 7 to 9 weeks during end of 

October to 1st week of November. Spacing between plants of Motihari, Jati and Ciger 

wrapper as recommended by CTRI, Dinhata are 45 cm, 90 cm, and 45cm respectively. 

Spacing between rows of Motihari, Jati and Ciger wrapper as recommended by CTRI, 

Dinhata are 60 cm, 90 cm, and 90cm respectively. 

 

3.3.4 Manures and fertilizer 

Cigar wrapper: Basal application of FYM @ 15 tonnes/ha one month before planting 

and soil application of 60 kg nitrogen/ha through urea, 112 kg P2O5 through single super 

phosphate and 224 kg K2O through sulphate of potash K2SO4 and top dressing of urea 

(60 kg N/ha) at 50-55 days after planting is found beneficial (Rao, 1998). 
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Jati: Basal application of 20 tonnes FYM/ha one month before planting. Application of 

56 kg nitrogen/ha through urea, 112 kg P2O5 through SSP and 112 kg K2O/ha through 

SOP and top dressing of urea (56 kg N/ha) at 55-60 days after planting is recommended 

by CTRI, Dinhata. 

Motihari: Basal application of 10 tonnes FYM/ha one month before planting. Soil 

application of 65 kg Nitrogen/ha through urea, 50 kg P2O5 /ha through SSP and 75 kg 

K2O/ha through SOP and top dressing of urea (60 kg Nitrogen/ha) at 40-45 days after 

planting is the essential requirement (Rao, 1998). 

3.3.5 Irrigation 

               Requirement of irrigation for tobacco crop depends upon the types of tobacco 

and the tracts where it is grown. For wrapper tobacco 3-4 irrigations are required while 

for Jati and Motihari 2-3 irrigations are sufficient to achieve desirable yield and quality 

of leaf. For wrapper, Jati, Motihari the critical stages of irrigation are 40-45, 55-60, and 

45-50 days after planting respectively. 

3.3.6 Interculture 

Intercultural operation is essential for aiding full development of potential returns of the 

crop. Interculturing of the field with hand plough is made at weekly intervals after the 

transplantation of the crop.     

3.3.7 Weeding 

Onbanche is an important weed of tobacco. This weed derives almost its nourishment 

from tobacco plant itself. Hence cleaning of this weed is suggested to be essential. 

3.3.8 Topping 

The objective of topping operating is to divert the energy and plant nutrients from the 

reproductive growth to vegetative growth generally the number of leaves are increased 

while its size and decreased when the plan is about 60cm height. Leaves become uneven 

and coarse with increased in leaves. To avoid the situation, the terminal floral buds at 

this stage, are topped leaving 8 leaves on the plant excluding the sand leaves. In this way 

stem grows to about 75cm in height with all the leaves are nearly of the uniform size. 

This also prevents the excessive coarseness of the leaves.  

3.3.9 De-sucking 
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De-suckering is also made to influence the yield and quality of tobacco. Dormant buds 

in axils of the leaves become active due to topping and put forth stood known as suckers 

.Quality of leaves is noted to be detoriated due to existence of suckers. It is, therefore, 

necessary to remove the suckers at felt needs. This operating is known as du-suckering. 

3.3.10 Priming, curing and bulking 

Motihari and Jati tobaccos: Formation of yellow spangle on leaf lamina, subsequently 

turning to reddish brown spot/tinge is an indicator of maturity in Motihari and Jati 

tobaccos. The leaves are primed in the morning and spread flat on the ground. Late in the 

afternoon these leaves are tied in bunches of 4-5 with a thin bamboo splinter and lifted 

to the curing barn and heaped on the floor. The next day morning the primed leaves with 

bamboo structures are loaded in country barn made of bamboo mat walls and G.I. sheet 

roof for curing. Curing is completed with the drying of lamina, midribs and petioles. 

Thereafter the leaves are removed, spread on the floor and tied with bamboo splinter 

having 20-25 leaves in each bundle. Bundles are arranged in a bulk for fermentation. The 

bundles are turned periodically at an interval of 8-10 days to facilitate fermentation 

process and development of reddish brown coloration on leaf lamina (Deo Singh, 2003).  

A temperature of 35-400C is ideal for desired fermentation and colouration process of 

leaf and for good marketability. 

Wrapper tobacco:  A total of 6-7 primings are done according to the leaf maturity. Three 

to four leaves are primed at a time and taken to a shade for sorting out according to the 

size of the leaf. The leaf bundles/hands with 16-20 pairs of leaves are strung with jute 

thread (sutli) keeping their dorsal surface facing each other on bamboo sticks. These 

structures are kept in thatched curing barn for air curing. For slow curing the country 

type barn made of bamboo mat and paddy straw with thatched roofing is used. It provides 

congenial atmosphere for adequate humidity and aeration from January to April. The 

opening and closing of ventilators and windows are to be regulated to maintain slow air-

drying.  
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Plate 3.1 Tobacco Cultivation and processing 
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When the atmospheric relative humidity is high and the weather is cool, the leaves should 

be unloaded and graded according to grade standards. 

Flue-cured tobacco: Bright cigarette tobacco means flue cured tobacco. Flue curing 

method is followed entirely in curing Virginia tobacco. Green leaf is dried under artificial 

atmospheric condition under the process of this type of curing.  

Fire-curing: Chewing type of tobacco are fire cured. This type of curing is not followed 

in Dinhata subdivision. 

Sun-curing: Jati and Motihari tobacco in study area is cured by this process. In this 

process, tobacco leaves are kept suspended on the ropes or laid on floor to be cured in 

sunlight and natural air. The important thing in this process is that sunlight must fall on 

the tobacco leaves. Leaves are put inside corrugated iron sheds with all four walls 

remaining open so that there is free air. They are then tied in bunches of 8 to 10 leaves 

and cured at bamboo splinter for 6 weeks. Thereafter, they are bulked and fermented. 

3.1.1 Grading 

Motihari and Jati tobaccos: Grading of Jati and Motihari tobacco is characterized on 

the basis of thickness, aroma and maturity. 

i. Pan patta (Special grade): Oily surface, thick uniform leaves, coppery 

brown in colour and good puckering. 

ii. No.1 Grade (Good quality): Medium thick leaves, coppery brown 

colouration with satisfactory oiliness, minor physical injuries also included. 

iii. Niras grade (Khunda): Thin bodied leaves, slightly dark appearance with 

dry texture, devoid of puckering and may have considerable injury. 

iv. Zala patta grade (Fired leaves): Leaves are not matured properly and are 

partially burnt on the plant before harvest. 

Wrapper tobacco: Unblemished cigar wrapper tobacco leaves are graded lengthwise as 

follows 

i. Special grade- 20” and above (50 cm and above) 

ii. 1st grade- from 16”-20” (40-50 cm) 

iii. 2nd grade - from 12”-16” (30-40 cm) 

iv. 3rd grade- from 8”-12” (20-30 cm) 



79 
 

 

3.4 Exports of tobacco from India 

India’s export of unprocessed tobacco and tobacco product from 1991-92 to 2007-08 

shown in Table 3.3. The export of unprocessed tobacco from India in terms of volume 

shows a steady growth from 71792 tonnes in 1991-92 to 174690 tonnes during 2007-08. 

The rupee value of unprocessed tobacco has increased 342.69 ₹ Crores in 1991-92 to 

₹1478.51 crores during 2007-08. 

The volume of tobacco products exported from India also shows a high growth from 

14662 tonnes in 1991-92 to 30657 tonnes during 2007-08. The rupee value of tobacco 

product has increased ₹ 47.71 Crores in 1991-92 to ₹ 544.27 crores during 2007-08. 

It is noted that demand of tobacco is increasing day by day in global market. This is 

perhaps due to restrictions in other countries especially developed countries on tobacco 

cultivation. Obviously, this is not good news for food security of our country. 

Table: 3.1 Export of Tobacco and Tobacco product from India (1991-2007) 

Year 

Tobacco 
Tobacco 

products 
Tobacco & Tobacco Products 

Quantity Value Quantity Value Quantity Value in crore 

In Tons 

In 

crore 

₹ 

In Tons 

In 

crore 

₹ 

In Tons 
In  

IND. ₹ 

In US 

$ 

1991-92 71,792 342.69 14,662 47.71 86,454 390.4 164.49 

1992-93 81,294 434.41 13,424 73.33 94,718 507.74 175.32 

1993-94 91,998 406 9,221 79.72 101,219 485.72 154.87 

1994-95 44,600 207.83 10,822 59.95 55,422 267.78 85.29 

1995-96 72,052 361.36 11,883 59.68 83,935 421.04 126.06 

1996-97 117,466 733.66 13,115 92.86 130,581 826.52 234.32 

1997-98 136,739 972.83 7,795 88.36 144,534 1,061.19 272.52 

1998-99 82,366 634.48 18,957 171.71 101,323 806.19 199.1 

1999-00 122,590 864.47 13,631 185.45 136,221 1,050.22 245.55 

2000-01 100,537 677.04 15,393 226.34 115,390 903.38 203.55 



80 
 

2001-02 86,010 602.89 16,076 285.63 102,086 888.52 189.04 

2002-03 107,715 770.62 19,842 325.33 127,557 1,095.95 224.95 

2003-04 128,186 825.48 22,776 350.15 150,962 1,175.63 251.04 

2004-05 138,159 968.9 24,774 393.28 162,933 1,362.18 305.77 

2005-06 142,007 1,027.52 24,862 385.95 166,869 1,413.47 322.49 

2006-07 152,618 1,241.05 28,370 482.37 180,988 1,723.42 381.54 

2007-08 174,690 1,478.51 30,657 544.27 205,347 2,022.78 502.67 

Source: Tobacco Board, Ministry of Commerce, Guntur 

 

Figure: 3.1 Export of tobacco and tobacco product from India (1992-2008) 

3.5 Trade scenario and end uses of tobacco of the study area 

3.5.1  Motihari Tobacco 

Cultivation of Motihari tobacco has a significant place among farmers and traders in 

Koch Behar and Jalpaiguri district of North Bengal since it is grown a wider acreage 

comprising 70-80% of the total tobacco growing area in the state compared to other type 

of tobacco. The price of cured leaves of motihari tobacco varies with the varietal 

performance and great commensurate to trade demand locally and other state of India. 

Local market price on an average ranges from Rs20-25, Rs15-20 and Rs 10-15/kg for 

1st, 2nd, and 3rd graded cured leaves respectively (2011-2012). 

The cured tobacco of Motihari type is used for the preparation of Khaini for chewing 

purpose, which has numerous small scale units in this region. The cured leaves are 
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fermented to make kala patti used for consumption mostly in North Eastern State of India. 

Besides, the tobacco of this region has special demand in state of Bihar, Orissa and, 

Maharashtra for the manufacture of Hookah Paste, Guraku, Gutka and also for the 

preparation of dyes .The dry stem of Motihari tobacco is exported to neighbouring 

Bangladesh for the manufacturing of cigarette, Bidi characterized by the Bidi tobacco 

wrapped in paper .The dust and small bits (Kandi) obtain from dry stem is blended with 

bidi tobacco for enhancing burning quality of the product. 

3.5.2 Jati tobacco 

Chama and podali type under jati tobacco grown exclusively on bank of river Singimari 

in Cooch Behar district of North Bengal has special trade preference especially in North 

Eastern State of India .The average price of jati tobacco in the local market ranges from 

Rs 30-35, Rs. 20-25 and Rs 15-10/for 1st, 2nd, and 3rd grad cured leaves respectively 

(2011-2012). 

The cured leaf of jati tobacco is fermented in bulk covered by jute gunny bags or tarpaulin 

to obtain kala patti for direct consumption as an ingredients of pan for chewing purpose 

.The cured leaves are also blendedin the preparation of Zarda along with other chewing 

types of tobacco. The cured leaves are used for chwing and smoking wrapped in ordinary 

newspaper and special paper in North Eastern India. The inferior grad of jati tobacco is 

transported to Gujarat for a manufacture of a product name `Botad` which is filled in 

Hookah for smoking purpose. 

3.5.3 Cigar Wrapper tobacco 

Though cigar wrapped tobacco is grown in restricted pocket of Cooch Behar district ,it 

has a trade demand in Tiruchirapalli and Dandigul district of Tamil Nadu for export 

purpose .On an average the local market price of special grade , first, second and third 

grade cured leaves realized varies from Rs 70-80/kg, 60-70/kg , 50-60/kg, 30-40/kg, 

respectively (2011-2012). 

Cigar wrapper tobacco of this region has a special market demand for manufacturing 

cigar for smoking under different brands in overseas market. 

3.6 Trend of tobacco cultivation of the study area 

Tobacco is planted during rabi season in the region. Production of tobacco in the region 

had been fluctuated due to anti-tobacco campaign, health hazard and market fluctuation. 
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To computing compound annual growth rate of tobacco production, area and yield rate 

Exponential curve have been used (Gupta, 2008).  

Here use exponential curve for computing compound annual growth rate of tobacco 

production, area and yield rate (Gupta, 2008) 

=∧ ( −1)100∧  

By taking logarithm equation become linear function, 

             log 𝑌 = log 𝑎 + (log 𝑏)𝑥                

                                    Where, Y= log y; A= log a; B= log b 

Now, the method of least square can be applied to yield the normal equations given the 

estimates of A and B. 

                             Then, a=Antilog A;   b= Antilog B 

3.6.1 Volume of production 

Total production of tobacco in Tobacco in Dinhata Subdivision had been increasing by 

an average of 3.0% annually from 2006 to 2012. From a total volume of 8832 metric tons 

in 2006, it raised to 10949 metric tons in 2012. Among the 3 administrative blocks, 

Dinhata-I exhibited the highest incline of motihari tobacco averaging 6.80% annually 

from 1920 metric tons in 2006 to 3125 metric tons in 2012, while Sitai block had the 

least incline at 1.45% annually from 5900 metric tons in 2006 to 6525 metric tons in 

2012. But in case of Jati tobacco it was only Dinhata-I that exhibited negative growth. 

However, this was very minimal decline an average of 1.83% annually. This decline was 

due to the reduction in the area planted/harvested during this time period. 

 

 

 

 



83 
 

Table: 3.2 Volume (mt) and annual growth rate (%) of production of tobacco in the 

study area 

Type Block 2006 2007 2008 2009 2010 2011 2012 

Annual 

growth 

rate (%) 

M
ot

ih
ar

i T
ob

ac
co

 

Dinhata-I 1920 1365 2244 3332 1255 2210 3125 6.8 

Dinhata-

II 
742 844 918 883 758 1032 1056 4.67 

Sitai 5900 5625 6100 7600 6165 5895 6525 1.45 

Total 
8562 7834 9262 11815 8178 9137 10706 3.10 

Ja
ti

 T
ob

ac
co

 

Dinhata-I 120 116 115 125 60 117 125 -1.83 

Dinhata-

II 
- - - - - - - - 

Sitai 150 95 52 220 120 121 118 2.17 

Total 270 211 167 345 180 238 243 0.02 

Total Tobacco 

production 
8832 8045 9429 12160 8358 9375 10949 3.0 

Source: SAO, Dinhata, 2013 and complied by the researcher  

3.6.2 Tobacco Production  

Total area of tobacco cultivation has been increasing at an average annual rate of 3.5% 

in Dinhata sub-division. Similar to the trend in the volume of production, the area 

planted/harvested in the 3 blocks of Dinhata subdivision had been incline, except Jati 

tobacco area. Among Motihari tobacco area, Dinhata-I having the highest incline 

(6.99%), while Sitai had the least incline at 1.69 % annually. But in Jati tobacco had 

experienced a decline in the total area cultivated in this subdivision at an average annual 

rate of -2.19 %. This decline was due to the reduction of demand of Jati tobacco in 

neighboring state of West Bengal. 
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Figure: 3.2 Trend of tobacco production (2006-2012) 

Table: 3.3 Total area (hectare) planted/ harvested and annual growth rate (%) of 

tobacco in the study area 

Type Block 2006 2007 2008 2009 2010 2011 2012 

Annual 

growth rate 

(%) 

M
ot

ih
ar

i T
ob

ac
co

 Dinhata-I 1500 1050 1700 2380 930 1700 2500 6.99 

Dinhata-II 530 570 600 570 570 800 800 6.89 

Sitai 4000 4500 4000 5000 4500 4500 4500 1.69 

Total 
6030 6120 6300 7950 6000 7000 7800 3.61 

Ja
ti

 T
ob

ac
co

 

Dinhata-I 100 95 100 100 50 100 100 -2.09 

Dinhata-II - - - - - - - - 

Sitai 150 100 50 200 100 100 100 -1.85 

Total 250 195 150 300 150 200 200 -2.19 

Total Tobacco 

production 
6280 6315 6450 8250 6060 7200 8000 3.35 

Source: SAO, Dinhata, 2013 and complied by the researcher  

3.6.3 Yield per hectare 
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Table 3.4 shows the average yield per hectare (kg) for two types of tobacco in 3 

administrative blocks of Dinhata subdivision. Production of tobacco per hectare has been 

little increasing at an average annual rate of 0.44% in Dinhata subdivision. From an 

average of 1242 kg/h in 2006, this had reached into 1277 kg/h by 2012. But in Motihari 

tobacco, there was a decreasing trend at an average rate of 0.85% annually in the study 

area in spite of aggressive extension activities of the various government agencies 

particularly CTRI and private tobacco companies. This decline yield rate was due to the 

traditional and orthodox method of tobacco culture. Dinhta-II has exhibited the highest 

decrease at -2.07 %, although which did not compensate for the total volume production 

of Motihari tobacco in this region due to increase in tobacco cultivated area, while Sitai 

block had experienced the least decline at -0.25% annually. 

Table: 3.4 Average yield per hectare (kg) and annual growth rate (%) of tobacco in 

the study area 

Type Block 2006 2007 2008 2009 2010 2011 2012 

Annual 

growth 

rate (%) 

M
ot

ih
ar

i T
ob

ac
co

 

Dinhata-I 1280 1300 1320 1400 1350 1300 1250 -0.17 

Dinhata-

II 
1400 1480 1530 1550 1330 1290 1320 -2.07 

Sitai 1475 1250 1525 1520 1370 1310 1450 -0.25 

Total 1385 1343 1485 1490 1350 1300 1340 -0.85 

Ja
ti

 T
ob

ac
co

 

Dinhata-I 1200 1220 1150 1250 1200 1170 1250 0.30 

Dinhata-

II 
- - - - - - - - 

Sitai 1000 950 1050 1100 1200 1210 1180 4.06 

Total 1100 1085 1100 1175 1200 1190 1215 2.09 

Total Tobacco 

production 
1242 1214 1292 1332 1275 1245 1277 0.44 

Source: SAO, Dinhata, 2013 and complied by the researcher  
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3.7 Impact of tobacco farming 

Tobacco as a ‘crop’ is harmful many ways. A number of concerns have been raised about 

the impact of tobacco cultivation on the farming families who grow the crop. Among 

these are the low returns from the crop leading to poverty and it has direct impact on soil 

depletion, pollution of soil and water from excessive use of chemical fertilizer, the 

enormous other environmental, health and socioeconomic costs associated with its 

production. But in India, the government and the tobacco companies argue that the 

tobacco industry contributes significantly to government revenues, both directly and 

indirectly, and also employs a considerable number of Indians, as farmers, as traders 

dealing in cigarette distribution and as workers in the tobacco companies. 

3.7.1 Impact on water 

Tobacco is a sensitive plant prone to many diseases and pests, therefore farmers use huge 

amounts of fertilizer to increase foliage weight and quality so as to maximize yield and 

returns. Massive amounts of herbicides and pesticides are also used in its production. 

The application of these chemicals covers the period from the nursery to when the crop 

is harvested. In the study area, farmers reported using a variety of chemicals and 

fertilizers in tobacco cultivation (see Table 3.5). These chemicals leach into the soils and 

in the long run find their way into and pollute wetland, rivers and food chains, thus 

destroying biodiversity. 

Worse still, in rural area of the study area, most people use water from these rivers and 

streams for their washing, drinking and cooking and for their animals. The agrochemicals 

used in the production process may also indirectly cause the genetic selection of 

pesticide-resistant disease transmitting agents, making control of diseases such as 

malaria much more difficult. 

Table: 3.5 Chemical and Fertilizer Used in Tobacco Cultivation in the Study area 

Chemical and 

Fertilizer 
Urea 

Pot

ash 

NP

K 

DA

P 
SSP 

Agro

min

+ 

Agromi

n liquid 

Boro

n  

Sulp

her 

Zin

c 

Kg/Ha 722 361 126 126 451 27 3.61 2.53 9.03 0.72 

Source: Field Survey, 2012 
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3.7.2 Impact on Soil 

FCTC Working group Report states that ‘tobacco deplates soil nutrients at a much faster 

rate than most crops’ and that ‘engineering of tobacco to deliver nicotine result in a 

massive outflow of nutrients and causes ecosystem disruption’ (BAT, 2012). 

Intense tobacco cultivation contributes to poor food supply and causes soil aridity. 

Tobacco uses more primary soil nutrients than most cash and food crops. The impact is 

therefore severe in this subdivision which has low soil nutrients. The majority of farmers 

in the study area indicated that repeated tobacco cultivation has resulted in severe soil 

degradation in the area. Farmers further pointed out that tobacco cultivation has 

introduced various stubborn weeds which were not common in the area before. 

3.7.3 Impact on Farmers’ health  

As mentioned above, the tobacco farming requires a massive amount of agrochemicals 

to protect it from insects and diseases. As a result, farmers use numerous separate 

applications of agrochemicals from the time the crop is planted in the nursery to the time 

it is finally harvested. The intensive and repeated use of these chemicals takes a toll on 

tobacco farmers, many of whom are unaware of the proper safety procedures necessary 

to handle them. Research indicates that as a result of their occupation, tobacco farmers 

are exposed to green tobacco sickness, a type of nicotine poisoning caused by the 

absorption of nicotine through the skin (NIOH, 2000).The sickness is worse and more 

frequent when workers do not wear gloves or protective clothing (Campaign for 

Tobacco-Free kids, 2001). 

In the survey (2012), farmers were asked if they are aware of any health risks or harmful 

effects associated with tobacco cultivation and processing and also to indicate the effects. 

Most of the farmers (75.8%) said they are aware of the health risks associated with 

tobacco farming. The effects mentioned include: chest problems/pains, especially after 

spraying the crop; poor eyesight, blurred vision or complete loss of sight, miscarriages 

for pregnant women; fever; dry throat; itchy/irritated skin at harvesting; and back 

problems, especially after harvesting.  
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Table: 3.6 Response of Tobacco farmer on them aware of any health risk associated 

with tobacco cultivation and their percentage distribution 

Response Dinhata-I 

Dinhata-

II Sitai Average 

Yes 80.0% 70% 77.5% 75.83% 

No 17.5% 30% 22.5% 23.33% 

No answer 2.5% 0 0 0.84% 

Source: Field Survey, 2012 

Farmers who stipulate knowledge of the health effects associated with tobacco 

cultivation and processing were then asked whether they take any preventive measures 

to avoid these illness effects. Results show that a very poor percentage (12.5%) of 

tobacco farmers protect themselves from these harmful effects. The only protective 

measure mentioned by farmers was the use of homemade protective gear when spraying 

agrochemicals. Farmers complained that, there are not available of such kind of 

protective materials in local market, so it difficult to acquire them, despite the known fact 

that high doses of herbicides and pesticides are said to be dangerous to workers, 

damaging eyes, skin and internal organs.  

Table: 3.7 Response of Tobacco farmer on take any preventive measures during 

tobacco cultivation and their percentage distribution 

Response Dinhata-I Dinhata-II Sitai Average 

Yes 7.5% 27.5% 2.50% 12.5% 

No 87.5% 62.5% 75% 75% 

No answer 5% 10% 22.5% 12.5% 

Source: Field Survey, 2012 

3.7.4 Child and Women labour 

Farm operations for tobacco cultivation has been analysis in the section 3.3. Some of 

these include having women and underage family members assist in farm operations, 

especially, topping, de-sucking, priming, curing bulking, curing etc., which are done in 

the early morning or evening time. Farmers therefore resort to other cost cutting measures 

to increase their earnings. The Field Survey revealed that 79.16% of children of sample 
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tobacco growing families and 61.67% of children of sample non-tobacco growing 

families were involved in farming process in the study area. The use of children in 

tobacco cultivation on these farms presents a unique health problem. Various research 

shows that exposure to pesticides and other agrochemicals used in tobacco cultivation 

poses a considerably higher risk to children than adults, since children’s nervous and 

immune systems can be more easily damaged, leading to a greater risk of cancer 

(Campaign for Tobacco-Free kids, 2001). The involvement of children in tobacco 

cultivation also leads to increased school drop-out rates. This perhaps explains the low 

education level of most of the farmers that grow tobacco in the study area. The 

International Labour Organization (ILO) convention No. 182 calls for eliminating the 

worst forms of child labour without delay (ILO, 1999). 

Table: 3.8 Response of Tobacco and non-tobacco farmer on involvement of 

children’s in farming process and their percentage distribution 

Response Dinhata-I Dinhata-II Sitai Average 

Tobacco Farmer 72.5% 80.0% 85.0% 79.16% 

Non-Tobacco Farmer 67.5% 65.0% 52.5% 61.67% 

Source: Field Survey, 2012 

3.7.5 Impact on Food security 

In the study area most of the agricultural land are belong to single, double and triple 

cropped area. Tobacco is mostly grown in double and triple cropped areas. For tobacco 

and its alternative crops, two cropped areas mean primarily rabi season (mid-October to 

end of April for crops such as Potato, Maize, Boro paddy, Wheat, Mustard, Cabbage, 

cauliflower, pulses, vegetables etc.) and Pre-kharif season (March to mid-July for Jute, 

Aus paddy, maize, vegetables etc.). So in terms of seasons and land covered, tobacco 

cultivation plays an effective role in replacing food and other important commercial 

crops such as Jute, Maize etc. Although tobacco is an important cash crop in the study 

area, but farmers produce food and other crops both for cash and subsistence purpose. So 

all crops are cultivated in the study area for cash as well as for subsistence purpose. 

Potato, cabbage, cauliflower, onions, tomato, turmeric, pulses do not have immediate 

food value, but its help farmers cash requirement for fulfilling needs such as house 

repairing, clothes, medicine, agricultural equipment and other needs. Sowing and 
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harvesting period of tobacco compares with existing major crops in the study area have 

been shown in the table 3.8. Following table demonstrate that harvesting period of Aman 

paddy, Ginger, Turmeric and sowing time of Aus paddy, summer mung, Sesam and Jute 

clashes with tobacco period.  

 
Figure: 3.3 Cropping calendar 

Table. 3.9: Sowing and harvesting period of major crops in the study area 

Sl 

No. Name of Crop 

Sowing and Harvesting 

Period 

Overlaps with 

Tobacco 

1 Aman Paddy (HYV) 

Mid June to Mid-

November Harvesting 

2 

Aman Paddy (Local 

variety) 

Early July to Mid-

December Harvesting 
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3 Boro Paddy (HYV) Mid November to End May 

Sowing and 

Harvesting 

4 

Aus Paddy (HYV & 

Local) Early March to Mid-July Sowing 

5 Wheat 

Mid November to End 

April 

Sowing and 

Harvesting 

6 Maize Early January to Mid-July 

Sowing aid 

Harvesting 

7 Potato 

Early September to Mid-

March 

Sowing aid 

Harvesting 

8 Cabbage 

Early September to End 

March 

Sowing aid 

Harvesting 

9 Cauliflower 

Early September to End 

March 

Sowing aid 

Harvesting 

10 Onion 

Early October to End 

February 

Sowing aid 

Harvesting 

11 Brinjal 

Early October to End 

February 

Sowing aid 

Harvesting 

12 Tomato 

Early October to End 

March 

Sowing aid 

Harvesting 

13 Mustard 

Mid October to End 

February 

Sowing aid 

Harvesting 

14 Other oilseeds 

Early September to End 

March 

Sowing aid 

Harvesting 

15 Summer mung Mid February to End June Sowing 

16 Sesam Mid February to End May Sowing 

17 Jute Mid February to End July Sowing 

18 Bitter gourd 

Early January to End 

March 

Sowing and 

Harvesting 

19 Ginger 

Mid-March to End 

December Harvesting 
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20 Turmeric 

Mid-March to End 

December Harvesting 

21 Tobacco 

Early October to End 

March          - 

  

Conclusion 

Tobacco should be termed as ‘crop’ remains a question, it is a ‘killer plant’ or ‘merit bad 

crop’ like opium.  The aforesaid analysis revealed that tobacco cultivation have been 

many disadvantages but how these are assessed depends on farmers’ circumstances. 

Farmers are exposed to facing multiple hazards of which health effect is but one. Result 

also indicate that despite the negative economic, social and environment impacts 

associated with tobacco production, area of tobacco cultivation is still increasing. This 

expansion is at the expense of food crops whose role is vital to food security and in 

essence undermines WHO FCTC efforts. This is perhaps due to restrictions in other 

countries on tobacco cultivation. Tobacco cultivation in the study area is not under the 

contract farming, but farmer take Credit advance from local tobacco companies or 

tobacco businessmen, which is not available for other crops. Unstable price and market 

of all other crops is another hindrance for alternative crops. In case of FCV tobacco, No 

person shall grow Virginia tobacco seedlings for commercial purposes;  grow FCV 

tobacco without obtaining registration from the Tobacco Board, but there have not such 

regulation in non-FCV tobacco. Obviously, this is not good news for replacement of 

tobacco cultivation in the study area. However, the ability of farmers to move out of 

tobacco cultivation suggests that there is an element of choice in what they do within the 

general constraints, given the restricted range of options available to them. Suitable 

extension support can help crop diversification programs. 
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CHAPTER - IV 

 PRESENT ISSUES REGARDING TOBACCO 

CULTIVATION IN NATIONAL PERSPECTIVE 

 

 

4.0 Introduction 

This chapter describes present issues regarding tobacco cultivation in national 

perspective and compared with the Framework Convention on Tobacco Control (FCTC). 

It contains some basic background information on tobacco cultivation, and 

manufacturing laws and regulations in India. The main objective of this chapter is to 

assess whether Govt. strategies in tobacco control are likely to affect the cultivation of 

tobacco of the study area.  It believes that supply-side actions are complementary to 

demand-side measures to control tobacco consumption in India. Supply-side action 

pertain mainly to crop substitution, trade restriction, controlling smuggling and even 

banning of the product. It is feasible and viable for tobacco cultivators to switch over to 

alternative crops. 

The Government of India signed the WHO Framework Convention on Tobacco Control 

(FCTC) on 10th September 2003, and ratified the treaty on 5th February 2004 (Schwartz, 

2011). Under the arrangement, part nations have vowed to decrease tobacco use. As a 

major aspect of this, the administration has begun working towards cutting down the 

generation and utilization of tobacco. Under the Cigarettes and Other Tobacco Products 

Act. (COTPA) of 2003, the union health service has expanded the range of pictorial 

notices on tobacco bundling to 85 per cent. Assist, leads under Food Safety and Standards 

Act. 2006 debilitate the utilization of tobacco and nicotine as fixings in any sustenance 

item. In addition, the National Tobacco Control Program (NTCP) has made the more 

mindfulness about sick impacts of tobacco utilization. Every one of these measures have 

lessened the local interest for tobacco and decreased the value support to the 

agriculturists. The administration's high tax collection framework on legitimate tobacco 

items has empowered the development of illicit and sneaking of cigarettes. This has 
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additionally decreased the residential request of tobacco. In the present years, the 

Tobacco farming is also standing up to the issue of conflicting atmosphere conditions. 

Measures taken by government tobacco cultivating is a delicate issue concerning the 

work of producers. The administration needs to adjust the general health and poor 

farmers developing tobacco. The union government is effectively seeking after with 

states like Andhra Pradesh, West Bengal and Karnataka, significant cultivators of 

tobacco, to chalk out arrangements to help farmers move to alternative crops. 

Government is prepared to give financial and specialized support to move to substitute 

crops. The administration has an additional five years of time to meet the commitment 

to split the tobacco generation by 2020, as per the FCTC. Then government ought to take 

endeavours to help the poor farmers occupied with the tobacco development to move to 

substitute crops. 

4.1 Constitute agreement on tobacco control by WHO 

Enactment is perceived as the basic driver for significant advance in tobacco control. The 

WHO framework convention on tobacco control (WHO-FCTC) is a worldwide general 

health arrangement created as a worldwide reaction to the globalization of the tobacco 

epidemic, which goes for decreasing the weight of malady and passing brought on by 

tobacco. It was embraced by the World Health Assembly in May 2003, and India was 

the eighth nation to approve it on 5th February 2004 (Schwartz, 2011). The FCTC grasps 

logical proof based methodologies that have indicated viability in lessening tobacco 

utilization (WHO, 1997). It doesn't set out a law, yet sets out guidelines for various 

national and overall measures that would inspire smokers to stop and control non-

smokers from taking the affinity. The accomplishment of the WHO-FCTC, which 

starting at July 2009 had more than 160 gatherings covering 86% of the total populace, 

shows the worldwide political will for making tobacco control significantly more far 

reaching and successful. The WHO has set up the MPOWER bundle to help nations agree 

to the WHO FCTC. This is a bundle enveloping six most essential and successful tobacco 

control arrangements: Checking tobacco utilize and anticipation approaches, Restricting 

individuals from tobacco smoke, Offering assistance to individuals to stop tobacco 

utilize, Cautioning everybody about the perils of tobacco, Implementing restriction on 

tobacco publicizing, advancement and sponsorship and Raising expenses on tobacco. 
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The World Health Organization Framework Convention on Tobacco Control  (WHO 

FCTC has tended in Article 17, the need in cooperation with each other and with 

competent international and regional intergovernmental organizations, promote, as 

appropriate, economically viable alternatives for tobacco workers, growers and, as the 

case may be, individual sellers (WHO-FCTC, 2003). The FCTC has moreover stressed, 

in Article 18, the need to shield the earth from the unfriendly effects of tobacco 

developing and the strength of individuals involved with tobacco advancement. Creating 

and executing approaches that react to these Articles is vital in light of the fact that 

contentions shielding the occupations of farmers and underscoring monetary 

commitments of tobacco generation to national economies are generally utilized by the 

tobacco business to contradict supply-side tobacco control policies. Following 

recommendation made by FCTC expert group for crop diversification program 

(Anonymous, 2007, 2008): 

1. According to Article 17 of the FCTC requires government to promote site specific 

economically viable alternatives for tobacco workers, growers and, as the case 

may be, individual sellers.  

2. Regarding government subsidies used to promote tobacco cultivation being 

redirected toward diversification program and rural development. And there is no 

exception allowing subsidies for alternative crops of tobacco in the Agreement 

on Agriculture. WHO-FCTC expert group also suggest for government to have 

greater discretion in providing for subsidies. 

3. When selecting an alternative suitable for it from a wide variety of possible 

economic activities, government will have to consider its particular conditions. 

Different climates, different situations of the lands and different economic 

conditions would definitely affect the choice of the alternative crops best suitable 

for the growers in different regions. Thus a single formula for all regions might 

give little help to them. FCTC group suggest considering establishing individual 

task force for each region in need to formulate a tailor-made approach for it so as 

to better cope with its specific problems.  

4. In order to have successful adoption of alternative crops or alternative activities, 

the role that a government can play is also vitally important. It should be 
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appropriate to impose certain degree of responsibility on respective government 

in the future guidelines in helping its farmers to choose appropriate alternatives.   

5. The role of government is essential to encourage tobacco farmers to take the 

initiative step to cultivate alternative corps with thorough considerations of local 

economic, market, environmental characteristics and conditions as well as the 

farming system.   

6. FCTC group would like to remind that although possible alternative uses might 

be a viable approach, it may not be able to resolve the hazards arising from the 

contacts of tobacco leaves causing adverse health effects on tobacco workers and 

growers. The problem of unequal status between tobacco farmers and industries 

is also the one that cannot be directly solved purely by adopting alternative uses 

approach. Therefore, FCTC group realized that the priority should be considering 

possible alternative crops, instead of seeking alternative uses and maintaining the 

production of tobacco. Group believe that this would more be in line with the 

spirit of the preamble of the FCTC. 

4.2 Existing laws regulating tobacco in India 

In India, legislation for tobacco control evolving in the mid-1970s. This was in reaction 

to collective scientific evidence of tobacco being a major cause of mortality and 

morbidity in the world. In India growing awareness of the adverse health effects of 

tobacco consumption leads to rising demands for tobacco control. 

The Cigarettes Act, 1975: In 1975, the Government of India enacted the Cigarettes 

(Regulation of production, supply and distribution) Act that made it mandatory to 

demonstrate a statutory health warning on all packages and advertisement of cigarettes. 

The Act required to display a statutory warning that ‘Cigarettes smoking is injurious to 

health’ on all cartons, packages of cigarettes and in advertisements of cigarettes (Govt. 

of India, 1975). 

The Railways Act, 1989: The Railways Act among other things regulates smoking on 

trains. It prohibits smoking if objected to by another passenger and confers authority on 

the railway administration to prohibit smoking in any train or a part of a train. It imposes 

a maximum penalty of 100 rupees for those who contravene the Act’s no smoking 

provisions (The gazette of India, 1989).  
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Ministry of Information Broadcasting Notification S.O. 836(E), Section 5B (2) 

Cinematograph Guidelines, December 6, 1991: Issued pursuant to Section 5B (2) of the 

Cinematograph Act of 1952, the Guidelines require the Central Board of Film 

Certification to ensure that “scenes tending to encourage or glamorize consumption of 

tobacco or smoking” do not appear in movies (The gazette of India, 1991).  

Cable Television Networks (Regulation) Act, 1995: The Cable Television Networks 

(Regulation) Act, 1995 (Act No. 7 of 1995) (CTNA) requires that all advertisements 

comply with a prescribed advertisement code. The most recent version of this code is 

contained in the 2009 CTNA Rules and prohibits direct advertising of cigarettes or 

tobacco products. The code, however, permits the indirect advertising of such products 

under certain circumstances. (Note that a July 2010 Ministry of Information and 

Broadcasting Directive, appears to prohibit indirect advertising on cable networks until 

guidelines called for by the CTNA Rules are issued.) CTNA does not regulate 

international cable television networks (The gazette of India, 1995).  

Cigarettes and Other Tobacco Products Act, 2003:  

The Cigarettes and Other Tobacco Products (Prohibition of Advertisement and 

Regulation of Trade and Commerce, Production, Supply and Distribution) Act, 2003 

(Act No. 34 of 2003) (COTPA) is the principal law governing tobacco control in India. 

COTPA is comprehensive, covering topics including, but not limited to: definitions of 

key terms; restrictions on smoking in public places; advertising, promotion and 

sponsorship; sales to minors; packaging and labelling; and enforcement and penalties. 

The Act does not apply to tobacco products which are to be exported. The first provisions 

of COTPA entered into force on May 1, 2004. These provisions included Sections 1-5, 

6(a), 12(1)(b), 12(2), 13(1)(b), 13(2), 14, 16, 19, 21-31. Sections 7(1)-(4), 8, 9, 10, and 

20 took effect on December 1, 2007. Sections 12(1) (a), 13(1) (a), 15, 17, 18, 32, and 33 

took effect on July 30, 2009. The Central Government issued rules pursuant to authority 

conferred under COTPA Section 6(b) regarding the sale of cigarettes around educational 

institutions, taking effect on September 18, 2009. The government has yet to notify two 

sections - Sections 7(5) (mandatory display of nicotine and tar contents) and 11 

(regulation of tar and nicotine content) (The gazette of India, 2003). 

Core arrangements of COTPA - 2003 are as per the following: 

 Prohibition on direct and indirect advertisements of tobacco products, with the 

exception of advertising at the points of sale and on tobacco pack. 
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 Smoking restriction in public places (counting indoor working environments). This 

has been executed from second October 2008 in the whole of India.  

 Dis-allowance of commercial, immediate and backhanded, sponsorship and 

advancement of tobacco items. 

 Dis-allowance of offers to minors (tobacco items can't be sold to kids under 18 years 

old and can't be sold inside a span of 100 yards of any educational institutions).  

 Direction of health cautioning in tobacco items packs. English and one more Indian 

lingo to be used for wellbeing sees on tobacco packs. Pictorial wellbeing sees moreover 

to be joined.  

 Directing and testing of tar and nicotine substance of tobacco items and proclaiming 

on tobacco items bundles. 

Ministry of Health and Family Welfare Notification G.S.R. 561(E), September 1, 2004: 

G.S.R. 561(E) defines “educational institutions” which may assist with the interpretation 

of this term in the public place definition of COTPA (The gazette of India, 2004).  

Ministry of Health and Family Welfare Notification G.S.R. 345(E), May 31, 

2005:G.S.R. 345(E) announces the Cigarette and Other Tobacco Products (Prohibition 

of Advertisement and Regulation of Trade and Commerce, Production, Supply and 

Distribution) Rules, 2005. G.S.R. 345(E) amends the first rules enacted to implement 

COTPA (the 2004 Rules) by substituting new provisions on point of sale advertising and 

adding, among other things, a definition of “indirect advertising” and a prohibition on 

the display of tobacco products in television and film (The gazette of India, 2005). They 

understand, however, that the amendments contained in G.S.R. 345(E) have been stayed 

by an order of the Bombay High Court which is in effect as of February 22, 2011. 

Ministry of Health and Family Welfare Notification G.S.R. 182(E), March 15, 2008: 

G.S.R. 182(E) announces the Cigarettes and Other Tobacco Products (Packaging and 

Labelling) Rules, 2008. Issued under COTPA, the Rules specify components of the 

health warnings (i.e., content, size, rotation, etc.), but various provisions in subsequent 

rules replace certain language in the 2008 regulations. Provisions prohibiting misleading 

descriptors and obscuring the health warnings on the package remain in G.S.R. 182(E) 

unaltered (The gazette of India, 2008a).  

Ministry of Health and Family Welfare Notification G.S.R. 417(E), May 30, 2008: 

G.S.R. 417(E) supersedes the first rules enacted to implement COTPA (the 2004 Rules) 
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and announces the Prohibition of Smoking in Public Places Rules, 2008. These new rules 

(1) impose duties upon certain parties such as owners, managers to ensure that smoke 

free policies are followed; (2) specify the requirements of "smoking areas" in hotels, 

restaurants, and airports; and (3) authorize officers to collect fines for the violation of 

specified smoke free rules (The gazette of India, 2008b).  

Ministry of Health and Family Welfare Notification G.S.R. 693(E), September 29, 

2008: G.S.R. 693(E) announces the Cigarettes and Other Tobacco Products (Packaging 

and Labelling (Amendment) Rules), 2008. Issued after G.S.R. 182(E) (the Cigarette and 

other Tobacco Products (Packaging and Labelling) Rules of 2008), G.S.R. 693(E) 

contains substitute language regarding health warnings on retail packaging, requiring 

warnings to be printed on external packaging such as cartons (The gazette of India, 

2008c).  

Cable Television Networks (Amendment) Rules, G.S.R. 138(E), February 27, 2009: 

G.S.R. 138(E) announces the Cable Television Networks (Amendment) Rules, 2009. 

These Rules amend the Cable Television Networks Rules, 1994 with regard to indirect 

advertisement and brand stretching, permitting such surrogate advertising under certain 

circumstances (The gazette of India, 2009a). It is note that a July 2010 Ministry of 

Information and Broadcasting Directive, however, appears to prohibit indirect 

advertising on cable networks until guidelines called for by the CTNA Rules are issued. 

Ministry of Health and Family Welfare Notification G.S.R. 305(E), May 3, 2009: 

G.S.R. 305(E) announces the Cigarettes and Other Tobacco Products (Packaging and 

Labelling) Amendment Rules, 2009. Issued after G.S.R. 182(E) (the Cigarette and other 

Tobacco Products (Packaging and Labelling) Rules of 2008, G.S.R. 305(E) contains 

substitute language for the definition of “package” and for the location of the health 

warning. G.S.R. 305(E) deletes the requirement that the warning be located on both sides 

of box and pouch type packs (The gazette of India 2009b).   

Ministry of Health and Family Welfare Notification G.S.R. 680(E), September 15, 

2009: G.S.R. 680(E) announces the Prohibition of Smoking in Public Places 

(Amendment) Rules, 2009. The Rules add to those issued in G.S.R. 417(E) by listing 

additional persons authorized to collect fines for the violation of specified smoke free 

rules (The gazette of India 2009c).  
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Ministry of Health and Family Welfare Notification G.S.R. 1866(E): G.S.R. 1866(E) 

authorizes certain officers, in addition to those already designated in COTPA, to carry 

out the entry, search, and seizure provisions in COTPA Section 12 (with respect to any 

violation of the Act) and Section 13 (with respect to violations of tobacco product 

packaging and advertising) (The gazette of India 2009d).  

Ministry of Health and Family Welfare Notification G.S.R. 985(E), December 20, 

2010: Issued after G.S.R. 182(E) (Cigarette and other Tobacco Products (Packaging and 

Labelling) Rules of 2008), G.S.R. 985(E) contains substitute language on the issue of 

rotation, requiring that health warnings be rotated every 24 months instead of one year. 

The rule also re-establishes the May 2009 health warnings, ensuring that pictures of a 

lung x-ray and diseased lungs continue to be displayed on smoked tobacco product 

packages and a picture of a scorpion continues to be displayed on smokeless tobacco 

product packages (The gazette of India, 2010).    

Ministry of Health and Family Welfare Notification G.S.R. 619(E), August 11, 2011: 

G.S.R. 619(E), entitled the Cigarettes and other Tobacco Products (Prohibition of 

Advertisement and Regulation of Trade and Commerce, Production, Supply and 

Distribution) Amendment Rules, 2011, amends regulations related to the prohibition on 

the sale of tobacco products to and by minors (The gazette of India 2011a).   

Ministry of Health and Family Welfare Notification G.S.R. 786(E), October 27, 

2011:G.S.R. 786(E) establishes rules for television and film including a prohibition on 

tobacco product placement and a requirement for health warnings when tobacco products 

or their use are displayed. For print and outdoor media, G.S.R. 786(E) requires cropping 

or masking brand names and logos of tobacco products (The gazette of India, 2011b).  

The provision of support for economically viable alternative activities are not covered in 

the above mentioned Indian Act. Since they are not legislative measures. Administrative 

measures need to be taken by the Government, especially at the level of Ministry of 

agriculture and the Ministry of Labour. 
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     Plate 4.1: Pictorial warning for reduction of demand  
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     Plate 4.2: Advertising for reduction of demand 
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4.3 Recommendation for Smokeless tobacco: 

In the study area smokeless tobacco such as jati and motihari are well cultivated. The 

Ministry of Health and family, Welfare, Government of India (MoHFW) in joint 

collaboration with the World Health Organization (WHO) and the Public Health 

Foundation of India (PHFI) organized a National Consultation on Smokeless Tobacco in 

2011 to realize the magnitude of the problem of smokeless tobacco use and possible 

policies to regulate its use in India. Following recommendations were made by the 

national consultation group (Anonymous, 2011): 

1. Imposing complete ban on smokeless tobacco products: Based on existing 

scientific evidence on harmful health effects of smokeless tobacco, high 

prevalence of its use (much higher than smoking) in India and light of the recent 

directives from the Honourable Supreme Court, the group was in favour of 

imposing a complete ban on Smokeless tobacco products. The group had a 

detailed discussion on the possibilities of imposing a complete ban on the 

manufacture, marketing and sale of smokeless tobacco in the country under the 

existing laws. The following specific actions points were recommended by them. 

i. Consider all from of chewing tobacco a ‘’food item’’ –since such products 

are intended to put in mouth and fulfil legal definition of food – under the 

prevention of Food Adulteration Act (PFA),1954 and the Food safety and 

tandards Act (FSAA), 2006 to prohibit their marketing and sale for human 

consumption. In this regard it was recommended that the government should 

get the stay vacated on Rule 44J, which mandates that, ‘’product not to 

contain any substance which may be injurious to health: Tobacco and nicotine 

shall not be used as ingredients in any food products.’’ This can be done at 

the earliest to pave the way for imposing a complete ban on smokeless 

tobacco products. 

ii. Simultaneously the Drugs and cosmetics Act (DCA), 1940 should be used to 

prohibit the other kinds of smokeless tobacco products e.g. Creamy snuff, 

Tooth powders ,Mishry, Gul, Gurakhu which may not be considered as food 

items and therefore should be included in the definition of ‘cosmetics’ under 

DCA. 
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iii. The Insecticide Act,1968 should also be invoked as the only known non-

human use of tobacco is as agriculture pesticide(nicotine sulphate) and the 

poisons Act, 1919 should be Referred because nicotine is one of the most 

poisonous substance known to humankind and so listed under the Act. 

Considering the addictive properties of tobacco products, possibility of 

categorizing tobacco as a ‘Psychotropic substance’ under the Narcotic Drugs 

and Psychotropic substances act, 1985 and its use should be prohibited        .    

iv. In case a complete ban is not immediately feasible under the existing laws, 

the above laws may be used to impose a progressive ban on the 

manufacturing, marketing and sale of smokeless tobacco products in the 

country. 

2.  Develop and implement a comprehensive plan to deal with the implication of a 

complete ban on smokeless tobacco products: 

i. Complete prohibition on manufacture and sale of smokeless tobacco 

products would men an extraordinary rise in the demand for treatment 

from tobacco dependence and cessation facilities, which would require 

adequate and well equipped health facilities and trained health 

professionals. It is therefore, imperative to build capacity and train health 

workforce to enquire about tobacco use status and provide proper advice 

and assistance for quitting tobacco use. 

ii. Include tobacco dependence treatment in the Medical, dental, nursing and 

para-medical course curriculums. Specific training modules may also be 

developed for training of health professionals in tobacco cessation. 

iii. Sustained mass awareness campaigns on the harmful effects of smokeless 

tobacco are required for behaviour change. 

iv. Research on new and effective methods of quitting smokeless tobacco use 

needs to be commissioned. 

v. Tobacco cessation and control needs to be integrated in other ongoing 

national health programs for synergy and effective output. 

vi. To ensure support from other departments a comprehensive                                                                     

Report on smokeless tobacco in India” should be commissioned to act as 

a resource repository  for interventions which are effective and feasible 
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for our country to provide the evidence base to an inter-sectoral and inter-

disciplinary plan of action against smokeless tobacco. 

3. Develop a plan to deal with the economic implications of a ban on smokeless tobacco 

products including loss of livelihood and apprehensions of illicit trade: 

i. In view of the tobacco control issues which are beyond the purview of 

Ministry of Health, inter-sectoral coordination and concerted efforts are 

required by various stakeholder ministries e.g. health, Finance, Agriculture, 

Information & Broadcasting, Rural Development, Women & Child 

Development for developing strategies and policies to look at measures 

related to reduce the demand as well as the supply of tobacco in the country. 

Some of the areas which need attention are raising of taxes on tobacco 

products, and illicit trade of tobacco products, awareness generation on 

harmful effects of tobacco on heath, banning advertisements, providing 

alternate crops and livelihoods to tobacco farmers/growers and workers. 

ii. Tobacco farmers and growers need to be informed and assisted with 

economically viable alternative crops with an established mechanism and 

assurance for marketing of such alternative crop. 

iii. Tobacco workers shall be provide with information on alternative livelihood 

options under the existing schemes of the Government, and assisted to shift 

over to economically viable and safer livelihood options. 

4. Take effective fiscal measures to reduce demand for smokeless tobacco products till a 

complete ban is implemented: 

i. Make retail sellers the point of taxation by licensing sale of tobacco products 

and imposing license fee and other municipal taxes. 

ii. Mandate higher rates of premium. To be paid by tobacco users, for health 

insurance. 

iii. Undertake research to create evidence on productivity and wage loss or 

economic burden of smokeless tobacco, alternative livelihood, alternative 

crops and illicit to in from effective policy changes. 

iv. Earmark tobacco tax revenue for tobacco control activities. 
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v. The health impacts of tobacco use along with a specific tax regime should be 

recommended for inclusion in the approach paper of 12th five year plan 

document of the planning Commission of India. 

vi. Report on smokeless tobacco in India may be shared with WHOFCTC COP. 

4.4 Impact of tobacco use in India 

India’s tobacco problem is more complex than probably that of any other country in the 

world, with a large consequential burden of tobacco related disease and death (Gupta, 

2004). The prevalence of tobacco use among men has been reported to be high (generally 

exceeding 50%) from almost all parts of India (more in rural than in urban areas). Women 

from most parts of India report smokeless tobacco use and the prevalence varies between 

15% and 60% (Bhonsle et. Al, 1992). Among 13.15-year-old school-going children, the 

current use of any tobacco product varies from 3.3% in Goa to 62.8% in Nagaland 

(Gupta, 1988). In the late 1980s, the number of tobacco-attributable deaths in India was 

estimated as 630,000 per year. On conservative estimates, the tobacco-attributable deaths 

currently range between 800,000 and 900,000 per year. The cost of the tobacco- 

attributable burden of just three groups of diseases, cancer, heart disease and lung disease 

- was estimated as Rs 277.611 billion in 1999-00, this increased to Rs. 308.33 billion in 

the year 2002-2003. 

  The most widely prevalent and most studied form of tobacco use globally is cigarette 

smoking. Cigarettes kill one in two smokers prematurely, half of these deaths occurring 

during middle age (35.69 years). Assessed in any manner, tobacco use is one of the most 

alarming health problems facing the world today. Tobacco is a marketed malady and its 

use is an engineered addiction. The multinational tobacco industry operating at the global 

level promotes and profits from the deadly tobacco trade. Such a global threat needs a 

global thrust to counter it. 

 On the world tobacco map, India occupies a very special place. As the second most 

populous country in the world, India’s share of the global burden of tobacco-induced 

disease and death is substantial. As the second-largest producer and consumer of tobacco 

in the world, the complex interplay of economic interests and public health commitments 

becomes particularly prominent in the Indian context. There is, therefore, an even greater 

need to examine the case for a comprehensive tobacco control programme in such a 

setting. 
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  The global literature is only of limited help in assessing the problem of tobacco use in 

India, since the dominant and the most researched form of tobacco use globally is 

cigarette smoking. 

In India, cigarette smoking comprises a small part of the tobacco smoking problem and 

a minor part of the overall tobacco problem. The major smoking problem in India is bidi 

smoking, and a large part of the overall tobacco problem is the oral use of smokeless 

tobacco products. All forms of tobacco use are inferred to be unsafe for human health. 

Mere extrapolation of the results of tobacco research in developed countries would, 

therefore, not provide a full picture of the dimensions of the tobacco problem in India. 

While much of the biological associations between tobacco and disease are applicable 

across the world, the varied patterns of tobacco use and the diversity of socioeconomic 

determinants substantially influence the profile of tobacco-related diseases. This requires 

that the Indian experience be carefully documented and data from research studies 

conducted in the country be critically appraised. 

  On a subject such as tobacco control, which arouses passionate and often polarized 

responses from different segments of society, there is always a defined perspective from 

which the problem is presented and discussed. This report unequivocally positions its 

analyses and recommendations from a public health perspective. However, the 

recognition of the integral links between health and sustainable development, and the 

organic connections between health and human rights lead to a consideration of the 

economic, socio-cultural, environmental and human rights aspects of tobacco’s assault 

on human health. The multidimensional problem of tobacco and the multispectral 

character of tobacco control are described to map the case for early and effective 

implementation of a national programme for tobacco control. The purpose of this study 

is to provide a comprehensive overview of the tobacco problem in India, from public 

health challenges to policy responses. The objective is to synthesize the available 

scientific knowledge on tobacco use in India with a view to assessing the magnitude of 

the problem, the health problems being caused, identifying the gaps in knowledge, 

reviewing policies and attempts towards reducing the burden of tobacco in India and 

providing a credible basis for evolving future tobacco control policies. 

4.5 The financial contribution of the tobacco industry 
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The tobacco industry claims that it has a major contribution to economy with its 

employment generation in agriculture and manufacturing and revenues in the form of 

exports and taxes. Economic measures to reduce tobacco use that are part of a 

comprehensive tobacco control program can counteract these. In 2009, India was the 

third largest producer of tobacco in the world. It produced 620,000 (MT) of tobacco and 

exported 230,804 tonnes of unmanufactured tobacco in 2009 (Rao, 1965). 

As indicated by the World Bank Report, the tobacco business gauges that 33 million 

individuals are occupied with tobacco cultivating, of which 3.5 million are in India. Many 

Women and child's are engaged in making bidis and different types of smokeless tobacco 

items. It is assessed that bidi fabricating gives work to more than 4.4 million specialists. 

Exchange editing and interchange jobs should be given by the Government to supplant 

tobacco cultivating and work in the tobacco items fabricating. In India, four noteworthy 

cigarette players rule the cigarette showcase worth an expected 60 billion rupees viz. 

Indian Tobacco Company (ITC), Godfrey Phillips Limited, Golden Tobacco and 

National Tobacco. Bidis still remain a noteworthy tobacco showcase, with an anticipated 

offer of 1031 billion bidis in 2007. Smokeless tobacco products like Gutkha and pan 

masala are available in attractive colourful small sachets for as low as half a rupee, and 

have become increasingly popular with aggressive marketing and advertisements. 

In India, tobacco export is mainly unmanufactured. Excise duty is imposed on the entire 

range of manufactured tobacco products, although the major contribution is from 

cigarettes. In 2000–01, tobacco contributed Rs. 81,820 million to the Indian economy 

and accounted for about 12% of the total excise collections. Bidi manufacturers 

producing less than 2 million pieces annually do not have to pay any excise duty. Pan 

masala is taxed 40% excise duty (ad valorem) and chewing tobacco and snuff with a 

brand name attracts 50% excise duty (ad valorem) (Desai, 1963). 

4.6 Links between Tobacco Sectors and Farmers 

There are two critical parts of tobacco farming development: First, the agreement 

between tobacco farmers and tobacco organizations and also, the minimum cost settled 

by the legislature in conference with the partners of the farming procedure. Both these 

perspectives require exceptional consideration as a portion of the claims originate from 
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them. Examined beneath is a common contract amongst farmers and tobacco 

organizations and the minimum value issue: 

1. The agreement as a rule fixes the measure of land to be utilized to develop tobacco 

and the kind of tobacco that will be developed. In addition, the organization 

additionally settles the measure of tobacco to be produced. Tobacco organizations 

are not bound legitimately to purchase abundance sum or be capable if 

overabundance land is utilized rather than the recommended level.  

2. The organization gives free seeds and augmentation benefits as and when required. 

The measure of seeds gave is controlled by the tobacco organization. 

3. The land that is chosen for tobacco, regardless of whether claimed or rented must 

have a barn. Moreover, the setting up and adjusting expense of the barn should be 

borne by the farmer. 

4. The farmer is submitted by the consent to pass on his deliver at his own particular 

cost to the tobacco association acquiring centre. 

5. While exchanging the produce to the purchasing focus the farmer ought to review his 

produce as indicated by the administration stipulated evaluating framework. Also 

each bunch shouldn't measure more than 70 Kg (Murthy, 1967). 

6. As indicated by the agreement, if the leaves fall beneath specific models, for instance 

if leaves are harmed or on the off chance that it contains dampness and non-tobacco 

matters in the bundle for over 15%, the leaves won't be acknowledged.  

7. Organization agents will exhort on farming strategies and farmers are will 

undoubtedly accept their recommendation.  

8. The produce should originate from organization gave seeds generally the 

organization is will undoubtedly purchase.  

9. Farmers need to submit to a wide in administration official (contingent upon 

accessibility) alongside the purchaser and dealer. In the middle of instalment and 

offering, if the produce gets rejected for any reason, the farmer should evacuate it at 

his/her own cost. If because of negative exogenous stuns the organization is not ready 

to get or purchase the settled measure of produce then the organization cannot be held 

at risk for it.  

10. Farmers need to guarantee that creepy crawlies don't harm produce. Notwithstanding, 

it is prescribed that farmers don't utilize any pesticide which is not suggested by the 

Bureau of Agriculture.  
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11. It is prescribed to guarantee adjusted treatment to ensure soil health. To diminish 

reliance on synthetic manures utilization of formed and green compost is 

exceptionally prescribed too. 

12. Utilizing Child labour is precluded for contract farmers.  

13. For curing purposes, it is prescribed not to gather fuel from limited regions or reserve 

woods (Tso and Gori, 1976). 

4.7 Contextual analyses on previous tobacco farming 

For quite a long time, looking for much more economic benefits, the tobacco business 

has motivated nations and farmers to develop more tobacco. Tobacco organizations have 

advanced tobacco developing as a panacea, asserting that it will convey unparalleled 

flourishing to farmers, their groups, and their nations. 

The nation works in creating nation with a tropical atmosphere suitable for tobacco 

development, and persevering workers. The aggregate region gave to tobacco 

development in Vietnam in 2002 was around 18,000 hectares (representing 0.28% of 

aggregate rural land) which gave a yield of around 27,400 tons of tobacco for each year. 

The quantity of full-time proportional tobacco cultivators was around 136,000. The 

tobacco business has set up an arrangement to slowly build domestic tobacco leaf 

production toward the year 2010 through expanded creation territories and enhanced the 

outcomes. 

While the cigarette business contends that tobacco farming is a main base of the nation's 

economy, the genuinely harmful effects that it has to health and environmental brought 

about by tobacco farming have been all around recorded. From the minute the tobacco 

seed is planted to the time the tobacco plant is harvested and cured, the health of the 

individuals who develop the crop is continually at hazard. 

The dangers framed by tobacco development put tobacco laborers at expanded danger of 

damage and disease. Kids and grown-ups (for the most part ladies) working with tobacco 

often experience the ill effects of green tobacco sickness (GTS), which is brought on by 

dermal ingestion of nicotine from contact with wet tobacco leaves. GTS is portrayed by 

manifestations that may incorporate queasiness, heaving, shortcoming, cerebral pain, 

dizziness, stomach problems, and trouble in breathing, and in addition vacillations in 

circulatory circulation and heart rate (Nerlove , 1958). 
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Extensive and periodic uses of pesticides to shield the plant from bugs and infections can 

bring about toxicity, skin and eye disturbance and different issue of the anxious, 

respiratory frameworks, and additionally kidney infections. Tobacco cultivating 

additionally makes a great deal of harm the environment. In many developing nations 

wood is utilized as fuel to cure tobacco leaves and to build curing stables. A universally 

evaluated 200 000 hectares of woodlands and forests are chopped during each time as a 

result of tobacco farming. Environmental depletion is likewise brought about by the 

tobacco plant, which filters supplements from the dirt, and in addition contamination 

from pesticides and manures connected to tobacco fields. 

Keeping in mind the policies to implement the strategies on tobacco control in India, 

particularly the institution of the tobacco control law, dependable data on the financial 

and health impacts of tobacco farming is direly demanded by health advocates, and in 

addition for society as a rule. 

Be that as it may, despite the fact that the measure of research on tobacco has as of late 

expanded quickly, to the best of our insight, there remains no exploration on the health 

effect of the tobacco business on cultivators. This review along these lines expects to  

1) Give a preparatory examination between tobacco development related incomes. 

 2) Consider the connection between tobacco development and self-detailed disease in 

the review populace. The discoveries of this review might be useful for confirmation 

based arrangement making against tobacco in India and somewhere else. 

4.8 Endeavours taken by the administration (open area establishments) in 

advancement of tobacco crops (creation, promoting and trades) 

In India, government and institutional support is given to various cash crops, for example, 

elastic, espresso, tea and tobacco. Institutional information sources and tobacco-related 

reviews uncover that sponsorships and special exercises for tobacco are constrained to 

flue-cured Virginia (FCV) tobacco. The coordinate appropriations as far as money 

rebates are immaterial for non-FCV tobacco. FCV tobacco appreciates government 

bolster regarding offices, controlled generation, advertising, specialized explore, 

dispersal of data, deals and fare advancement. Mediation by the Tobacco Board (TB), 

tobacco research institutes and the tobacco business is felt in development, horticultural 

works on, curing, reviewing and advertising of tobacco. The TB is the real promoter of 

FCV tobacco in the nation, notwithstanding advancing deals abroad, and it is the 
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workplace through which the administration advances FCV tobacco development. The 

special exercises for bidi and biting tobacco are restricted to look into on new, enhanced 

and low-nicotine assortments, cultivate exhibitions, pesticides administration and supply 

of value seeds to cultivators. The espresso, tea and elastic ranch enterprises have 

comparative sheets that advance the development of the particular crops and market the 

deliver in India and in different nations. All these horticulture/crop advancement sheets 

are under the Service of Trade, as these crops have been customary wellsprings of remote 

trade for the nation. 

4.9 Some effect of tobacco cultivation 

The tobacco crop adds to soil disintegration and deforestation in the nation. In a review 

conveyed out by ICAR as far in 1962, it was set up that tobacco cultivating separately it 

is the most erosive crop, bringing on lost 45 kg of top-soil per section of land per year. 

In examination, cotton crops lost 7.5 kg of top-soil, grapes lost 11 kg and groundnut lost 

12.5 kg. Thus of extreme soil disintegration in tobacco-developing areas, the water 

maintenance in soil additionally winds up noticeably poor. And there is likewise proof 

to propose that tobacco developing drains soil supplements at a significantly quicker rate 

than numerous different crops, subsequently quickly diminishing the fertility of the soil. 

Since it exhausts the supplements at an overwhelming rate, tobacco requires a 

considerably bigger contribution of substance composts, particularly potassium. Be that 

as it may, CTRI battles that among the different crops, pesticide use is at any rate in the 

instance of tobacco and residue levels are well underneath the direction deposit levels 

developed by the Collaboration Centre for Scientific Research Relative to Tobacco 

(CORESTA), a global association. Another region of concern is the proceeded with 

utilization of restricted pesticides/bug sprays such as organ chlorine and 

organophosphates by tobacco farmers because of their modest cost and simple 

accessibility (CMDR, 2000). 

A review by CMDR found that the successive and unabated utilization of chemicals was 

unfavourably influencing the health of the farmers, bringing about respiratory sicknesses, 

skin disturbance and sensitivities. There is additionally proof to demonstrate that 

pesticide residues on tobacco leaf antagonistically influence the individuals who expend 

semi-manufactured tobacco items, because of leftover pesticides, for example, endo-
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sulphur and DDT (which are restricted, yet being utilized surreptitiously). Tobacco is 

additionally a reason for deforestation in a few areas, as expansive amounts of fuel wood 

are required for curing tobacco. On account of FCV tobacco, which represents around 

30% of the nation's aggregate tobacco generation, wood and coal are for the most part 

utilized for curing. It is assessed that so as to cure 1 kg of tobacco leaf, roughly 2.6 kg of 

fuel wood is expended in Andhra Pradesh and 5.4 kg in Karnataka. A few reviews have 

been started on vitality protection and the usage of interchange fuels, for example, crop 

residues and sun based vitality, all together to lessen ecological perils. In India, the 

industry and agrarian augmentation specialists have likewise attempted endeavours to 

make up for fuel wood lack, by providing briquettes made of horticultural waste, (for 

example, espresso husks and groundnut shells) at a financed rate. There is a requirement 

for considerably more deliberate research regarding this matter. Tobacco cultivators must 

be made endeavour for the long adverse unexpected financial outcomes of developing 

tobacco. It is critical to exhibit to the farmers the banquet of crop turn, intercropping and 

substitute cropping. Agriculturists in like manner ought to be described the related points 

of interest in the usage of green fertilizers and bio pesticides. 

4.10 Main issues in tobacco cultivating and exchange crops 

There is no doubt that tobacco use has various basic expenditure to society and is an 

important drain on national health input arranges, pro effectiveness and family pay to 

state just two or three areas of negative impact. The debate against tobacco use however 

are very surprising as saying that the harvest is not an engaging choice for farmers or that 

creation ought to be lessened from a major maker's perspective. 

Similarly, while a considerable aspects against tobacco are considered with the dangers 

of the yield and unequal export/imports relations that occasionally exist amongst 

agriculturists and tobacco organizations, defenders of tobacco have attempted to claim 

that the harvest is the main ware ready to give a high salary and is completely basic for 

country work creation, remote trade income and government revenue. These contentions 

have been utilized adequately to moderate the execution of tobacco control measures the 

world in nations that infer a substantial share of wage from tobacco have been 

particularly vocal in raising considerations about the potential negative impacts of 

tobacco control measures. A sum of some significant contentions for and against tobacco 

creation from a farming point of view is given underneath. 
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Table 4.1: Some pros and cons of growing tobacco from an agricultural sector 

perspective 

Pros Cons 

Tobacco contributes a major part to local 

economies.  

Tobacco does not contribute to a 

relatively good income.  

Tobacco is profitable and is responsible 

for the development to rural areas. 

Unequal trading relations can be 

accomplished by the farmers. 

Farmers depend on tobacco for their 

major income. 

Tobacco farming has trapped poor 

growers into a never-ending debt cycle. 

Food production is supported by tobacco. Tobacco production exposes farmers to 

serious health risks. 

As compare to others enterprises, tobacco 

creates more employment per hectare than 

other. 

Tobacco contributes to rural poverty and 

food insecurity.  

The demand keeps on growing for 

tobacco. 

Tobacco contributes to deforestation and 

environmental degradation. 

 

There are obviously solid claims on both sides of the level headed discussion. This short 

paper can't in any way, shape or form answer the majority of the contentions for and 

against tobacco from the farming point of view, however a few topics with respect to 

expenses and profit, work necessities, safe treatment of agricultural sources of info and 

provincial credit recuperation do repeat all through the examination and are imperative 

to endure as a main priority while looking at the contextual analyses that take after. The 

majority of all, it ought to be remembered that the decision is not just between developing 

tobacco and not developing tobacco. This enormously distorts the issue and reduces 

consideration from the genuine test, which is to create suitable, high-esteem options close 

by tobacco that are universally aggressive and offer farmers a sensible decision of how 

to allot their assets. Just to contend that tobacco has numerous risks and that farmers 

ought to quit developing the product, or that tobacco control measures will by one means 

or another achieve the ruin of tobacco economies overnight, totally overlooks what's 

really important of what is required for long haul agricultural aggressiveness. As a result 

of the vulnerability over future tobacco markets, now is undoubtedly a decent time to 

search for maintainable options and to consider what is expected to help these items 
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develop, however this is not the same as saying that the strategy goal ought to be to 

diminish tobacco creation in view of the possibility of some lessening in worldwide 

request 25 or 30 years later on. On this premise, one vital aspect of finding of the 

contextual investigations is that tobacco benefits do, as a rule, contrast positively and 

elective enterprises, at any rate in the nations secured here. This is valid in supreme terms 

per hectare and consistently measured by return to work. While this is not the same as 

saying that tobacco is dependably (or even in some cases) an ideal decision from a 

homestead administration perspective, the high productivity of the harvest is a 

noteworthy test that must be considered important by any enhancement exertion (Tso 

and Gori, 1976). 

4.11 Challenges Confronted by Agriculturists in tobacco cultivation 

1. Absence of workers in Tobacco farming is exceptionally labour intensive: about 

90% farmers of tobacco cultivation said that they didn't get the labour in time. It 

might influence violently on the generation of Tobacco.  

2. Expanding work cost: Step by step the wage rate is expanding. The predominant 

are per day for ladies is Rs 200/and for men Rs 300/. It is impractical for the farmers 

to meet the cost of works, as they didn't get the sensible rate for the tobacco when 

contrasted with the wage rate.  

3. Child labour: The most child-labourers work in agriculture and 50 % of the farmers 

concurred with this.  

4. Commission operators’ technique: The specialist's claim that this year the nature of 

the tobacco is bad and price they can pay are low. 

5. The 80 % of selected farmers said this is a methodology to lower costs. An 

extensive percent of the benefits from tobacco creation go to operators instead of 

nearby tobacco farmers.  

6.  Secrecy in price agreement Dominant part of the specimen farmers said that 

numerous a times the last value understanding of tobacco with every tobacco farmer 

is done secretively, covering the hands under a white towel and utilizing a code. So 

it is hard for the tobacco farmers to characterize a typical methodology. 

7. Pressure of anti-tobacco from against tobacco campaign and stringent controls 

being upheld by governments in various nations, including India, makes an issue 
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before tobacco farmers. Tobacco development might be constrained out of 

traditional sectors because of high admiration focused crops and high labour cost. 

8. Absence of a tobacco board: Bidi tobacco is not managed by any legislative 

organization and costs are controlled just by merchants. The absence of a Tobacco 

Board makes the market unregulated and no association gives money related 

support to farmers in years when heretic rain can decrease creation said the 95% of 

the chose farmers.  

9.  Environment: Tobacco cultivation requires the utilization of a lot of pesticides, 

tobacco organizations prescribe up to 16 isolate uses of pesticides just in the period 

between planting the seeds in nurseries and transplanting the germinating plants to 

the field. Pesticide use has been exacerbate by the longing to create more 

noteworthy crops in less time because of the reduction promoting cost estimation 

of tobacco (Behrman, 1968). 

Pesticides regularly hurt tobacco farmers since they are ignorant of the health impacts 

and the best possible security procedures for working with pesticides. These pesticides 

and in addition manures, end up in the soil, the channel and the natural way of life. 

Combined with labour, pesticides represent a significantly more prominent risk. Early 

preamble to pesticides may assemble a child's long cancer and furthermore affect his or 

her brain or immunity. 

 Falling item costs as no viable rivalry, worked by a couple of players. 

 Cigarettes-prompting against law fall in neighbourhood tobacco deals. 

 Extreme control inciting fall in tobacco deals COTPA Act etc., 

 Multinationals have set up substance in India for wholesale exchanging at last 

affecting residential agriculturists’ salary, business and income interests.  

 Agriculturists are running into misfortunes because of log jam in deals as makers 

and exporters are asserting surplus stocks with them. Government's reaction:  

 Government buying crops from agriculturists insufficient as most buys are of low 

cost and grade. 

 Attempting to convince farmers to move to alternative crops inferable from health 

concern and India being signatory to WHO lead Framework Convention on Tobacco 

Control (FCTC) swearing to decrease tobacco use. Guaranteeing general health is no 
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doubt a respectable target, controlling tobacco advancement is a complex money related 

issue which requires attentive orchestrate and think approach. 

 Fall in cost of tobacco and over the top direction in the business debilitates tobacco 

farmers. 

 India is the sixth biggest unlawful cigarette advertises on the planet and around 

16% of Indian tobacco items are ill-conceived. The developing offer of illicit cigarettes 

is decreasing the demand of local tobacco industry. 

 Indian Tobacco Industry is worked by a couple of local players and there is no 

viable competition. Agriculturists are not getting the overarching cost through 

monopolistic and uncalled for exchange rehearses by local exchange association.  

The other problem faced by the cultivators is 

1. Low costs at peak harvest period. 

2. High cost of sources of information. 

3. Absence of satisfactory assets. 

4. Inaccessibility of value manures in time  

5. Disease infestation in winter.  

6. Labour related problems. 

7. Good quality seed is not available. 

8. Absence of Government consideration.  

9. Syndicate of business people.  

10. Requirement for quick deal. 

11. Delay in instalment by brokers.  

12. Farmers did not get genuine cost because of appalling marketing 

channel/framework. 

13. Absence of farmers' information on better quality seed and access to the seed.  

14. Absence of linkage amongst farmers and exporter.  

15. Absence of coordination among research associations like BARI, DAE and farmers 

and Agro/Tobacco handling organizations.  

16. Health and disease is genuinely being influenced among tobacco-cultivators 

through high quantity of smoking and a leaf chewing practice despite through 

development and drying of tobacco leafs. 
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4.12 Steps taken by Government 

The Tobacco Board has begun measures to reduce the improvement of tobacco and in 

this way, tobacco cultivation is also reduced. Legislature of India, one of the 168 

signatories to the World Health Organization’s Framework Convention on Tobacco 

Control (WHO FCTC), is committed to cut the cultivation of tobacco and tobacco items, 

including gutkha by 2020. The WHO FCTC, created because of the globalization of the 

tobacco epidemic, has approaches the signatory nations to take measures to check 

worldwide marketing of tobacco and tobacco items, publicizing, advancement and 

sponsorship, development of contraband and counterfeit cigarettes by cost and expense 

measures and non-price measures to diminish the interest for tobacco (Behrman, 1968). 

Under the agreement, the Tobacco Board has begun the route toward hopeless 

agriculturists from developing tobacco to alternative activities as per guideline of FCTC. 

Aside from offering a remuneration bundle on the off chance that they surrendered their 

tobacco development license, as a component of the restoration measures, the board gives 

help to them to move to alternate commercial crops. The territory under development, a 

main tobacco producer, is around 220,000 sections of land and this ought to be achieved 

down to 100,000 sections of land by 2020. Such ranchers would be paid a compensation 

of Rs 2.5 Crore for single animal barn and Rs 5 lakh for twofold stable permit. 

The main strategy of Government for replacement of traditional tobacco cultivation is 

distribute of seeds of alternative crops among tobacco farmer in the study area. It is 

noticed that the main demand of the farmers was to get seed support. This is because the 

tobacco cultivation remaining involved in tobacco cultivation for long time. The farmer 

in fact does not have any seed in their hand. In fact, farmer becoming low interested in 

food grain cultivation in the study n area. There has a government policy to distribute 

seeds to the farmers (Table- 4.2). But that was not sufficient to replacement the tobacco 

cultivates to food grain cultivation. 

Table 4.2. Each unit of vegetable DC contain the following items 

Sl No. Seed unit 
Rate/unit 

Rs 
No. of unit Total cost 

1 Okra 250 gram 1105 2 2210 



121 
 

2 Brinjal 10 gram 118 2 236 

3 Ridge Gourd 50 gram 445 1 445 

4 Cucumber  25 gram 692 2 1384 

5 Bitter Gourd 50 gram 709 1 709 

    total 4984 

Source: Deputy Director of Agriculture, Cooch Behar. 

The shifting of tobacco cultivation to food production meant producing food crops that 

were traditionally grown in the area with the local variety seeds, without using of 

chemical fertilizer and pesticides and no irrigation system. Now a day’s irrigation 

facilities is so much developed in the study area and with the growing demand of food 

crops hybrid food crops and high productive cultivation is needed. In the study area seeds 

distribution was taken under government policy. The distribution amount was not 

sufficient, the Table 4.3 showing the amount of seeds distribution allotment, which 

reveals that study area by block wise allotment is not satisfactory. So to replace the 

tobacco cultivation to food crops production is hampering. 

Table 4.3. Block wise sub allotment of seeds in the study area 

Block Vegetables as 0.5 

hectare /Rs5000/DC 

Cost of each unit 

(Rs 4984) 

Total cost ( Rs in 

lakh) 

1.Dinhata- I 50 4984 2.492 

2. Dinhata-II 20 4984 0.9968 

3. Sitai 125 4984 6.23 

Total 195 14952 9.7188 

Source: Deputy Director of Agriculture, Cooch Behar. 

Conclusion 

India has been in courage in FCTC negotiation. India has also compiled with majority of 

FCTC provisions, by enacting COTPA 2003 and launching a new national program on 

Tobacco Control (NTCT) (Reddy and Gupta, 2004), but provision of alternative cropping 

pattern or alternative livelihood of tobacco farmers are not covered by Indian Act. The 

anti-tobacco initiatives and the tobacco control law in India, mainly related to ban on 

advertisement, smoking free environment and access to minors that are considered a 

matter of priority (Reddy, Arora and Yadav, 2008). Many studies suggest that, to 

strengthen tobacco control initiatives and to channelize resources to proper use, there is 
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need for an anti-tobacco alliance comprising of all the stakeholders with public and 

private partnership. To further the initiatives, it is imperative to bring forth the most 

effective legislative, regulatory and the policy strategies for reduction of demand and 

supply side across the country. Tobacco control is difficult without taken alternative 

livelihood strategies for growers, producers, even individual sellers in way of 

WHOFCTC Article 17 and 18. 

It has been apparent that implementation of the FCTC will act as a strong catalyst for 

strengthening national tobacco control legislation and programs. There is a need for India 

to bring tobacco control into the national mainstream. This will include constitution of 

the National regulatory Authority, for effective monitoring of anti-tobacco programs. It 

is also imperative to undertake comprehensive reviews of existing legislation, policies, 

rules and regulation to go beyond FCTC requirements. The country has also to undertake 

a serious effort to implement the new legislation to support alternative cultivation of 

tobacco. In doing so, India shall be honouring its commitment to FCTC obligations, 

upholding public interest and protection public health and environment. 
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CHAPTER - V 

 LAND EVALUATION FOR ALTERNATIVE 

CROPS OF TOBACCO 

 
5.0 Introduction 

The present chapter deals with land suitability classification of Dinhata subdivision. The 

suitability classes are delineated for five important rabi crops and the suitable crops are 

suggested for replacement of tobacco cultivation in order to succeed WHO-FCTC treaty. 

The main objective of this chapter is to make land evaluation for best alternative crops 

of tobacco in Dinhata subdivision. Land suitability studies gives information on the 

choice of crops to be grown to replace tobacco cultivation on a specific site for 

maximizing crop production per unit land. In this study, Analytical Hierarchy Process 

(AHP) integrated with GIS was applied to establish a spatial model of the suitability of 

agricultural land of the study area for five alternative rabi crops of tobacco such as potato, 

maize, boro paddy, mustard and wheat.  

The term ‘Land Evaluation’ was first used by Visser in his paper ‘The trend of the 

development of land evaluation in the future’ in 1950 (NBSS&LUP, 2006). Van 

Wambeke and Rossiter define land evaluation is the ranking of soil unit on the basis of 

its capabilities to provide optimum returns of an area besides conservation of 

environmental resources for future use (Wambeke and Rossiter, 1997). According to 

FAO (1976) land evaluation is “the process of assessment of land performance when 

used for specific purpose. It involves the execution and interpretation of surveys and the 

studies on landforms, soils, vegetation, climate and other related aspects of land for a 

compromising between the promising land use and specific land use”. The principal 

objective of land evaluation is to select the optimum land use for each defined land unit 

taking into account both physical and socio-economic factors and the conservation of 

environmental resources for future use (FAO, 1983; Sys et. al. 1991).  Suitability is 

measured by the land qualities with the specific crop requirements (FAO 1976a, b). In 

order to assess suitability of an area for a particular crop, several criteria need to be 

evaluated (Belka, 2005). 
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5.1 Land suitability classification 

Food and agriculture organization’s (FAO) guideline on the land evaluation system is 

widely acceptance. There are four categories or level of classification: land suitability 

orders, classes, sub-classes and units. The present study has not used the units, whereas 

land units are the basis for classification by grouping specific areas. 

Table: 5.1 Definition of suitability orders 

Suitability orders Definition 

Order S (suitable) Land on which sustained use of the kind under consideration 

is expected to yield benefits that justify the inputs, without 

unacceptable risk of damage to land resources. 

Order N (not 

suitable) 

Land which has qualities that preclude sustained use of the 

kind under consideration. 

Source: FAO, 1976 

Table: 5.2 Structure of the suitability classification 

Orde

r 
Class Suitability 

Rating 

scale (%) 
Limitations 

   S 

S1 
Highly 

Suitable 
85-100 

Land having no significant limitations to 

sustained application of a given use, or 

only minor limitations that will not 

significantly reduce productivity or 

benefits and will not raise inputs above 

an acceptable level. 

S2 
Moderately 

suitable 
60-85 

Land having limitations which an 

aggregate are moderately severe for 

sustained application of a given use; the 

limitations will reduce productivity or 

benefits and increase required inputs to 

the extent that the overall advantage to 

be gained from the use, although still 
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attractive, will be appreciably inferior to 

that expected on Class S1 land. 

S3 
Marginally 

suitable 
40-60 

Land having limitations which in 

aggregate are severe for sustained 

application of a given use and will so 

reduce productivity or benefits, or 

increase required inputs, that this 

expenditure will be only marginally 

justified. 

N 

N1 
Currently 

not suitable 
25-40 

Land having limitations which may be 

surmountable in time but which cannot 

corrected with existing knowledge at 

currently acceptable cost, the limitations 

are so severe as to preclude successful 

sustained use of the land in the given 

manner. 

N2 

Permanentl

y not 

suitable 

0-25 

Land having limitations which appear as 

severe as to preclude any possibilities of 

successful sustained use of the land in 

the given manner. 

Source: FAO, 1976; Juniarti et.al. 2013 

5.1.1 Suitability order 

Land suitability order indicate whether land is assessed as ‘suitable’ (S), or ‘not suitable’ 

(N) for the use under consideration (FAO, 1976) (Table 5.1). The focal reasons why land 

may be classified as not suitable are that the proposed use is technically impracticable, is 

environmentally undesirable or is economically unprofitable, the income from the 

estimated prediction being less than the cost of the required inputs. 

5.1.2 Suitability classes 

These indicate the degree of suitability. Within the order suitable, the three classes, 

highly, moderately, and marginally suitable, are defined in relative terms. The S1/S2 

boundary, or lower limit of highly suitable land, should be set at the point where 

conditions have become clearly less than optimal. Crop yield or other forms of 

production are slightly but definitely lowered, or inputs to counter the effects of a 
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limitation become needed. Highly suitable land is not the 'perfect' land for the use in 

question, but could be labelled as the best that might reasonably give hope. The S2/S3 

boundary dividing the moderately from the marginally suitable land should separate land 

which, although it has some limitations, is quite clearly suited to the use but only by a 

small technical, economic or environmental protection margin.  

Of the two classes within the order ‘not suitable, N1 indicating currently not suitable, 

refers to land on which the use under consideration is technically possible but not 

economic. N2 indicating permanently not suitable is widely applied to steep slopes, 

swamps, rock out crops and arid areas. The present study has not use not suitability 

classes, instead of only use N order. 

       5.1.3 Suitability sub-classes 

Land Suitability Subclasses are reflecting kinds of limitations, or main kind of 

improvement measures required, within class. Subclasses are showed by lower-case 

letters with mnemonic significance, e.g. S2m, S2e, and S3me. The following subclasses 

have been identified: 

                         c : climate limitations 

                         t : topographic limitations 

                         w:  wetness limitations 

                         s : physical soil limitations 

                         f : soil fertility limitations 

                         n : salinity and or alkalinity limitations 

5.2 Climatic Suitability for alternative crops of tobacco 

The agro-climatic condition of this subdivision is characterized as humid and damp 

throughout the year with high rainfall during pre-kharif (March to May) and Kharif 

season (June to September). Long term data of various climatic parameters such as 

minimum and maximum temperature, relative humidity, sunshine hours, rainfall and 

rainy days for 40 years (1972-2011) have been collected from meteorological station of 

Central Tobacco research Institute, regional research station, Dinhata, which is located 

at 260 20’ N latitude and 890 27’ E longitude and 41 metre above the mean sea level. 

Lack of various parameters of weather data for more locations in the study area is the 

main constraint for assessment of climate suitability for different crops among different 

locations. Therefore, the data of climate from a single station i.e., Dinhata town has been 



130 
 

used to see overall climatic suitability of different crop in Dinhata subdivision. More the 

areas way from the climate station, Dinhata town the suitability results of the different 

crops will suffer from approximation due to the distance parameter. With this constraints 

in mind the climatic suitability of Dinhata has been done to see overall suitability of 

different crops in respect of climatic condition available over this area. The details of 

climate characteristics of the study area have been analysis in Chapter-II. 

Climate suitability evaluation for five rabi crops under irrigated conditions are measured 

by parametric method. In this method a numeral rating is attributed to each characteristics 

(Sys et al., 1991b). The process of evaluation is based on the FAO qualitative land 

evaluation system (FAO 1976, 1984, 1985), which compares climatic conditions 

including insolation, temperature, rainfall and relative air humidity with each specific 

crop requirements developed by Sys et al. (1991a, b, 1993). The climatic indices are 

calculated from the individual rating. If the observed value is x and it falls into the interval 

[a, b] it needs to get a score y that falls into the interval [c, d]. The formula (Baghehzadeh 

and Gholizadeh, 2016) to calculate 𝑦 is: 

𝑦 =  𝑎 +  
(𝑏 −  𝑎)( 𝑥 −  𝑐)

(𝑑 −  𝑐)
 

Then, climate index has been calculated based on khiddir’s square root method. The 

formula to calculate CI is: 

Square root method (Khiddir, 1986) 

𝐂𝐈 = 𝐑𝐦𝐢𝐧 ×  
𝐀

𝟏𝟎𝟎
×

𝐁

𝟏𝟎𝟎
 × … 

                                                                                   Where, CI= Climate Index 

                                                                                            Rmin= minimum rating. 

                                                  A, B … = other rating besides the minimum rating, 

The climatic rating to be used in the total evaluation has to be calculated by (Sys et al., 

1991b) 

- If index between 25 and 92.5: climatic rating =16.67 + 0.9 index 

- If index less than 25: Climatic rating = 1.6 × index 

The suitability classes are defined according to the value of the index (table 5.3) as 

suggested by Sys et al. 
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Table: 5.3 Climate suitability classes according to climate index and climate 

rating based on Sys et al. (1991 b) 

Climatic classes Limitation level 
Climate 

Index 

Corresponding 

rating 

S1 No to slight 100-75 100-85 

S2 Moderate 75-50 85-60 

S3 Severe 50-25 60-40 

N Very severe 
25-12.5 

12.5-0 

40-20 

20-0 

 

The average day (td) and night (tn) temperature are calculated by following formula 

(Gommes, 1983; Sys et al., 1991a) 

𝓉𝒹 =
(𝑡𝑚𝑎𝑥 + 𝑡𝑚𝑖𝑛)

2
+

(𝑡𝑚𝑎𝑥 − 𝑡𝑚𝑖𝑛)

4𝜋
 
(46 − 𝑁)

𝑁
 

𝓉𝓃 =
(𝑡𝑚𝑎𝑥 + 𝑡𝑚𝑖𝑛)

2
−

(𝑡𝑚𝑎𝑥 − 𝑡𝑚𝑖𝑛)

4𝜋
 
(46 − 𝑁)

(24 − 𝑁)
 

                              Where,   

                                     td= average daytime temperature °C  

                                     tn= average night time temperature °C     

                                     tmax= daily maximum temperature °C   

                                    tmin= daily minimum temperature °C  

                                   𝜋 = 3.1416 

It is noted that, in the study area, rabi crops are grown under irrigation supply, hence 

rainfall parameter has not to be considered for climate index. 

5.2.1 Potato 

Potato is an important rabi crop in the study area.  The temperature range for the optimal 

growth of potatoes between 16-20 °c. The growth of tuber virtually stops at temperature 

below 10 °c above 30 °c. A rainfall of 300-700 mm growing cycle is required. Potato 

grows well under long day conditions. Sunshine along with cooler nights is essential for 

reducing the spread of diseases. 
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Table: 5.4 Climatic requirements for potato (growing cycle 90-120 days) based 

on Sys et al. (1993) 

 

Climatic characteristics 

Class, degree of limitation and rating scale 

S1 S2 S3 N1 N2 

0 1 2 3 4 

100 85 60 40 25 0 

Rainfall of 1st month (mm) >60 60-45 45-30 30-20 - <20 

Rainfall of 2nd month (mm) >100 100-80 80-65 65-50 - <50 

Rainfall of 3rd month (mm) > 100 100-80 80-65 65-50 - <50 

Rainfall of 4th month (mm) 
70-40 

70-100 

40-20 

>100 

<20 

- 

- 

- 

- 

- 

- 

- 

Mean temperature of 

growing cycle °C 

18-16 

18-20 

16-13 

20-24 

13-10 

24-27 

10-8 

27-30 

- 

- 

< 8 

> 30 

Average absolute minimum 

temperature of first month °C 
>2 2-0 0 to -1 -1 to -2 - < -2 

Average absolute minimum 

temperature of other three 

month °C  

>0 0 to -1 0 to -1 -2 to -3 - < -3 

Average temperature 

difference between day and 

night °C 

> 10 10-5 <5 - - - 

Average day length of 

growing cycle (h) 

15-16 

15-13 

>16 

< 13 

- 

- 

- 

- 

- 

- 

- 

- 

 

The climatic ratings under irrigation conditions for potato cultivation were determined 

by taking into account the inherent climatic condition and requirements of crop. The 

result of the crop suitability index and rating is provided in table 5.4 and 5.5 respectively. 

The result indicate that climate suitability class is S1 to indicate that climatic condition 

had to be satisfied. But irrigation is necessary during crop cycle. 

Table: 5.5 The values of climate characteristics and the degree of limitation for 

Potato production in the study area 
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Climate characteristics Value Class 
Degree of 

limitation 

Rainfall of 1st month (mm) 15.4 N2 19.25 

Rainfall of 2nd month (mm) 8.42 N2 4.21 

Rainfall of 3rd month (mm) 10.46 N2 5.23 

Rainfall of 4th month (mm) 14.07 S2 77.58 

Mean temperature of growing cycle °C 17.84 S1 99.6 

Average absolute minimum temperature of first 

month °C 
9.34 S1 100 

Average absolute minimum temperature of 

other three month °C 
10.44 S1 100 

Average temperature difference between day 

and night °C 
7.89 S1 90.78 

Average day length of growing cycle (h) 7.8 S1 91 

Climate Index 86.43 

Climate rate 94.45 

Climate class S1 

  

5.2.2 Maize 

Maize is mainly cultivated in kharif season in all part of India, but in the study area maize 

is sown in rabi season. According to C, Singh (1983), the most favourable temperature 

for germination is 21°C and for growth 32 °C. Extremely low and high temperature and 

low humidity during flowering damage the foliage, exsiccate the pollen and delay with 

pollination, causing in poor grain formation. Maize grow in regions that have a total 

annual rainfall between 500-5000 mm (Sys et al., 1993). Maize is very sensitive to 

stagnant water, particularly during its early stages of growth. Details crop requirement 

as suggested by Sys et al. (1993) are furnished in table 5.6. 
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     Plate 5.1 Alternative crops of tobacco of the study area 
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Table: 5.6 Climatic requirement for maize (growing cycle 90-130 days) based 

on Sys et al. (1993) 

Climatic 

characteristics 

Class, degree of limitation and rating scale 

S1 S2 S3 N1 N2 

0 1 2 3 4 

100 85 60 40 25 0 

Rainfall of 

growing cycle 

(mm) 

750-900 

750-600 

900-1200 

600-500 

1200-

1600 

500-400 

>1600 

400-300 

- 

- 

- 

<300 

Rainfall of 1st 

month (mm) 

175-200 

175-125 

220-295 

125-100 

295-400 

100-75 

400-475 

75-60 

- 

- 

>475 

<60 

Rainfall of 2nd 

month (mm) 

200-235 

200-175 

235-310 

175-150 

310-400 

150-120 

400-475 

120-70 

- 

- 

>475 

<70 

Rainfall of 3rd 

month (mm) 

200-235 

200-175 

235-310 

175-150 

310-400 

150-120 

400-475 

120-70 

- 

- 

>475 

<70 

Rainfall of 4th 

month (mm) 

165-210 

165-125 

210-285 

125-100 

285-400 

100-80 

400-475 

60-80 

- 

- 

>475 

<60 

Mean temperature 

of growing cycle 

°C 

24-22 

24-26 

22-18 

26-32 

18-16 

32-35 

16-14 

35-40 

- 

- 

<14 

>40 

Mean minimum 

temperature of 

growing cycle°C 

17-16 

17-18 

16-12 

18-24 

12-9 

24-28 

9-7 

28-30 

- 

- 

<7 

>30 

Relative humidity 

of development 

stage (%) 

65-50 

65-80 

50-42 

>80 

42-36 

_ 

36-30 

- 

- 

- 

<30 

- 

Relative humidity 

of maturation 

stage (%) 

40-30 

40-50 

30-24 

50-75 

24-20 

75-90 

<20 

>90 

- 

- 

- 

- 

n/N of 

development stage 

0.55-0.5 

0.55-0.6 

0.5-0.35 

0.6-0.75 

<0.35 

>0.75 

- 

- 

- 

- 

- 

- 
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n/N of maturation 

stage 
>0.7 0.7-0.5 <0.5 - - - 

 

The degree of limitation of each climatic parameter and overall index and ratings for 

maize are illustrated in Table 5.7. The climate suitability rating is 77.92% and suitability 

class is S2, which indicate moderate suitability. The relative humidity and insolation are 

the main hindrances for maize cultivation in the study area. 

Table: 5.7 The values of climate characteristics and the degree of limitation for 

maize production in the study area 

Climate characteristics Value Class 
Degree of 

limitation 

Rainfall of growing cycle (mm) 549.94 S1 92.5 

Rainfall of 1st month (mm) 14.07 N2 5.86 

Rainfall of 2nd month (mm) 40.01 N2 14.28 

Rainfall of 3rd month (mm) 152.05 S1 85.41 

Rainfall of 4th month (mm) 343.81 S2 72.56 

Mean temperature of growing cycle °C 22.47 S1 96.18 

Mean minimum temperature of growing cycle °C 15.48 S1 94.29 

Relative humidity of development stage (%) 67.8 S1 95.6 

Relative humidity of maturation stage (%) 78.19 S2 79.68 

n/N of development stage 0.63 S1 99 

n/N of maturation stage 0.5 S1 85 

Climate Index 68.05 

Climate rate 77.92 

Climate class S2 

 

5.2.3 Boro paddy 

Boro paddy is the cultivation of winter rice under fully controlled irrigation, hence 

rainfall has not to be considered, so availability of water supply is needed trough out the 

growing cycle. Moderate to high relative humidity (50-90 %) during the vegetative stage 

can result in reduced tillering. The average temperature required throughout the life 

period of the crop ranges from 10 to 36°C. The climate is considered unsuitable when 
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the average temperature of this crop development stage is less than 10 °C and more than 

45 °C (Sys et al. 1991 b).  Taking into account different climatic requirements and the 

evaluation of the climate are presented in table 5.8 and 5.9 respectively.   

Table: 5.8 Climatic requirement for boro paddy (growing cycle 90-150 days) 

based on Sys et al. (1993) 

Climatic characteristics 

Class, degree of limitation and rating scale 

S1 S2 S3 N1 N2 

0 1 2 3 4 

100 85 60 40 25 0 

Rainfall of 1st month 

(mm) 

200-300 

200-75 

300-400 

75-50 

400-550 

- 

550-

650 

- 

- 

- 

> 

650 

< 50 

Rainfall of 2nd month 

(mm) 

200-300 

200-125 

300-400 

125-100 

400-550 

100-75 

550-

650 

75-50 

- 

- 

> 

650 

< 50 

Rainfall of 3rd month 

(mm) 

200-300 

200-125 

300-400 

125-100 

400-550 

100-75 

550-

650 

75-50 

- 

- 

> 

650 

< 50 

Rainfall of 4th month 

(mm) 

200-300 

200-75 

300-400 

75-50 

400-550 

< 50 

550-

650 

- 

- 

> 

650 

Mean temperature of 

growing cycle °C 

31-30 

31-32 

30-24 

32-36 

24-18 

>36 

18-10 

- 

- 

- 

<10 

- 

Mean maximum 

temperature of warmest 

month of growing cycle 

°C 

35-36 

35-33 

36-40 

33-30 

40-45 

30-26 

45-50 

26-21 

- 

- 

> 50 

<21 

Mean temperature of crop 

development stage °C 

29-26 

29-32 

26-24 

32-36 

24-18 

36-42 

18-10 

42-45 

- 

- 

<10 

> 45 

Mean minimum 

temperature of ripen stage 

°C 

20-28 

20-22 

18-14 

22-25 

14-10 

25-28 

10-7 

28-30 

- 

- 

< 7    

>30 
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Relative humidity of 

tillage and vegetative 

stage (h) 

65-60 

65-75 

60-50 

75-90 

50-40 

90-100 

40-30 

- 

- 

- 

<30 

- 

Relative humidity of 

harvest stage (h) 

50-37 

50-65 

37-33 

65-80 

33-30 

>80 
< 30 

- 

- 

- 

- 

n/N of growing cycle >0.75 
0.75-

0.65 

0.65-

0.45 
< 0.45 - - 

 

The result of the overall climatic suitability evaluation showed that climate of the study 

area is moderately suitable for boro paddy production under irrigated conditions. The 

climate index is 56.63 and overall rating is 67.64, which fall in S2 climate suitability 

class. The main limiting factor is the lower mean daily temperature condition of the study 

area relative to the optimum condition in crop cycle and development stage which tends 

to delay maturity. Average sunshine hours of growing cycle is also lower than optimum 

condition for winter rice cultivation in the study area. 

Table: 5.9 The values of climate characteristics and the degree of limitation for 

Boro paddy production in the study area  

Climate characteristics Value Class 
Degree of 

limitation 

Rainfall of 1st month (mm) 14.07 N2 7.03 

Rainfall of 2nd month (mm) 40.01 N2 20.01 

Rainfall of 3rd month (mm) 152.05 S1 96.5 

Rainfall of 4th month (mm) 343.81 S1 92.81 

Mean temperature of growing cycle °C 22.47 S2 78.64 

Mean maximum temperature of warmest month of 

growing cycle °C 
31.55 S1 92.41 

Mean temperature of crop development stage °C 21.8 S2 75.83 

Mean minimum temperature of ripen stage °C 20.49 S1 98.77 

Relative humidity of tillage and vegetative stage 

(%) 
69.61 S1 97.69 

Relative humidity of harvest stage (%) 75.07 S1 94.98 

n/N of growing cycle 0.64 S2 83.75 
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Climate Index 56.63 

Climate rate 67.64 

Climate class S2 

 

5.2.4 Mustard 

Mustard is one of the important oilseed crop in the study area. It is sown in rabi season 

under irrigated conditions. The optimum average temperature during mustard growing 

season ranges 15°C to 26°C but minimum goes down to 8°C. Details climatic 

requirement for mustard cultivation are furnished in Table 5.10. 

Table: 5.10 Climatic requirements for mustard growing cycle (90-120 days) 

based on NBSS&LUP 2006; Shah 1984;  Singh 1958; Weiss 1983  

Climatic 

characteristics 

Class, degree of limitation and rating scale 

S1 S2 S3 N1 N2 

0 1 2 3 4 

100                        85 60 40 
       

25 
0 

Rainfall of growing 

cycle (mm) 

500-600 400-500 400-250 
250-

150 
- <150 

  600-700 700-850 
850-

1650 
- >1650 

Monthly rainfall of 

vegetative stage 

(mm) 

65-45 45-30 30-15 15-8 - < 8 

65-90 90-120 >120 - - - 

Monthly rainfall of 

flowering stage 

(mm) 

60-45 60-30 30-10   - < 10 

60-75 75-90 90-120 >120 - - 

Mean temperature of 

growing cycle °C 

21-24 24-26 26-32 32-34 - > 34 

21-18 18-15 15-12 12-8 - < 8 

Mean temperature of  

vegetative stage °C 

15-12 12-9 9-6 6-3 - < 2 

15-18 18-21 21-26 26-32 - > 32 

Mean temperature of 

flowering stage °C 

20-16 16-13 13-9 9-6 - < 6 

22-25 25-28 28-32 32-36 - > 36 
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n/N of vegetative 

stage 

0.55-0.5 0.5-0.45 
0.45- 

0.35 
<0.35 - - 

0.55-0.6 0.6-0.65 
0.65 - 

0.75 
>0.75 - - 

n/N of flowering 

stage 
>0.75 

0.75-

0.65 
0.65- 0.5 <0.5 - - 

 

The climatic characteristics of mustard growing season in the study area was favourable 

for crop growth with an average climate rate of 62.59 which made the region moderately 

suitable (S2 class) for irrigated wheat crop (Table 5. 11). Main hindrance is fog cover in 

vegetative stage. 

Table: 5.11 The values of climate characteristics and the degree of limitation for 

mustard production in the study area 

Climate characteristics  Value Class 

Degree of 

limitation 

Rainfall of growing cycle (mm) 48.35 N2 8.06 

Monthly rainfall of vegetative stage (mm) 18.2 S2 65.33 

Monthly rainfall of flowering stage (mm) 9.1 N2 22.75 

Mean temperature of growing cycle °C 17.84 S1 94.47 

Mean temperature of  vegetative stage °C 19.2 S1 91 

Mean temperature of flowering stage °C 16.3 S1 95.38 

n/N of vegetative stage 0.76 S3 59.73 

n/N of flowering stage 0..69 S1 89 

Climate Index 51.03 

Climate class 62.59 

Suitability class S2 

 

5.2.5 Wheat 

The temperature range for the optimal growth of wheat is 12- 23 ° C. Wheat growing 

areas need to receive a rainfall that exceeds 200mm in growing cycle (Sys et al. 1993). 

In irrigated rabi crop amble water supply is needed in vegetative stage. The value of 

climatic requirements for wheat production in the study area is presented in table.5.12.  



141 
 

Table: 5.12  Climatic requirements for wheat (growing cycle 100-130 days) based on 

Sys et al. (1993) 

Climatic 

characteristics 

Class, degree of limitation and rating scale 

S1 
S2 S3 

N

1 
N2 

0 1 2 3 4 

100 85 60 40 

2

5 0 

Rainfall of growing 

cycle (mm) 

700-450 

700-1000 

450-350 

1000-1250 

350-250 

1250-1500 

250-200 

1500-1750 

- 

- 

<200 

>1750 

Monthly rainfall of 

vegetative stage 

(mm) 

65-45 

65-90 

45-20 

90-120 

20-12 

>120 

12-8 

- 

- 

- 

< 8 

- 

Monthly rainfall of 

flowering stage 

(mm) 

75-60 

75-90 

60-30 

90-120 

30-15 

>120 

15-10 

- 

- 

- 

< 10 

- 

Monthly rainfall of 

ripening stage (mm) 

60-50 

60-70 

50-30 

70-100 

30-10 

100-200 

< 10 

> 120 

- 

- 

- 

- 

Mean temperature of 

growing cycle °C 

18-20 

18-15 

20-23 

15-12 

23-25 

12-10 

25-30 

10-8 

- 

- 

> 30 

< 8 

Mean temperature of  

vegetative stage °C 

10-8 

10-12 

8-6 

12-18 

6-4 

18-24 

4-2 

24-28 

- 

- 

< 2 

> 28 

Mean temperature of 

flowering stage °C 

18-14 

18-22 

14-12 

22-26 

12-10 

26-32 

10-8 

32-36 

- 

- 

< 8 

> 36 

Mean temperature of 

ripen stage °C 

20-26 

20-24 

16-14 

24-30 

14-12 

30-36 

12-10 

36-42 

- 

- 

< 10 

> 42 

Average daily 

minimum 

temperature of 

coldest month °C 

< 8 if - > 8 8-19 if 
- 

- 

- 

- 

Average daily 

maximum 

temperature of 

coldest month °C 

<21 - >21 - - - 
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The parametric model reveals that, there was an optimal climatic condition in the study 

area with an average climate index of 75.98 and climate rate of 85.05 which made the 

region highly suitable (S1 class) for irrigated wheat crop (Table 5.13). However average 

daily maximum temperature of coldest month of the study area is 23.37 °C, which is 

higher than optimum condition (>21 °C). 

Table: 5.13 The values of climate characteristics and the degree of limitation for 

wheat production in the study area 

Climate characteristics Value Class 
Degree of 

limitation 

Rainfall of growing cycle (mm) 232.71 S3 53.08 

Monthly rainfall of vegetative stage (mm) 15.73 S2 71.66 

Monthly rainfall of flowering stage (mm) 8.17 N2 20.43 

Monthly rainfall of ripening stage (mm) 48.02 S1 94.01 

Mean temperature of growing cycle °C 18.63 S1 98.42 

Mean temperature of  vegetative stage °C 16.3 S1 91.42 

Mean temperature of flowering stage °C 17.53 S1 99.41 

Mean temperature of ripen stage °C 23.3 S1 95.88 

Average daily minimum temperature of coldest 

month °C 
7.49 S1 99.68 

Average daily maximum temperature of coldest 

month °C 
23.37 S2 82.18 

Climate Index 75.98 

Climate rate 85.05 

Climate class S1 

 

From the climatic point of view, if alternative has to be choosen it is better to consider 

potato and wheat in place of tobacco, which is presently dominant agricultural practice 

in Dinhata subdivision. 

5.3 Soil characteristics of the study area 

Data for this study has been based on secondary sources. By using Arc G.I.S software 

spatial analysis of texture of surface soil, soil pH, organic carbon and three primary soil 
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nutrients such as nitrogen, phosphorous and potassium and five trace elements such as 

boron, copper, iron, manganese and zinc and one secondary soil nutrient such as sulphur 

have been done from the available data published by National Bureau of Soil Survey and 

Land Use Planning, Regional Centre (NBSS & LUP), Kolkata (2008). Besides this, MS 

office Excel has been used for data processing. The individual nutrient status has been 

categorized into three groups such as low, medium and high.  

5.3.1 Spatial variability of soil properties 

Soils are the most vital natural resources whose use greatly determines the life support 

system and the socio-economic development of any area. Knowledge on soil 

characteristics, their extent, distribution and potentiality is extremely important for 

optimum land use planning. Maintaining soils in a state of high Productivity is important 

for providing people with basic needs on sustainable basis (Surya et.al.2007). Soil survey 

helps to identity the extent of problems and potentials which in turn help to work out 

suitability of land for agricultural as well as non- agricultural uses (Aandahl 1958, Sehgal 

1996). Soil fertility is one of the inherent capabilities of soil which determines the 

nutrient availability for plant growth. Soil fertility is an aspect of the soil-plant 

relationship, viz. plant growth with reference to plant nutrients available in soil (Biswas, 

T.D. and Mukherjee S.K., 1994). 

Fertility of soil means the inherent capacity to supply nutrients (Das. P & S. Basu, 2004). 

Plants require at least 18 essential elements for normal growth and for completion of their 

life cycle. Those used in the largest amounts, carbon, hydrogen and oxygen, are non-

mineral elements supplied by air and water. The other 15 elements are taken up by plants 

only in mineral form from the soil or must be added as fertilizers. Among different plant 

nutrients, nitrogen, phosphorous and potash are the three macro-nutrients or primary 

nutrients which are used in great quantities which actually set the fertility status of a soil. 

The three secondary elements, calcium, magnesium, and sulphur, are required in smaller 

amounts than the primary nutrients. The micronutrients consist of nine essential 

elements: boron, copper, chlorine, iron, manganese, molybdenum, zinc etc. These 

elements occur in very small amounts in both soils and plants, but their role is equally as 

important as the primary or secondary nutrients. A deficiency of one or more of the 

micronutrients can lead to severe retardation to growth, yield, and crop quality. 
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Land suitability evaluation requires criterion mostly from the land and soil attributes. 

Several soil parameters used for generation of the thematic map layers which used in 

AHP for generating the final suitability map for each crop. Following important soil 

parameters are discussed. 

5.3.1.1 Textural classification 

Texture is one of the important parameter of soil. Most of the physical and chemical 

characteristics of the soil depend upon texture class (Mustafa, et.al. 2011). Soil texture 

affects the retention and infiltration of water, aeration, absorption of nutrients, tillage, 

microbial activities and irrigation system (Foth 1990; Gupta, 2004). It is an inherent 

physical properties of soil which less affected by management. The rate of increase in 

gluiness or ability to mould as the moisture content increases be determined by the 

content of silt and clay, the degree to which the clay particles are bound together into 

stable pellets and the organic matter content of the soil (White, 1997). Over a long time, 

various pedogenic processes such as erosion, deposition, eluviation, illuviation and 

weathering can change the textures of various soil horizons (Forth, 1990; Brady and 

Weil, 2002). 

Table: 5.14 Surface texture  

Sl. No Textural Class  Areas (sq km) 
% of total 

area 

1 Sandy Ls 2.0492 0.27 

2 Coarse loamy sl, l and sil 157.0474 20.53 

3 Fine loamy scl, cl, sicl 444.1112 58.07 

4 Fine sc, sic, c 87.3527 11.42 

5 Miscellaneous  74.2785 9.71 

Total   764.839 100 

Source: NBSS&LUP 

The soils of the subdivision belonged to sandy, loamy and clayey textural groups. Sandy 

soils occupies as area of 2.0492 sq km constituting only 0.27 % area of the study area. 

Coarse loamy soil textural classes covered 20.53% area, while fine-loamy soils textural 

classes occupied 58.07% area. Clayey soils classified as fine soils constituted 11.42% 

area in the study area (Figure 5.1). 
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Figure: 5. 1 Spatial distribution of surface texture in the study area 

5.3.1.2 Soil reaction (pH) 

Soil reaction is the degree of soil acidity or alkalinity, which is caused by particular 

chemical, mineralogical and biological environment (Tilahun, 2007).The supply of plant 

nutrients and thus the fertility of the soil are affected by pH. A number of natural and 

human activities such as leaching of exchangeable bases, acid rains, decomposition of 

organic materials, application of chemical fertilizers and different farming practices 

effect soil pH (Rowell, 1994; Tisdale et al., 1995; Brady and Weil, 2002).  The solubility 

of most nutrients varies in response to pH. As acidity increases, the loss of these nutrients 

by leaching increases and their availability to plants decreases. The quantity of some 

nutrients may rise so greatly under acidic and alkaline conditions that they become toxic 

to plants (Briggs, 1977). Therefore, it is very essential to control soil pH between 6.5 to 

7.5 regard most of the nutrients are available to plants for maintaining soil fertility (Daji, 

1996). 
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Figure: 5.2 Spatial distribution of Soil reaction (pH) in the study area 

Data on soil pH indicated that majority of the soils in the studied area were acidic. 

Strongly and moderately acidic soils together were mapped in 71.61 % area. Another 

14.04% area was occupied by slightly acidic soils. Neutral and slightly alkaline soils 

occupied 3.77% and 0.87% area respectively (Figure 5.2). Due to high rainfall in the 

study area, most of the alkaline materials go through the lower horizon and most of the 

soil became acidic also due to agro-forestry and agricultural practice. 

Table: 5.15 Soil Reaction (pH) 

Sl. No Soil reaction Class Scale Areas (sq km) % of total area 

1 Strongly acidic <4.5 176.17217 23.03 

2 Moderately acidic 4.5-5.5 371.5846 48.58 

3 Slightly acidic 5.5-6.5 107.3597 14.04 

4 Neutral 6.5-7.5 28.807 3.77 

5 Slightly alkaline 7.5-8.5 6.637 0.87 

6 Miscellaneous  74.2785 9.71 
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Total   764.839 100 

Source: NBSS&LUP  

5.3.1.3 Organic carbon 

According to Dudal and Decaers (1993) Soil organic matter is defined as any living or 

dead plant and animal materials in the soil and it comprises a widespread of organic 

species includes humic substances, proteins, carbohydrates, and plant residues. The 

organic matter is a vital store of available nutrients. Sources of nutrients such as N, P, S 

and most micronutrients and growth promoting substances, that is, hormones or growth 

-promoting and regulating substances valuable to plants may be produced by organisms 

that decompose soil organic matter (Cook and Ellis, 1987 and Tisdale et al.1995). It helps 

to sustain soil fertility by improving soil structure, retention of mineral nutrients, 

increasing water holding capacity, water infiltration, drainage, aeration and root 

penetration. It also helps to increase the amount of soils flora (Havlin et. al. 2010). It 

comes in a soil from remains of plants and animals. However, in addition to this, it also 

includes grasses, trees, bacteria, fungi, protozoa, earthworm and animal manure. 

The soils from the study area are classified on the basis of their organic carbon content 

into different categories such as low, medium and high. They are summarized in Table-

5.17. The results on organic carbon content status indicated that soils in 39.08% area of 

the subdivision contained low organic carbon status. Medium and high organic carbon 

status soils were mapped on 31.11% and 20.10% area respectively (Figure 5.3). In 

general, majority of the soils in the area have low to medium carbon content. That is to 

say that these soils require adequate nitrogen fertilization through organic manure, 

farmyard manure, green manure etc.  

Table: 5.16 Available organic carbon status 

Sl. No Nutrient Class Available organic 

carbon (%) 

Areas (sq km) % of total 

area 

1 Low >0.50 298.8912 39.08 

2 Medium 0.50-0.75 237.9661 31.11 

3 High >0.75 153.7032 20.10 

4 Miscellaneous  74.2785 9.71 

Total   764.839 100 

Source: NBSS&LUP 
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Figure: 5.3 Spatial distribution of Organic carbon in the study area 

5.3.1.4 Available nitrogen (N) 

Deficiency of nitrogen is almost universal in Indian soils. Therefore, nitrogen application 

is a must for canopy development and high yields. Nitrogen is the fourth plant nutrient 

taken up by plants in greatest quantity next to carbon, oxygen and hydrogen (Sanchez, 

1976; Mengel and Kirkby, 1987), it should be present in the soil in appropriate proportion 

for the growth of plants. The plants absorb nitrogen either as ammonium or as nitrate ion. 

The occurrence of the nitrogen compounds in the soils involves the processes such as 

fixations of atmospheric nitrogen by free living and nodule forming bacteria, conversion 

of nitrogen containing compounds into humic acids, ammonification, nitrification, and 

then leaching loss of different nitrogen compounds by intra-soil and surface flows 

(Orlov, 1992). 
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The soils from the study area are classified on the basis of their nitrogen content into 

different categories such as low, medium and high. They are summarized in Table-5.17. 

Available nitrogen content in first 0-25 cm soils indicated that its availability was Low 

in the soils 42.89% area of the subdivision. Medium and High status soils with respect 

to available nitrogen were mapped in 27.35% and 20.05% area of the subdivision 

respectively (Figure-5.4). 

    Figure: 5. 4 Spatial distribution of nitrogen in the study area 

Table: 5.17 Available Nitrogen (N) status 

Sl. No Nutrient Class Available Nitrogen 

(kg/ha) 

Areas (sq km) % of total 

area 

1 Low <280 328.0899 42.89 

2 Medium 280-450 209.1544 27.35 

3 High >450 153.316 20.05 

4 Miscellaneous  74.2785 9.71 
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Total   764.839 100 

Source: NBSS&LUP 

5.3.1.5 Available phosphorous (P) 

Phosphorus has been called the “Master key to agriculture” (Foth and Ellis, 1997). 

Because low crop production more often due to lack of phosphorus than the deficiency 

of other elements except nitrogen. The importance of phosphorus in plant nutrient is 

many folds. It is essential for growth, cell division, root growth, fruit development and 

early ripening. It is also required for energy storage and transfer. It is a constituent of 

several organic compounds including oils and amino acids (Tandon, 1997). Phosphate 

ion enters the soil solution either as a result of mineralization of organophosphates or the 

application of fertilizers. The plants take available P mostly in the form of H2PO4 from 

soil solution. Chemisorption of P occur due to interaction of phosphate ions with the 

atoms like Al, Fe or Ca depending upon soil pH (Orlov, 1992). 

In the present study the availability of phosphorous plant growth was low in 17.89%. 

Another 20.38% area was ranked medium, while larger part of the Dinhata subdivision 

covering 52.02% area was mapped with the high availability phosphorous (Figure-5.5). 

Table: 5.18 Available Phosphorous (P) status 

Source: NBSS&LUP 

 

Sl. 

No 

Nutrient 

Class 

Available 

Phosphorous(kg/ha) 

Areas (sq 

km) 

% of total 

area 

1 Low <45 136.8418 17.89 

2 Medium 45-90 155.8507 20.38 

3 High 90-190 312.5615 40.87 

4 Very High >190 85.3063 11.15 

5 Miscellaneous  74.2785 9.71 

Total   764.839 100 
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Figure: 5. 5 Spatial distribution of phosphorous in the study area 

5.3.1.6 Available potassium (K) 

Potassium is a master nutrient for the production of superior quality crop and it is the 

third most important essential element next to N and P that limit plant productivity 

(Brady and Weil, 2002). Soil parent materials contain potassium (K) mostly in feldspars 

and micas. Potassium exists in K ion form and it is released become either exchangeable 

or exist as adsorbed or as soluble in the solution (Foth and Ellis, 1997) and its function 

appears to be catalytic in nature. The potassium is important for plant because it 

participates in the activation of large number of enzymes which are involved in 

physiological process of plants. It controls the water economy and provides the resistance 

against a number of pests, diseases and environmental stresses (Orlov, 1992). 

Availability of potassium for plant growth was found low (below 200kg/ha) in the larger 

part of the subdivision covering 41.46% area, while medium and high availability of 

potassium were observed in another 30.11% and 9.71% area respectively (Figure-5.6). 
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Figure: 5.6 Spatial distribution of potassium in the study area 

Table: 5.19 Available Potassium (k) status 

Sl. No Nutrient Class Available 

Potassium (kg/ha) 

Areas (sq km) % of total 

area 

1 Low <200 317.1215 41.46 

2 Medium 200-350 230.3071 30.11 

3 High >350 143.1317 18.72 

4 Miscellaneous  74.2785 9.71 

Total   764.839 100 

Source: NBSS&LUP 

5.3.1.7 Available boron (B) 

Boron is typical and important trace element. Orthoboric acid (H3BO3) and its salts are 

the main forms of boron present in the soil. Several factors including soil pH, calcium, 

soil texture, organic matter, light and moisture are known to influence the availability 
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level of boron in soil (Orlov, 1992). However, boron greatly influences the metabolism 

and transport of carbohydrates in plants. It is also involved in membrane integrity and 

cell wall development, which affect permeability, cell division and cell extension. Boron 

deficiency like calcium affects the growing points of roots, shoots and young leaves30. 

Boron deficiencies retard the uptake of calcium. The excess lime might reduce the uptake 

of calcium because of boron deficiency (Tandon, 1997). 

In the present study the available boron status in the first 0-25 cms soils ranged from 0.36 

mg/kg to 0.75 mg/kg. The data reveals that soils on 68.47% area in the Dinhata 

subdivision are deficient, while 21.82% areas were sufficient in respect of Boron (Figure-

5.7). 

 
Figure: 5. 7 Spatial distribution of boron in the study area 

Table: 5.20 Available Boron (B) status 

Sl. No Nutrient Class Available 

Boron(mg/kg) 

Areas (sq km) % of total 

area 

1 Low <0.36 358.5945 46.89 
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2 Medium 0.36-0.50 165.093 21.58 

3 High 0.50-0.75 128.148 16.76 

4 Very High >0.75 38.725 5.06 

5 Miscellaneous  74.2785 9.71 

Total   764.839 100 

Source: NBSS&LUP 

5.3.1.8 Available copper (Cu) 

Copper (cu) is absorbed by plants as cupric ion (cu2+). It is a constituent part of several 

enzymes participating in the cellular oxidation-reduction. It is also involved in carbon 

assimilation. Copper deficient plants are known to accumulate amino nitrogen. The crops 

most susceptible to Cu deficiency are alfalfa, wheat, barley and oats. The younger leaves 

of maize become yellow and pale while the older leaves die back. 

The available copper status in the first 0-25 cms  soils of the Dinhata subdivision reveals 

that soils are mostly sufficient (>0.2 mg/kg) in respect of available copper (Figure-5.8). 

Due to sufficient nature, this criterion have been excluded from the model.  

Table: 5.21 Available copper (Cu) status 

Sl. No Nutrient Class Available copper 

 (mg/kg) 

Areas (sq km) % of total 

area 

1 Low 0.2-0.5 22.238 2.91 

2 Medium 0.5-1.0 160.9667 21.05 

3 High 1.0-2.0 463.1772 60.56 

4 Very High 2.0-3.0 44.1786 5.77 

5 Miscellaneous  74.2785 9.71 

Total   764.839 100 

Source: NBSS&LUP 
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  Figure: 5.8 Spatial distribution of copper in the study area 

5.3.1.9 Available iron (Fe) 

Iron (fe) is absorbed by plants as Fe2+ or Fe3+  and also organically complexed or chelated 

Fe. Fe2 iron is the active form, used in plant metabolism. Iron plays a direct role in the 

primary process of photosynthesis. Though iron is not a constituent in chlorophyll, it is 

involved in the synthesis of chlorophyll. Iron has an important catalytic role in enzyme 

activity. It is directly or indirectly in all the metabolic processes of plants such as 

synthesis of carbohydrates, organic acids and vitamins. Being a constituent of 

ferroxidine, iron is involved in N fixation. The leg haemoglobin of root nodules contains 

iron as an essential constituent. 

Iron deficiency has been shown to result in decreased level of photosynthesis due to 

reduction of chlorophyll production. The deficiency results of iron in chlorosis in which 

the inter veinal area of leaves turns yellow. The leaves may turn into almost pale white 

with severe deficiency. Crops such as maize, sorghum, groundnut and soya bean are 

considered sensitive to Fe deficiency. 
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Table: 5.22 Available Iron (Fe) status 

Sl. No Available Iron 

 (mg/kg) 

Areas (sq km) % of total area 

1 4.5-10 39.278 5.13 

2 10-25 83.901 10.97 

3 25-50 77.924 10.19 

4 50-100 151.6653 19.83 

5 100-200 329.8565 43.13 

6 >200 7.9357 1.04 

7 Miscellaneous 74.2785 9.71 

Total  764.839 100 

Source: NBSS&LUP 

       
Figure: 5.9 Spatial distribution of iron in the study area 
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The availability iron in first 0-25 cm on soils was observed sufficient in the entire study 

area (Figure-5.9). Hence iron content was not taken into accounts for land suitability 

evaluation. 

5.3.1.10 Available manganese (Mn)  

The concentration of Manganese content in soil is a particularly wide range, the lower 

values are distinctive of severely leached acid soils, whereas excess or toxicities often 

occur in unleached acid soils and waterlogged conditions. Soil pH are the main 

controlling factor for manganese availability in soils. A pH value below  6.0 favours 

reduction of manganese and the  formation  of  the  more available bivalent form (Mn+2 

); higher pH values  favour  oxidation to the Mn+4 ion, forming the insoluble oxides 

(MnO2 , Mn2O3 and Mn3O4 ) (Harmsen and Vlek, 1985). 

Manganese status in the first 0-25 cms of the soils of the study area reveals that about 

680.4885 sq km area (88.97 % area) in the subdivision sufficient (>1 mg/kg) in 

manganese status (Figure-5.10). Only 1.32% area in the study area deficient in Mn status 

needs special care for manganese nutrition. 

Table: 5.23 Available Manganese (Mn) status 

Sl. No Nutrient Class Available 

Manganese(mg/kg) 

Areas (sq km) % of total 

area 

1 Low <1.0 10.072 1.32 

2 Medium 1.0-10 457.8605 59.86 

3 High 10-25 211.123 27.60 

4 Very High 25-50 11.505 1.51 

5 Miscellaneous  74.2785 9.71 

Total   764.839 100 

 

Source: NBSS&LUP 
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Figure: 5.10 Spatial distribution of manganese in the study area 

5.3.1.11 Available sulphur(S) 

Sulphur (s) is absorbed by plants as sulphate iron (SO4). Concentration S in plants ranges 

from 0.1 to 0.4%. Sulphur requirement is high for the crops of families of Gramineae, 

leguminosae and Cruciferae. Sulphur is involved as a ligand in a number of enzymes 

metallo-proteins, most conspicuously in the iron-sulpher proteins and copper proteins 

(Adinarayana, 1992). It is an integral part of some of the essential amino acid viz, 

cysteine, cystine and methionine. It is also constituent of glutathione, a compound that 

plays a part in the plant resoiration and synthesis of essential oils. The biologically active 

sulphate-3 phosphoadenosine-5 phospho-sulphate is an important sulphate donor 

involved in carbohydrate metabolism of the crop plants. The characteristic taste and smell 

of plant in the mustard and onion families is due volatile compound containing S (De 

Kok et.al. 1993).  
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The deficiency of S results in increase in nitrate, soluble organic nitrogenous compounds, 

amides and ammonia and a decrease in insoluble (protein) nitrogen. Sulphur deficiency 

symptoms mostly resemble that of N deficiency. Leaves become pale yellow or light 

green and the symptoms will persist even after N application. Plants become small and 

spindly with short and slender stalks and crop growth is retarded. In sulphur deficient 

plants, the stem becomes hard and woody. 

Available sulphur status in the study area was observed high on 438.4127 sq km area 

(57.32% area), medium 139.7528 sq km (18.27% area) and low in 112.395 sq km 

(14.70% area) area (Figure-5.11). 

 
Figure: 5.11 Spatial distribution of sulphur in the study area 

Table: 5.24 Available Sulphur (S) status 

Sl. No Nutrient Class Available Sulphur 

 (mg/kg) 

Areas (sq km) % of total 

area 

1 Low <10 112.395 14.70 

2 Medium 10-15 139.7528 18.27 
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Source: NBSS&LUP 

5.3.1.12 Available zinc (Zn) 

Plants absorb zinc as Zn2+ and it is a constituent of several dehydrogenase, proteinase 

and peptidase enzymes. Zinc is believed to promote RNA synthesis which, in turn, is 

needed for protein synthesis (FAO, 2006). It plays an important role in the formation of 

some growth hormones and starch formulation. It also promotes seed maturation and 

production. Crops such as rice, soya bean, maize and linseed are classified as very 

sensitive to Zn deficiency.  

Zn deficiency causes decrease in the level of photosynthesis. Flower and fruit setting are 

considerably reduced and delayed. Plant growth is stunted and tillering is poor. 

Characteristic brown rusty spots occur on rice leaves. In maize and sorghum the 

deficiency is known as ‘white bud’ and in cotton it is called ‘little leaf’ (Harmsen and 

Vlek, 1985).  

The available Zinc status in first 0-25 cms soils indicated that about 489.326 sq km 

(63.98% area of the subdivision) is deficient in Zinc (Figure-5.12). The area having 

sufficient status of Zinc was marked on 201.2345 sq km area that constitutes another 

26.31% area of Dinhata subdivision. 

Table: 5.25 Available Zinc (Zn) status 

Sl. No Nutrient Class Available 

Zinc(mg/kg) 

Areas (sq km) % of total 

area 

1  Very Low <0.60 275.08 35.97 

2 Low 0.60-1.0 214.246 28.01 

3 Medium 1.0-2.0 176.0885 23.02 

4 High 2.0-3.0 25.146 3.29 

5 Miscellaneous  74.2785 9.71 

Total   764.839 100 

Source: NBSS&LUP 

3 High 15-50 413.7167 54.09 

4 Very High >50 24.696 3.23 

5 Miscellaneous  74.2785 9.71 

Total   764.839 100 
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Figure: 5.12 Spatial distribution of zinc in the study area 

5.3.1.13 Soil fertility 

The fertility rating have been prepared by Maull’s Griddle method. Followed by Maull’s 

Griddle method (Mitchel, 1977) separate maps of each of three primary nutrient maps 

(NPK) have been superimposed on a single map. The line where more than a given 

number of boundaries approximately coincide has been selected or the mean boundary 

has been taken. The basic theme of this method is represented in the Table 5.26. 

Table: 5.26: Fertility rating after Maull’s Griddle 

Fertility status Fertility rating (NPK) 

Low fertility LLL, LML, MLL, LLM 

Medium fertility LMM, MLM, MML, HMM, MMM, MHM, 

MMH 

High fertility HHH, HLM,HHL,HHL, HHM 
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    L= Low, M= Medium, H= High 

Following the method, the study area has been divided into three soil fertility zones viz, 

low, moderate and high fertility. 

Table: 5.27 Soil Fertility status 

Sl. No 
Fertility 

status 
Fertility rating (NPK) 

Areas (sq 

km) 

% of total 

area 

1 Low fertility LLL, LML, MLL, LLM 
390.9861 

 
51.12 

2 
Medium 

fertility 

LMM, MLM, MML, HMM, MMM, 

MHM, MMH 

95.3958 

 
12.47 

3 High fertility HHH, HLM,HHL,HHL, HHM 
204.1786 

 
26.70 

4 Miscellaneous  74.2785 9.71 

Total   
764.839 

 
100 

Source: NBSS&LUP 

Low fertility: This fertility group occupies maximum percentage of area (51.12%) in the 

study area (Figure-5.13) and spreads over nearly level land, rolling land as well as 

undulating land. In the western and midlle parts (greater part of Dinhata-II and parts of 

Dinhata-I), the continuity of this zone is broken by some small isolated patches of 

moderate fertility zones. More than 70% of this soil group is characterized by moderately 

acidic soil (pH 4.5 to 5.5) and nearly 10 % are characterized by strongly acidic soil (pH 

less than 4.5). About half of the soil group suffers from well to imperfectly drained soil 

with moderate soil erosion. 

Moderate fertility: This fertility group occupies only 12.47% (95.3985 sq km) area of 

the study area (Figure-5.13). Very small isolated patches of this zone are distributed over 

the study area. More than 80% of this soil group is characterized by moderately acidic 

soil (pH 4.5 to 5.5) and nearly 10 are characterized by slightly acidic soil (pH 5.5 to 6.5). 

High fertility: This fertility zone covers 26.70% (204.1786 sq km) area of the study area 

(Figure-5.13).  This zone is distributed within the moderate fertility zone. The middle, 

western and southern parts of Dinhata-II block is totally devoid of this fertility zone. 

Most of mouzas (J.L.4,5,7,8,9,10,11,12,14,16,17,20,30,31,32,34,36,39,40,41,42,45,46, 

47,48,49,51,52,53) of Sitai block located in this parts. This zone contain medium (280-
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450kg/ha) to high (more than450 kg/ha) available nitrogen, high (90-190 kg/ha) to very 

high (more than190 kg/ha) available phosphorous and medium (200-350 kg/ha) to high 

(more than350 kg/ha) available potassium. 

 

 
Figure: 5.13 Fertility status (NPK) in the study area 

5.3.1.14 Soil Erosion 

Soil erosion is the dominant limiting factor for crop production. The figure 5.14 showed 

that largest part of the subdivision (70.29%) faced moderate (10-15t/ha/yr) soil erosion 

due to water and wind action. Remaining area 16.62% and 3.5% falls under moderately 

slight (5-10t/ha/yr) and moderately severe (15-20t/ha/yr) soil erosion class. 

Table: 5.28 Soil Erosion status 

Sl. No Soil Erosion Class 
Soil erosion 

rate (t/ha/Yr) 

Areas (sq 

km) 

% of 

total area 

1 Moderately Slight 5-10 127.16 16.62 

2 Moderate 10-15 537.52 70.29 
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3 Moderately Severe 15-20 26.859 3.51 

4 Miscellaneous  73.3 9.58 

Total    764.839 100 

 

Source: Raw data obtained from NBSS&LUP AND SOIL & WATER CONSERVATION RESEARCH & 

TRAINING INSTITUTE and complied by the researcher. 

 

 

     Figure: 5.14  Soil erosion status of the study area 

5.3.1.15 Slope 

Slope is very important factor for land suitability analysis. Places with high slope is not 

suitable for cultivation due to being impenetrable. On the other hand the very sharp slopes 

as result of low soil depth and lack of evolved soils have not appropriate condition for 

growth plants. Meanwhile the elevation criteria because of effect on soil are considered 

as important factor in land suitability analysis. 
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Figure: 5.15  Slope map of the study area 

5.3.2 Soil-site suitability for alternative crops of tobacco 

Soil site suitability for alternative crops of tobacco were determine by AHP model. The 

analytical hierarchy process is firstly introduced by Saaty in 1980. It is a multi-objective, 

multi-criteria decision making approach, which enables the user to arrive at a scale of 

preference drown from a set of alternatives (Saaty, 1980). This method is very important 

for suitability analysis, regional planning, decision making. In the construction of a pair 

wise comparison matrix, each factor is rated against every other factor by assigning a 

relative dominant value between 1 and 9 to the intersecting cell (Table. 5.29). 

 Table: 5.29 Fundamental scale of absolute number between two parameters in 

AHP (Saaty, 2000) 

Intensity of 

Importance 

Degree of 

Preference 
Explanation 

1 Equally Two activities contribute equally to the 

objective 
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3 Moderately Experience and judgment slightly to moderately 

favour one activity over another 

5 Strongly Experience and judgement strongly or 

essentially favour one activity over another 

7 Very strongly An activity is strongly favoured over another 

and its dominance is showed in practice 

9 Extremely The evidence of favouring one activity over 

another is of the highest degree possible of an 

affirmation 

2,4,6,8 Intermediate 

values 

Used to represent compromises between the 

preferences in weights 1,3,5,7 and 9 

Reciprocals Opposites Used for inverse comparison 

 

For the AHP model, the final result includes the weights of the derived factors, class 

weights and a calculated consistency ratio (CR), as seen in Table 5.31. In the AHP 

method, an index of consistence, known as the consistency ratio (CR), is used to indicate 

the probability that the matrix judgments were randomly generated (Saaty, 1980). 

𝐶𝑅 = 𝐶𝐼/𝑅𝐼 

Where RI is the average of the resulting consistency index depending on the order of the 

matrix given by Saaty in 1980 and CI is the consistency index and can be expressed as: 

𝐶𝐼 = (𝜆𝑚𝑎𝑥 − 𝑛)/(𝑛 − 1) 

Where λmax is the largest or principle eigenvalue of the matrix and can be easily 

computed from the matrix and ‘n’ is the order of the matrix. The consistency ratio is a 

ratio between the matrix consistency index and random index, and in general ranges from 

0 to 1. A CR of 0.1 or less is a reasonable level of consistency (Malczewski, 1999). A 

CR above 0.1 requires revision of the judgment in the matrix due to an inconsistent 

treatment for particular factor ratings. 

In this study, the consistency ratio is less than 0.06; the ratio indicates a logical level of 

consistency in the pair-wise comparison that is good enough for recognize factor weights. 

For all cases of the gained class weights, the CRs are less than 0.1, the ratio indicates a 

reasonable level of consistency in the pair-wise comparison that is good enough to 
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recognize the class weights. Regard alternative crop suitability mapping (ACSM) by 

AHP, is used based on following equation: 

(𝑅𝑖 × 𝑊𝑖) 

Where Ri is the rating classes each layer and Wi is the weights for each of the crops 

conditioning factors. For the estimation of alternative crops suitability value (ACSV) the 

each crops conditioning factors values is summed by weighted linear sum model on a 

GIS environment (Lee and Talib, 2005). Finally ACSV is classified into four classes (S1, 

S2, S3 and N) based on natural break to determine the class interval in the ACSM. 

Table: 5.30 Pair-wise priority rating of different data layers 

Factor 

 

Class 

 

Rating (Ri) for all crops 

Boro 

paddy 
Mustard Maize Wheat Potato 

Surface 

Texture 

Fine soil 0.473 0.138 0.168 0.272 0.189 

Fine loamy soil 0.284 0.478 0.383 0.157 0.109 

Coarse loamy soil 0.170 0.256 0.342 0.483 0.351 

Sandy soil 0.073 0.128 0.107 0.088 0.351 

Soil pH 

 

 

 

 

<4.5 0.039 0.039 0.050 0.039 0.064 

4.5-5.5 0.192 0.107 0.151 0.107 0.207 

5.5-6.5 0.368 0.243 0.354 0.243 0.388 

6.5-7.5 0.296 0.383 0.295 0.383 0.219 

7.5-8.5 0.105 0.227 0.151 0.227 0.122 

Organic 

carbon 

High  0.540 0.540 0.540 0.540 0.540 

Medium 0.297 0.297 0.297 0.297 0.297 

Low 0.163 0.163 0.163 0.163 0.163 

Nitrogen High 0.570 0.550 0.550 0.550 0.558 

Medium 0.333 0.240 0.240 0.240 0.320 

Low 0.097 0.210 0.210 0.210 0.122 

Phosphorus Very high 0.469 0.487 0.402 0.402 0.469 
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High 0.297 0.273 0.337 0.337 0.297 

Medium 0.166 0.134 0.164 0.164 0.166 

Low 0.068 0.106 0.097 0.097 0.068 

Potassium High 0.540 0.540 0.540 0.400 0.540 

Medium 0.297 0.297 0.297 0.400 0.297 

Low 0.163 0.163 0.163 0.200 0.163 

Boron Very high 0.473 0.473 0.473 0.473 0.473 

High 0.284 0.284 0.284 0.284 0.284 

Medium 0.170 0.170 0.170 0.170 0.170 

Low 0.073 0.073 0.073 0.073 0.073 

Manganese Very high 0.473 0.473 0.473 0.473 0.473 

High 0.284 0.284 0.284 0.284 0.284 

Medium 0.170 0.170 0.170 0.170 0.170 

Low 0.073 0.073 0.073 0.073 0.073 

Sulpher Very high 0.326 0.449 0.449 0.449 0.351 

High 0.363 0.288 0.288 0.288 0.351 

Medium 0.163 0.138 0.138 0.138 0.189 

Low 0.148 0.126 0.126 0.126 0.109 

Zinc Very high 0.476 0.476 0.476 0.476 0.476 

High 0.289 0.289 0.289 0.289 0.289 

Medium 0.176 0.176 0.176 0.176 0.176 

Low 0.059 0.059 0.059 0.059 0.059 

Soil erosion Moderately slight 0.582 0.582 0.582 0.582 0.582 

Moderate 0.309 0.309 0.309 0.309 0.309 

Moderately severe 0.109 0.109 0.109 0.109 0.109 

Slope 0-1 0.483 0.168 0.168 0.168 0.168 

1-3 0.272 0.461 0.461 0.461 0.461 

3-5 0.157 0.236 0.236 0.236 0.236 

>5 0.088 0.135 0.135 0.135 0.135 
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Table: 5.31 The priority weights of each cops conditioning factor by analytical 

hierarchical process (AHP) 

Factors 
Weights of each factors (Wi) 

Boro paddy Mustard Maize Wheat Potato 

Surface 

Texture 

0.200 0.188 0.188 0.196 0.066 

Soil pH 0.053 0.075 0.045 0.177 0.060 

Organic 

carbon 

0.067 0.033 0.060 0.037 0.024 

Nitrogen 0.171 0.145 0.165 0.113 0.165 

Phosphorus 0.154 0.173 0.140 0.143 0.140 

Potassium 0.137 0.124 0.125 0.043 0.125 

Boron 0.020 0.018 0.021 0.017 0.021 

Manganese 0.017 0.022 0.018 0.078 0.020 

Sulpher 0.034 0.028 0.076 0.094 0.030 

Zinc 0.041 0.094 0.098 0.049 0.128 

Soil erosion 0.026 0.044 0.035 0.022 0.045 

Slope 0.080 0.057 0.028 0.031 0.038 

Consistency 

ratio (CR) 

0.039 0.054 0.052 0.040 0.036 

 

5.3.2.1 Potato 

Potato is one of the important food crop in India. It is considered as a crop of the poor 

man's food. For vegetable purpose it has become one of the most popular crops in the 

country. It is a cash crop in the study area. 

Soil and Site Requirements: Potatoes can be grown on soils that have a fine sandy to 

clay texture. Its require high to medium soil fertility with high manganese content. This 

crop is well suited to pH range of 5.6 - 7.0 (Sys et al., 1993). The soil-site suitability 

criteria for potato are shown in Table 5.32. 
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Table: 5.32: Soil-site suitability criteria for Potato 

     Land characteristics                           Class and Degree of limitation  

    

Highly 

Suitable 

Moderatel

y suitable 

Marginall

y Suitable  

Unsuit

able        

    S1      S2     S3      N 

Topogr

aphy 

Slope  <10    10-18    18-28  >28 

Erosion Hazard 
 Moderately 

slight 
 Moderate 

 Moderatel

y severe 
 - 

Soil 

Texture 

Coarse loamy 

& sandy 

texture 

Fine 

texture 

Fine loamy 

texture 
 - 

pH Slightly acidic 

moderately 

acidic 

slightly 

alkaline 
 - 

Neutral 
strongly 

acidic 

Organic Carbon  High  Medium  Low  - 

Nitrogen High Medium Medium Low 

Phosphorous Very high High Medium Low 

Potassium  High  Medium Low  - 

Boron Very high High Medium Low 

Sulpher 
Very high & 

high 
Medium Low  - 

Manganese  Very high  High  Medium  Low 

Zinc Very high High Medium Low 

Source: Compiled from, NBSS&LUP, 2006; Reddy and Shivprasad, 1999;  Dent and Young, 1981; FAO, 

1983; FAO/UNDP, 1984ab; IIASA/FAO, 2002; IIASA/FAO, 2012; Jones, 2003; Sanchez et al., 2003; 

Sys and Riquier, 1980; Sys et al., 1991ab; Sys et al., 1993; Van Diepen et al., 1991   
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        Figure: 5.16  Land suitability for potato in the study area 

 

Suitability analysis revealed that about 540.57 sq km area is suitable for potato 

cultivation, which accounted 78.27% of total area of Dinhata subdivision and out of 

which 15.88%, 29.01% and 33.38% are highly (S1), moderately (S2) and marginally 

suitable (S3). The rest of area (21.73%) is having severe limitations that impede the 

cultivating of potato. High pH and low NPK rating, organic carbon are the major 

limitations of this area which can be improved by specific management (Fig. 5.16). 

5.3.2.2 Maize 

Maize is the fastest growing cereal in India today, but scientist believe its true potential 

is yet to be realised. Physiologically maize is one of the most efficient crop species farm 

by man with high yield potential. Maize has become the queen of cereals, courted by 

state government, seed companies, farmers and the feedstock and starch industries as the 

crop of the future. The golden promise of hybrid maize with its high productivity and 

high returns is luring farmer across the country (Jishnu and Sood, 2011). 

In India, about 35 per cent of the maize produced is used for human consumption, 

whereas 25 per cent for poultry and cattle feed and 15 per cent for food processing and 
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other industries. India may possibly have to produce 20 million tonnes of maize to meet 

its requirement for human consumption, piggery, pharma industry and fodder by 2020 

(Singhal, 1999).  

Soil and site requirement: Maize is best adapted to well drain sandy loam to silt loam 

soils. Maize will not thrive on heavy clays, especially in low lands (Singh, C. 1983; Giri 

et.al. 1994). Optimum soil pH for maize cultivation ranges from 5.8 to 7.8 (Van Diepen 

et al., 1991). The land suitability criteria for different suitability classes for maize are 

shown in Table 5.32. 

Table: 5.33: Soil-site suitability criteria for Maize 

     Land characteristics                           Class and Degree of limitation 

    
Highly Suitable 

Moderatel

y suitable 

Marginall

y Suitable  

Unsui

table       

    S1      S2     S3      N 

Topog

raphy 

Slope  <10    10-18    18-28 >28 

Erosion Hazard 
 Moderately 

slight 
 Moderate 

Moderatel

y severe  
 - 

Soil 

Texture 

Fine loamy & 

Coarse loamy 

texture 

Fine 

texture 

Sandy 

texture  - 

pH 
slightly acidic & 

neutral 

slightly 

alkaline & 
 

 - 
moderatel

y acidic 

strongly 

acidic 

Organic Carbon  High  Medium  Low  - 

Nitrogen High  Medium Low  - 

Phosphorous 
very high & 

High 
Medium Low  - 

Potassium High Medium Low  - 

Manganese  Very High  High  Medium  Low 

Sulpher Very high High 
medium & 

low 
 - 
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Boron  Very High  High  Medium  Low 

Zinc very high High medium Low 

Source: Compiled from, NBSS&LUP, 2006; Dent and Young, 1981; FAO, 1983; FAO/UNDP, 1984ab; 

IIASA/FAO, 2002; IIASA/FAO, 2012; Jones, 2003; Sanchez et al., 2003; Sys and Riquier, 1980; Sys et 

al., 1991ab; Sys et al., 1993; Van Diepen et al., 1991   

 

The key limitations faced by maize cultivation in some parts in the study area due to low 

potassium, low organic carbon and subsequently low available nitrogen. The data in 

Table 5.35 and Fig. 5.17 clearly showed that about 108.45 sq km (15.29 %), 219.78 sq 

km (30.99 %) and 228.00 sq km (32.14 %) area of Dinhata subdivision are falls under 

S1, S2 and S3 classes respectively, whereas 21.58% area falls under N class. 

        

Figure: 5.17 Land suitability for maize in the study area 

5.3.2.3 Boro paddy 

Rice belongs to genus Oryza family Graminae and is an annual crop. Rice grows in the 

state in three different types, Aus, Aman and Boro. Boro paddy cultivation is the 

cultivation of rice under fully control irrigation. Irrigated boro paddy is the most popular 

variety of agriculture produce in the study area. The reason for its gaining ascendancy 
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has essentially been the availability of copious ground water, favourable economic 

return, a compelling need to boost agricultural production.  

Soil and Site Requirements: Rice is grown under diverse soil conditions and over a 

wide range of soil reaction (pH 4.5 to 8.0), optimum range of pH 5.5 to 7.5. Soils on 

Alluvial deposits with heavy texture are better suited for irrigated rice cultivation. Rice 

require a high nitrogen content and moderate to high soil fertility. The soil- site 

suitability criteria and ratings developed for irrigated boro paddy are presented in Table 

5.34 

Table: 5.34: Soil-site suitability criteria for Boro Paddy 

     Land characteristics                           Class and Degree of limitation  

    

Highly 

Suitable 

Moderately 

suitable 

Marginall

y Suitable  

Unsuit

able        

    S1      S2     S3      N 

Topogr

aphy 

Slope in Degree 0 to 3 3 to 10 10 to 15 >15 

Erosion Hazard 
 Moderately 

slight 
 Moderate 

 Moderatel

y severe 
 - 

 Soil 

Texture Fine texture 
Fine loamy 

texture 

Coarse 

loamy 

texture 

sandy 

texture 

Ph 

slighlty 

acidic & 

neutral 

moderately 

acidic & 

neutral 

slightly 

alkaline 

strongl

y acidic 

Organic Carbon High Medium Low  - 

Nitrogen high Medium  - Low 

Phosphorous very high High Medium Low 

Potassium high  Medium Low   

Sulpher 
Very High 

& high 

Medium & 

Low  - 
 - 

Boron  Very High  High  Medium  Low 

Manganese  Very High  High  Medium  Low 

Zinc Very High High Medium Low 
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Source: Compiled from, NBSS&LUP, 2006; Dent and Young, 1981; FAO, 1983; FAO/UNDP, 1984ab; 

IIASA/FAO, 2002; IIASA/FAO, 2012; Jones, 2003; Sanchez et al., 2003; Sys and Riquier, 1980; Sys et 

al., 1991ab; Sys et al., 1993; Van Diepen et al., 1991 

   

The figure 5.18 indicated that only 14.52% of the area is highly suitable (S1) for boro 

paddy cultivation and about 29.06% and 34.69% of the area are fall under S2 and S3 

suitability classes. High pH and low nitrogen, phosphorous and zinc are the major 

limiting factors which may be discouraged farmers from growing boro paddy in about 

21.73 % that belongs to N suitability order. 

Figure: 5.18 Land suitability for boro paddy in the study area 

Table: 5.35: Area (sq km) under different categories of suitability and their 

percentage distribution 

Crops 

Suitability classes 

Highly 

Suitable  

Moderatel

y Suitable  

Marginally 

suitable 

Currently not 

Suitable  Total 

S1  S2  S3 N 

Maize 
108.45  

(15.29) 

219.78  

(30.99) 

228  

(32.14) 

153.06  

(21.58) 

709.29 

(100) 
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Potato 
112.66  

(15.88) 

205.73  

(29.01) 

236.74 

(33.38) 

154.16 

(21.73) 

709.29 

(100) 

Boro 

Paddy 

102.99  

(14.52) 

206.13 

(29.06) 

246.03 

(34.69) 

154.14 

(21.73) 

709.29 

(100) 

Mustar

d 

95.45 

(13.46) 

210.07  

(29.62) 

245.56 

(34.62) 

158.21 

(22.31) 

709.29 

(100) 

Wheat 
119.89  

(16.90) 

177.39  

(25.01) 

251.27 

(35.43) 

160.74  

(22.66) 

709.29 

(100) 

Mean 
107.89  

(15.21) 

203.82  

(28.74) 

241.52 

(34.05) 

156.06  

(22.00) 

709.29 

(100) 

Note: Figure in the parenthesis indicate percentage of suitability 

5.3.2.4 Mustard 

In India, oil seeds crops are the second most important determinant of agricultural 

economy, next only to cereals. Rapeseed mustard is an important crop next to groundnut, 

among nine annual oilseed crops. In the study area indigenous variety, mainly brown 

sarson (Brassica rapa L. var. brown sarson) and yellow sarson (Brassica rapa L, var. 

yellow sarson) are traditionally grown. Mustard is also a cash crop in the study area. 

Soil and Site Requirements: Mustard is best grown in fine loamy texture soils. Sandy 

loam soils are considered most suitable for brown seeded varieties. Heavy soils are 

considered if drainage is good (NBSS &LUP). They prefer neutral pH reaction but 

cultivars can be grown on soils with pH range 5.5 to 8.0. Excellent performance was 

observed by Das (1997) in the pH range of 6.0 to 7.5. The soil-site suitability criteria 

for mustard are presented in Table 5.36.  

 

Table: 5.36: Soil-site suitability criteria for Mustard 

     Land characteristics                           Class and Degree of limitation 

    

Highly 

Suitable 

Moderately 

suitable 

Marginally 

Suitable  

Unsuita

ble        

    S1      S2     S3      N 

Slope <10 10-18 18-28 >28 
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Topog

raphy 
Erosion Hazard 

 Moderatel

y slight 
 Moderate 

 Moderately 

severe 
 - 

Soil 

Texture 

Fine 

loamy 

texture 

Coarse 

loamy 

texture 

Fine and 

sandy 

texture 

 - 

pH Neutral 

slightly 

acidic & moderately 

acidic 

strongly 

acidic 

  
slightly 

alkaline 

Organic Carbon Medium High Low  - 

Nitrogen High Medium Low  - 

Phosphorous very high high 
medium & 

low 
 - 

Potassium High medium low          - 

Boron  very high  high 
 medium & 

low 
 - 

Manganese  very high high  
 medium & 

low 
 - 

Zinc  high   high  
 medium & 

low 
 - 

Sulpher very high high 
medium & 

low 
 - 

Source: Compiled from, NBSS&LUP, 2006; Das, 1997; FAO, 1983; FAO/UNDP, 1984ab; IIASA/FAO, 

2002; IIASA/FAO, 2012; Jones, 2003; Shah 1984;  Singh 1958; Weiss 1983 

 

Mustard is extensively cultivated in moderate to high fertile soils, yet about 22.31 % of 

area is not suitable (Fig. 5.19). This may be due to the fine and sandy texture that occur 

in area in addition to the strongly acidic in nature. Suitability analysis showed that about 

89.86% of agricultural area is suitable for this crop  and out of which 95.45 sq km (13.46 

%), 210.07 sq km (29.62 %) and 245.56 sq km (34.62 %) are highly (S1), moderately 

(S2) and marginally suitable (S3) respectively. 
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5.2.2.5  Wheat 

Wheat is the second most important staple food crop after rice in India. It is cultivated as 

rabi crops in the study area, belonging to family Graminae and genus Triticum aestivum. 

It accounts for 26 percent of the total area and 36.5 percent of the total production of 

cereals in the country (Tiwari, 2008). It contains more proteins than any other cereals 

cultivated in the study area. It has high content of niacin and thiamine amino acids.  

Figure: 5.19 Land suitability for mustard in the study area 

Soil and Site Requirements: Wheat grows well in the fertile, well-drained, medium-

textured (loam to clay loam) soils. The crop can also be grown on clay or fine sandy 

loam texture. Very sandy or poorly drained soils are unsuitable for wheat crop. The 

optimum pH range of 6.0 to 8.2. Moderate to fertile with high manganese, copper and 

boron content are considered best for wheat (Sys at el., 1993). The land suitability 

criteria and rating for wheat are formulated and presented in Table 5.37. 
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Table: 5.37: Soil-site suitability criteria for Wheat 

     Land characteristics                           Class and Degree of limitation 

    

Highly 

Suitable 

Moderatel

y suitable 

Marginally 

Suitable  

Unsuita

ble        

    S1      S2     S3      N 

Topogr

aphy 

Slope <10 10-18 18-36 >36 

Erosion Hazard 
 Moderatel

y slight  
 Moderate 

 Moderatel

y severe 
 - 

Soil 

Texture 

Coarse 

loamy 

texture 

Fine texture 
Fine loamy 

texture 

Sandy 

texture 

pH Neutral 

slightly 

alkaline &  moderately 

acidic 

strongly 

acidic 

  
slightly 

acidic 

Organic Carbon  High Medium Low  - 

Nitrogen High Medium Low   

Phosphorous 
Very High, 

High 
Medium Low  - 

Potassium 
High, 

Medium 
Low  -  - 

Sulpher very high high 
medium & 

low 
 - 

Zinc Very High High Medium Low 

Boro  Very High  High 
 medium & 

low 
 - 

Manganese Very High High Medium Low 

Source: Compiled from, NBSS&LUP, 2006; Dent and Young, 1981; FAO, 1983; FAO/UNDP, 1984ab; 

IIASA/FAO, 2002; IIASA/FAO, 2012; Jones, 2003; Sanchez et al., 2003; Sys and Riquier, 1980; Sys et 

al., 1991ab; Sys et al., 1993; Van Diepen et al., 1991   

 

Result indicated that about 77.34% of agricultural area is suitable for wheat cultivation 

and out of which 16.90%, 25.01% and 35.43% are highly (S1), moderately (S2) and 
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marginally suitable (S3). Strongly acidic soil, sandy texture, low zinc, manganese are the 

major curbs which exclude about 22.66% of area from cultivation (Fig.5.20). 

 

Figure: 5.20 Land suitability for wheat in the study area 

5.3.2.6 Multi crops suitability for alternative crops of tobacco 

The result in table 5.38 revealed that about 55.04 percent of area is suitable (S) for 

growing the five alternative crops of tobacco with order of potato + maize + boro paddy 

+ mustard + wheat, whereas only  4.2 percent of the study area is not suitable (N) for 

these crops (figure 5.22) due to lack of soil quality in this region. About 108.87 sq km 

agricultural land, which accounting 15.35 percent of the total area have four crops 

suitability such as maize + wheat + potato + mustard. About 10.51, 7.95 and 6.96 percent 

of the study area are suited for growing together of maize + wheat + potato, potato + 

mustard, maize + wheat respectively. 
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Figure: 5.21 Land suitability for five alternative crops of tobacco in the study area 

Table: 5.38 Area and percentage of suitable area for alternative crops growing 

Crop Area in Sq km Area in % 

Maize+ wheat+ potato+ mustard + Boro paddy 390.39 55.04 

 Maize+ wheat+ potato+ mustard 108.87 15.35 

 Maize+ wheat+ potato 74.51 10.51 

 Potato + mustard 56.39 7.95 

 Maize+ wheat 49.37 6.96 

 Not suitable 29.76 4.2 
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Figure: 5.22 Comparison of land suitability rate of five alternative crops of tobacco 

Conclusion  

1. The study of evaluation of soil fertility status revealed that the most of the soils 

(85.65%) of study area are acidic in nature. Greater parts of the study area 

(78.6%) are loamy soils. Low status of organic carbon was noticed in 39.08% 

area. The available nitrogen and potassium in the soils are low to medium 

category. However, higher content of phosphorous was observed in 52.02% soils. 

There is deficiency observed in boron, sulphur and zinc in 46.89%, 14.70% and 

63.98% area respectively. The availability of iron on soils was observed sufficient 

in the entire study area and copper and manganese deficiency was observed in 

some patches in the study area. In general Sitai block possesses comparatively 

better position in term of soil fertility status than Dinhata-I and Dinhata-II blocks. 

Most of the areas of Dinhata-II block suffer from either sufficiency or deficiency 

of one primary element alone or in combination. Fertilizer recommendations on 

the basis of soil fertility data can be done for maximum crop yield. Improper 

agriculture practices, intensive farming, monoculture, type of cropping pattern 

and over irrigation is responsible for the deterioration of soil quality in the study 

area. To overcome the adverse effect of these chemical cultivation efforts should 

be made to exploit all the available resources of nutrients under the theme of 

integrated nutrient management (INM). Under this approach the best available 
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option lies in the complimentary use of biofertilizers, organic manures in suitable 

combination of chemical fertilizers. 'Organic agriculture' system should be 

inculcated which begins to consider potential environmental and social impacts 

by eliminating the use of synthetic inputs such as synthetic fertilizers, pesticides 

etc. The camps, rallies and training programs for the farmers should be arranged 

for increasing awareness regarding the benefits of organic agriculture, 

biofertilizers etc. in crop production and thereby improving soil fertility and 

nutrient status. 

2. In this chapter, land suitability evaluation has been determined for five alternative 

rabi crops such as potato, maize, boro paddy, mustard and wheat in Dinhata 

subdivision of Koch Behar district, West Bengal by using parametric method for 

climate suitability and Analytical Hierarchy Process for soil-site suitability. 

Analytical Hierarchy Process is a powerful tool for evaluating land suitability for 

these crops followed by FAO (1976) method. The parametric method examined 

climatic suitability for five major rabi crops, alternative to tobacco under irrigated 

condition, result showed that potato and wheat had high suitability (S1), with 

suitability rating 94.45 and 85.05 percent respectively, while boro paddy, maize, 

and mustard were moderately suitable (S2) with suitability rating 67.63, 77.92 

and 62.59  percent respectively. The selected theme layers includes slope, soil 

texture, soil reaction, organic carbon, nitrogen, phosphorous, potassium, boron, 

sulphur, manganese, zinc and soil erosion, which are most influencial crop 

suitability parameters that have been combined by the adopted methodology. 

Overlay operations have been done on these layers according to weighted 

significance of each of the factor. Result of the land suitability evaluation for 

maize, potato, boro paddy mustard and wheat indicated that highly suitable class 

(S1) accounts 15.29%, 15.88%, 14.52%, 13.46% and 16.90% while moderately 

suitable (S2) constitutes 30.99%, 29.01%, 29.06%, 29.62% and 25.01% and the 

marginally suitable (S3) are 32.14%, 33.38%, 34.69%, 34.62% and 35.43% 

respectively. Whereas not suitable (N) areas for maize, potato, boro paddy 

mustard and wheat accounts 21.58%, 21.73%, 21.73%, 22.31% and 22.66% 

respectively. From this study it can be concluded that majority of the area 

reasonably suitable for growing alternative crops of tobacco and development 

efforts should therefore be directed towards realising this potential.   
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CHAPTER - VI 

COST BENEFIT ANALYSIS OF SOME 

SELECTED CROPS CULTIVATED IN THE 

STUDY AREA 

 
6.0 Introduction 

This chapter gives an account of the cost of cultivation of some selected crops cultivated 

by the sample farmers and the gross and net returns on output obtained are presented. 

Details of the cost benefit analysis (CBA) of the sample farm were obtained through a 

structured questionnaire (Appendix-A). The main objective in doing this exercise is to 

derive a comprehensive overview of the economic aspects of tobacco farming and to 

assess economically viable alternative crops to tobacco cultivation of the sample farmers. 

Such a relative profitability of the various rabi crops might help in judging the alternative 

crops to tobacco, if an attempt is made to wean away the farmers from cultivating 

tobacco. While the analysis was carried out separately for three administrative block 

namely Dinhata-I, Dinhata-II and Sitai. The CBA results are presented for all sample 

farms together, instead of individual size group. Such an aggregate picture, it was 

thought, would be more useful rather size group wise results. Another reason for such an 

aggregation was the marginal difference in the levels of various inputs and the output 

realized across size groups. The differences across size groups as far as the various input 

use levels is concerned, was largely one of the relative importance of owned and 

purchased inputs, including human labour. Since, the owned inputs used in the 

production process are also valued appropriately the difference across size groups in the 

level of costs remained only marginal. The returns are presented by individual crops and 

for all crops together.  

Concept of cost is necessary to be developed first for calculation of production cost of a 

crop. The profitability of farming could be affected by many factors, that directly affect 

farm profit are total revenue and total cost. The total revenue is dependent upon yield 

level and production price. Yield level is influenced by technology adoption i.e., the use 

of tobacco variety, fertilizers, pesticides etc. and agro-ecological condition i.e., soil and 
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climatic condition. Technology adoption is affected by agro-ecology, input prices such 

as seeds, fertilizers, pesticides, labour etc. and capital availability from bank and money 

lender. Input price, to some extent is determined by Government policies e.g. fertilizer 

subsidy. The following values for revenue, costs and returns were estimated. 

Revenue: Revenue which is measured by the Total Revenue (TR) is the total value of 

output produced. TR will be computed by multiplying average yield by average price at 

farm level. TR includes output produced during the year, which may be sold, used for 

household consumption, used on the farm for seed, used for payments in kind; or kept in 

the store for future sale. Non market transactions are valued at their opportunity cost as 

per average market price. 

Costs: Costs are measured by;  

v) Operating costs (Cost A): These refer to the sum of input costs, traction 

contract costs and hired labour costs. Input costs consists of value of expenses 

incurred on seeds, fertilizers, insecticides, fungicides and herbicides while 

traction costs consists of opportunity costs for using tractors or oxen for 

primary land tillage. Non-purchased seeds are valued at their opportunity 

costs i.e. market price.  

vi) Opportunity cost of operating capital (Cost B): This is estimated at 12% 

of cash/operating cost.  

vii) Opportunity cost of family labour (Cost C): This is the value of family 

labour used, which was valued at local wage rate (this study has used the 

average of the cost paid for hired labour by operation).  

viii) Total Enterprise Costs (Cost D): This refers to values of all inputs used in 

production. It was the sum of operating costs, opportunity cost of equity 

capital, and opportunity cost of family labour. Total costs are generally 

divided into total variable costs and total fixed costs.  

Farmers’ Profit: Following analytical tool used for gross and net profitability of tobacco 

compare to alternative crops. 

Comparison of farm profitability aims to understand whether or not tobacco farm is more 

profitable than alternative crops. To assess the costs and returns of the target commodities 

is used for each data set as an analytical tool. Using a simple formula π = TR – TOC, 
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where π= Gross profit, TR= total revenue and TOC= total operating cost. Farmer net 

profitability can be easily estimated using the following simple algebraic equation: 

𝜋 = 𝒬 𝒫 − (𝒬 𝒫 ) − (𝑐 ) 

π = Net Profit (Rs/ Hectare) 

𝒬 =Yield (kg/ hectare) 

𝒫  =Output price 

𝒬 = Variable input quantity (unit/hectare) 

𝒫 = Variable input price (unit/hectare) 

𝑐  = Fixed cost (Rs/ Hectare) 

i= Variable input (tillage, seed, fertilizer, pesticides, labour, other materials) 

j= Fixed input (family labour, depreciation, interest etc.) 

Rates of returns: Rates of returns were measured by;  

iii) Return to operating cost: This is computed by deducting total operating cost 

(Cost A) from TR, then divided by Cost A. 

iv) Return to total cost:  This is the difference between TR and TEC (Cost D), 

which includes the opportunity cost of family labour and equity capital as part 

of cost and then divided by Cost D. 

Labour: In addition to the estimated number of days of family and hired labour required 

for each cultivation, the following measure is also provided. 

iii) Gross profit per day family labour, land, management: This is measured 

by dividing gross profit by family labour days. It measures the reward to the 

family for farmers’ labour, management and land. 

iv) Gross profit per day family labour, land, management: This is computed 

by dividing gross profit by total family and hired labour days. It measures the 

reward to the family for farmers’ management and land. 

Procedure for imputation of values of farm inventory and inputs 

Seeds: Purchase seeds are valued at actual price paid plus transportation costs, and farm 

produced seeds were evaluated at prevailing market rates at the time of sowing. 

Farmyard Manure: It was valued at the actual purchase price and self-produced FYM 

was valued at market prices. 
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Fertilizers: Cost incurred in the purchase of fertilizers actual prices plus transport and 

other incidental charges. 

Plant Protection Chemicals: The actual purchase price of plant protection chemicals, 

purchased by the respondents. 

Irrigation charges: This include repair charges, working expenses such as oil, lubricants 

etc. and hire charges paid for using water from other sources. Irrigation charges paid to 

the concerned Government department for each crop are also include. 

Human Labour: Hired human labour was accounted for at the actual wages paid by the 

farmers. Family human labour was imputed at the prevailing wage rates in the study area. 

Woman labour is taken as equivalent to 0.75 of male labour. One child labour is taken as 

equivalent to half of one adult male labour. One man day means eight hours work of one 

adult man. 

Bullock labour: Hired bullock labour cost was calculated at the prevailing market rate 

for the services of a pair of bullocks in the study area. Owned bullock labour was 

evaluated at the same rate with hired bullock labour. One bullock labour day means 8 

hours of services rendered by one pair of bullocks. 

Tractor power has also been converted into bullock pair day on the basis of average time 

required by tractor power in performing a given job done by a pair of bullock. 

Marketing Costs: These were the costs incurred by the farmers in cleaning, grading, 

packing, transporting and selling their products. 

Miscellaneous Costs: These were the other incidental costs incurred in the operation of 

enterprises. These included cost on perishable implements like ropes, baskets, repairs 

and maintenance of implements used, etc. 

Interest on Working Capital: Interest on working capital is changed at the time rate of 

12% per annum for a period of three months for individual crop. The following were the 

item including under working capital such as (i) hired human labour, (ii) hired bullock 

labour, (iii) machine  labour (both owned and hired), (iv) seeds (owned and purchased), 

(v) manures, fertilizer and plant protection chemicals, (vi) insecticides, pesticides and 

(viii) irrigation charges. 

Fixed Costs 

Depreciation: The depreciation rates, life span and junk value for various agricultural 

implements and machinery were decided in consultation with the respondents. 
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Consequently, the depreciation was calculated using the straight line method as shown 

be 

Depreciation ∶=
𝑃𝑢𝑟𝑐ℎ𝑎𝑠𝑒 𝑣𝑎𝑙𝑢𝑒 − 𝐽𝑢𝑛𝑘 𝑣𝑎𝑙𝑢𝑒

𝐿𝑖𝑓𝑒 𝑆𝑝𝑎𝑛
 

Electricity Costs: These were levied on horsepower basis and were included under fixed 

costs. 

In this study, other fixed costs such as land revenue, land rent, interest on fixed capital 

were excluded. The study will focus on evaluating the farm’s profitability on a short term 

basis because in the short run, a firm’s output level is determined by variable factor inputs  

Since in the short term fixed costs are ignored, net returns is defined as gross income per 

unit of activity.  

 

6.1 Cost-benefit analysis of jati tobacco of the study area 

Dinhata subdivision is famous for jati tobacco production, but cultivation is restricted 

only in some patches of Dinhata-I and Sitai block. There are no reported jati tobacco 

cultivation in Dinhata-II block. The cost-benefit of production details of jati tobacco has 

been furnished in table 6.1.  The average total operating cost (cost A) of cultivation of 

jati tobacco on the sample farms in Dinhata subdivision was ₹ 61983 per hectare. 

Operating cost and opportunity cost of family labour (cost C) is worked out to 66.01 

percent and 30.99 percent respectively of the total enterprise cost. The total operating 

cost of jati tobacco of sample farms in Sitai block was observed higher than Dinhata-I 

block. The average enterprise cost (cost D) of jati tobacco on the selected farms of the 

study area was ₹ 93904 per hectare. Out of the different components, the cost of human 

labour including family labour occupied major share. It accounted for 50.01 percent of 

the total enterprise cost which ranges between 50.54% for Dinhata-I block, and 49.53 % 

for Sitai block. The total enterprise cost per hectare of jati tobacco was also recorded 

higher in Sitai block than Dinhata-I block. There is a definite proportion between cost 

and benefit in sample farm of Dinhata-I and Sitai block. Farmers’ gross profit in terms 

of Cost A is found higher in Sitai block (₹ 70456 per hectare) than Dinhata-I block (₹ 

57023 per hectare). The net profit from jati tobacco were ₹ 27970 per hectare and ₹ 35668 

per hectare in Dinhata-I and Sitai block respectively. The data also indicate that the 

average rates of return over cost A and cost D from jati tobacco was ₹ 1.03 and ₹ 0.34 
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respectively, over one rupee spent on cultivation. The average gross profit per day per 

hectare family labour, land, management over cost C was ₹ 811, whereas average gross 

profit per day per hectare total labour (including hired and family labour), land, and 

management was ₹ 502. 

Table: 6.1 Cost-benefit Analysis of Jati tobacco   

Item 
Dinhata-I 

(₹/hectare) 
Dinhata-II 

(₹/hectare) 

Sitai 

(₹/hectare

) 

Average 

(₹/hecta

re) 

i. Operating cost  (Cost A)     

Input Cost  
41485 

(46.41) 
- 

46758 

(47.51) 

44121 

(46.99) 

 Cost of hired labour 
18859 

(21.10) 
- 

16863 

(17.14) 

17861 

(19.02) 

Total operating cost 
60344 

(67.50) 
- 

63621 

(64.65) 

61983 

(66.01) 

ii. Opportunity cost of 

operating capital (Cost B) 

1809 

(2.02) 
- 

1908 

(1.94) 

1858 

(1.98) 

iii. Opportunity cost of family 

labour (Cost C) 
    

Number of family labour day 175 - 213 195 

  Total family labour cost 
26317 

(29.44) 
- 

31877 

(32.39) 

29097 

(30.99) 

iv. Total enterprise cost (Cost 

D) 
    

Depreciation cost  
927 

(1.04) 
- 

1003 

(1.02) 

966 

(1.03) 

Total enterprise cost 
89397 

(100) 
- 

98409 

(100) 

93904 

(100) 

v. Farmer Profit     

Total Revenue 117367 - 134077 125722 

Gross profit 57023 - 70456 63740 

Net Profit 27970 - 35668 31820 
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vi. Rates of return     

Return to operating cost 0.94 - 1.11 1.03 

Return to total cost 0.31 - 0.36 0.34 

vii. Labour     

Gross profit per day family 

labour, land, management 
803 - 818 811 

Gross profit per day total 

labour, land, management 
467 - 539 502 

   Note: Figure in the parenthesis indicate percentage of average cost 

 Source: Field Survey, 2012 

6.2 Cost-benefit analysis of motihari tobacco of the study area 

The cost and return of motihari tobacco have been presented in table 6.2.The total 

operating cost of motihari tobacco excluding the opportunity cost of operating capital 

and family labour averaged ₹ 37180 per hectare, which accounted 65.43% of the total 

enterprise cost. The total enterprise cost (cost D) averaged ₹ 56823 per hectare. The 

average gross and net income per hectare after deducting from cost A and cost D in the 

study area were ₹34610 and ₹14967 respectively. The financial rates of return over cost 

A and Cost D were calculated ₹0.92 and ₹0.25 respectively, over one rupee spent on 

motihari tobacco cultivation. On average, farmers use a total of 158 human labour days 

per hectare per crop season. Converting the labour man days into monetary term would 

show that the total labour cost in motihari tobacco cultivation in a crop season was ₹ 

23556. With respect to family labour, data shows that daily gross return per hectare was 

₹ 736, whereas in terms of total labour gross return was ₹541 per working day per hectare. 

Table: 6.2 Cost-benefit Analysis of Motihari tobacco   

Item 
Dinhata-I 

(₹/hectare) 

Dinhata-II 

(₹/hectare) 

Sitai  

(₹/hecta

re) 

Averag

e 

(₹/hecta

re) 

i. Operating cost  (Cost A)         

Input Cost  
33345 

(58.42) 

19203 

(46.50) 

40185 

(55.74) 

30911 

(54.40) 
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 Cost of hired labour 
  4809 

  (8.43) 

6667 

(16.15) 

7329 

(10.17) 

6269 

(11.03) 

Total operating cost 
38154 

(66.85) 

25870 

(62.65) 

47514 

(65.90) 

37180 

(65.43) 

ii. Opportunity cost of 

operating capital (Cost B) 

1144 

 (2.00) 

776 

 (1.88) 

1426 

(1.98) 

1114 

(1.96) 

iii. opportunity cost of family 

labour (Cost C) 
    

Number of family labour day 106 94 146 116 

  Total family labour cost 
15939 

(27.93) 

14085 

(34.11) 

21869 

(30.33) 

17298 

(30.44) 

iv. Total enterprise cost (Cost 

D) 
    

Depreciation cost  
1838 

(3.22) 

563 

 (1.36) 

1287 

(1.79) 

1231 

(2.17) 

Total enterprise cost 
57075 

 (100) 

41295 

(100) 

72097 

(100) 

56823 

(100) 

v. Farmer Profit     

Total Revenue 75294 48377 91700 71790 

Gross profit 37140 22507 44186 34610 

Net Profit 18219 7082 19603 14967 

vi. Rates of return     

Return to operating cost 0.97 0.87 0.93 0.92 

Return to total cost 0.31 0.17 0.27 0.25 

vii. Labour     

Gross profit per day family 

labour, land, management 
865 593 749 736 

Gross profit per day total labour, 

land, management 
662 395 559 541 

  Note: Figure in the parenthesis indicate percentage of average cost 

Source: Field Survey, 2012 
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      Plate 6.1 Motihari tobacco field 
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  Plate 6.2  Potato cultivation and end product 
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6.3 Cost-benefit analysis of potato of the study area 

The table 6.3 explains cost, profit and rates of return of potato crop in the study area. The 

average operating cost (Cost A) of cultivation of potato was ₹77449 per hectare, which 

accounted 85.08 % of total enterprise cost in the study area. This high costs of production 

for potato, therefore, are a disincentive to most cash-poor farmers and an important factor 

limiting the area cultivated and choice of crop selection. The total enterprise cost (cost 

D) per hectare averaged ₹91028. The average gross and net profit of the sample farms 

from potato was ₹ 55424 and ₹ 41846 per hectare, respectively. The data indicates that 

average rates of return over cost A and cost D from potato was ₹ 0.73 and ₹ 0.46 

respectively over a rupee spent on cultivation. The average daily return per hectare to 

family labour and total labour was ₹ 2422 and ₹ 702 respectively, the result reveals that 

cultivating potato require much hired workers. In interpreting these results, however, it 

should be noted that the daily return to family labour are higher than for any other crop.  

Table: 6.3 Cost-benefit Analysis of Potato    

Item 

Dinhata-

I 

(₹/hectar

e) 

Dinhata-

II  

(₹/hectar

e) 

Sitai  

(₹/hectar

e) 

Average 

(₹/hectar

e) 

i. Operating cost  (Cost A)         

Input Cost  
69134 

(69.87) 

54898 

(65.49) 

47156 

(52.21) 

57063 

(62.69) 

 Cost of hired labour 
18904 

(19.11) 

16680 

(19.90) 

25576 

(28.32) 

20387 

(22.40) 

Total operating cost 
88038 

(88.98) 

71578 

(85.39)  

72732 

(80.53) 

77449 

(85.08) 

ii. Opportunity cost of operating 

capital (Cost B) 

2642 

(2.67) 

2147 

(2.56) 

2182 

(2.42) 

2323 

(2.55) 

iii. opportunity cost of family 

labour (Cost C) 
       

Number of family labour day 35 54 89 59 

  Total family labour cost 
5189 

(5.24) 

8155 

(9.73) 

13344 

(14.77) 

8896 

(9.77) 
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iv. Total enterprise cost (Cost D)        

Depreciation cost  
3072 

(3.10) 

1945 

(2.32) 

2058 

(2.28) 

1779 

(1.95) 

Total enterprise cost 
98940 

(100) 

83825 

(100) 

90316 

(100) 

91028 

(100) 

v. Farmer Profit        

Total Revenue 132011 22278 153826 132874 

Gross profit 43973 41203 81094 55424 

Net Profit 33071 28956 63510 41846 

vi. Rates of return        

Return to operating cost 0.5 0.58 1.11 0.73 

Return to total cost 0.33 0.35 0.7 0.46 

vii. Labour     

Gross profit per day family labour, 

land, management 
3141 1873 2251 2422 

Gross profit per day total labour, 

land, management 
677 615 773 702 

 Note: Figure in the parenthesis indicate percentage of average cost 

 Source: Field Survey, 2012 

6.4 Cost-benefit analysis of maize of the study area 

The block wise average cost of production of maize has been furnished in the table 6.4. 

The data indicate that average operating cost (Cost A) of maize cultivation was ₹30904 

per hectare, which account 78.63% of total enterprise cost in the study area. The 

proportion of total input cost was 38.19% in case of Dinhata-I block, 31.88% for Dinhata-

II and 34.85% for Sitai block. The average total revenue earned from maize ₹ 71220 per 

hectare. The average gross and net profit from maize was ₹40316 and ₹31917 

respectively. Average rates of return ₹ 1.37 and ₹ 0.84, over a rupee investment of maize 

cultivation. The data on cost and net returns reveals that maize cultivation giving more 

benefits at a low cost of cultivation than motihari tobacco and hence lucrative. The 

average daily gross return per hectare to family labour and total labour was ₹ 2293 and 

₹ 630 respectively. 
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      Plate 6.3 Maize cultivation and end product 
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Table: 6.4 Cost-benefit Analysis of Maize   

Item 
Dinhata-I 

(₹/hectare) 

Dinhata-II 

(₹/hectare) 

Sitai 

(₹/hectar

e) 

Average 

(₹/hectar

e) 

i. Operating cost  (Cost A)         

Input Cost  
16613 

(38.19) 

13223 

(31.88) 

11476 

(34.85) 

13771 

(35.04) 

 Cost of hired labour 
19917 

(45.78) 

18319 

(44.14) 

13171 

(40.00) 

17132 

(43.59) 

Total operating cost 
36530 

(83.97) 

31534 

(76.02) 

24647 

(74.86) 

30904 

(78.63) 

ii. Opportunity cost of 

operating capital (Cost B) 

1095 

(2.52) 

946 

 (2.28) 

739 

(2.24) 

927 

(2.36) 

iii. opportunity cost of family 

labour (Cost C) 
        

Number of family labour day 32 54 44 44 

  Total family labour cost 
4819 

(11.08) 

8155 

(19.66) 

6672 

(20.26) 

6672 

(16.98) 

iv. Total enterprise cost (Cost 

D) 
        

Depreciation cost  
1060  

(2.44) 

  845 

 (2.04) 

867 

(2.63) 

924 

(2.35) 

Total enterprise cost 
43504 

(100) 

41480 

 (100) 

32925 

(100) 

39303 

(100) 

v. Farmer Profit         

Total Revenue 65662 77412 70584 71220 

Gross profit 29132 45878 45938 40316 

Net Profit 22158 35932 37660 31917 

vi. Rates of return         

Return to operating cost 0.8 1.45 1.86 1.37 

Return to total cost 0.51 0.87 1.14 0.84 

vii. Labour     
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Gross profit per day family 

labour, land, management 
2241 2086 2553 2293 

Gross profit per day total labour, 

land, management 
435 645 850 630 

Note: Figure in the parenthesis indicate percentage of average cost 

  Source: Field Survey, 2012 

6.5 Cost-benefit analysis of boro paddy of the study area 

The cost and profit and rate of return of boro paddy have been presented in table 6.5.The 

total operating cost of boro paddy averaged ₹ 26154 per hectare, which accounting 

74.95% of total enterprise cost. The average total enterprise cost per hectare of boro 

paddy incurred was about ₹ 34894. The average gross profit per hectare realized from 

boro paddy was ₹ 38851. The estimated net income from cultivating boro paddy crop per 

hectare was ₹ 30110 in average sample farm of Dinhata subdivision. The financial rates 

of return from boro paddy was ₹ 1.5 over a cost A, and ₹ 0.87 over a cost D. The gross 

profit per day family labour, land, management over a cost C was ₹ 2083 per hectare and 

₹ 996 per hectare in respect of total labour. Boro paddy generally grown in lower land 

and where irrigation facilities are available. This crop grown primarily for family 

consumption, with only small surpluses sold for cash in most cases in the study area. 

Table: 6.5 Cost-benefit Analysis of Boro Paddy   

Item 
Dinhata-I 

(₹/hectare) 

Dinhata-

II(₹/hectare

) 

Sitai  

(₹/hectar

e) 

Average 

(₹/hectar

e) 

i. Operating cost  (Cost A)         

Input Cost  
18877 

(54.84) 

16690 

(51.48) 

20888 

(49.72) 

18817 

(53.93) 

 Cost of hired labour 
8006 

(23.26) 

6294 

(19.41) 

7710 

(20.37) 

7337 

(21.03) 

Total operating cost 
26883 

(78.10) 

23006 

(70.90) 

28598 

(75.56) 

26154 

(74.95) 

ii. Opportunity cost of 

operating capital (Cost B) 

806 

(2.34) 

689 

(2.13) 

857 

(2.27) 

783 

(2.24) 
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iii. opportunity cost of family 

labour (Cost C) 
        

Number of family labour day 39 52 47 47 

  Total family labour cost 
5931 

(17.23) 

7784 

 (24.01) 

7043 

(18.61) 

6919 

(19.83) 

iv. Total enterprise cost (Cost 

D) 
        

Depreciation cost  
801  

(2.33) 

961 

(2.97) 

1349 

 (3.56) 

1038 

(2.97) 

Total enterprise cost 
34420 

(100) 

32418 

 (100) 

37847 

(100) 

34894 

(100) 

v. Farmer Profit         

Total Revenue 60080 65118 69821 65007 

Gross profit 33197 42135  41223 38851 

Net Profit 25660 32700 31974 30110 

vi. Rates of return         

Return to operating cost 1.23 1.83 1.44 1.5 

Return to total cost 0.75 1.01 0.84 0.87 

vii. Labour     

Gross profit per day family 

labour, land, management 
2076 2004 2170 2083 

Gross profit per day total labour, 

land, management 
875 1110 1030 996 

Note: Figure in the parenthesis indicate percentage of average cost 

 Source: Field Survey, 2012 
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    Plate 6.4 Paddy field 
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6.6 Cost-benefit analysis of wheat of the study area 

The table 6.6 demonstrates block wise the per hectare cost structures of wheat crop of 

the sample farms. From the table it could be seen that the average total operating cost of 

cultivation in Dinhata subdivision was found to be ₹25877 per hectare. In terms of 

percentage it accounted for 72.99 percent of total enterprise cost. The family labour cost 

constituted ₹ 8402 per hectare. The average total enterprise cost per hectare for wheat 

cultivation by the sample farmers was ₹35455. The average gross and net return per 

hectare after deducting cost A and cost D from the total revenue was ₹ 13001 and ₹ 3422 

respectively. The net return per hectare was found ₹5807 and ₹4764 in Dinhata-II and 

Sitai block respectively whereas, the net return per hectare from wheat was negative, in 

Dinhata-I block. The financial rates of return from wheat cultivation was very low. The 

gross daily return per hectare to family labour and total labour were ₹554 and ₹259 

respectively. 

Table: 6.6 Cost-benefit Analysis of Wheat   

Item 
Dinhata-I 

(₹/hectare) 

Dinhata-II  

(₹/hectare) 

Sitai  

(₹/hectar

e) 

Average 

(₹/hectare) 

i. Operating cost  (Cost A)         

Input Cost  
15946 

(45.16) 

18313 

(47.60) 

13631 

(42.40) 

15963 

(45.02) 

 Cost of hired labour 
12207 

(34.57) 
8540 (21.95) 

8995 

(27.98) 

9914 

(27.96) 

Total operating cost 
28153 

(79.73) 

26853 

(69.01) 

22625 

(70.39) 

25877 

(72.99) 

ii. Opportunity cost of 

operating capital (Cost B) 

845 

 (2.39) 

806 

(2.07) 

680  

(2.11) 

776 

(2.19) 

iii. opportunity cost of 

family labour (Cost C) 
        

Number of family labour day 40 72 57 57 

  Total family labour cost 
5931 

(16.80) 

10749 

(27.62) 

8525 

(26.52) 

8402 

(23.70) 
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iv. Total enterprise cost 

(Cost D) 
        

Depreciation cost  
381 

 (1.08) 

507 

 (1.30) 

314 

(0.98) 

400 

(1.13) 

Total enterprise cost 
35310 

 (100) 

38915 

(100) 

32144 

(100) 

35455 

(100) 

v. Farmer Profit         

Total Revenue 35006 44722 36908 38878 

Gross profit 6853 17869 14283 13001 

Net Profit -304 5807 4764 3422 

vi. Rates of return         

Return to operating cost 0.24 0.67 0.63 0.51 

Return to total cost -0.01 0.15 0.15 0.10 

vii. Labour     

Gross profit per day family 

labour, land, management 
427 615 620 554 

Gross profit per day total 

labour, land, management 
141 343 304 259 

   Note: Figure in the parenthesis indicate percentage of average cost 

Source: Field Survey, 2012 

 

6.7  Cost-benefit analysis of mustard of the study area 

The table 6.7 demonstrates that the average operating cost was ₹ 18686 per hectare, 

which accounted 76.63 percent to total enterprise cost. The average total enterprise cost 

per hectare from mustard incurred was about ₹ 24385. The average gross profit per 

hectare worked out from mustard was ₹ 11612. The estimated net income from 

cultivating mustard crop was ₹ 5913 per hectare in average sample farm of Dinhata 

subdivision. The rates of return in terms of Cost A and cost D were ₹ 0.62 and ₹ 0.24 

respectively, over a rupee spent on mustard crop cultivation. The gross profit per day 

family labour, land, management per hectare is found ₹687 for Dinhata-I, ₹1161 for 

Dinhata-II, ₹1006 for Sitai and ₹951 for average. Whereas gross profit per day total 

labour, land, management per hectare was higher in  Sitai (₹672) followed by Dinhata-II  
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Plate 6.5 Wheat field 
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Plate 6.6 Mustard cultivation and yield 
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(₹388) and Dinhata-I (₹329).The human labour cost including family labour component 

ranges between 40.98% for Dinhata-I block, 40.11 for Dinhata-II block and 35.43 % for 

Sitai block. 

Table: 6.7 Cost-benefit Analysis of Mustard   

Item 
Dinhata-I 

(₹/hectare) 

Dinhata-II  

(₹/hectare) 

Sitai  

(₹/hectare) 

Average 

(₹/hectare) 

i. Operating cost  (Cost A)         

Input Cost  
12296 

(54.34) 

13967 

(55.48) 

15160 

(59.80) 

13808 

(56.63) 

 Cost of hired labour 
4826 

(21.33) 

6761 

(26.86) 

3052 

(12.04) 

4880 

(20.01) 

Total operating cost 
17122 

(75.66) 

20728 

(82.33) 

18212 

(71.84) 

18686 

(76.63) 

ii. Opportunity cost of 

operating capital (Cost B) 

514 

(2.27) 

623 

(2.47) 

546 

(2.15) 

561 

 (2.30) 

iii. opportunity cost of 

family labour (Cost C) 
        

Number of family labour day 30 22 40 30 

  Total family labour cost 
4448 

(19.65) 

3336 

(13.25) 

5931 

(23.39) 

4572 

(18.75) 

iv. Total enterprise cost 

(Cost D) 
        

Depreciation cost  
546 

(2.41) 

489 

(1.94) 

662 

 (2.61) 

566  

(2.32) 

Total enterprise cost 
22630 

(100) 

25176 

 (100) 

25351 

(100) 

24385 

 (100) 

v. Farmer Profit         

Total Revenue 25368 31190 34341 30301 

Gross profit 8246 10463 16129 11612 

Net Profit 2738 6015  8990 5913 

vi. Rates of return         
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Return to operating cost 0.48 0.5 0.89 0.62 

Return to total cost 0.12 0.24 0.35 0.24 

vii. Labour     

Gross profit per day family 

labour, land, management 
687 1161 1006 951 

Gross profit per day total 

labour, land, management 
329 388 672 465 

  Note: Figure in the parenthesis indicate percentage of average cost 

 Source: Field Survey, 2012 

    6.8 Comparison of total operating costs of selected crops cultivated in the study 

area 

A comparison of total operating cost for tobacco and alternative crops is given in Table 

6.8. A wide variability for operating cost of cultivation was observed between different 

crops. Of these cultivation potato (₹77449/hectare) and jati tobacco (₹61983/ hectare) 

are the most expensive compared with mustard (₹18686/ hectare), wheat (₹25877/ 

hectare), boro paddy (₹26154/ hectare) and maize (₹30904/ hectare). Very high 

production cost for potato are a serious constraints for most farmers, these data suggest 

that poor farmers can earn more income by cultivating only a small area of potato than 

an entire land of most other crops.  

Table:6.8 Comparison of Total Operating Cost of tobacco and substitute crops in 

the study area 

Major Rabi Crops  Dinhata-I  Dinhata-II Sitai Average 

Jati Tobacco (₹/hectare) 60344             - 63621 61983 

Motihari Tobacco (₹/hectare) 38154 25870 47514 37180 

Potato (₹/hectare) 88038 71578 72732 77449 

Maize (₹/hectare) 36530 31534 24647 30904 

Wheat (₹/hectare) 28153 26853 22625 25877 

Mustard (₹/hectare) 17122 20728 18212 18686 

Boro Paddy (₹/hectare) 26883 23006 28598 26154 

    Source: Field Survey, 2012 
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   Figure: 6.1 Comparison of total operating cost of tobacco and substitute crops 

6.9 Comparison of total Enterprise costs of selected crops cultivated in the study 

area 

The next summary table compares total enterprise cost of five rabi crops with those for 

jati and motihari tobacco in Dinhata subdivision. The total enterprise cost including cost 

c was much higher for jati tobacco cultivation. Cultivating jati tobacco was most 

expensive due to additional family labour requirement. 

Table: 6.9 Comparison of Total Enterprise Cost of tobacco and substitute crops 
in the study area 

Major Rabi Crops Dinhata-I Dinhata-II Sitai Average 

Jati Tobacco (₹/hectare) 89397 - 98409.09 93904.27 

Motihari Tobacco (₹/hectare) 57075 41295 72096.81 56822.94 

Potato (₹/hectare) 98940 83825 90316.23 91027.91 

Maize (₹/hectare) 43504 41480 32924.94 39302.85 

Wheat (₹/hectare) 35310 38915 32144.07 35455.34 

Mustard (₹/hectare) 22630 25176 25351.01 24384.81 

Boro Paddy (₹/hectare) 34420 32418 37847.37 34894.4 

    Source: Field Survey, 2012 
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Figure: 6.2  Comparison of total enterprise cost of tobacco and substitute crops 

6.10  Comparison of labour requirement of selected crops cultivated in the 

study area 

Table 6.10 looks at the labour requirements for tobacco and it’s alternative crops. These 

data clearly shows that jati tobacco and potato was the most labour intensive crop, which 

create significantly more jobs than other rabi crops. Mustard, boro paddy and wheat, on 

the other hand use considerably less labour with few jobs created for hired labour.  It 

further reveals that the absortion of family labour was also very high in case of tobacco 

cultivation.   

Table: 6.10 Comparison of Total labour requirement of tobacco and substitute 

crops in the study area 

Major Rabi Crops  Dinhata-I Dinhata-II Sitai Average 

Jati Tobacco (₹/hectare) 
45177 

(26317) 
              - 

48740 

(31877) 

46958 

(29097) 

Motihari Tobacco 

(₹/hectare) 

20747 

(15939) 

20752 

(14085) 

29198 

(21869) 

23567 

(17298) 

Potato (₹/hectare) 
24093 

(5189) 

24835 

(8155) 

38920 

(13344) 

29282 

(8896) 

Maize (₹/hectare) 24736 26465 19843 23681 
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(4819) (8155) (6672) (6670) 

Wheat (₹/hectare) 
18138 

(5931) 

19289 

(10749) 

17520 

(8525) 

18316 

(8402) 

Mustard (₹/hectare) 
9274 

(4448) 

10097 

(3336) 

8982 

(5931) 

9452 

(4572) 

Boro Paddy (₹/hectare) 
13690 

(5931) 

14078 

(7784) 

14752 

(7043) 

14174 

(6919) 

  Note: Figure in the parenthesis indicate average opportunity cost of family labour 

Source: Field Survey, 2012 

 

Figure: 6.3  Comparison of total labour requirement of tobacco and substitute crops 

6.11 Comparison of farmer incomes of selected crops cultivated in the  

study area 

Table 6.11 compares gross profits from tobacco with the income that can be earned from 

other five alternative crops. Result indicate that jati tobacco has higher average gross 

return per hectare than other crops in Dinhata subdivision. From this analysis this is 

evident that mustard has the least averaged gross return, followed by wheat. The gross 

profit was highest form jati tobacco cultivation, followed by Potato in Dinhata-I block. 

Potato is noted to have highest gross profit in Sitai block. In Dinhata-II block maize have 

highest gross profit.  
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Table: 6.11 Comparison of Farmer Gross profit of tobacco and substitute crops 

in the study area 

Major Rabi Crops  Dinhata-I Dinhata-II Sitai Average 

Jati Tobacco (₹/hectare) 57023           - 70456 63740 

Motihari Tobacco (₹/hectare) 37140 22507 44186 34610 

Potato (₹/hectare) 43973 41203 81094 55424 

Maize (₹/hectare) 29132 45878 45938 40316 

Wheat (₹/hectare) 6853 17869 14283 13001 

Mustard (₹/hectare) 8246 10463 16129 11612 

Boro Paddy (₹/hectare) 33197 42135 41223 38851 

  Source: Field Survey, 2012 

The net return are concerned sample farmer are getting more profit from potato over cost 

D (₹41846/ hectare), followed by Maize (₹31917/ hectare), Jati tobacco (₹31820/ 

hectare), boro paddy (₹30110/ hectare), motihari tobacco (₹14967/ hectare), mustard 

(₹5913/ hectare) and wheat (₹3422/ hectare) respectively. The net income per hectare 

was highest from potato cultivation in Dinhata-I and Sitai block followed by Jati tobacco 

in Dinhata-I and maize in Sitai. Whereas net income per hectare was highest from maize 

followed by boro paddy in Dinhata-II block. 

 

Figure: 6.4  Comparison of farmers' gross profit of tobacco and substitute crops 
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Table: 6.12 Comparison of Farmer Net profit of tobacco and substitute crops in 

the study area 

Major Rabi Crops  Dinhata-I Dinhata-II Sitai Average 

Jati Tobacco (₹/hectare) 27970            - 35668 31820 

Motihari Tobacco (₹/hectare) 18219 7082 19603 14967 

Potato (₹/hectare) 33071 28956 63510 41846 

Maize (₹/hectare) 22158 35932 37660 31917 

Wheat (₹/hectare) -304 5807 4764 3422 

Mustard (₹/hectare) 2738 6015 8990 5913 

Boro Paddy (₹/hectare) 25660 32700 31974 30110 

  Source: Field Survey, 2012 

6.12 Comparison of rates of return of selected crops cultivated in the study 

area 

The table 6.13 reveals that financial rates of return in terms of operating cost (cost A)  in 

different crop was highest in boro paddy (1.5 ) followed by maize (1.37), jati tobacco 

(1.03), motihari tobacco (0.92), potato (0.73), mustard (0.63) and wheat (0.51) over one 

rupee spent on cultivation. 

 
          Figure: 6.5  Comparison of farmers' net profit of tobacco and substitute crops 

The data clearly shows that the rates of return in terms of total enterprise cost (cost D) 

were far higher in boro paddy (0.87), maize (0.84), and potato (0.46), than jati tobacco 

(0.34), motihari tobacco (0.25), whereas  mustard (0.24) and wheat (0.10) were 
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experience lower rates of return. “This approach, while would give the economic 

profitability per unit of investment, apparently does not take into account the magnitude 

of income generated per unit area, which would be the guiding factor as far the farmers 

are concerned”. 

Table: 6.13 Comparison of Profitability of tobacco and alternative crops in the 

study area 

 Crops Block 
Return to operating 

cost 

Return to total 

cost  

  

  

Jati Tobacco 

  

Dinhata-I 0.94 0.31 

Dinhata-II                 -              - 

Sitai 1.11 0.36 

Average 1.03 0.34 

  

Motihari 

Tobacco 

  

  

Dinhata-I 0.97 0.31 

Dinhata-II 0.87 0.17 

Sitai 0.93 0.27 

Average 0.92 0.25 

  

Potato 

  

  

Dinhata-I 0.5 0.33 

Dinhata-II 0.58 0.35 

Sitai 1.11 0.7 

Average 0.73 0.46 

  

Maize 

  

  

Dinhata-I 0.8 0.51 

Dinhata-II 1.45 0.87 

Sitai 1.86 1.14 

Average 1.37 0.84 

  

Wheat 

  

  

Dinhata-I 0.24 -0.01 

Dinhata-II 0.67 0.15 

Sitai 0.63 0.15 

Average 0.51 0.1 

  Dinhata-I 0.48 0.12 
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Source: Field Survey, 2012 

The data presented in the table 6.14 indicate that daily return in respect of family labour 

used was far higher in potato (₹2422), maize (₹2293) and boro paddy (₹2083) than jati 

(₹811) and motihari tobacco (₹736).  

The data also incurred that daily return in respect of total labour used was far higher in 

boro paddy (₹996), potato (₹702) and maize (₹630) than motihari tobacco (₹541) and jati 

tobacco (₹502). 

 
Figure: 6.6  Comparison of gross profit per day 

 

 

 

 

Mustard 

  

  

Dinhata-II 0.5 0.24 

Sitai 0.89 0.35 

Average 0.63 0.24 

  

Boro Paddy 

  

  

Dinhata-I 1.23 0.75 

Dinhata-II 1.83 1.01 

Sitai 1.44 0.84 

Average 1.5 0.87 
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Table: 6.14 Comparison of  Gross profit per day labour, land, management of 

tobacco and alternative crops in the study area 

 Crops Block 

Gross profit per day 

family labour, land, 

management per hectare 

Gross profit per day total 

labour, land, management  

per hectare 

  

  

Jati 

Tobacco 

  

Dinhata-I 803 467 

Dinhata-II - - 

Sitai 818 539 

Average 811 502 

  

Motihari 

Tobacco 

  

  

Dinhata-I 865 662 

Dinhata-II 593 395 

Sitai 749 559 

Average 736 541 

  

Potato 

  

  

Dinhata-I 3140 677 

Dinhata-II 1873 615 

Sitai 2251 773 

Average 2422 702 

  

Maize 

  

  

Dinhata-I 2241 435 

Dinhata-II 2086 645 

Sitai 2553 850 

Average 2293 630 

  

Wheat 

  

  

Dinhata-I 427 141 

Dinhata-II 615 343 

Sitai 620 304 

Average 554 259 

  

Mustard 

  

  

Dinhata-I 687 329 

Dinhata-II 1161 388 

Sitai 1006 672 

Average 951 465 



220 
 

Source: Field Survey, 2012 

Conclusion 

Profitability of jati tobacco emerged from the fact that most sample farmers economize 

on the cost of labour required for producing this highly labour intensive crop by using 

their family labour especially of women and children. The study shows that maize and 

potato can be economically viable alternative cash crops to tobacco and boro paddy can 

also be profitable alternative food crop to tobacco for the farmers of Dinhata subdivision. 

This, therefore confirms the assertion that the contribution of tobacco to the farm family 

income is not only the best but other crops could be contributing factor in a significant 

manner for the farm family income in the tobacco growing region. So introduction of 

alternative crops like maize, potato and boro paddy to substantiate the healthy farm 

family income in the study area is possible, however such a shift requires substantial 

support in terms of inputs, technical support and commodity marketing and campaigning 

harmful effects of tobacco and long term benefits of alternative crops.  
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CHAPTER - VII 

IDENTIFICATION OF SUITABLE CROPS FOR 

REPLACEMENT OF TOBACCO IN THE 

STUDY AREA 

 
7.0 Introduction 

The main aim of this chapter is to identify suitable alternative crops to replace 

tobacco cultivation and the perceptions of tobacco and non-tobacco farmers’ why they 

cultivate tobacco or substitute crops of tobacco in the study area and also fulfillment the 

research objective to identify significant constraints faced by tobacco farmers trying to 

shift out of tobacco production. Because it is believed that the decision to grow a 

particular crop is a highly individualized decision. It may depend upon the farmer’s 

‘assessment’ about the quality of the soil, climate conditions, availability of seeds, 

availability of the marketing facilities, cost of cultivation, availability of credit for 

meeting the cost, the size of holding, net return from cultivation of a particular crop etc. 

Farmer’s perceptions about the following factors are likely to be more effective 

determinants of the decision. A better understanding of tobacco farmers’ perceptions of 

the potential for substitute crop to replace tobacco could help Extension personnel 

information about these alternative crops to the farmers most interested in, and in need 

of, such information. This information could also help researchers’ direct efforts towards 

the information needs of tobacco growers in the transition from tobacco to alternative 

crops. Additionally, this information may help policy makers to set priorities on how to 

guide tobacco farmers as they transition to substitute crops. 

The information have been collected by interviewing both the tobacco and non-

tobacco farmers on suitably framed questionnaire (Appendix-A). For the purpose four 

mouza were chosen from each block on the basis of simple random sampling without 

replacement. The name of the selected mouza are Bara Natabari (J.L. No- 2), Alokjhari 

(J.L. No-28), Bhalka (J.L. No- 46) and Dakshin Kharija Gitaldaha (J.L. No-139) at 

Dinhata-I block; Bhulki (J.L. No- 71),  Karala (J.L. No-174) Bara Shakdal (J.L. No- 184) 

and Sahebganj (J.L. No-208),  at Dinhata-II block; Bara Adabari (J.L. No- 11), Pirpal 
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Sitai (J.L. No-32), and Bharali (J.L. No-36) Chamta (J.L. No.-51) at Sitai block. After 

selection of mouzas tobacco grower and non-tobacco grower identified and considering 

the time and resource constraints, twenty samples in each mouzas are proportionately 

selected on the basis of simple random sampling without replacement. Following this 

method 240 farmers selected, out of which 120 famers are observed to cultivate tobacco 

crop. 

 

7.1 Socio-economic characteristics of the sample farmers 

The mean age of the sample tobacco farmers was approximately 48 years and 

standard deviation 14.65, whereas mean age of the sample non tobacco farmer was about 

44 years with SD 14.27 in the study area. In some studies shows that, the age of the 

farmer influences choice of enterprise in that younger farmers are perceived to be a 

liberal in experimenting and venturing into the possible alternatives facing them while 

older farmers are conservative (Mbaye, et al. 2014).  The average household size for both 

category were approximately 5 persons. The size land holing among tobacco farmer was 

slightly lower (1.56 hectare) than non-tobacco farmer (1.72 hectare). Ashenafi (2007), 

kibet et al. (2011) showed that large household and large farm sizes have been found to 

influence positively the uptake of more alternative agricultural practices through the 

provision of factors of production. The average year of experience of sample tobacco 

farmers was very high (16.56 year) than non-tobacco farmer (7.25 year). In terms of 

education, bulk of tobacco farmers did not go beyond primary level, more or less similar 

educational level found in non-tobacco farmers. Education levels are said to effect choice 

of modern method of production that need advanced skills unlike low levels of education 

which may leave the farmer with no choice than to practice traditional forms of 

production (Mbaye, et al. 2014). 

Table: 7.1 Socio-economic characteristics of the sample farmer 

Variable Farmer Mean t value SD 

Age 
Tobacco farmer 47.56 

0.16 

14.65 

Non tobacco farmer 43.98 14.27 

Household size 
Tobacco farmer 5.16 

0.23 

1.26 

Non tobacco farmer 4.98 1.28 
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Land size in hectare 
Tobacco farmer 1.56 

0.41 

2.09 

Non tobacco farmer 1.72 2.68 

Experience 
Tobacco farmer 16.56 

0.89 

8.23 

Non tobacco farmer 7.25 3.14 

Source: Field Survey, 2012 

Table: 7.2 Educational status of the sample farmer 

Education  level Tobacco farmers (%) Non-tobacco farmers (%) Mean (%) 

None 17.50 11.66 14.58 

Primary 24.16 18.33 21.25 

Secondary 32.50 42.50 37.50 

Higher secondary 4.17 11.66 5.42 

Graduate 6.67 14.17 10.42 

Post graduate 10.00 5.00 7.50 

Others 5.00 1.67 3.34 

Source: Field Survey, 2012 

 

7.2 Tobacco Farmers’ Perception on Tobacco farming and Substitute crops 

According to the perceptions of sample respondents all the farmers answered that they 

are fully unknown about the WHO-FCTC treaty where Indian Government commited to 

reduced 50 percent area of the tobacco cultivation by 2020.  

 

7.2.1  Response of farmers of Tobacco Cultivation in the next cropping season 

   The majority (68.33%) of the tobacco farmers will continue to cultivate Tobacco 

in the next cropping season. In Sitai block 80% of the farmers willing to continue 

cultivation of Tobacco crop, where as in Dinhata –II, 72.5% and in Dinhata-I only 52.5% 

of the respondent farmers will continue to do so. On the other hand 10% of the 

respondents will discontinue doing so and shifting to another crop, whereas in Dinhata –

I and Dinhata –II and Sitai block 17.5%, 5%, and 7.5% respectively of the Tobacco 

farmers of will not cultivate Tobacco crop in the next cropping season (Figure 7.1).    
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Table: 7.3 Response of tobacco farmers on whether to continue Tobacco cultivation 

or not and their percentage distribution in the study area 

Response Dinhata –I Dinhata –

II 

Sitai Average  

Yes 52.5 72.5 80.0 68.33 

No 17.5 5.0 7.5 10.0 

Undecided 22.5 17.5 7.5 15.83 

No answer 7.5 5.0 5.0 5.83 

Source: Field Survey, 2012 

7.2.2 Reasons for continuing Tobacco cultivation in the next cropping 

season 

Table 7.4 shows that the reasons given by tobacco farmers on why they will continue to 

cultivate tobacco in the next rabi season and their percentage distribution. The majority 

of farmers invoked (a) Farming experience (23.33 %) in tobacco cultivation as tobacco 

farming has been going on since the time of their forefathers, (b) Suitable soil and 

Figure: 7.1 Response of tobacco farmers on whether to continue tobacco cultivation or not 
in next cropping season 
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climatic condition for tobacco growing (22.5%), (c) profitability of the crop (13.3%), (d) 

availability of inputs and cheap labourers (12.5%) for tobacco cultivation and (e) lack of 

knowledge to grow alternative crops (10%) as their major reasons for continuing tobacco 

cultivation. In case of Dinhata-I and Dinhata-II farming experience of tobacco cultivation 

(20% and 22.5% respectively) was the major consideration for continuing it. In regard to 

Sitai block, suitable soil and climatic condition (37.5%) for tobacco crop was the major 

factor for farmers in deciding to continue tobacco cultivation. 

Table: 7.4 Reasons provided by to Tobacco farmers in deciding to continue Tobacco 

cultivation in the next cropping season and their percentages distribution in the 

study area 

Reason Dinhata –I Dinhata -

II 

Sitai Average  

Farmers Preference 0 5.0 12.5 5.83 

Availability of inputs/labour 17.5 15.0 5.0 12.5 

Figure: 7.2 Reasons provided by tobacco farmers to continue tobacco cultivation in next 
cropping season 
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Suitable Soil & Climate 10.0 20.0 37.5 22.5 

Available assistance 12.5 5.0 0 5.83 

Farming Experience 20.0 22.5 27.5 23.33 

Lack of knowledge to other 

crop 

15.0 12.5 2.5 10.0 

Available market 7.5 7.5 0 5.0 

Profitability 15.0 10.0 15.0 13.3 

No Answer 2.5 2.5 0 1.67 

  Source: Field Survey, 2012 

7.2.3 Reasons for shifting from tobacco to another crop in the next cropping 

season  

Table: 7.5 enumerates that unprofitability (15.0%), high input cost (13.33%), 

fluctuation of price (13.33%), farmer preference (12.5%), laborious (11.67%), and 

disease prevalence (10.83%) were the major reasons provided by farmers who intend to 

cultivate other crops in the next cropping season. Other reasons such as unavailability of 

assistance, health hazard, unsuitable soil and climatic condition, unavailability of market 

and buyer, farming experience and fluctuation of production were accounted for the 

remainder of the responses provided by the farmer respondents. In Dinhata- I, farmer's 

preference (20.0%), in Dinhata-II unprofitability (20.0%), and in Sitai laborious and 

fluctuation of price (17.5%) were the major consideration for respondent farmers in 

deciding to shift from tobacco to non-tobacco crops in the next cropping season (Figure 

7.3).   

Table: 7. 5 Reasons given by tobacco farmers on why they will shift to another 

crop in the next cropping season and their percentage distribution in the study area 

Reason 

 

Dinhata-

I 

Dinhata-

II 
Sitai Average 

Farmer’s preference 20.0 7.5 10.0 12.5 

Unsuitable soil and climate 5.0 2.5 0 2.5 

Labourious 10.0 7.5 17.5 11.67 
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Unavailability of market 

and buyer 
0 0 7.5 2.5 

Farming Experience 2.5 5.0 0 2.5 

High Input cost 12.5 12.5 15.0 13.33 

Unavailability of assistance 5.0 5.0 7.5 5.83 

Disease prevalence 12.5 15.0 5.0 10.83 

Health Hazard 7.5 0 5.0 4.17 

Fluctuation of production 0 5.0 2.5 2.5 

Fluctuation of price 7.5 15.0 17.5 13.33 

Unprofitability 15.0 20.0 10.0 15.0 

No answer 2.5 5.0 2.5 3.33 

Source: Field Survey, 2012 

7.2.4 Crop selected as replacement for tobacco: 

Figure: 7.3 Reasons for shifting from tobacco to alternative crops in the next cropping season 



230 
 

Maize (30.83%) was the dominant crop that was selected by respondent farmers of 

the study area who will be shifted from tobacco to other crops in the next cropping 

season. In addition boro paddy (22.5%), various vegetable crops (14.17%) and potato 

(12.5%) were also considered. A considerable percentage (8.33%) of the respondents 

have not decided on the crop that they will be cultivating in the next cropping season to 

replace tobacco. The majority (25%) of respondents’ farmers of Dinhata-I preferred 

vegetable, where as 20% farmers, preferred maize and 17.5% preferred boro paddy which 

they want to replace tobacco in the next cropping season. In addition maize 42.5% and 

30% in Dinhata-II and Sitai block respectively were selected alternative crop by 

respondent farmers (Figure 7.4).  

Table: 7.6 List of crops selected by farmers as substitute for tobacco in the next 

cropping season and their percentage contribution in the study area. 

Crop Dinhata-

I 

Dinhata-

II 

Sitai Average 

Vegetable 25.0 5.0 12.5 14.17 

Figure: 7.4 Crop selected as replacement for tobacco in the next cropping season 
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Boro paddy 17.5 22.5 27.5 22.5 

Maize 20.0 42.5 30.0 30.83 

Tomato 5.0 7.5 0 4.17 

Potato 15.0 12.5 10.0 12.5 

Mustard 0.0 5.0 2.5 2.5 

Wheat 2.5 0 2.5 1.67 

Garlic 5.0 0 0 1.67 

Any 2.5 0 2.5 1.67 

No answer 7.5 5.0 12.5 8.33 

Source: Field Survey, 2012 

 

7.2.5 Reasons for selecting a substitute crop for tobacco 

Family consumption (22.5%) was the major reason provided by respondent farmers 

of the study area who were willing to shift from tobacco to other crops in the next 

cropping season. Due to population pressure they were decided to shift from commercial 

crop to food crop. The other reasons being that these crops are profitable and a good 

source of income (20%), farmer’s preference (14.17%) and suitable soil and climate 

condition for cultivating alternative crops, whereas farmer’s preference (27.5%), good 

source of income (30%) and Family consumption (27.5%)  were the major reasons 

provided by respondents of Dinhata-I, Dinhata-II and Sitai block respectively (Table 

7.7). It should be noted that 7.5% of the respondents of Dinhata-I did not give any reason 

for shifting from tobacco to another crop. 

Table: 7.7 Reasons provided by farmers in selecting a particular crop as 

replacement for tobacco in the next cropping season and their percentage 

distribution in the study area 

Reason Dinhata-I 
Dinhata-

II 
Sitai Average 

Farmer’s preference 27.5 10 15 17.5 

Less input and labour cost 10 7.5 0 5.83 

Suitable soil and climate 15 7.5 20 14.17 

Available market 5 5 2.5 4..17 
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Family consumption 17.5 22.5 27.5 22.5 

availability of assistance 0 2.5 0 0.83 

Pest resistance 2.5 0 7.5 3.33 

Available technology/ information/ 

inputs 
2.5 15 7.5 8.33 

Good source of income/ profitable 12.5 30 17.5 20 

No reason given/ answer 7.5 0 2.5 3.33 

Source: Field Survey, 2012 

7.2.6 Crop selected if irrigation facility be extendent:  

Table 7.8 shows that list of crops selected by tobacco farmer if irrigation facility is 

to be extending in the next cropping season covered by the survey. On the average, 64.17 

% tobacco farmers willing to shift from tobacco to other crops subject to availability of 

irrigation facility provided by the Government. Boro paddy was the predominant crop 

Figure: 7.5 Reasons for selecting alternative crops for tobacco in the next cropping season 
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that was chosen by farmers who will be shifting from tobacco to other crops which 

accounted for 33.33% of the total respondent. In addition, Maize (9.17%), Potato (8.33%) 

Vegetable (5.83%) and mustard (5.83%) were also considered. The majority (40.0) of 

the tobacco farmers of Dinhata-I preferred Boro paddy and 10.0% farmers preferred 

various vegetable crops which they want to replace tobacco if irrigation facility is to be 

extending in the next cropping season. In case of Dinhata-II Boro paddy (27.5% and 

Maize (20.0%) were selected by respondents if irrigation provided by Government. Boro 

paddy (32.5%), and Potato (12.5%) in Sitai block were selected by respondents (Figure 

7.6). It should be noted that 32.5%, 22.5% and 45.0 % of the tobacco farmers of Dinhata-

I, Dinhata-II and Sitai block respectively were again grown tobacco if irrigation facility 

is to extending. No response was obtained in 5% and 2.5% of the respondent in Dinhata-

I and Sitai block respectively.  

Table7.8 List of crops selected by tobacco farmers if irrigation facility be 

extendent in the next cropping season and their percentage contribution in the study 

area 

Figure: 7.6 Crops selected if irrigation facility be extendent by tobacco farmer 
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Crop Dinhata-I 

 

Dinhata-II Sitai Average 

Vegetable 10.0 5.0 2.5 5.83 

Boro paddy 40.0 27.5 32.5 33.33 

Potato 5.0 7.5 12.5 8.33 

Maize 2.5 20.0 5.0 9.17 

Tobacco 32.5 22.5 45.0 33.33 

Mustard 2.5 15.0 0 5.83 

Any  2.5 2.5 0 1.67 

No answer 5.0 0 2.5 2.5 

Source: Field Survey, 2012 

7.2.7 Crop selected if credits are given from bank 

Table: 7.9 shows the list of crops selected by the tobacco farmers and its percentage 

distribution if credit are given from bank. Majority (64.15%) of the selected tobacco 

farmers have expressed their willingness to divert area from tobacco to others crops 

subject to availability of credit. Potato was the predominant crop chosen by farmers 

which accounted for 22.5% of the total respondent if crop loan are available from bank. 

A significant proportion of respondents also reported in favour of expansion of area under 

various types of Vegetables (17.92%) and maize (10.0%) at the cost of tobacco if credit 

support is to be provided. No response was obtained in 20.0%, 16.25% and 28.75% of 

the respondents in Dinhata-I, Dinhata-II and Sitai blocks respectively, which signifies 

that these farmers were not aware about banking credit or loan system. About 26.25% of 

respondent farmers in Dinhata-I selected various types of vegetables such as cabbage, 

cauliflower, onion, tomato, chilies etc. whereas 16.25% chosen potato which they want 

to replace tobacco if credits are available. In addition, potato 22.5% and 28.75% in 

Dinhata-II and Sitai blocks respectively, were selected alternative crop by respondent 

tobacco farmers if loans are available for cultivation 

Table: 7.9 List of crops selected by tobacco farmers if credits are given from bank 

in the next cropping season and their percentage contribution in the study area 

Crop Dinhata-I 

 

Dinhata-II Sitai Average 

Vegetable 26.25 21.25 6.25 17.92 
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Boro paddy 0 3.75 8.75 4.17 

Potato 16.25 22.5 28.75 22.5 

Maize 7.5 11.25 11.25 10.0 

Tobacco 17.25 15.0 10.0 14.17 

Mustard 0 6.25 0 2.08 

Any  8.75 3.75 6.25 6.25 

No answer 20.0 16.25 28.75 21.68 

Source: Field Survey, 2012  

7.3 Non-tobacco Farmers’ Perception on Tobacco farming and substitute crop 

7.3.1. Response of non-tobacco farmers on the cultivation of tobacco in the next 

cropping season 

Responses obtained from non-tobacco farmers showed that 25.83% intend to 

cultivate tobacco in the next cropping season in Dinhata subdivision. The majority of the 

respondent farmers (63.33%) will continue to cultivate non-tobacco crops. Around 

Figure: 7.7 Crops selected if credit are given from bank by farmers 
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10.83% of the farmers were undecided/provided no answer as to their intention for the 

next cropping season in the study area (Table 7.10). 

Table: 7.10 Response obtained from non-tobacco farmers on their intention to 

cultivate tobacco or not in the next cropping season and their percentage 

distribution in the study area 

Response Dinhata –I Dinhata –

II 

Sitai Average 

Yes 12.5 30.0 35.0 25.83 

No 72.5 57.5 60.0 63.33 

Undecided       10.0 7.5 5.0 7.5 

No answer 5.0 5.0 0 3.33 

  Source: Field Survey, 2012 

Figure: 7.8 Response of non-tobacco farmers on the cultivation of tobacco 
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7.3.2. Reasons for shifting from non-tobacco to tobacco cultivation 

Table 7.11 shows that suitable soil and climate (24.09%) and good price (19.76%) of 

tobacco cultivation were the main reasons provided by the respondent farmers who 

intend to cultivate tobacco in the next cropping season. In addition, it also serves as a 

good source of income or profitable (16.23%) to farmers. Farming experience and 

farmer’s preference accounted for 12.06% and 11.63% respectively of the responses 

provided by the farmers. In Dinhata-II good or high price of tobacco (25.00%) was the 

provided by the farmers. In Dinhata-II good or high price of tobacco (25.00%) was the 

major reason whereas suitable soil and climate was major reason in Dinhata-I and Sitai 

block for shifting from non-tobacco to tobacco cultivation in next cropping season. A 

significance percentage (10.0%) of respondents farmers in Dinhata-I were not given any 

reason for shifting to non-tobacco to tobacco cultivation in next cropping season.  

Figure: 7.9 Reasons for shifting from non-tobacco to tobacco cultivation 
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Table: 7.11 Reasons provided by non-tobacco farmers for shifting to tobacco 

cultivation in the next cropping season and their percentage distribution in the 

study area 

Reason Dinhata-

I 

Dinhata-

II 
Sitai Average 

Farmer’s preference 20.0 4.17 10.71 11.63 

Availability of inputs and 

labour 
0 4.17 7.14 3.77 

Suitable soil and climate 30.0 20.83 21.43 24.09 

Available market 0 16.67 3.57 6.75 

Farming Experience 10.0 8.33 17.85 12.06 

Good/high price for 

tobacco 
20.0 25.00 14.28 19.76 

Good source of income/ 

profitable 
10.0 20.83 17.85 16.23 

No reason/answer given b 10.0 0 7.14 5.71 

Source: Field Survey, 2012 

 

7.3.3. Reasons provided by non-tobacco farmers for continuing cultivation 

non-tobacco crops 

Fluctuation of market price of tobacco (23.57%), less labour (13.9%) requirement in 

alternative crops of tobacco, suitable soil and climate for other crops (10.85%), 

unsuitability of tobacco to soil and climate (10.64%), High input cost for tobacco (9.48) 

and cultivation for food crops (7.37%) were the predominant reasons provided by non-

tobacco farmers who will continue to plant non-tobacco crops in next cropping season. 

In case of Dinhata-I and Dinhata-II block, unsuitability of tobacco to soil and climate 

was the major factor accounted for 18.97% and 10.86% respectively, preferred by the 

respondent farmers who deciding to continue non-tobacco cultivation in next cropping 

season. 
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 Table: 7.12 Reasons provided by non-tobacco farmers to continue cultivation 

non-tobacco crops in the next cropping season and their percentage distribution in 

the study area 

  Reason Dinhata-I Dinhata-II Sitai Average 

Farmer’s preference 3.45 6.52 4.17 4.71 

Unsuitability of tobacco to soil 

and climate 
18.97 10.86 2.08 10.64 

Suitable soil and climate for 

other crops 
6.9 15.22 10.42 10.85 

Lack of market for tobacco 1.72 2.17 16.67 6.85 

Fluctuation of market price of 

tobacco  
25.86 26.09 18.75 23.57 

Less labour 22.41 13.04 6.25 13.9 

High input cost for tobacco 5.17 8.7 14.58 9.48 

Figure: 7.10 Reasons provided by non-tobacco farmers for continuing cultivation non-tobacco crops 
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Low price of tobacco 1.72 0 10.42 4.05 

Source of food 5.17 6.52 10.42 7.37 

Health hazard 5.17 4.35 2.08 3.87 

No reason given/ answer 3.44 6.52 4.17 4.71 

    Source: Field Survey, 2012 

7.3.4. Preferred crops to be cultivated in next cropping season 

Table 7.13 shows the list of crops wanted to cultivate by the non-tobacco farmers and 

its percentage distribution in next cropping season. This include vegetable, boro paddy, 

maize, tomato, potato, mustard, wheat, garlic and others. Maize (29.27%), and potato 

(27.49%) were the top preference of the farmers to cultivate in the next cropping season. 

Table 7.11 also revealed that 11.65% of respondent farmers were decided to grow boro 

paddy as a food crop for family consumption. Farmers’ preference for other crops ranged 

from less than 2 % to 6.34%. Potato was the major crop preferred by respondent farmers 

of Dinhata-I and Dinhata-II which accounted for 31.03% and 34.75% respectively, 

Figure: 7.11 Preferred crops to be cultivated in next cropping season 
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whereas in Sitai 35.42% respondent non-tobacco farmers were preferred maize 

cultivation in next cropping season. 

Table: 7.13 List of crops preferred by non-tobacco farmers for cultivation in the 

next cropping season and their percentage distribution in the study area 

Crop Dinhata-I Dinhata-II Sitai Average 

Vegetable 6.90 2.17 4.17 4.41 

Boro paddy 3.44 6.52 25.0 11.65 

Maize 24.14 28.26 35.42 29.27 

Tomato 5.17 0 10.42 5.20 

Potato 31.03 34.78 16.67 27.49 

Mustard 10.34 8.69 0 6.34 

Wheat 8.62 6.52 0 5.05 

Garlic 3.45 0 0 1.15 

Others 1.72 4.35 6.25 4.11 

No answer 5.17 8.69 2.08 5.31 

Source: Field Survey, 2012 

7.3.5. Reasons for selecting the preferred crops 

Table 7.14 shows the various reason given by non-tobacco farmers in continuing to 

cultivate other crops rather than tobacco in the next cropping season. The major reasons 

provided were suitable soil and climate (18.43%), less input and labour cost (17.98%), 

family consumption (15.04%), good source of income/profitable (14.83%), and 

good/high price (14.81%). These were similar reasons provided by the non-tobacco 

farmers for their decision to cultivate tobacco. About 5.29% of the total respondents did 

not provided any answer on why they chose to cultivate non-tobacco crops in the next 

cropping season. In addition less input and labour cost in alternative crops of tobacco and 

good or high price (18.97%) were the prime reason in continuing to cultivate other crops 

provided by the non-tobacco farmers of Dinhata-I block. In case of Dinhata-II, good 

source of income or profitable (28.26%) and less input and labour cost (23.91%) were 

the major reason, whereas family consumption (31.25%) and suitable soil and climate 
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(25.0%) were the major factor for selecting preferred crops in next cropping season 

(Figure 7.12).  

 Table: 7.14 Reasons provided by farmers in deciding which crop to cultivate in 

the next cropping season and their percentage distribution in the study area. 

Reason Dinhata-

I 

Dinhata-

II 
Sitai Average 

Farmer’s preference 8.62 4.35 12.5 8.49 

Less input and labour 

cost 
25.86 23.91 4.17 17.98 

Suitable soil and 

climate 
17.24 13.04 25.0 18.43 

Available market 1.72 4.35 0 2.02 

Farming Experience 5.17 0 4.17 3.11 

Figure: 7.12 Reasons for selecting the preferred crops 
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Family consumption 5.17 8.69 31.25 15.04 

Good/high price 18.97 10.87 14.58 14.81 

Good source of income/ 

profitable 
12.07 28.26 4.17 14.83 

No reason given/ 

answer 
5.17 6.52 4.17 5.29 

Source: Field Survey, 2012 

Conclusion 

1. The study shows that there is no significant difference in socioeconomic 

characteristics between tobacco and non-tobacco farmers. At 0.05 significance 

level all the factors have been compared between tobacco and non tobacco 

farmers. Farmer in the study area are generally aged (mean age 47.56 year for 

tobacco farmers and 43.98 years for non-tobacco farmers), medium to large 

household size ( mean size about 5 persons), small farm size, less than 2 hectare, 

had average16 year experiences for tobacco cultivation and average 7 year 

experiences for non-tobacco cultivation.  

2. The tobacco farmers in the study area not only cultivate tobacco but also cultivate 

others crops such as vegetables, boro paddy, maize, tomato, potato, mustard, 

wheat, garlic etc. under the specific crop rotation arrangement, where tobacco is 

generally cultivated.  

Farmers who maintain tobacco cultivation are justified by suitable soil and 

climate conditions, farming experience and high profit of the crop.  

There are farmers who exits from tobacco cultivation and shift to others crops. 

This is because fluctuation of market price, high input cost and high labour 

requirements for tobacco.  

3. It is also showed that majority of the tobacco farmers have expressed their 

willingness to divert area from tobacco to others crops subject to availability of 

irrigation and credit. If irrigation and credit facilities are provided most of the 

farmers will divert their landholdings away from tobacco to boro paddy and 

potato respectively. 
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CHAPTER - VIII 

SUMMARY AND POLICY IMPLICATIONS 

 

8.0 Introduction 

The main aim of this chapter is to summarise the foregoing discussion in terms of the 

policy implication for the replacement of tobacco cultivation in the study area. It may be 

noted that this was an exploratory study, and was designed to get actual picture of the 

alternative crops to tobacco. In spite of the fact that the sample used in this study is not 

representative of all cultivators of Dinhata subdivision, results from this study are 

representative of a group of tobacco and non-tobacco cultivators and also who are quit 

tobacco cultivation and therefore to take action towards tobacco diversification. The 

present study, however, is of an exploratory nature and attempts to brings into focus on 

the land suitability of five alternative crops of tobacco; and the economic aspects of 

tobacco cultivation and other alternative crops, under the existing cropping pattern and 

the perceptions of the sample tobacco and non-tobacco farmers about the cultivation of 

tobacco and substitute crops in Dinhata subdivision. Thus, the result from this study may 

help extension personnel, policy makers and Government to take better decision 

regarding alternative crops to replace tobacco cultivation.  

8.1 Major findings 

 In context of hypothesis I, which is presented in Chapter III and VI, the 

investigation shows that involvedment of child labour in tobacco cultivation 

(79.16) is more than non tobacco cultivation (61.67). It also concludes that jati 

tobacco was most laboure intensive crop than other selected six type of crops and 

use of family labour in two variety of tobacco (Rs. 29097 and 17298 per hectare) 

are also more than potato (Rs.8896/ hectare), maize (Rs.6670/ hectare), wheat 

(Rs.8402/ hectare), mustard (Rs.4572/ hectare) and boro paddy (Rs.6919/ 

hectare). Hence Hypothesis is accepted. 

 In addition, the study can also conclude that climate and land suitability 

evaluation which is presented  in the fifth chapter, result showed that potato and 

wheat had high climate suitability (S1), and boro paddy, maize and mustard were 
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moderately suitable (S2). Result of the land suitability evaluation for maize, 

potato, boro paddy mustard and wheat indicated that highly suitable class (S1) 

accounts 15.29%, 15.88%, 14.52%, 13.46% and 16.90% while moderately 

suitable (S2) constitutes 30.99%, 29.01%, 29.06%, 29.62% and 25.01% and the 

marginally suitable (S3) are 32.14%, 33.38%, 34.69%, 34.62% and 35.43% 

respectively. Whereas not suitable (N) areas for maize, potato, boro paddy 

mustard and wheat accounts 21.58%, 21.73%, 21.73%, 22.31% and 22.66% 

respectively. It is found that better alternative crops exists for replacement of 

tobacco cultivation in the study area.  

 The context of second hypothesis for this study is presented in Chapter- VI, the 

result shows that cultivating potato (Rs.55424/ hectare), maize (Rs.40316/ 

hectare) and boro paddy (Rs.38851/ hectare), gave higher gross profit than 

motihari tobacco (Rs.34610/ hectare) in the study area. The average net profit 

was highest for potato (Rs.41846/ hectare), followed by maize (Rs. 31917/ 

hectare), jati tobacco (Rs.31820/ hectare), boro paddy (Rs.30110/ hectare), 

motihari tobacco (Rs. 14967/ hectare), mustard (Rs.5913/ hectare) and wheat 

(Rs.3422/ hectare). The data indicate that average cost-benefit ratio in respect of 

operating cost was higher in boro paddy (1.5), maize (1.37) than jati tobacco 

(1.03) and motihari tobacco (0.92). Average return to total cost was also higher 

in boro paddy (0.87), maize (0.84), and potato (0.46) than jati tobacco (0.34) and 

motihari tobacco (0.25), and hence these can be economically viable alternatives 

to tobacco. So, the economic condition of farmers would benefit wheather they 

cultivate boro paddy, maize and potato inspite of tobacco. Hence Hypothesis is 

accepted. 

 The contex of third hypothesis, which is presented in Chapter- III and VII, the 

investivagation shows that total area of tobacco cultivation has been increasing 

at an average annual rate of 3.5% in the study area. Similar to the trend in the 

volume of production, the area planted/harvested in the three blocks of Dinhata 

subdivision had been incline, except Jati tobacco area. Among Motihari tobacco 

area, Dinhata-I having the highest incline (6.99%), while Sitai had the least 

incline at 1.69 % annually. But in jati tobacco had experienced a decline in the 

total area cultivated in this subdivision at an average annual rate of -2.19 %. 

Moreover, none of the sample farmer knows India has signed to WHO-FCTC 
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treaty. Hence Hypothesis is rejected. Therefore it has been concluded that 50% 

reduction of tobacco cultivation within year of 2020 will not the possible.  

 The contex of hypothesis IV, which is present in chapter VII, the study shows 

that majority of the tobacco farmers have expressed their willingness to divert 

area from tobacco to others crops subject to availability of irrigation and credit. 

If irrigation and credit facilities are provided most of the farmers will divert their 

landholdings away from tobacco to boro paddy and potato respectively. Hence 

Hypothesis is accepted. 

8.2 Policy implications 

Policies or strategies towards replacement of tobacco cultivation in Dinhata subdivision, 

should be based upon a thorough study of the land suitability evaluation, cost benefit 

analysis and perceptions of tobacco and non-tobacco cultivators. Since the land 

suitability, cost benefit analysis and perceptions of tobacco cultivators are likely to be 

region specific and also specific to the variety of crops, separate field investigations is 

necessary and from this point of view the present investigator has done thorough analysis 

of pros and cons of tobacco cultivation practice, land suitability for alternate crops, cost-

benefit and perception study of the tobacco cultivators of the study area in order to 

achieve some comprehensive conclusions by which a well thought policy implications 

can be possible for the study area. These are as follows: 

1. In order to replace tobacco cultivation, following initiatives should be taken to aware 

the farmers about the harmful effects of tobacco cultivation.  

a. The adverse effects on health of women and children in particular, due to aroma 

of tobacco, skin irritation from frequent touch of the tobacco leaves during 

various stage of processing, frequent spray of fertilizers and pesticides used for 

tobacco cultivation. 

b.  The effects on children in the form of sacrificing schooling in favour of tobacco-

related works etc., need to be highlighted in this process of awareness and 

educating farmers. 

c.  Moreover, the health hazards from tobacco consumption both smoking and 

specially smokeless tobacco which is already banned in many states, should also 

be stressed in the sensitization program.  

d. For motivating the farmers study tour program and campaigns, street plays, video 

shows, extension lectures by medical experts, anti-tobacco campaigning etc. may 
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be organized for sensitization of the farmers in this connection and long term 

benefits of alternative crops and also women motivators may be inducted for 

sensitizing the farmers for the purpose of switching over cultivation from tobacco 

to other crops. Services of NGOs and grass-root level voluntary organizations, 

local clubs may also be taken for this purpose. 

2.  Crop diversification programs based on climate and soil site suitability should be 

emphasized as the substitute crops of tobacco to generate more value added 

production in the agriculture and also to generate employment in the rural areas. It 

needs to introduce a change in the prevailing tobacco based cropping pattern in this 

agro-ecological situation of the study area to ensure crop diversification with 

enhanced overall production of food grain to strengthen food security a prime need 

of the society than to cultivate harmful traditional tobacco crop. In the study area it 

has become apparent that maize, boro paddy, potato, mustard and wheat are equally 

suitable crops covering large percentage of study area as discussed in Chapter-V 

which is an indication that those crops can be viable substitutes for the cultivators’ 

practice to remove the ill effect of traditional tobacco cultivation. 

3. Farmers in the study area generally do not keep the account of their farming 

operations. They tacitly perceive the return instead of perceiving it in terms of the 

exact numeric value. Therefore, they are carried away by the gross return concept in 

cultivation rather than the net returns which deviate them from reality. Study reveals 

that the cost benefit of maize and potato can be economically viable alternative cash 

crops than tobacco and boro paddy can also be profitable alternative food crop than 

tobacco for the farmers of Dinhata subdivision from net return point of view. 

Therefore, if farmers see not from gross return but from net return view point it will 

be apparent that  the net return in the case of tobacco are likely to be less than the net 

returns in the case of maize, potato and boro paddy and the farmers should be made 

aware of this fact. 

4. Owing to growing popularity of maize among tobacco farmers in the study area since 

recent past, it can be taken as a promising alternative cash crop to tobacco as involved 

farmers are aware of the ill effect of tobacco. Other crops like potato, boro paddy 

with significant suitability as assessed by the investigator (Chapter-V and VI) both 

from physical and economic point of view can be taken by the farmers as second 

choice along with some season specific vegetables which also grow well in this 
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region as realized by the sample farmers (Chapter-VII) for replacement of tobacco 

cultivation in the study area.  

5. As discussed in the Chapter-VII, irrigation facilities are required for boro paddy and 

vegetables, the government may take initiatives to provide sufficient irrigation 

facilities with suitable financial assistance to promote these alternative crops in order 

to reduce and replacement of tobacco.  

6. In the contemporary process of alternative crops to tobacco cultivation, the main 

problems of the farmers are small landholdings, which increases input cost. More 

over individual farmers having small land holdings are mostly poor. Therefore, to 

discourage tobacco farmers from cultivating tobacco crop and to encourage them to 

cultivate alternative crops the Government should take initiative to provide loan on 

simple terms to the non-tobacco cultivators and deny granting loan to tobacco 

cultivators for discouraging them.  The adequate number of cold storages, 

warehouses may be built up by government initiative to ensure storage facility for 

the alternative crops.  

7. Programs for setting up another Board for Substitute Crops, along the lines of the 

Tobacco should be implemented. This board would give particular help to 

agriculturists to change from tobacco, and to give information and help for high 

quality seeds, and distinctive data sources.  

8. Lastly, if the government and the people in the study area are committed towards 

alternative crops, then environmental restoration can be initiated. Wherever 

replacement of tobacco cultivation is considered effective the government should 

initiate appropriate messages and policies for guiding the farmers. As different 

farmers in different regions have different kinds of resources, constraints and cultural 

perspectives such as labour, land, capital, knowledge, land tenure systems, etc., the 

scientific advice for the farmers about the quality of soil, suitable crops for that soil, 

the fertilizer, insecticides and pesticides required for the alternative crops, required 

irrigation, marketing opportunities etc. should be provided from government level or 

through community effort. 
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Appendix- B

Table: B.1 Village-wise population and land utilization of Dinhata-I block-2011 

JL no 
Name of the 

Village 

No. of 
House
hold 

Total 
Popul
ation 

Density/ 
sq km 

Tota
l 

Male 

Total 
Femal

e 

SC 
Population 

ST 
Populatio

n 

Area in hectare 

Total 
area  

Irrigatio
n 

availabil
ity  

Unirrig
ated 
area 

Cultura
ble 

waste  

Area not 
available 

for 
cultivatio

n  

1 
Chhota 
Naldhondra 

385 1810 832.95 966 844 1181 0 217.3 40.47 
155.80 12.14 6.06 

2 Bara Natabari 823 3818 890.72 1949 1869 2426 8 428.64 80.94 302.30 22.26 20.31 
3 Chhota Natabari 225 1091 1108.51 570 521 149 0 98.42 20.23 60.70 10.12 6.16 
4 Binani 527 2365 954.17 1231 1134 1237 0 247.86 60.70 180.08 4.05 1.82 
5 Kamtapur 216 927 561 495 432 857 0 165.24 20.23 56.66 40.47 117.80 

6 
Khalisa 
Gosanimari 

1508 6410 962.25 3295 3115 5877 14 666.15 121.41 
445.16 20.23 38.88 

7 Jambari 896 3919 1818.65 2048 1871 2700 42 215.49 40.47 146.08 22.26 2.23 
8 Takimari 312 1410 986.63 741 669 1214 11 142.91 10.12 87.00 26.30 19.09 
9 Bhitar Kamata 1313 5559 1805.16 2872 2687 3095 13 307.95 80.94 158.23 18.21 10.10 

10 Phulbari 633 2664 701.63 1374 1290 1897 0 379.69 60.70 283.69 8.90 21.54 
11 Kharija Bhutkura 116 466 1146.09 253 213 451 0 40.66 4.05 32.37 2.02 2.22 
12 Dwaria 182 772 770.23 414 358 754 0 100.23 20.23 61.11 6.48 9.98 
13 Kaliganj 88 400 1276.32 217 183 328 0 31.34 6.07 15.38 2.83 6.66 
14 Rangapani 232 960 775.44 517 443 948 0 123.80   93.89 18.21 10.08 
15 Khalisaguri 124 520 671.49 245 275 410 0 77.44   65.96 10.12 0.56 

16 
Chakiarpara 
Pratham Khanda 

510 2451 747.71 1314 1137 2170 26 327.80 28.33 
242.81 40.47 11.74 

17 Chauler Kuthi 390 1764 978.59 895 869 798 1 180.26   169.97 6.48 1.79 
18 Paharganj 203 939 1821.89 501 438 183 0 51.54   29.14 19.42 0.15 
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19 Chakisal 28 104 581.98 57 47 55 0 17.87   12.14 4.05 0.47 

20 
Kharija 
Naldhondra 

79 346 785.83 187 159 339 0 44.03 2.02 
40.47 0.80 0.74 

21 
Bara Bhita 
Pratham Khanda 

574 2364 611.75 1209 1155 1793 1 386.43 19.42 
297.44 38.85 30.72 

22 Baisguri Khanda 337 1443 619.05 737 706 1156 7 233.10 11.74 184.13 14.16 23.07 

23 
Chakiar Para 
Dwitia Khanda 

67 286 417.34 152 134 281 0 68.53 6.07 
37.00 2.43 16.56 

24 
Brahmottar 
Chauler Kuthi 

130 566 707.23 297 269 544 0 80.03 3.64 
67.17 2.43 6.79 

25 
Bajejama 
Pakhihaga 

403 1667 759.9 836 831 1120 0 219.37 21.85 
178.47 1.62 17.43 

26 Pakhihaga 729 2920 628.44 1508 1412 1749 1 464.64 4.45 390.52 23.06 46.61 

27 
Paschim 
Paradanga 

819 3307 868 1711 1596 2316 191 380.99 40.47 
267.90 18.21 54.41 

28 Alokjhari 975 4138 1666.2 2116 2022 1682 1 248.35 48.56 132.89 17.81 49.09 
29 Rajakhora 249 1242 1522.43 642 600 1143 2 81.58 10.12 47.35 8.09 16.02 
30 Matiakura 6 27 226.7 15 12 27 0 11.91 0.80 10.12 0.80 0.19 
31 Kuthialerbus 95 413 343.65 208 205 55 172 120.18 0.00 95.91 6.07 18.20 

32 
Chhat Bara 
Bangla 

40 148 97.18 75 73 148 0 152.29 0.00 
120.19 7.69 24.41 

33 Jamadarerbus 549 2286 608.71 1161 1125 1212 401 375.55 16.19 282.47 20.23 56.66 
34 Chhota Jhila 233 941 1573.05 470 471 292 0 59.82 8.09 40.47 3.24 8.02 
35 Batrigachh 373 1604 1047.89 819 785 678 0 153.07 7.28 130.31 3.64 11.84 
36 Singimari 251 973 575.3 465 508 500 0 169.13 4.05 140.83 7.28 16.97 
37 Chhota Saulmari 424 1642 744.1 845 797 1553 0 220.67 10.12 182.11 6.47 21.97 
38 Panaguri 429 1902 1165.94 960 942 476 2 163.13 12.95 121.41 8.09 19.68 
39 Kharija Panaguri 103 444 684.34 216 228 10 0 64.88 6.07 32.37 2.02 24.42 
40 Chhoto Boalmari 871 3748 1182.3 1894 1854 1582 8 317.01 68.80 192.23 14.16 41.82 
41 Petla 1276 5780 1461.48 2941 2839 1406 0 395.49 20.23 296.23 18.21 60.82 
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42 Dwarikamari 328 1468 813.21 745 723 502 0 180.52 12.14 130.71 10.12 27.55 
43 Baulerkuthi 84 376 545.8 196 180 376 0 68.89 12.14 42.49 6.07 8.19 
44 Chhota Nachina 194 803 2000.5 419 384 462 0 40.14 8.09 24.69 2.02 5.34 
45 Bara Nachina (P) 3497 14759 1689.95 7525 7234 5227 5 873.34 101.17 708.20 44.52 19.45 
46 Bhalka 748 3180 881.4 1655 1525 1728 0 360.79 17.81 303.51 4.05 35.42 

47 
Bara Shoulmari 
Pratham Khanda 

40 150 919.12 70 80 134 0 16.32 0.00 
13.76 1.21 1.35 

48 
Madhayam 
Nachina 

80 317 986.92 161 156 286 0 32.12 3.24 
23.88 2.02 2.98 

49 
Brahmotter 
Bhutkura 

109 444 979.7 233 211 121 0 45.32 2.43 
35.61 2.83 4.45 

50 Shyamsing 131 534 1005.84 269 265 212 0 53.09 0.00 44.92 2.83 5.34 

51 
Barabhita Dwitia 
Khanda 

72 283 723.6 146 137 255 0 39.11 0.00 
33.99 1.21 3.91 

52 Bhutkura 1628 6457 857.31 3351 3106 5174 45 753.17 37.64 602.98 37.64 74.91 
53 Gatamari 147 606 991.49 300 306 534 0 61.12 0.00 50.18 6.07 4.87 
54 Kharija Chatra 14 45 314.91 22 23 45 0 14.29 2.02 9.71 1.62 0.94 

55 
Kharija Bora 
Danga 

175 661 654.39 353 308 642 1 101.01 0.00 
87.00 4.05 9.96 

56 Sakdal 648 2726 993.87 1406 1320 2239 0 274.28 8.09 222.58 2.43 41.18 

57 
Brahmanir 
Chauki 

841 3458 763.37 1758 1700 2107 0 452.99 10.12 
370.29 4.45 68.13 

58 
Singimari 
Bhetaguri 

1526 5950 1066.54 3028 2922 2809 25 557.88 10.12 
459.31 5.26 83.19 

59 Uttar Baishguri 232 899 1105.37 473 426 389 7 81.33 6.07 62.32 0.80 12.14 

60 
Kharija 
Baladanga 

1479 5766 1412.61 2999 2767 2510 3 408.18 97.13 
246.05 4.05 60.95 

61 Baladanga 868 3547 1057.54 1853 1694 1845 1 335.40 10.12 274.38 3.24 47.66 
62 Boradanga 244 989 619.91 500 489 513 0 159.54 41.28 93.08 1.62 23.56 
63 Bhalka Putimari 238 925 501.6 477 448 428 0 184.41 7.28 156.61 2.02 18.50 
64 Putimari 920 3863 1038.66 1985 1878 2543 5 371.92 101.17 6.09 20.64 3.66 
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65 Khar Kharia 393 1715 649.82 915 800 1128 7 263.92 20.64 3.64 10.12 85.85 
66 Uttar Balakura 291 1161 785.04 593 568 257 0 147.89 12.95 2.93 14.16 2.21 
67 Kharija Barakura 403 1683 971.32 887 796 519 5 173.27 16.99 144.88 8.09 3.31 

68 
Jarabari Dwitia 
Khanda 

73 246 135.49 128 118 22 0 181.56 4.05 
10.12 2.02 165.37 

69 
Kuchni Dwitia 
Khanda 

199 799 793.05 398 401 91 0 100.75 10.12 
80.94 6.07 3.62 

70 
Jarabari Pratham 
Khanda 

924 3808 879.34 1979 1829 2364 5 433.05 101.17 
303.51 16.19 12.18 

72 Ruier Khuthi 1708 6710 874.95 3502 3208 5788 4 766.9 22.26 622.40 7.69 114.55 
105 Koalidaha 1336 5616 968.44 2929 2687 2239 11 579.9 101.17 404.69 60.70 13.34 
106 Karishal 313 1230 2283.27 611 619 166 0 53.87 10.12 30.35 11.33 2.70 
108 Dinhata (P) 1729 7215 1370.27 3729 3486 3172 6 526.54 40.47 375.14 20.23 90.70 

110 
Bhanghi Dwitia 
Khanda 

2442 9565 1308.66 5000 4565 4101 11 730.9 21.44 
559.28 14.57 135.61 

111 Chhoto Atiabari 877 3604 998.23 1872 1732 1955 13 361.04 32.37 240.79 3.64 84.24 
113 Jhuripara (P) 940 4273 2059.67 2216 2057 1341 0 207.46 8.09 178.47 0.00 20.90 

114 
Bara Boalmari 
(P) 

417 1982 2046.04 1017 965 517 0 96.87 4.05 
75.68 0.00 17.14 

115 Bara Saulmari 1117 4604 1140.96 2381 2223 3170 2 403.52 50.59 268.31 12.14 72.48 

116 
Bara Atiabari 
Pratham Khanda 
(P) 

3426 14962 1771.49 7727 7235 2210 56 844.6 4.05 
756.75 0.00 83.80 

117 Danga 481 2065 967.58 1023 1042 267 0 213.42 21.04 174.42 6.88 11.08 

118 
Kharija 
Barigachhi 

521 2274 644.63 1175 1099 1381 0 352.76 20.23 
273.16 10.93 48.44 

119 Chhit Madankura 101 459 3223.31 223 236 76 0 14.24 0.00 10.93 1.21 2.10 

120 
Andaran 
Singimari 

134 638 1549.3 314 324 39 0 41.18 4.05 
29.14 3.24 4.75 

121 
Singimari 
Madankura 
Dakshin 

594 2731 319.72 1380 1351 659 3 854.18 18.21 
771.93 20.23 43.81 
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122 Kaorai 674 2848 1441.15 1422 1426 131 0 197.62 22.66 154.59 11.33 9.04 

123 
Dakshin 
Dighaltari 

535 2236 1370.77 1172 1064 968 0 163.12 41.28 
101.17 15.38 5.29 

124 Atharabari 237 1044 1449.4 555 489 196 0 72.03 2.02 61.92 0.00 8.09 
125 Banidas 170 736 904.96 394 342 321 0 81.33 0.00 78.10 0.00 3.23 
126 Gokunda 309 1225 1636.61 613 612 252 0 74.85 9.31 46.94 8.50 10.10 
127 Gokura 100 426 1074.94 230 196 160 0 39.63 4.05 31.57 2.02 1.99 
128 Bara Phalimari 717 2990 1275.65 1533 1457 612 4 234.39 40.47 173.21 13.76 6.95 
129 Balakundi 544 2256 1418.6 1158 1098 143 0 159.03 30.35 111.29 11.33 6.06 
130 Chandra Naryan 149 626 872.6 320 306 146 0 71.74 21.04 9.31 6.48 34.91 

131 
Dukha Bholar 
Kuthi 

473 2070 1250.76 1064 1006 78 0 165.5 14.57 
132.74 14.57 3.62 

132 Dhamailgachh 8 32 38.98 16 16 0 0 82.1 20.64 48.56 8.90 4.00 
133 Panchadhwaji 284 1265 695.74 636 629 216 0 181.82 16.99 144.88 16.19 3.76 
134 Jarihallanadi 423 1984 260.2 1057 927 78 6 762.49 0.81 640.12 7.28 114.28 

135 
Daribash 
Prothamkhanda 

525 2285 416.15 1198 1087 1076 0 549.08 2.02 
460.13 5.26 81.67 

136 Paramananda 150 654 1079.03 343 311 429 0 60.61 1.21 49.37 0.80 9.23 
137 Indra Narayan 424 1828 1034.87 926 902 319 0 176.64 30.35 131.52 8.09 6.68 
138 Raghunandan 295 1337 1406.63 682 655 17 0 95.05 30.35 48.16 10.52 6.02 

139 
Daksin Kharija 
Gitaldaha 

617 2587 1734.15 1364 1223 1261 1 149.18 2.83 
122.62 1.62 22.11 

140 Dolgobinda 198 821 2186.42 409 412 250 0 37.55 6.07 26.30 4.05 1.13 
141 Dewanbas 163 677 1326.93 368 309 284 1 51.02 1.62 41.28 0.40 7.72 
142 Bhar Bandha 88 312 757.65 161 151 308 0 41.18 1.21 33.18 0.40 6.39 
143 Bhoram Payasthi 669 2916 631.1 1452 1464 593 0 462.05 3.24 334.86 4.86 69.09 
144 Kharija Haridas 185 863 1700.16 447 416 0 0 50.76 10.12 30.35 5.26 5.03 
145 Bhoram 915 4129 1905.14 2151 1978 237 0 216.73 21.04 181.30 8.09 6.30 
146 Jagannath 82 345 723.88 178 167 31 0 47.66 6.07 33.99 4.05 3.55 
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147 Jotesri Narayan 164 659 1111.11 341 318 170 0 59.31 6.07 38.44 8.09 6.71 
148 Nabani 403 1781 1219.19 908 873 393 0 146.08 2.02 120.60 1.62 21.84 
149 Ramprasad 217 902 1114.54 474 428 248 0 80.93 8.09 58.28 6.47 8.09 
150 Sibeshwar 357 1543 1453.06 789 754 44 0 106.19 21.04 70.01 10.12 5.02 

151 
Daribas Dwitia 
Khanda 

315 1352 1178.32 687 665 170 0 114.74 9.71 
80.94 14.57 9.52 

152 Ghugumari 162 670 1091.56 335 335 136 1 61.38 6.07 40.07 10.52 4.72 
153 Maheshwar 311 1393 1397.05 745 648 0 0 99.71 20.23 60.70 13.76 5.02 
155 Chhata Phalimari 762 3310 1381.64 1652 1658 475 1 239.57 22.66 190.20 21.85 4.86 

156 
Uttar Kharija 
Gitaldaha 

298 1365 828.68 705 660 837 7 164.72 2.83 
137.99 1.62 22.28 

157 Peulaguri 804 3309 972.32 1735 1574 1290 0 340.32 4.05 320.51 0.00 15.76 

158 
Gitaldaha 
Ataiabari 

862 3917 8792.37 2058 1859 1206 0 44.55 8.09 
2.83 0.00 33.63 

159 Nagar Bhangni 242 1147 1244.03 581 566 185 27 92.2 2.83 76.49 0.80 12.08 
170 Ratinandan 402 1758 1098.34 902 856 341 1 160.06 16.99 118.98 15.38 8.71 

171 
Konamuktarati 
Nandanpaya 

461 1978 989.25 1002 976 182 0 199.95 26.30 
148.52 16.99 8.14 

172 Konamukta 347 1614 987.58 843 771 8 0 163.43 21.04 122.62 11.33 8.44 
173 Haridaskhamar 168 780 1064.12 400 380 0 0 73.3 1.62 47.35 6.07 18.26 

189 
Kharija 
Rakhalmari 

331 1323 701.67 709 614 411 3 188.55 13.36 
129.09 3.64 42.46 

190 Satkura 603 2515 1299.94 1269 1246 1138 1 193.47 53.82 87.00 4.05 48.60 
Source: Compiled from Census of India, 2011; Village directory, 2011 
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Table: B.2 Village-wise population and land utilization of Dinhata-II block-2011 

J.L. 
No. 

Name of the 
Village 

No. of 
House
hold 

Total 
Popul
ation 

Density/
sq km 

Total 
Male 

Total 
Femal

e 

SC 
Popula

tion 

ST 
Popul
ation 

Area in hectare 

Total area  

Irrigatio
n 
availabil
ity  

Unirri
gated 

Culturabl
e waste  

Area not 
available 
for 
cultivation  

71 Bhulki 1018 3799 774.04 1982 1817 2931 6 490.8 60.70 361.79 1.21 67.10 
73 Najirganj 348 1344 752.06 707 637 476 0 178.71 32.37 91.86 13.36 41.12 
74 Bhoram Kachua 163 601 794.66 319 282 433 0 75.63 16.19 40.47 2.83 16.14 
75 Kukurkachua 452 1592 536.37 832 760 1090 0 296.81 16.19 156.21 3.23 121.18 
76 Huchar Kuthi 31 117 379.62 63 54 105 0 30.82 0.00 21.04 1.62 8.16 
77 Gatikachua 273 1025 1041.45 525 500 422 5 98.42 8.09 80.53 3.64 6.16 
78 Khutamara 400 1534 846.11 755 779 687 1 181.3 8.09 135.17 4.05 33.99 

79 
Uttar Purbba 
Balakura 

712 2643 1203.39 1356 1287 1077 0 219.63 4.05 
183.45 4.05 28.08 

80 
Bajejama 
Seoraguri 

658 2480 639.64 1311 1169 1531 0 387.72 0.00 
300.68 6.07 80.97 

81 
Petbhata 
Seoraguri 

56 209 461.17 107 102 209 0 45.32 0.00 
27.92 2.02 15.38 

82 Ghong Seoraguri 71 263 515.48 140 123 225 0 51.02 0.00 31.97 3.23 15.82 
83 Nagar Seoraguri 78 291 3303.06 145 146 166 0 8.81 0.00 6.48 1.62 0.71 
84 Seoraguri 396 1638 777.89 858 780 1513 0 210.57 8.09 138.81 3.23 60.44 
85 Chhit Sheoraguri 1 4 769.23 2 2 0 0 0.52 0.00 0.00 0.00 0.52 
86 Mansab Seoraguri 599 2536 792.20 1305 1231 2204 0 320.12 8.09 215.70 1.62 94.71 
87 Lotafela 575 2354 821.04 1232 1122 1783 3 286.71 20.23 195.06 2.02 69.40 

88 
Uttar Chhat 
Lotafela 

150 597 360.16 286 311 116 0 165.76 4.05 
108.46 2.43 50.82 

89 Bara Garol Jhora 288 1228 820.31 634 594 658 0 149.7 6.07 93.89 2.02 47.72 

90 
Chhota Garol 
Jhora 

635 2948 962.14 1548 1400 0 0 306.4 24.28 
229.86 4.05 48.21 
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91 Dighaltari 786 3467 8864.74 1771 1696 1750 2 39.11 16.19 9.71 4.05 9.16 
92 Salmara 478 2058 860.98 1087 971 2010 1 239.03 12.14 182.92 3.24 40.73 
93 Chhota Salmara 33 151 385.89 85 66 151 0 39.13 0 0 0 39.13 

94 
Dakshin Chhat 
Lotafela 

83 325 742.52 160 165 299 0 43.77 4.05 
22.26 1.21 16.25 

95 Gokulchanda 265 1143 1758.19 616 527 254 0 65.01 0 45.32 5.67 14.02 
96 Saulmari 872 3468 1799.69 1836 1632 332 0 192.7 24.28 109.27 2.02 57.13 

97 
Haribhanga 
Khattimari 

436 1741 808.90 902 839 1018 0 215.23 12.14 
164.3 0.8 37.99 

98 Madhupur 212 847 617.03 461 386 368 0 137.27 4.05 97.83 2.02 33.37 

99 
Marnia Pratham 
Khanda 

291 1236 885.39 644 592 776 0 139.6 8.09 
103.6 1.62 26.29 

100 Khattimari 616 2436 848.87 1243 1193 2034 0 286.97 8.09 214.48 4.05 60.35 

101 
Jitpur Pratham 
Khanda 

353 1428 918.92 742 686 665 25 155.4 8.09 
118.57 0.8 27.94 

102 Tanapakha 117 452 1026.57 229 223 372 55 44.03 0 33.18 0.81 10.04 
103 Chhota Sakdal 776 3109 1132.44 1620 1489 2314 5 274.54 12.14 207.2 2.43 52.77 

104 
Langulia Dwitia 
Khanda 

428 1579 1047.64 829 750 1470 0 150.72 0 
125.05 0.8 24.89 

154 Kismat Mokarari 465 1974 1341.85 1018 956 173 0 147.11 34.4 82.15 2.43 28.13 
160 Kismat Dasagram 1740 6841 860.08 3607 3234 5556 1 795.39 24.28 601.36 4.05 165.7 
161 Dashgram Gobra 749 3132 713.44 1607 1525 1011 150 439 60.7 154.19 1.21 222.9 
162 Kharija Dasagram 258 1137 2287.73 586 551 154 0 49.7 4.05 14.12 2.02 29.51 
163 Kharija Dakurhat 152 693 1953.21 346 347 125 0 35.48 12.14 14.57 0.8 7.97 
164 Rasamanta 95 351 2336.88 170 181 260 0 15.02 8.09 4.05 0.4 2.48 

165 
Kharija 
Baniadaha 

807 3232 1132.37 1687 1545 1248 1 285.42 8.09 
211.65 5.26 60.42 

166 Chhat Piknidhara 390 1649 1414.84 828 821 62 0 116.55 8.09 80.13 2.02 26.31 
167 Bhabaniprasad 331 1390 1412.31 717 673 257 0 98.42 8.09 71.63 2.43 16.27 
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168 
Bara Atiabari 
Dwitia Khanda 

391 1567 1475.66 817 750 0 0 106.19 12.14 
65.55 1.21 27.29 

169 Tutiarkuthi 517 2221 1157.25 1134 1087 20 0 191.92 12.14 137.59 6.07 36.12 
174 Karala 1163 4600 1029.01 2397 2203 1740 0 447.03 24.28 323.34 4.04 95.37 
175 Dakurhat 93 395 1073.95 210 185 61 0 36.78 12.14 12.95 0.4 11.29 
176 Piknidhara 824 3229 1074.76 1673 1556 382 2 300.44 16.19 211.25 2.02 70.98 
177 Bakshikhamar 277 1030 1179.30 555 475 892 0 87.34 8.09 53.62 1.62 24.01 
178 Nandina 1491 6051 967.42 3146 2905 2250 0 625.48 16.19 459.31 8.09 141.89 
179 Kamatabutara 152 583 1541.92 296 287 186 0 37.81 0 29.14 0.8 7.87 
180 Baniadaha 480 2257 965.02 1162 1095 893 0 233.88 24.28 187.37 12.14 10.09 

181 
Hokadaha 
Pratham Khanda 

807 3134 812.11 1647 1487 2780 7 385.91 0 
282.47 2.43 101.01 

182 Joygopalganj 104 396 592.64 210 186 390 0 66.82 0 51.8 3.24 11.78 
183 Chhat Gopalganj 184 636 782.00 347 289 496 0 81.33 0 62.32 2.02 16.99 
184 Bara Shakdal 2094 8035 791.61 4262 3773 5774 3 1,015.02 145.69 646.68 8.09 214.56 
185 Tiadaha 1398 5513 999.80 2929 2584 4718 6 551.41 16.19 424.11 4.45 106.66 

186 
Langalia Protham 
Khanda 

616 2595 1160.97 1302 1293 1903 0 223.52 16.19 
163.49 2.83 41.01 

187 
Jitpur Dwitia 
Khanda 

330 1214 787.80 639 575 1058 0 154.1 0 
123.43 1.62 29.05 

188 Durachapri 350 1326 703.26 688 638 725 0 188.55 0 146.5 2.02 40.03 

191 
Kuchni Pratham 
Khanda 

555 2159 231.12 1173 986 832 72 934.14 0 177.66 
2.02 754.46 

192 Rakhalmari 1002 3843 648.51 2000 1843 3178 3 592.59 24.28 470.64 4.05 93.62 
193 Putradara 176 686 761.12 341 345 678 0 90.13 0 74.06 6.07 10 

194 
Marnia Dwitia 
Khanda 

823 3109 729.28 1609 1500 2389 1 426.31 80.94 
318.49 4.05 22.83 

195 Sikarpur 697 2830 1105.94 1458 1372 574 0 255.89 0 178.87 6.07 70.95 
196 Gaochulica 547 2278 1166.47 1173 1105 974 0 195.29 0 136.38 4.86 54.05 
197 Kumarganj 482 2055 940.85 1063 992 519 0 218.42 24.28 132.74 2.02 59.38 
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198 Maidam 89 368 845.78 187 181 21 0 43.51 12.14 19.42 0.8 11.15 
199 Hatcheko 108 472 1359.84 238 234 8 0 34.71 0 23.88 0.4 10.43 

200 
Chhat Khochabari 
Dwitia Khanda 

41 150 269.40 72 78 71 0 55.68 0 
38.44 2.02 15.22 

201 Shyamganj 67 267 1356.71 138 129 83 0 19.68 6.07 5.66 0.8 7.15 

202 
Kharija 
Kalaighati 

220 859 787.78 438 421 119 0 109.04 20.23 
67.18 2.02 19.61 

203 Bilkalaighati 208 876 944.78 443 433 165 5 92.72 30.35 33.99 4.05 24.33 
204 Kochabari 942 3839 1023.65 2020 1819 1723 0 375.03 40.47 249.29 4.05 81.22 
205 Sachinandan 169 747 1139.94 398 349 0 0 65.53 40.47 11.74 0.4 12.92 

206 
Chhat Khochabari 
Pratham Khanda 

76 314 662.45 158 156 0 0 47.4 4.05 
36.42 0.8 6.13 

207 Garbhadanga 818 3248 955.83 1666 1582 1539 0 339.81 40.47 231.08 4.05 64.21 
208 Sahebganj 1514 6304 1046.88 3279 3025 1837 11 602.17 80.94 360.98 4.05 156.2 
209 Kharubhaj 776 3002 1249.01 1565 1437 875 0 240.35 40.47 138.4 4.86 56.62 
210 Paraner Chhara 167 617 872.58 323 294 427 0 70.71 0 48.97 0.4 21.34 
211 Gopalganj 102 396 659.01 206 190 241 0 60.09 0 45.32 0.8 13.97 
212 Mirer Kuthi 342 1275 725.01 667 608 509 0 175.86 12.14 115.34 4.05 44.33 
213 Kuthisakdal 73 276 226.73 138 138 276 0 121.73 4.05 88.63 2.83 26.22 

214 
Kharija 
Durganagar 
Pratham Khanda 

37 162 481.14 78 84 92 0 33.67 8.09 
16.59 0.8 8.19 

215 Shimulberi 81 321 1041.53 176 145 5 0 30.82 4.05 18.21 0.4 8.16 
216 Kharija Shakdal 206 763 844.12 405 358 301 1 90.39 0 65.96 2.02 22.41 
217 Teprai 305 1308 969.32 686 622 1079 0 134.94 6.07 87.82 0.8 40.25 

218 
Kharija 
Durganagar 
Dwitia Khanda 

415 1738 835.66 902 836 504 0 207.98 8.09 
157.42 0.8 41.67 

219 Kalamati 2484 9882 885.67 5091 4791 5401 81 1,115.77 64.75 798.04 228.65 24.33 
220 Atialdanga 466 1982 983.62 1015 967 553 199 201.5 0 182.11 14.16 5.23 
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221 Badalgir 409 1732 651.15 898 834 1131 200 265.99 12.14 246.05 2.83 4.97 
222 Jaygir Balabari 1171 4701 1206.84 2441 2260 1308 140 389.53 60.7 286.52 4.05 38.26 
223 Nagar Kashiabari 94 382 983.27 191 191 203 13 38.85 0 32.37 2.02 4.46 
224 Lauchapra 2035 7667 1111.21 3948 3719 3612 77 689.97 40.47 617.15 12.14 20.21 
225 Turukkata 389 1588 1021.88 853 735 852 1 155.4 0 125.45 4.05 25.9 
226 Bausmari 78 290 933.08 160 130 78 0 31.08 0 21.45 0.8 8.83 
227 Durganagar 586 2191 497.62 1139 1052 1095 0 440.3 20.23 230.27 10.12 179.68 
228 Batasurkuthi 128 492 1061.26 255 237 117 0 46.36 0 35.61 0.8 9.95 

229 
Digdhallar 
Payasti 

8 36 365.85 22 14 3 0 9.84 0 
0 0 9.84 

230 Patharsan 1147 4394 953.10 2257 2137 2024 1 461.02 0 446.36 2.02 12.64 

231 
Hokadaha Dwitia 
Khanda 

286 1072 1159.42 567 505 247 0 92.46 0 
69.61 2.83 20.02 

232 Lalaganjer Kuthi 63 214 453.97 112 102 0 0 47.14 8.09 29.14 2.02 7.89 

233 
Khitaber Kuthi 
Dwitia Khanda 

659 2789 1465.12 1372 1417 133 0 190.36 0 
87.41 1.21 101.74 

234 Sadialer Kuthi 1020 4057 963.96 2134 1923 797 1 420.87 40.47 255.36 4.05 120.99 
235 Khatamari 813 3262 1200.63 1685 1577 260 0 271.69 8.09 217.32 8.09 38.19 
236 Nagarerbari 1572 6695 4169.26 3461 3234 1359 0 160.58 0 121.00 12.14 27.44 
237 Jhikri 55 207 558.86 103 104 8 0 37.04 8.09 21.85 0.8 6.3 

238 
Khitaber Kuthi 
Pratham Khanda 

394 1503 1395.03 769 734 174 0 107.74 0 
81.75 4.05 21.94 

239 Chanderkuthi 1095 4460 1039.24 2296 2164 1309 1 429.16 32.37 321.73 4.05 71.01 

240 
Kismat Karala 
Pratham Khanda 

362 1408 876.82 727 681 445 0 160.58 12.14 
121.41 1.21 25.82 

241 
Megh Narayaner 
Kuthi 

626 2615 1067.30 1372 1243 1064 0 245.01 8.09 
184.54 2.02 50.36 

242 
Seuti Pratham 
Khanda 

615 2486 1121.34 1272 1214 582 1 221.7 0 
169.97 4.05 47.68 

243 Shukarur Kuthi 1394 5945 1339.21 3049 2896 688 0 443.92 16.19 338.72 4.45 84.56 
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244 
Kismat Karala 
Dwitia Khanda 

187 650 784.27 326 324 165 0 82.88 0 
63.13 1.62 18.13 

245 Baskotal 474 1832 1243.13 978 854 909 0 147.37 4.05 115.34 2.02 25.96 
246 Tharaikhana 1293 5406 1273.50 2757 2649 318 147 424.5 12.14 320.92 2.02 89.42 
247 Nagarkursha 318 1283 1608.37 662 621 134 9 79.77 0 62.73 0.8 16.24 

248 
Seuti Tritia 
Khanda 

80 347 837.36 178 169 0 0 41.44 0 
30.76 2.02 8.66 

249 
Seuti Dwitia 
Khanda 

546 1981 1083.40 1038 943 312 0 182.85 0 
146.9 2.43 33.52 

250 Bhonathpur 103 431 739.66 223 208 6 0 58.27 5.26 40.47 0.8 11.74 
Source: Compiled from Census of India, 2011; Village directory, 2011 

Table: B.3 Village-wise population and land utilization of Sitai block 

JL 
No 

Name of the 
Village 

No. of 
Househ

old 

Total 
Populat

ion 

Total 
Male 

Total 
Female 

Schedu
led 

Class 
(SC) 

Popula
tion 

Sched
uled 

Tribe 
(ST) 

Popul
ation 

Area in hectare 

Total area  
Irrigation 

availability  
Unirrig

ated 
Culturable 

waste  

Area not 
available for 
cultivation  

1 Kajalikura 285 1245 628 617 1172 72 337.48 36.83 242.81 13.76 44.08 

2 Natabari 28 145 71 74 144 1 136.75 21.45 89.03 16.19 10.08 

3 Uttar Singimari 691 3055 1627 1428 2453 5 615.9 34.4 202.34 60.7 318.46 

4 Morebhanga 256 1096 570 526 718 0 145.3 10.93 121.41 10.12 2.84 

5 
Hokayaha 
Adabari 

377 1465 763 702 1074 0 227.14 10.93 202.34 6.07 7.80 

6 Bijlichatka 373 1502 737 765 87 0 219.37 36.42 161.87 6.88 14.20 

7 Petia Adabari 381 1513 738 775 1067 0 213.93 36.42 161.87 5.67 9.97 

8 
Atiabari Girda 
Adabari 

148 595 311 284 547 0 105.67 16.19 80.94 6.07 2.47 

9 Kismat Adabari 124 557 278 279 302 0 225.07 10.93 161.87 20.23 32.04 

10 Takimari 79 339 172 167 332 1 101.27 10.12 80.94 4.05 6.16 
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11 Bara Adabari 415 1571 789 782 258 0 357.16 48.56 283.28 5.26 20.06 

12 Garanata 341 1431 723 708 1166 0 179.23 46.94 121.81 6.88 3.60 

13 
Sovana Bara 
Masia 

217 1005 507 498 44 0 134.94 20.23 104.00 4.05 6.66 

14 
Chhota Bara 
Masia 

234 1064 559 505 0 0 124.58 22.26 80.94 8.09 13.29 

15 Dauabari 451 1891 966 925 1434 0 279.2 17.81 244.84 6.07 10.48 

16 Silduar 477 2003 1024 979 1603 19 261.39 42.49 202.34 4.86 11.70 

17 Sagardighi 117 453 222 231 453 0 331 4.04 163.49 37.23 126.24 

18 Nutanbas 420 1858 993 865 1763 1 292.67 33.59 242.81 12.14 4.13 

19 
Dakshin 
Singimari 

176 829 442 387 825 4 446.26 45.73 202.34 101.17 97.02 

20 Bara Bangla 214 870 458 412 852 0 288.27 20.23 163.90 12.14 92.00 

21 Gabua 554 2464 1289 1175 2167 0 494.69 56.25 243.22 73.65 121.57 

22 Jatiagara 395 1693 841 852 1553 32 234.91 14.57 161.87 6.07 52.40 

23 Dhekiajan 176 689 347 342 674 2 132.35 14.57 80.94 20.64 16.2 

24 
Brahmottra 
Chatra 

1420 5863 2960 2903 4270 1 848.22 46.54 583.56 20.23 197.89 

25 Deokhata 222 872 452 420 844 0 83.92 18.21 55.19 4.45 6.07 

26 Konachatra 1120 4369 2174 2195 3465 1 534.31 46.54 445.15 10.12 32.5 

27 Bajitchatra 265 1024 509 515 494 0 152.81 24.28 119.79 4.86 3.88 

28 Kesaribari 1592 6507 3296 3211 3275 2 920.48 40.87 709.41 1.21 168.99 

29 Dhumerkhata 1503 5992 3016 2976 5700 0 759.39 7.28 720.54 1.42 30.15 

30 Kayeterbari 941 3745 1907 1838 2137 9 330.34 2.43 310.80 0.80 16.31 

31 
Arazi 
Khamarsitai 

179 642 314 328 627 0 353.79 0.00 64.75 0.00 289.04 

32 Pirpalsitai 185 749 378 371 670 0 63.97 0.40 59.89 0.40 3.28 

33 Nagarsitai 292 1174 610 564 564 0 25.12 0.00 13.36 0.00 11.76 

34 Khamarsitai 534 2093 1098 995 1151 2 145.04 0.80 140.02 0.80 3.42 

35 Bholachatra 352 1463 757 706 545 0 144.52 3.64 135.57 1.21 4.10 
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36 Bharali 1738 7062 3555 3507 3705 10 691.79 31.97 604.20 3.64 51.98 

37 Sitai 1124 4949 2538 2411 4574 18 621.86 15.38 554.82 4.86 46.80 

38 Satbhandari 665 2560 1285 1275 2175 0 353.79 21.04 261.85 2.83 68.07 

39 Balapukhari 829 3505 1747 1758 1516 0 395.49 36.42 283.69 4.05 71.33 

40 Nagargidari 225 955 503 452 189 0 55.17 7.69 40.47 2.83 4.18 

41 Sonarhat 91 363 182 181 222 0 124.32 15.38 80.94 16.19 11.81 

42 Panikhawa 533 2218 1112 1106 2217 0 316.24 23.47 247.26 2.83 42.68 

43 Padmamari 113 514 256 258 509 0 97.64 6.88 61.11 4.86 24.79 

44 Satimari 55 224 108 116 218 0 56.72 9.71 40.47 2.83 3.71 

45 Nakarjan 373 1616 827 789 1458 0 191.4 30.35 128.68 12.14 20.23 

46 Tamaguri 280 1173 549 624 1163 1 156.95 24.69 80.94 41.28 10.04 

47 Chhat Singimari 329 1409 726 683 724 0 191.49 34.27 118.37 18.16 20.69 

48 
Anandaran 
Singimari 

734 3160 1635 1525 916 0 398.86 124.28 212.98 38.29 23.31 

49 Bathar 823 3487 1751 1736 1562 11 481 102.81 341.64 16.07 20.48 

50 Atharajani 516 2186 1094 1092 173 0 252.3 42.4 193.34 4.86 11.70 

51 Chamta 2251 9469 4802 4667 5642 5 1184.91 304.45 583.49 107.73 189.24 

52 Chorkhana 232 896 444 452 888 0 73.56 13.59 43.68 12.16 4.13 

53 Kaimari 202 761 376 385 643 18 181.91 35.73 92.74 36.42 17.02 

Source: Compiled from Census of India, 2011; Village directory, 2011 
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July is the wettest month (average rains 641.02 mm) with lower coefficient variation (35.99 %). Each 
standard week from 18th to 40st   receives a rainfall of more than 60 mm; however maximum rain (147.86 
mm) occurred in 30th SMW followed by 26th SMW (146.21 mm).The present study reveals that in kharif 
season rainfall is adequate for agriculture and summer season rainfall would be helpful for summer 
ploughing operation but rabi cultivation needs irrigation planning.
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ITRODUCTION

Koch Behar is predominantly an agricultural district and agricultural farming is principal occupation there, 
this is based on monsoon rainfall and its distribution. Fluctuation in rainfall is directly governed the growth, 
development and yield of crops (Chand, et.al. 2011). Chakraborty and Mandal(2008) also found that 
rainfall is the potential source of moisture and basic climatic factor and dominant single weather element 
influencing location and nature of farming system. Jakhar et. al. (2011) also found similar result. They 
conclude that rainfall analysis is of great importance for developing and modifying the crop management 
practices for sustainable production system. Probability analysis is the most reliable method to predict 
occurrence of future rainfall events based on past behavior of rainfall (Kumar and Kumar, 1989). But 
average annual rainfall is not much helpful for crop planning. Kumar,et.al.(2007) suggested that analysis of 
weekly rainfall is more useful for prediction of proper time of sowing, cultural operations and scheduling 
irrigation to crops. 

 Dinhata falls under heavy rainfall region with recurrent floods; but occurrence of droughts during 
monsoon is also a serious concern. Flash flood is also the common phenomenon in this region during 
Southwest monsoon period and hence adversely influences the crop yielding. Although drought is also 
frequently happen since last decade, 2001, 2006 and 2011 are classified as drought year. Alluvial sandy 

Abstract:
The historical daily rainfall data for the period of 40 years (1972-2011) of Dinhata in 
Koch Behar district of W.B. were analyzed to know weekly, monthly, seasonal, annual 
and decadal rainfall variability and probabilities at different level for suitable crop 
planning. The overall mean annual rainfall was 2909.88 mm, with standard deviation 
658.39 mm and coefficient of variation 22.62 %. The annual rainfall of 2800.5 mm with 
105 rainy days and 2487.2 mm rainfall and 91 rainy days may be expected with 51.24% 
and 75.64 % probability level, respectively. The seasonal rainfall was distributed as 
2158.6 mm, 535.86 mm and 215.39 mm in kharif (June to September), summer (March to 
May) and rabi (October to February) seasons, respectively. 
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loam to loam soils found across this region, are deficiency in potassium, phosphorous, zinc and boron. The 
soil pH of this region varies from 4.1 to 5.6 which create acidity in the soil (NBSSLUP, 2008). Mean 
monthly maximum and minimum temperatures are 29.9 º c and 14.4 º c respectively.

Although, many researchers have attempted to study probability analysis of rainfallat different 
spatio-temporal scales (Jakhar et. al., 2011; Chakraborty and Mandal, 2008; Kumar et. al. 2007; Singh et. 
al., 2007), but this region is lacking in this concern. In present study, an attempt has been made to analyze 
probability, variability and trends of weekly, monthly, seasonal and annual rainfall, for better planning in 
farming system of this region. 

MATERIALS AND METHODS 

Daily rainfall data for 40 years (1972-2011) were collected from Central Tobacco Research Institute, 
regional research station, Dinhata, Koch Behar, which is located at 26º20' N latitude, 89 º 27' E longitude 
and 41 metre above mean sea level. Soil resources information for this region was obtained from national 
Bureau of Soil Survey and Land Use Planning, Regional Centre, Kolkata (2008). Daily rainfall data was 
converted to weekly, monthly, and seasonal rainfall by simple mathematical means. The calendar year was 
divided into three seasons i.e, kharif or monsoon season (June to September), rabi or post monsoon season 
(October to February), and Summer or pre-monsoon (March to May) based on existing agricultural 
practices in this region. The rainfall and rainy days of the months of respective season has been summed up 
to calculated seasonal rainfall and rainy days respectively. The yearly total rainfall and rainy days was 
calculated simply by summing up daily rainfall and rainy days of the respective year and mean was 
calculated by dividing the yearly total by the total number of year. Then the weekly, monthly, seasonal and 
annual rainfall and rainy days were critically examined and analyzed. The standard deviation, co-efficient 
of variation, co-efficient of co-relation and co-efficient of determination was also worked out.

The yearly rainfall is also classified as drought, normal, and excessive rainfall years when 
particular year receives rainfall less than y-s, y+s, and between y-s and y+s, respective, where y is mean of 
yearly rainfall and s represents the standard deviation of yearly rainfall (Singh, et. al.). The probability 
analysis was carried out using Waybill's method (Chow, 1964),  which is P= [ m/(n+1) ] x 100, where , P is 
the plotting position percent chance; m is the rank number when the data are arranged in descending order 
and n is total number of years. Recurrence intervals (T) were calculated using the relationship T=P-1. 

RESULTS AND DISCUSSION

Analysis of annual and seasonal rainfall and rainy days variability 

During the study period of 40 years (1975-2011), there were about 17.5 % of the years faced drought while, 
15 % of the years faced excessive or flood and 67.5 % of the years had normal (Table.1). The mean annual 
rainfall at Dinhata was found to be 2909.88 mm. The Standard deviation and coefficient of variation was 

Figure .Annual variability of rainfall over normal for the period of 1972-2011

found to be 658.39 mm and 22.62 % respectively. The minimum annual rainfall of 1739.8 mm was recorded 
during the year 1994 and maximum of 4441.8 mm during the year 1984 over the study period. Hence, the 
annual rainfall showed high standard deviation and coefficient of variation (figure 3). The figure 1 showed 

2Probability and variability analysis of rainfall characteristics of Dinhata in Koch.......

Golden Research Thoughts  •  Volume 2 Issue  2  •  Aug  2012

http://www.reviewofresearch.net/BookPublish/index.aspx


that amount of annual rainfall decreased since last two decade except the years 1991, 

1998,2005, 2008 and 2010 when rainfall was adequate .Out of past 40 years, 20 years recorded in excess of 
average rainfall and 20 years recorded as below normal rainfall. 

Figure Annual rainfall and rainy days during 1972-2011

 The average annual rainy days was 106.08 and standard deviation and coefficient of variation was found to 
be 16.11 days and 15.19 % respectively. The annual rainy days ranged from 74 days (the lowest during the 
year 2001) to 140 days (the highest during the year 1977). The coefficient of correlation between annual 
rainfall and rainy days (r=0.65) was highly positively related. 

Table 2 reveals that 1982-91 decade recorded highest average annual rainfall (3341.67 mm), while the 
lowest mean annual rainfall (2533.99) received during the decade 1992-01.During the 1st period, July was 
found to be the wettest month and June was the 2nd wettest month. But in next and recent decade June was 
shifted to the wettest month and July was the next wettest month, while during 1992-01 decade again July 
was found to be wettest month but August was 2nd wettest month. This shows there is highly erratic rainfall 
distribution due to breaks in monsoon or early onset/withdrawal of monsoon which may have impact on 
yield of kharif crops, cropping pattern and farming system in this region. Although, the rainfall distribution 
over the period was in no particular trend, however, the amount of rainfall decreased drastically for the 
month of August. The rate of decrease of rainfall in the month of August was 40.4 mm per decade.
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Table:1 Annual drought analysis for the period 1972-2011 
     

Year 
Rainfall 
(mm) 

Rainy 
days Category Year 

Rainfall 
(mm) 

Rainy 
days Category Year 

Rainfall      
(mm) 

Rainy 
days Category 

1972 3428 124 Normal 1987 4341 128 Excess 2002 2586.1 91 Normal 

1973 3504.1 132 Excess 1988 3745.6 116 Excess 2003 2739.6 101 Normal 

1974 4388.8 137 Excess 1989 3268.5 108 Normal 2004 2970.4 80 Normal 

1975 2487.2 110 Normal 1990 2587.4 107 Normal 2005 3360.6 99 Normal 

1976 3111.8 98 Normal 1991 3119.5 118 Normal 2006 2179.9 110 Drought 
1977 3581.1 140 Excess 1992 2140.6 84 Drought 2007 2579.3 118 Normal 

1978 1859.6 90 Drought 1993 2800.5 86 Normal 2008 3393.2 125 Normal 

1979 2916.6 103 Normal 1994 1739.8 96 Drought 2009 2396.5 89 Normal 

1980 1956 112 Drought 1995 2933.1 87 Normal 2010 3429.9 112 Normal 

1981 2628.2 118 Normal 1996 2565 104 Normal 2011 2140.2 85 Drought 

1982 2543.4 118 Normal 1997 2440.1 87 Normal Mean 2910.05 106      - 

1983 3059.4 122 Normal 1998 3465.3 101 Normal SD 658.39 16.1      - 

1984 4441.8 126 Excess 1999 2631.7 97 Normal CV 22.62 15.2      - 

1985 3210.7 105 Normal 2000 2691.5 96 Normal R 0.65            -      - 

1986 3135.4 109 Normal 2001 1904.5 74 Drought         
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Figure:  Yearly variation in total rainfall and corresponding coefficient of variation

The highest rainfall was received during kharif season (2158 mm). The mean rainfall received during 
summer season was 535.86 mm and lowest in rabi season (215.39 mm). The percentage contribution of 
seasonal rainfall to the total was 74.18, 18.42 and 7.4 during kharif, summer and rabi season respectively. 
Marked variation was observed in the seasonal rainfall pattern. It ranges between 1072.1 mm to 3555.8 mm 
in kharif, 262.9 mm and 1278.5 mm in summer and 23.4 mm to 601 mm in rabi season (Table 3). The lower 
value of coefficient of variation (3.44%) during kharif season depicted consistence occurrence of rainfall. 
However, the higher value of CV inferred that cultivation in rabi (62.04) and summer (36.32%) season can 
be practiced by depending on soil residual moisture or irrigation due to uncertainty of rainfall.

ANALYSIS OF MONTHLY RAINFALL AND RAINY DAYS VARIABILITY 

The average monthly rainfall gradually increased from January onwards and reached its peak (641.02 mm) 
in July, and then it decreased and it was lowest (8.42 mm) in the month of December (Table3). On the basis 
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Table:2 Decadal shift in rainfall pattern  
 

Month 
1972-
81 

1982-
91 

1991-
01 2002-11 

January 9.03 10.98 16.45 5.36 

February 11.32 22.3 10.43 12.22 

March 30.63 34.34 50.77 44.28 

April 167.71 130.93 142.47 167.09 

May 350.07 360.23 372.02 292.91 

June 579.02 746.77 443.53 643.86 

July 703.34 703.77 540.2 616.78 

August 572.85 539.69 496.52 411.25 

September 345.87 609.58 304.41 376.97 

October 167.38 148.55 145.89 197.38 

November 30.88 19.85 7.2 3.65 

December 9.1 14.68 4.1 5.82 

Annual 2977.2 3341.67 2533.99 2777.57 
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of long term data, July was the wettest month receiving rainfall 22.03 % of total amount followed by 
June(20.73%). On the other hand, December was the driest month receiving only 0.29 % of total amount of 
rainfall followed by January (0.36%). However, very high coefficient of variation in the months of 
November to March indicating that cultivation of rabi crops without irrigation is highly risk.

Figure . Average monthly rainfall variability

The analysis of average monthly days revealed that it also increased gradually January up to the month of 
July (19.65 days), which thereafter decreased and it was minimum (0.7 day) in the month of December.

The months May to September experienced an average of more than 15 rainy days. But from the month of 
November to February the average rainy days less than 2, which indicate these months experienced 
drought.
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Table:3 Monthly variability of rainfall of Dinhata in Koch Behar of W.B. 

Month Mean Percent SD CV Mean+SD Mean-SD 

January 10.46 0.36 18.04 172.55 28.5 -7.58 

February 14.07 0.48 21.37 151.91 35.44 -7.3 

March 40.01 1.37 47.06 117.64 87.07 -7.05 

April 152.05 5.23 82.12 54.01 234.17 69.93 

May 343.81 11.82 141.42 41.13 485.23 202.39 

June 603.3 20.73 278.65 46.19 881.95 324.65 

July 641.02 22.03 230.72 35.99 871.74 410.3 

August 505.08 17.36 268.13 53.09 773.21 236.95 

September 409.21 14.06 208.84 51.04 618.05 200.37 

October 167.05 5.74 129.26 77.38 296.31 37.79 

November 15.4 0.53 27.29 177.27 42.69 -11.89 

December 8.42 0.29 0 0 8.42 8.42 

Annual 2909.88 100 658.39 22.62 3568.27 2251.49 

Table:4 Seasonal Rainfall variability 

Season mean % s CV 

Summer 535.86 18.42 194.65 36.32 

Monsoon 2158.6 74.18 556.14 3.44 

winter 215.39 7.4 133.63 62.04 

 

Probability and variability analysis of rainfall characteristics of Dinhata in Koch.......

http://www.reviewofresearch.net/BookPublish/index.aspx


ANALYSIS OF WEEKLY RAINFALL AND RAINY DAYS VARIABILITY

Marked variations were observed in weekly rainfall over the forty year time period. Mean weekly rainfall 
was maximum (147.86 mm) in 30th SMW followed by 26th SMW (146.21 mm) and 33rd SMW (146.16 
mm).The average rainfall ranges from 0.07 mm (14th SMW) to 147.86 mm (30th SMW).The average 
weekly rainfall during the monsoon season (22nd to 40th SMW) was found to be higher than other seasons 
varying from 68.03 mm to 112.79 mm. These rainfall accounts are sufficient for growing kharif crops in this 
region. But the highintensity or abnormal rainfall storms during southwest monsoon season causes flash 
flood, which adversely affects the lowland crops. The coefficient of variation ranges from 1.21% (33rd 
SMW) to 2157.14 (51st SMW). Weekly rainfall variation in monsoon season varied between 1.21% and 
2.43% indicated more or less stable rainfall during the monsoon, where as in rabi season CV varies from 
4.47% to 2157.14% and in summer season it ranges between 2.73% and 73.56%.

Figure .Average weekly rainfall at Dinhata (1972-2011)

The average weekly rainy days show that it increased from first week and reached maximum (4.48 days) in 
29th SMW, which thereafter decreased as a curvilinear trend. However, during the period of study 7.69% of 
week had no rain or rainfall <2.5 mm. Result reveals that 21.15% of the weeks had more than 4 rainy days 
and 34.62% of the week had 1 to 3 rainy days, where as rest of the weeks 65.38% experienced <1 rainy day. 

PROBABILITY OF RAINFALL AND RAINY DAYS

The past 40 years rainfall data have been analyzed and its weekly, monthly, annual, and season wise (Kharif 
or monsoon, rabi or winter and summer) probability occurrence was predicted (Table 5).  This prediction 
helps to optimize choice of crops, sowing date, and irrigation scheduling for different crops cultivated in 
this region (Jakhar et. al., 2011).Result presented in Table 4 reveals that the probability of occurrence of 
rainfall at 75.64% chance is 1782.8 mm in khaif season, 403.2 mm in summer and 102.8 mm in rabi season 
while at 51.2%, 61%, 71%, 80.5%, and 90.3% chance the expected total annual rainfall is 2800.5 mm, 
2628.2 mm, 2565 mm, 2396.5
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mm, and 1956 mm, respectively . Similarly at 75.64% probability level occurrence of rainy days per year is 
91, 58 days in kharif 23 days in summer and 7 days in rabi season.  The figure 6 reveals that at 71 % chance, 
no rainfall is expected in every year during 1st to 15th and 41st to 52nd SMW, whereas an appreciable 
amount of rainfall is available during 18th to 36th SMW and maximum rainfall of 70.8 mm isexpected 
during 30th SMW. At 71% probability, the expected weekly rainfall varied from 1.6 mm to 70.8 during 16th 
to 40th SMW. In kharif, good weekly rainfall (>15 mm) started from 17 SMW with 80.6% probability, 
when primary tillage operation may be initiated.

Figure 7 Weekly expected rainfall occurrence at different recurrence intervals
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           Table:5. Probability of occurrence of seasonal and annual rainfall and 

rainy days 
                                             Rainfall                                     Rainy days   

Rank T P Monsoon Summer Winter Annual   Monsoon Summer Winter Annual 

1 41 2.44 3555.8 1278.5 601 4441.8 
 

88 42 19 140 
2 20 4.88 3261.4 921.2 507.7 4388.8 

 
87 42 18 137 

3 14 7.32 3095.2 906.8 458.9 4341 
 

82 39 18 132 
4 10 9.76 2902.3 834.3 419.1 3745.6 

 
81 38 17 128 

5 8 12.2 2816.4 715.9 411.3 3581.1 
 

81 37 15 126 
6 7 14.64 2619.5 674.7 370 3504.1 

 
81 36 15 125 

7 6 17.08 2567.4 664.6 342.3 3465.3 
 

79 35 15 124 

8 5 19.52 2566.2 634.1 306 3429.9 
 

79 35 15 122 
9 5 21.96 2565.1 620.8 296.7 3428 

 
79 32 15 118 

10 4 24.4 2559.8 609.6 271.2 3393.2 
 

77 32 13 118 
11 4 26.84 2533.7 607.3 271.2 3360.6 

 
76 32 13 118 

12 3 29.28 2518.1 594.5 271 3268.5 
 

76 32 12 118 
13 3 31.72 2514.5 587.9 270 3210.7 

 
75 31 12 116 

14 3 34.16 2460.3 581.6 265.1 3135.4 
 

74 30 12 112 

15 3 36.6 2447.1 569.4 257.2 3119.5 
 

73 30 12 112 
16 3 39.04 2442.7 557.4 250.1 3111.8 

 
72 28 11 110 

17 2 41.48 2441 555.8 237.6 3059.4 
 

72 28 11 110 
18 2 43.92 2346 528 233.7 2970.4 

 
72 28 11 109 

19 2 46.36 2211.3 514 204.8 2933.1 
 

72 27 11 108 
20 2 48.8 2136.4 514 188.5 2916.6 

 
72 27 11 107 

21 2 51.24 1966 499.1 182 2800.5 
 

69 25 10 105 
22 2 53.68 1937.3 483.3 178.3 2739.6 

 
69 25 10 104 

23 2 56.12 1937.2 481.6 172.4 2691.5 
 

67 25 10 103 

24 2 58.56 1933 477.2 167.6 2631.7 
 

66 25 10 101 
25 2 61 1902.8 472.5 161.7 2628.2 

 
66 24 9 101 

26 2 63.44 1899.5 460.8 133.8 2587.4 
 

64 24 9 99 
27 1 65.88 1859.9 438.4 130 2586.1 

 
63 24 9 98 

28 1 68.32 1818.3 437.2 129 2579.3 
 

63 23 9 97 
29 1 70.76 1804 420.6 110.3 2565 

 
61 23 9 96 

30 1 73.2 1803.6 417.3 103 2543.4 
 

59 23 8 96 
31 1 75.64 1782.8 403.2 102.8 2487.2 

 
58 23 7 91 

32 1 78.08 1719.2 397.6 93.6 2440.1 
 

57 23 7 90 
33 1 80.52 1687.6 386.6 89.8 2396.5 

 
56 23 7 89 

34 1 82.96 1662.4 363.6 80.6 2179.9 
 

55 22 7 87 
35 1 85.4 1578 344.7 79.7 2140.6 

 
53 22 6 87 

36 1 87.84 1449.8 324.4 68 2140.2 
 

53 20 6 86 
37 1 90.28 1375.4 319.2 65.8 1956 

 
52 19 6 85 

38 1 92.72 1345 287.7 61.6 1904.5 
 

51 19 6 84 

39 1 95.16 1250 286.2 48.9 1859.6 
 

51 16 5 80 
40 1 97.6 1072.1 262.9 23.4 1739.8   40 16 3 74 
Note: P is the probability of rainfall and rainy days and T is their recurrence interval 
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Rainfall analysis further revealed increasing trend at all probability level during 21st to36th SMW. This 
indicates that preparation of seed bed and sowing of kharif crops may be performed during 21st SMW. The 
effective monsoon continues in the region for next 15th SMW. It is reveals from the Figure 7  that more than 
10 mm rainfall is expected at 2 years recurrence interval between 13th to 41st  SMW, 5 years recurrence 
interval <10 mm rainfall is expected between 12th to 43rd  and 10 year interval reveals that <10 mm rainfall 
is expected between most of the SMW. Hence, kharif crop planning can be designed on the basis of 2 years 
recurrence interval but rabi cultivations are not possible without irrigation facilities. 

RELATION BETWEEN RAINFALL AND RAINY DAYS

The positive correlation between long term average annual rainfall and rainy days is observed, which is 
significant at 1% probability level (r=0.65), indicates that increasing rainy days also increasing the amount 
of rainfall  in this region, similar relation were found for weekly, monthly and seasonal basis data. 
Although, it 

was observed that the rainfall was higher than the normal in 1976 (201.91), 1995 (23.05 mm), 1998 (555.25 
mm), 2004 (60.35 mm), and 2005 (450.55), whereas rainy days in those year were decreased by 8.08, 19.08, 
5.08, 26.08, and 7.08 days respectively indicating occurrence of flashed flood during those year. 
Conversely, rainy days were increased than the normal in 1975 (3.92 days), 1980 (5.92 days), 1981 (11.92 
days), 1982 (11.92 days), and 2006 (3.92 days) but rainfall decreased by 422.85 mm, 954.05 mm, 281.85 
mm, 366.65 mm and 730.15 mm. This caused severe drought in those year. The regression equation 
(y=31.39x -9.149) developed between the variables of rainfall (y) and rainy days (x) can explain more than 
93% of the variability (R2 = 0.938).Similar finding were reported by Dabral (1996), Chakraborty and 
Mandal (2008), Jakhar et.al. (2011).

 CONCLUSIONS 

The information regarding rainfall and rainy days variability and probability of this region is very 
conducive for selecting timely seedling, choice of crops and variety and irrigation planning. The 
probability of 1782.8 mm rainfall with 58 rainy days in every year during khaif season at 75.64% indicated 
that cultivation of high water requirement crops (like Paddy,Jute) in this season. Conversely, at 75.64% 
probability level 102.8 mm rainfall and 7 rainy days and 403.2 mm rainfall and 23 rainy days in every year 
during rabi and summer season, respectively, which indicate that the rabi season to be more suitable for low 
water requirement crops like maize, wheat, vegetables oil seed or pulses. In the other word, in kharif season 
rainfall is adequate for agriculture and summer season rainfall would be helpful for summer ploughing 
operation but rabi cultivation needs irrigation planning.
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