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1. INTRODUCTION

Agriculture is the mainstay for livelihood of two-third population in India. Eastern
region of the country is blessed with plenty of rainfall, bulk (80%) of which occurs
during monsoon period (July to October). However, because of erratic nature of the
onset, distribution and withdrawal of rains, ranifed ecosystems (up, medium and low
lands) have problem of uncertain moisture supply that results in mono-cropping of
rice with lower production and productivity. Fallow after rice crop in about 12-16
million ha in eastern India due to lack of proper water resource management is another
important issue. Addressing these issues, the institute has made research initiatives
for generating technologies focusing on in-situ rainwater conservation for multiple
uses in medium and lowlands, crop diversification in rainfed upland and medium
land situations and residual soil moisture utilization in rainfed low lands. Large area
(49 million ha) of the country under acid soils suffer from the lower crop productivity.
Although wide ranges of liming materials are available, small and marginal farmers
are unable to use those due to higher cost. Institute has standardized paper mill sludge
application for soil amelioration and diversified cropping in acid uplands through
on-farm applied research. The 8 million ha shallow low land ecosystem in the low
lying areas of country, of which 5.8 million ha is in eastern India itself, face water
stagnation above the ground more than six months in a year.  For harnessing available
water resources of waterlogged ecosystem institute has developed and tested
technology for integration of aquatic crops like water chestnut and fish through on-
farm research and trial. Adoptions of the aforesaid location-specific technologies by
the farmers have potential to enhance farm production and income with improved
livelihood.

A livelihood comprises of people, their capabilities and means of living including
food, income and assets. Tangible assets are resources and stores and intangible assets
are claims and access. A livelihood is sustainable when it maintains or enhances the
assets on which the livelihood depends. Many of the definitions of livelihood security
currently in use are derived from the work of Chambers & Conway (1992). A livelihood
comprises of the capabilities, assets (stores, resources, claims and access) and activities
required for a means of living. A livelihood is sustainable which can cope up with and
recover from stress and shocks, maintain or enhance its capabilities and assets, and
provide sustainable livelihood opportunities for the next generation; and which
contributes net benefits to other livelihoods at the local and global levels in the long
and short term. The idea of livelihood as defined above embodies three fundamental
attributes: i) the possession of human capabilities (such as education, skills, health,
and psychological orientation); ii) access to tangible and intangible assets; and iii) the
existence of economic activities. The interaction between these attributes defines what
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livelihood strategy a household pursues. Sustainable livelihoods are achieved through
access to a range of livelihood resources (natural, economic, human, financial and
social capitals) which are combined in the pursuit of different livelihood strategies
viz. agricultural intensification, livelihood diversification, migration, etc. (Scoones,
1997).

People and their access to assets are at the heart of livelihoods approaches. In the
Department for International Development (DFID) framework (1999), five categories
of assets or capitals are identified, which are:

a) Human capital: skills, knowledge, health and ability to work

b) Social capital: social resources, including informal networks, membership of
formalised groups and relationships of trust that facilitate co-operation

c) Natural capital: natural resources such as land, soil, water, forests and fisheries

d) Physical capital: basic infrastructure, such as roads, water & sanitation, schools,
ICT; and producer goods, including tools and equipment

e) Financial capital: financial resources including savings, credit, and income from
employment, trade and remittances

Policies, institutions and processes can have a great influence on access to assets -
creating them, determining access, and influencing rates of asset accumulation. Those
with more assets are more likely to have greater livelihood options with which to
pursue their goals and reduce poverty.

Livelihood strategies are the range and combination of activities and choices that people
undertake in order to achieve their livelihood goals (including productive activities,
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investment strategies, etc.).  This is a dynamic process in which people combine
activities to meet their various needs at different times. Livelihood outcomes are the
achievements or outputs of livelihood strategies. One should not assume that people
are entirely dedicated to maximising their income.  It is hard to weigh up the relative
value of increased well-being as opposed to increased income, but this is the type of
decision that people must make every day when deciding which strategies to adopt.
There is a close relationship between livelihood outcomes and livelihood assets, the
two being linked through livelihood strategies.

The topic of ‘rural livelihoods’ is complex and wide-ranging (Ashley et al., 2003). What
exactly is it that needs to be assessed, depends on the research purpose and policy
question at hand. Policy Guidance Sheets produced by the Overseas Development
Institute for the ODI Livelihood Options Study broadly identifies four key areas for
assessment: household economics (who is doing what, drawing on which assets,
earning what income?); changes in livelihoods: what are the sources and impacts of
short-term and long-term livelihood change?); diversified livelihoods (why are
households diversifying their economic activities? How does diversification differ for
different groups and what success does it bring?); access and exclusion: how are some
groups excluded from key economic opportunities, how does this affect their access
to resources or their capacity to exercise their rights; how does this affect their
livelihoods?)

Rural livelihood diversification is an adjunct to rural economic diversification. Crop
diversification, farm sector diversification and livelihood diversification influence the
rural economy. Despite low employment elasticity, rural employment continues to be
predominantly agrarian. Therefore, coexistence of advanced agriculture with rural
livelihood diversification holds the key for development of rural economy (Mehta, 2009).

The potentiality of any technology lies not only in efficient utilization of resources
and enhanced production but also in improving the quality of life of the farmers on
adoption of it. The livelihood of a farmer is influenced by many factors which are
having temporal and spatial variability. Therefore, it is not apt to generalize the change
in livelihood of farmer only because of the adoption of any particular technology.
However, the increased farm production and income is expected to influence changes
in livelihood of the farmers, the extent of which may vary.  The measure of livelihood
gives an idea of the changes on standard of living of the farm families that includes
physical, social, financial, human and natural assets of the farm households.

2. METHODOLOGY

Impact on the farming situation of the farmers on adoption of a technology is realized
through a comparison of farming pattern, acreage, production, cost of cultivation and
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gross income before and after adoption of the technology. Measures of livelihoods
have considered the comparative position of physical, social, financial, human and
natural assets of the farmers before and after adoption of the intervention (WORLP,
OWDM, 2001).

Physical assets include the type of housing condition, sanitation, conveyance, electric,
cooking and communication facility. Social assets mainly refer to the recognition, social
and political participation, active involvement in developmental works, common
services used and group membership pattern. Financial assets are measured on the
basis of sources of income, kinds of savings and investments, lending and borrowing.
Human assets involve language competencies, education/literacy, management skill
and mobility. Natural assets are the natural resources holdings of the farm family viz.
farm size, irrigated land, livestock holding, poultry and fishpond. All the above-
mentioned variables under five types of assets are measured on the basis of the
responses of farmers on a 5-point continuum scale (minimum and maximum value is
1 and 5, respectively) during interview schedule survey and focus group discussion.
Overall standard of living of farmers is assessed on the basis of their assets holding
before and after adoption of a particular technology; the value of overall standard of
living ranges from 5 to 25.

Brief detail of sampling of farmers adopting particular technology for the impact
assessment is given below:

The afore-said technologies were generated through on-farm research and trial under
the projects carried out by the institute following participatory approach. The impact
assessment is carried out through interview schedule survey and focus group
discussion covering sample of farmers adopting the respective technology.
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3. FINDINGS

3.1 Impact of in-situ rainwater conservation for multiple use technology:

The technology not only alleviated the fear of drought but also ensured water
availability for three crops in succession through two-stage rainwater conservation.
The technology generates additional farm employment and water availability (upto 1
m by end of February), which helps in short-duration fish culture, life saving irrigation
during dry spells and growing of rabi crop. Kharif rice production level has been
enhanced and cropping intensity increased by 31-100%. Mono-cropped rainfed system
could be converted into double-cropped system. Assured water availability encouraged
fish culture of Indian Major Carps (IMC) in ponds and vegetable crops on embankment
that enhanced the overall income of the farmers and provided diversified livelihood
options which otherwise depended earlier only on mono-cropping of rice.

Survey of nine farmers who adopted the technology reveals that even though there is
not much change in acreage of kharif paddy but its production has been almost doubled,
which is mainly due to timely sowing as well as providing irrigation during dry spells
from the conserved rainwater. There is an increase in average area under vegetable
crops from 1.35 to 1.75 acre with enhanced production from 1.50 to 3.10 tonne. Short-
duration fish culture is adopted by six out of nine farmers which has given an additional
average income of about Rs. 23900/- per acre to them. The maximum increase in income
is from the vegetables (2.5 times) followed by paddy. The total average income of the
farmers from the farming has been more than doubled after adoption of in-situ rain
water conservation and multiple use technology (Table 1).

It is evident from the
Figure 1 and Table 2
that there is an
improvement in all the
five types of assets of
farm families during
post-adoption period.

All the five assets
holdings are found to
be below average
during pre-adoption
stage; however,
physical, social and
financial assets are increased considerably to come at above average level. Maximum
improvement is occurred in physical assets (increased by 82%) followed by social

Fig. 1: Average level of different types of assets measuring
livelihood of farmers
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(71%) and human assets (59%) that indicate the improvement in living condition and
socio-personal profile of farm families. Financial assets gained by 58%, while natural
assets gain is by 40%. Improvement in socio-economic condition and social recognition
are also reflected which results in achievement motivation leading to inculcate the
entrepreneurial abilities of the farmers. The increased income on adoption of technology
has motivated the farmers to invest and intervene further leading to the growth in
physical and financial
assets.

The changes in overall
standard of living of
all the nine farmers are
presented in Fig. 2.

It can be noted that
living standard of all
nine farmers was below
average level prior to
opting for in-situ
rainwater conservation
and it's multiple use. However, with the change of farming situation, adoption of this
technology has already helped in bringing the living standard of five farm families at
above average level and rest of the four farmers at close to average level. Six farmers
(farmer 1, 2, 4, 5, 6 and 7 as indicated in the figure) have engaged in short-duration
fish farming while four farmers have taken up dairy (farmer 2, 3, 5, and 8 as indicated
in the figure) besides crop farming and their standard of living has relatively more
improved. Mean value of overall standard of living of all the nine adopted farmers
derived through addition of the mean values of five assets, which indicates that this
has increased from 9.64 to 15.67 (minimum and maximum possible value is 5 and 25,
respectively). The change in livelihood is a dynamic process and influenced by many
factors having spatial and temporal variation. Therefore, the adoption of any
technology is one of the factors influencing the changes in livelihood of farmers and
the process of change varies from one farmer to another and over the space and time.

As this technology requires initial investments for land shaping, most of the farmers',
being resource poor, are unable to implement the technology without financial support
from state machineries and financial institutions. In this connection the centre has
already appraised different such functionaries through several national level trainings
and meetings with concerned officials. It is also recommended as one of the bankable
technologies to NABARD for providing financial assistance/loan to the farmers
interested to adopt this technology.

Fig. 2:  Overall standard of living of selected farmers before
and after adoption
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3.2 Impact of crop diversification and residual soil moisture utilization
technologies:

The eastern region of India is endowed with adequate rainfall varying from 1100 mm
to more than 1500 mm with nearly 80 percent of it being received during monsoon
period (July to October); therefore, farmers do not have option to grow any crop other
than rice in kharif season and no crop in rabi season keeping the land fallow due
water scarcity. Rice-fallow cropping system not only hampers the agricultural
productivity but also causes soil erosion and lowering of soil fertility; therefore, affects
the sustainability. In this context, residual soil moisture utilization and crop
diversification technology holds paramount importance to alter the non-remunerative
farming pattern. The year round crop cover is ensured once farmers are adopting rice,
pulse and oilseeds based cropping systems in rainfed upland and medium land
situations and residual soil moisture utilization in rainfed low land situations.

The assessment of impact of the technology on farming situation and livelihood of
farmers was carried out covering 20 farmers of Mathurapur, Cuttack district and 19
farmers of Asarala, Khurda district adopting crop diversification in rainfed upland
and medium land condition, respectively and 20 farmers in Delang, Puri district and
26 farmers in Arada, Cuttack district adopting residual soil moisture utilization
technology in rainfed low land condition. Thus, a total of 85 farmers adopting the
technology are considered for the impact assessment.

The farmers of Mathurapur village in Cuttack district are having marginal land holding
with average 0.61 acre only growing paddy with low yield and income before adoption
of crop diversification. The average income is increased by nine fold after the farmers
have started growing crops like pigeonpea, horsegram and potato. Pigeonpea as
intercrop with paddy was grown by nine farmers while horsegram was grown by 10
farmers. Potato crop is also grown in 0.37 acre during rabi availing irrigation by lifting
water from an adjacent dug-well by the group of 20 farmers (Table 3).

The sampled farmers of Asarala village in Khurda district have also adopted crop
diversification. The average farm size is about 2.1 acre, where paddy was mainly grown
during kharif with lower productivity (1.5 t/ha) prior to adoption of crop
diversification technology. Groundnut is grown in an average of 0.9 acre land while
blackgram and horsegram occupy about 0.7 and 0.5 acre area in rabi season grown
mostly through utilization of residual soil moisture. Irrigation is given two to three
times to groundnut crop by lifting water from a creek. Thus, the crop diversification
results in higher production and on an average three fold increase in income (Table 4).

The impact on livelihood of the farmers is realized through average holdings of
physical, social, financial, human and natural assets by the farmers during pre and
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post-adoption period. The minimum and maximum possible mean value for each of
the assets is 1 and 5, respectively. The Figures 3 and 4 depict the average level of five
types of assets before and after adoption of crop diversification by the sampled farmers.

Fig. 3: Average level of different types of assets measuring

Fig. 4: Average level of different types of assets measuring

Even though there is a gain by 25-26% in physical, financial and natural assets holdings
and 17% in financial and human assets of the farmers in Mathurapur village during
post-adoption period, all the five types of assets holdings are still remained below
average level. The farmers being very resource poor with marginal land holding and
cultivating in rainfed upland would need a relatively longer period to have an above
average living standard. Social recognition is reflected with higher mean values of
social assets holdings of the farmers. Natural assets refer to land, water resource and
livestock holding particulars, which is found to be meager for the sampled group of
farmers (Fig. 3 and Table 5).

In contrast, the increase in average level of different types of assets of farmers of Asarala
village is relatively higher. Physical assets gain is maximum (46%) while an increase
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Fig. 5:  Living standard of farmers of Mathurapur village in

of 32% is found in case of financial, natural and social assets. Inspite of higher gains
the average assets holdings are close to average level and needed little more time to
come at above average level (Fig. 4 and Table 6).

Overall standard of living of farmers is assessed through addition of mean values of
all five types of assets of sampled farmers before and after adoption of the technology.
It is presented in the Figures 5 and 6, respectively.

It is noted that living standard of the farmers in both Mathurapur and Asarala remained
below average level; however there is an increasing trend in case of all the sampled
farmers. The extent of increase is relatively higher in case of the sampled farmers of
Asarala. Mean value of overall standard of living of all the adopted farmers derived
through addition of the mean values of five assets, which indicates that it is ranged
from 6.73 to 8.58 during pre-adoption and from 7.32 to 11.65 during post-adoption
period in Mathurapur and from 6.25 to 10.75 during pre-adoption and from 8.57 to
14.43 during post-adoption period in Asarala.  It indicates that the process of change
in livelihood varies from one farmer to another farmer and over the space and time.
The adoption of any technology is not the only but one of the factors influencing the
changes in livelihood of farmers.

Fig. 6:  Living standard of farmers of Asarala village in Khurda
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The residual soil moisture utilization technology in rainfed low land situation is being
adopted by 20 sampled farmers of Delang in Puri district. The average land holding is
about 1.7 acre and Paddy is the predominant crop during kharif season with
productivity increased from 2.7 to 3.7 t/ha due to adoption of scientific practices.
Blackgram and/or greengram crops are grown by the farmers in rabi season mostly
through utilization of residual soil moisture sown in standing crop of paddy or after
the harvest of paddy in the area which otherwise used to be kept fallow. The average
productivity of greengram and blackgram achieved by the farmers is 0.83 and 0.71 t/
ha, respectively providing an additional income of about Rs. 20000/-. Dairy is taken
as secondary occupation by the farmers.  Irrigation is given two to three times to
groundnut crop by lifting water from a creek. Thus, the crop diversification results in
higher production and on an average three fold increase in income (Table 7).

The farmers of Arada village in Cuttack district surveyed during present study used
to keep few patches of their low land fallow after harvest of paddy prior to opt for
residual soil moisture utilization to grow pulses like blackgram and horsegram.
Average cultivable area is 4.5 acre which is predominantly occupied by paddy crop.
Farmers used to grow vegetables in about 1.4 acre; however, they have started growing
pulses in about 1.6 acre with available residual soil moisture that has given an
additional income of Rs. 8500/-. Nine farmers grow paddy in their uplands with short
duration and relatively lower yield (Table 8).

The impact on livelihood of the farmers is assessed through mean level of physical,
social, financial, human and natural assets holdings by the farmers, which refer to
living situation, social recognition, economic condition, socio-personal characteristics
and land/water/livestock resources of the farm family during pre and post-adoption
period. The minimum and maximum possible mean value for each of the assets is 1

Fig. 7: Average level of different types of assets measuring livelihood of farmers of Delang in
Puri district
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and 5, respectively. The Figures 7 and 8 depict the average level of five types of assets
before and after adoption of crop diversification by the sampled farmers.

There is increase in all five types of assets holdings, maximum (43%) being the social
asset and minimum (7.5%) in case of natural assets of the farmers in Delang. However,
all the five types of assets holdings are still remained below average level and would
need more time to come at an above average level. Betterment in living condition, social
recognition and improved socio-personal profile is reflected with higher mean values
of physical, social and human assets holdings of the farmers. Natural assets refer to
land, water resource and livestock holding particulars, which is found to be at a low
level for the sampled farmers in Delang. In case of the farmers in Arada village, physical
assets gain is maximum (45%) followed by social (30%) and financial asset (28%). Both
human and financial asset has increased by 11%. The social asset has crossed the average
level while physical and human assets are closing to average level (Tables 9 and 10).

Overall standard of living of farmers is calculated both before and after adoption of
the technology. It is presented in the Figures 9 and 10.

Fig.  9: Living standard of farmers of Delang in Puri district

Fig. 8: Average level of different types of assets measuring livelihood of farmers
of Arada village in Cuttack district
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Mean value of overall living standard of all the selected farmers derived through addition
of the mean values of five assets, which indicates that it is ranged from 6.75 to 12.60
during pre-adoption and from 8.14 to 15.02 during post-adoption period in Delang.  It is
observed that living standard of the selected farmers in Delang remained below average
level barring one farmer crossing the average level. An increasing trend is evident in
case of all the sampled farmers. Mean value of overall standard of living ranged from
7.74 to 17.60 during pre-adoption and from 9.45 to 20.75 during post-adoption period in
case of sampled farmers of Arada village.  It indicates that the extent of increase in level
of living is relatively higher in Arada. Living standard of seven out of 26 farmers has
reached above average level during post-adoption period. Inspite of having rich natural
resources, rural eastern India is still poverty stricken with narrow livelihood options.
The only way to alleviate poverty in this region is an improvement in agricultural
productivity. But, major constraint to the improvement in agricultural productivity is
poor water management scenario arising out of both scarcities as well excess of the
water. On adoption of residual soil moisture utilisation and crop diversification
technology, farming communities get benefit of increased production and income that
led to their better living. The mono cropping practice with poor rice production has
been transformed into multiple cropping with higher crop productivity which in term
enhanced the net return of the farmers along with diversified livelihood options. By
integrating pulse and oilseeds crops into the rice based cropping system, more insurance
in terms of crop production and net returns has been achieved, which also significantly
enhanced the livelihood security of poor farmers.

Livelihood of one farmer varies from another farmer even with similar farming situation
and adoption behaviour. The adoption of any technology is not the only factor influencing
the changes in livelihood of farmers as livelihood is function of many other direct and
indirect factors like quality and quantity of land holding, resource endowment, family
members' profile, etc having temporal and spatial variability.

Fig.  10: Living standard of farmers of Arada village in Cuttack district
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3.3 Impact of paper mill sludge application in acid uplands technology:

Remarkable area of our country comes under acid soils (49 million ha). Out of this 25
million ha have pH below 5.5 which come under extremely acidic soils. Acidic soils
are characterized by low pH, low cation exchange capacity, low active clay, high
phosphorus fixing capacity and high exchangeable aluminum. Orissa occupies 4.5
million hectares of cultivable area of acid soils having the pH range 4.5-5.5. The origin
of acidity in Orissa is attributed to acid parent material, excess precipitation and usase
of acid forming fertilizers.  They comprise mainly laterite soils, laterite red soils,
ferruginous red soils and red yellow soils. They are low in bases, deficient in organic
matter, nitrogen and phosphorous. Aluminum toxicity and low water retention
capacity are also characterized with these soils. Hence one of the major reasons for the
poor crop productivity of Orissa is due to this acidity problem.

The acid soils of Orissa are mostly concentrated in inland districts than in the coastal
districts. Acid upland soils are predominantly found in Mayurbhanj and Balasore
districts where the crop productivity has been very low. The soil textures of these
districts come under sandy loam to sandy clay loam. Reclamation of these acid soils is
the urgent need to boost the crop productivity of this state. The reclamation may be
done with various liming materials. Any compound capable of increasing the soil pH
and helping in neutralization of acid soil can be a liming material. In Mayurbhanj and
Balasore districts the ideal lime requirement ranges from 1.75 t /ha (sandy loam) to
3.5 t/ha (silty loam).

Even though the wide ranges of liming materials are available in the market, the farmers
of this region are unable to use them because of higher cost of these materials and
poor socio-economic condition. Hence, there is a necessity of an alternate liming
material which will be less costly and effective in reclamation process. In this context
the use of Paper Mill Sludge (PMS) as reclamation material holds relevance.

Sludge is the solid by-product of Pulp & Paper mills containing mainly wood fiber
and also rich in same chemical constituents as par the nature of manufacturing process.
It is composed of input materials for making paper which are primarily wood fiber,
lime, clays, as well as excess organisms produced as part of the wastewater treatment
process. There has been tremendous potential to utilize the paper mill sludge as liming
material in Orissa because of following reasons:

There is a huge production of paper mill sludge by paper mills located in Orissa
(>1.2 lakh tones)

PMS is a by-product from paper mills and can be used for reclamation of acid soils
as it contains CaCO3.
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The farmers located nearer to paper mills will get the material easily.

This practice not only helps in chemical reclamation of acid soils but also enhances
the water holding capacity and organic matter content of these soils.

The assessment of impact of the technology on farming situation and livelihood of
farmers was carried out covering a sample of 24 farmers of Bhimda village of Badsahi
block in Mayurbhanj district and 18 farmers of Rautrapur village of Remuna block in
Balasore district adopting the paper mill sludge application in acid uplands technology.
Thus, a total of 42 farmers adopting the technology are considered for the impact
assessment.

The farmers of Bhimda village in Mayurbhanj district are having marginal land holding
with average 1.03 acre. The yield of paddy increased from 2.6 to 4.4 t/ha after application
of paper mill sludge to reclaim the acid soils. The reclamation of acid soils also prompted
the farmers to grow cash crops like groundnut during kharif and pulses, vegetables and
oilseeds during rabi season. Vegetables and oilseeds are dominant crops after paddy. It
is noticeable that farmers could diversify the cropping after amelioration of acidic
condition through paper mill sludge application. The productivity of vegetables increased
by 2 t/ha, while the productivity of oilseeds and pulses are found to be more than one
ton per hectare. Many farmers have kept cattle and small ruminants which provide
additional income. Few farmers also started to fetch income from poultry and fish. The
average income is increased for all the farmers (Table 11).

The sampled farmers of Rautrapur village in Balasore district have also adopted the
paper mill sludge application to reclaim the soils of acid uplands. The average farm
size is about 1.55 acre. The yield of paddy has increased from 2.7 to 4.5 t/ha after
paper mill sludge application.
Farmers preferred to grow
groundnut in kharif during post-
adoption period as the average area
under paddy decreased from 0.94
to 0.51 acre. Growing of oilseeds
and vegetables by most of the
farmers have diversified the
cropping pattern and enhanced the
production and income of the
farmers. Keeping animals by many
farmers provide additional income. The overall income of all the farmers increased
during post-adoption period (able 12).

The impact on livelihood of the farmers is realized through average holdings of

Fig. 11: Average level of different types of assets measuring
livelihood of farmers in Mayurbhanj district
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physical, social, financial,
human and natural assets by
the farmers before and after
adoption of the technology. The
minimum and maximum
possible mean value for each of
the assets is 1 and 5,
respectively. The Figures 11
and 12 present the average level
of five types of assets during pre
and post adoption period.
The increase in physical assets holding is maximum (increased more than 90%) in
case of the sampled farm families of both Mayurbhanj and Balasore districts followed
by the financial assets gain (67-68%). Maximum improvement in physical and financial
assets indicates the betterment in living condition as well as economic condition.
Increase in human assets of the farmers at both places is about 60%. However, social
assts gain is 57% and 63% for the farmers of Mayurbhanj and Balasore, respectively.
The increase in natural assets is 53% and 43% for the farmers of Mayurbhanj and
Balasore, respectively.  Assets holdings of all the sampled farmers increased (Tables
13 and 14). Physical, social and human assets of the farmers in Balasore have come
above the average level. While social and human assets of the sampled farmers in
Mayurbhanj district are more than the average level. It implies the fact of recognitions
of the farmers in the society on adoption of paper mill sludge application to reclaim
acid soils with better farming and increased production. The increased income on
adoption of technology has motivated the farmers to invest and intervene further like
keeping animals, poultry and fish farming leading to the betterment of income and
living standard.
Overall standard of living of
sampled farmers adopting the
technology in Mayurbhanj and
Balasore districts is assessed on the
basis of all five types of assets of
sampled farmers before and after
adoption of the technology. It is
presented in the Figures 13 and 14,
respectively.

It is noted that living standard of
the farmers at both places was

Fig. 12: Average level of different types of assets
measuring livelihood of farmers  in Balasore district

Fig.  13: Overall standard of living of selected farmers
in Mayurbhanj district
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below average level prior to
adoption of the technology.
However, five and nine of the
sampled farmers in Mayurbhanj
and Balasore districts are found to
have above average level of living
with the change of farming
situation on adoption of paper mill
sludge application technology.
Mean value of overall standard of
living of all the adopted farmers derived through addition of the mean values of five
assets (minimum and maximum possible value is 5 and 25, respectively), which
indicates that this is ranged from 6.05 to 13.42 during pre-adoption and from 10.97 to
21.45 during post-adoption period in Mayurbhanj and from 6.87 to 11.92 during pre-
adoption and from 12.23 to 18.70 during post-adoption period in Balasore. Being a
dynamic process, the change in livelihood varies from one farmer to another farmer
and over the space and time. Therefore, the adoption of technology is one of the factors
influencing the changes in livelihood of farmers.

3.4 Impact of Integration of water chestnut cultivation and aquaculture
technology:

Aquatic crop like water chestnut (Trapa bispinosa) has natural adaptability to grow
under such environment especially in areas where water stagnation above the ground
extends more than six months in a year. Water chestnut (Trapa bispinosa Roxb.) or
‘singhara phal or ‘pani phal’ or ‘pani singhara’ is one of the few neglected but
economically important aquatic crops grown in different parts of India. The 8 million
ha shallow low land ecosystem in the low lying areas of country, of which 5.8 million
ha is in eastern India itself, provides ideal environment for cultivation of this crop,
mainly during kharif season. Orissa is having about 0.08 M ha waterlogged area
predominantly occupied with rice as mono crop with very low yield (<0.9 t ha-1). Due
to its aquatic habitat, crop has resurrection ability despite exposure to brief
submergence or flash flood. The crop gradually adjusts itself with rise in water level
to keep its leaf crown afloat. This provides relatively flood-proof property to the crop
in comparison to other crops in low lying areas.  Water chestnut fruits are generally
consumed as raw or after boiling. Following sun drying, nut-flour is also used as
source of non-cereal carbohydrate diet. A significant portion of the nut is processed
for use as flour for food or for textile sizing.

As fish and aquatic crops integrate well under waterlogged ecology and for harnessing
available water resources to enhance the water productivity of the waterlogged

Fig. 14: Overall standard of living of selected farmers
in Balasore district
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ecosystem, integrated aquaculture is imperative and economically lucrative. Farmers
are always hesitant to grow fishes in isolated water bodies due to risk of theft and
integration of water chestnut offers a surface cover protection in such cases besides
diversifying livelihood options.

In fish-water chestnut integration, highest growth rate is obtained when cat fish like
Magur (Clarius batrachus) is reared with water chestnut. Due to higher yield,
production-size index and performance index, air-breathing fish culture along with
water chestnut is advisable. Moreover, under this co-production system fish gets
natural food even in presence of supplemental feed. Thus under controlled condition
25-30% feed can be reduced during each meal. It also results an increase in gross and
net water productivity and net water productivity.

The assessment of impact of the technology on farming situation and livelihood of
farmers was carried out covering a sample of 35 farmers adopting integration of water
chestnut (WCN) cultivation and aquaculture. The integration of aquaculture with water
chestnut could supplement fish feed requirement. The smothering effect given by water
chestnut crop over water body could deter the pilferage of fish cultivated below.  The
potentiality of water chestnut – aquaculture integrated farming has been reflected
through growth of overall farming system of the adopted farmers and provided a
better earning and living to the small and marginal farmers of the waterlogged
ecosystem.

Survey of 35 farmers adopted the technology reveals that average farm size is 3.30
acre out of which almost half of the area is each under paddy and water chestnut.
However, area under fish farming (cat fish) has been increased by 0.44 acre. Even
though there is not much change in acreage of paddy but its production has been
increased. The average production of water chestnut increased by about 1.22 tonne
with additional fish harvest of 0.36 tonne, which may be attributed to integrated cat
fish culture with water chestnut. The integration of aquaculture with water chestnut
has also increased the average income of farmers by Rs. 33,000 approximately. The
total average income of the farmers from the farming has increased by more than 50%
after adoption of integrated water chestnut cultivation with aquaculture technology
(Table 15).

Variables under five types of assets measuring the changes in livelihood are assessed
on the basis of the responses of farmers on a 5-point continuum scale (minimum and
maximum value is 1 and 5, respectively) and mean values are derived for each type of
asset. It is evident from the Figure 15 and Table 16 that there is an improvement in all
the five types of assets measuring the changes in livelihood of farm families during
post-adoption period.
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Fig. 15: Average level of different types of assets measuring
livelihood of farmers during pre and post adoption period

Four out of five types of
assets holdings are found to
be below average barring
the social asset before
adoption of the integrated
farming of water chestnut
and cat fish culture
technology. Financial assets
gain is found maximum (by
41%) followed by physical
(35%), social (31%) and
human asset (29%). Natural
asset gain is meager (7%) and except this one, all other asset holding of farm families
increased considerably to come at above average level. Maximum improvement in
financial and physical assets indicates the betterment in living condition as well as
economic condition. The increased income on adoption of technology has motivated
the farmers to invest and intervene further leading to the growth in physical and
financial assets. Social recognition is also reflected with higher mean values of both
social and human assets holdings of the farmers. Natural assets refer to land, water
resource and livestock holding particulars, growth of which generally requires more
time as compared to other types of assets.

Overall standard of living of farmers is assessed through summing up of mean values
of all five types assets holdings of sampled farmers before and after adoption of a
particular technology. It is presented in the Figure 16.

It is noted that living
standard of 3 out of 35
farmers was above
average level prior to
adoption of the
technology. However,
30 out of 35 sampled
farmers have been
brought to above
average level of living
with the change of
farming situation on

adoption of water chestnut cultivation integrated with aquaculture. Mean value of
overall standard of living of all the adopted farmers derived through addition of the

Fig. 16: Overall standard of living of selected farmers before and
after adoption
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mean values of five assets, which indicates that this is ranged from 10.60 to 15.65
during pre-adoption and from 13.55 to 20.95 during post-adoption period (minimum
and maximum possible value is 5 and 25, respectively). Being a dynamic process, the
change in livelihood is dependent on many factors having spatial and temporal
variation. The process of change also varies from one farmer to another farmer and
over the space and time. Therefore, the adoption of any technology is not exclusive
but one of the factors influencing the changes in livelihood of farmers.

There is market demand for both fish and water chestnut; therefore, growing water
chestnut in combination with aquaculture fetches good income to the farmers of
waterlogged area. Moreover options of post harvest processing of nut to flour could
potentially avoid distress sale of excess harvest as well as provide better market price.
Growing fishes in isolated water bodies is always vulnerable to theft/poaching and
farmers are always hesitant to invest in fisheries away from their homestead.
Integration of water chestnut offers a surface cover protection in such cases besides
adding income from the crop. Shallow waterlogged areas of eastern India, where
surface drainage is not possible, and water stagnates for a period of at least six months
for a depth of more than 50 cm, this technology is a farmer friendly and cost effective
option.

Under ICAR-CARE collaboration on "dissemination of inland water management
technologies", the developed package of practices for water chestnut cultivation has
been adopted by "The CARE India" under their dissemination program in three tribal
districts (Bolangir, Phulbani and Gajapati) of Orissa. Successful implementation of
the technology led to spread of water chestnut cultivation technology in tribal districts
of Orissa. In the feed back report they intended extension of the technology through
their on going schemes.

4. CONCLUSION

The adoption of selected technologies by the farmers has made positive impact on
farming and livelihoods of the farmers. The technologies are being adopted in different
agro-ecosystems as per the suitability; however, the differential impact is realized
due to more of the cropping and/or farming options available to the farmers in the
process of adoption of a specific technology. It is evident that inclusion of vegetables
in cropping pattern and fish farming has made relative better impact on production
and income of the farmers resulting betterment in their livelihood. The variability in
the changes of assets which measure the livelihood of farmers is depended on initial
assets holding of the farmers.   The process of change varies from one farmer to another
farmer and over the space and time. Therefore, the adoption of any technology may
not be only but one of the factors influencing the livelihood of farmers.
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