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magnitude (constant prices) during the economic life of the system. Financial feasibility 
analysis was carried out assuming two alternative scenarios, �rst, without any opportunity 
cost (some land has turned into completely barren and no ‘next best alternative’ available 
hence ‘zero’ return) and second, with opportunity cost (some land under cultivation with 
paddy-wheat-mint cultivation and net return from this land was considered as the 
opportunity cost). The land modi�cation models can be constructed in these two kinds of 
land beside canal and such models are not recommended for the farmers, operating normal 
land, which are otherwise quite productive.  
The �nancial feasibility analysis was carried out on the two types of most successful models 
(currently under operation with active farmers engagement and fully managed by the 
farmers themselves) based on the actual area, 0.60 ha (crop-�sh based) and 0.46 ha (�sh-
crop based) (Table 3). The initial investment was calculated assuming the existing rate (Rs. 
90-95/cu.m of soil) of soil excavation prevailing in the area. While assuming the rate, 
NABARD’s guideline in the Uttar Pradesh state for pond excavation was consulted. The initial 
investment was calculated to be Rs. 2.82 lakh and Rs. 2.12 lakh for the area of 0.60 ha and 0.46 
ha, respectively, at 2018-19 prices.  Financial feasibility analysis indicated both the models 
were quite attractive in terms of future investment with positive IRR (37% & 56%) and NPV 
(Rs. 249741 & Rs. 368752), BCR (1.37 & 1.22). The initial investment was quickly returned by 
pond based (�sh-crop) system (1.75 years) as compared to crop-�sh based (2.6 years). The 
pond based system was seen to be using the system very extensively (high cost and high 
return) with high density of �sh rearing, whereas crop-�sh (vegetables-�sh mainly) was 
utilised more extensively for growing crops, mainly vegetables. All the �nancial analysis 
criteria were also found to be favourable for investment on such models when the 
opportunity cost of the land included. The analysis indicated investment on such models is 
quite attractive in the study area. The break-even analysis suggested such models can be 
constructed in smaller land and suitable even for the small-holder farmers prevailing in the 
affected area. However, based on actual �eld operation experience it was observed that an 
area of around 1.0 ha under crop-�sh based system and 0.50 ha under �sh crop based ystem 
would be suitable for carrying out agricultural operation, particularly to facilitate the farm 
machineries, otherwise the system would remain heavily dependent on the human labour 
only., pond based system and for other farmers crop-�sh based models can be proposed.  

Table 3: Economics and Financial viability of the Land Modi�cation Systems
 (2018-19 prices) (per actual area)
Particulars Land modi�cation  Land modi�cation  
 as crop-�sh based as �sh-crop based
Area under intervention (ha) 0.60 0.46
Per cent area under pond 53 64
Initial Investment (₹) 282000 212040
Economics  
Average annual O&M cost (₹) 91884 336410
Average annual gross return (₹) 200529 487653
Average annual net return (₹) 108645 151243
Output-input ratio 2.18 1.45
Financial viability (with no  opportunity cost)  
Internal rate of return (%) 37 56
Net present value (₹) 249741 368752
Bene�t-cost ratio 1.37 1.22
Payback period (years) 2.6 1.75
Break-even size of intervention (ha) 0.44 0.38
Financial viability (with opportunity cost)  
Internal rate of return (%) 34 53
Net present value (₹) 210350 338549
Bene�t-cost ratio 1.34 1.20
Payback period (years) 2.82 1.85
Break-even size of intervention (ha) 0.45 0.38
Financial viability (with 25 percent subsidy 
for initial investment without opportunity cost)  
Internal rate of return (%) 51 76
Net present value (₹) 311583 415252
Bene�t-cost ratio 1.62 1.25
Payback period (years) 1.95 1.31
Break-even size of intervention (ha) 0.37 0.36

Socio-economic suitability of adoption of land modi�cation models
Average farm size of the farmers in the study area was 1.03 ha and out of which 39% of their 
land was highly degraded (usher), highly sodic and also waterlogged. The land modi�cation 
models are suggested for the degraded land only as the other land are of good quality and 
farmers can grow any crops as per their choice.  Based on the economics and �nancial 
feasibility of the land modi�cation models, it was estimated that a plot size of around 1.0 ha of 
land will be suitable for the land modi�cation models when farmers aspire for both crops (63% 
area) and �sh (47% area) cultivation. Such area will also facilitate easy operation of machineries 
for cultivation of crops. On the other hand, a plot size of 0.55 ha with 64% pond area will be 
suitable for farmers who aspire for intensive �sh cultivation along with crops (33% area). 
Keeping in view of this, the analysis of farm size characteristics indicated that around 43% of 
the farmers were having similar kind of suitable land and out of which 65% were willing to 
adopt such models, given the partial or full �nancial support is provided to cover initial 
investment needed for land excavation. Implementation of such models can increase the 
number of food surplus households (48%) and also will help providing employment 
opportunities to the land less farmers (5%) in the affected areas.  Besides, farmers were also 
desperately looking for and low cost alternative of managing their degraded (usher) land and 
some of the common practices were incorporation of water hyacinth, farm yard manure (FYM), 
cow dung or leaving straw in the �elds for decomposition, but all these were not good enough 
to provide positive net return to their practices.
A number of land modi�cation models are successfully demonstrated in the farmers’ �eld since 
2006 and the current socio-economic study carried out to �nd out the perception of farmers as 
well as technology developers (Scientists and technical personnel) on effectiveness/adoptability 
of such models in the problem area. Farmers perceived the models are feasible for growing a 
number of crops, land quality improved and pro�table. As water was available from the canal 
throughout the year, number of crops and �sh were grown continuously in the system. It 
provided the regular income and gainful employment of the farmers throughout the year.  
However, major constraints were high initial investment and highly labour intensive. Farmers 
having adequate family labour can manage the systems but availability of other alternatives 
livelihoods options, management of these labour intensive systems can be challenging. Besides, 
rearing �sh is a taboo for some farmers and against the social norms, making the system 
underutilised, sometimes. This might be the reason few farmers who managed the systems very 
effectively at early years, now keeping the system somewhat uncared. Also high fragmentation 
of land could be major issue to development of such models in many other farmers’ �elds. 
Scientists perceived the models are problem solving and techno-economically sustainable. The 
land quality improved, good quality irrigation water was made available for using in crop 
cultivation and �sheries, water quality remained good even after �ve years of establishment and 
intensive use of the systems, providing regular income and employment to the farm families and 
such models can be constructed in many other �elds. 
Way forward for out-scaling of land modi�cation models
The demonstrated land modi�cation models for waterlogged sodic land in Uttar Pradesh 
were found to be technically and �nancially viable proposition in the study area. The 
innovation has been found technically feasible, pro�table, has opened up several 
opportunities for other farmers but challenged by socio-economic factors such as land size, 
land fragmentation,  investment capacity, management of risk, distance from canal, size of 
land modi�cation, alternative livelihood options etc, for its wider adoption. The innovative 
land modi�cation models can be considered a solution to existing problems which is 
techno-economically sustainable but challenged by socio-economic constraints. There is a 
need for �nancial support for the initial investment to be made. Govt. schemes might be 
initiated from �nancial support for promotion of this model or can be linked with existing 
schemes like NABARD which has already available scheme for �nancing on pond excavation 
in the state.  Mainstreaming with the Govt. schemes such as Reclamation of Problem Soil 
Scheme under RKVY can be a good support to the farmers particularly to meet the high 
initial investment cost. Some farmers having affected land but may not be interested for 
cultivation as they are engaged in other alternative livelihoods like small business or 
industrial worker. But some farmers are engaged full time in farming and dwelling in the 
villages are interested to manage the system on lease after construction. Also, promoting 
multi-functionality approach (agriculture plus other services like tourism) in agriculture can 
be another opportunity to disseminate the systems in the study area. Agro-tourism 
entrepreneurship development based on this land modi�cation system may attract the 
investment from investors and promotion of the systems. 

Note: Opportunity cost is net return (  14349 per ha) from prevailing rice-wheat-mint cropping ₹
system for average area of 0.60 ha (  8609) and 0.46 ha (  6601). No opportunity cost indicates no ₹ ₹
return from 'next best alternative' option i.e., land become unsuitable for any growing any crops. 
Such is prevailing near to the canal (within 50 m of distance from canal).  
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�eld suggested that was a need to redesign the system, particularly to the bed sizes (25 m). Based on the 
experiences LMM was redesigned and integrated farming systems (crop-�sh) was successful. Since 
2012, �ve such models have been constructed at farmers’ �elds and farmers are utilising the system 
extensively and gainfully (Fig. 1 and Fig. 2). The unproductive land, locally called ‘usher’ or barren was 
turned into productive by these innovative land modi�cation techniques.

Land Modi�cation Models for Managing Waterlogged Sodic Soils in Uttar 
Pradesh – Economics and Financial viability
Background 
Sharda Sahayak Canal provides irrigation to 17.80 lakh ha of arable area in 16 districts of Uttar Pradesh. 
Currently, about 0.35 million ha sodic lands affected with shallow water table conditions in Sharda 
Sahayak Canal Command area and are not suitable for cultivation economically, even after conventional 
method of gypsum based reclamation efforts. This has led to diminishing land-water productivity and 
loss of livelihoods for the farm families in this command. Harvesting and management of canal seepage 
water through modi�cation of land, an initiative by ICAR-CSSRI, RRS Lucknow,  could be one of the 
solution to grow multiple cropping of this land which otherwise remained unproductive. Such land 
modi�cation models have been developed to harvest and manage the canal seepage water in Uttar 
Pradesh alongside the canal. The efforts have resulted into possibility of growing several crops on this 
waterlogged sodic soil.  Economics, �nancial feasibility and sustainability are considered essential for 
success of new technology. Land modi�cations models have been evolved and demonstrated by ICAR-
CSSRI, RRS Lucknow  in farmers �eld under waterlogged & saline conditions near Sharda Shahyak canal 
irrigation command areas in Uttar Pradesh to address the challenge of growing crops. Economics, farm-
level impact, �nancial viability and suitability of large scale adoption of these models have been 
assessed based on �eld level data. Since the demonstration of this innovative land modi�cation models 
in waterlogged sodic soils on farmers’ �elds (8 no), no detailed studies on economic performance of land 
modi�cation models have been carried out to know its  economics, �nancial feasibilities and role in 
improvement of livelihood security of resource poor farmers. Hence, this study assessed the farm-level 
impact of land modi�cation models on livelihood security of farmers in waterlogged sodic soils of 
Raebareli and Lucknow districts, Uttar Pradesh  in Sharda Sahayak Canal command and its larger 
implications to the region. Land modi�cation models were constructed in various years during 2005-06 
to 2017-18 at farmers’ �elds. Primary survey was conducted for detailed information on farm size, 
educational status, occupation, cropping systems, pattern, income sources, costs and returns of crops 
grown, production and marketable surplus of crops, selling of crops, agricultural risks and constraints in 
farming. Information on socio-economic characteristics of the farmers was collected from both 
bene�ciary and non-bene�ciary farmers in the study villages for estimating the impact and suggesting 
possible out-scaling options. Economics of the crop, �sh and cropping systems was analysed applying 
farm budgeting analysis. Financial analysis was carried out by employing investment criteria such as 
Internal Rate of Return (IRR), Net Present Value (NPV), Bene�t-Cost Ratio (BCR) and Payback period. 
Besides, based on the investment analysis also the minimum economic size of the system has been 
computed. 

The innovation 
Sharda Sahayak Canal, a major irrigation project was initiated in 1968, however, after initial years the 
twin problem of waterlogging and salinity (sodicity) emerged. Continuous seepage from canal water 
(due to absence of appropriate drainage, gradient or soil structure) resulted in extensive waterlogging 
and salt accumulation in the soil. Currently, about 0.18 million ha of land is affected by waterlogging and 
sodicity in the Sharda Sahyak canal command area of Uttar Pradesh. The water table in the adjoining 
canal area increased (<2 m) and led to waterlogged sodic soil that turned into large area completely 
barren or poorly productive. It was observed that the severely affected land was extended to up to 50 m 
(completely barren) where no crop could be grown and up to 250-300 m land productivity declined 
drastically alongside the canal. As the water table was within 2 m, the gypsum application was not 
successful and not recommended as amelioration. Sub-surface drainage (SSD) was installed for 
managing the waterlogging condition in the �eld. However, due to absence of favourable gradient and 
heavy rain in wet season, the drainage system choked and the SSD system could not be a solution for the 
problem. Intercept drainage was also attempted in small area but could not be made successful due lack 
of community approach in the area. Bio-drainage through planting eucalyptus trees were tried but 
yielded limited success. Finally, the land modi�cation technique with ‘raised and sunken bed’ was 
innovated and demonstrated at farmers’ �eld in 2005. These land modi�cation models (LMM) were 
successful, several crops were feasible to cultivate, �sh was grown in harvested seepage water in sunken 
beds and the system was found to be pro�table. Experiences on the demonstration of LMM at farmer’s 

 Extent of problems and crop losses 
Affected areas were located along both sides of the Sharda Sahayak canal and most of the land was 
affected by waterlogging and sodicity problem up to 250-300 m of distance from canal. Some (within 50 
m distance from canal) of the land beside the canal was turned into completely barren and 
unproductive. However, farmers were still trying to grow some crops, mainly paddy, wheat and mint 
(mentha), wherever possible.  Average area under operation was estimated to be 1.49 ha, out of which 
more than half of their land (55%) were severely affected by waterlogging and sodicity problem. The 
agricultural land beyond 300 m of distance from canal was almost normal, receiving regular irrigation 
water from canal and quite productive. Rice-wheat is the dominant cropping system, followed by rice-
wheat-mint cropping system prevailing in the area. Same cropping system was followed in the salt-
affected land (50-300 m distance from canal) but suffering from severe crop losses as compared to the 
normal land. The crop losses were estimated to be 45-62% in terms of production and gross return (Table 
1). Productivity of paddy (4.3 t/ha), wheat (2.9 t/ha) and mint oil (113 kg/ha) reduced signi�cantly (1.9 
t/ha, 1.1 t/ha and 62 kg/ha for paddy, wheat and mint, respectively), due to the waterlogging and sodic 
problem in the area. The problem was so acute that only rice-wheat could be grown with very low 
productivity and mint was not possible to grow.  The net return was calculated to be negative for paddy 
and wheat cultivation as the family labour was accounted in the cost. Only cultivating mint was found to 
be somewhat pro�table in the affected area in relatively good soil. Cropping intensity was reduced by 
60% due to this twin problem in the study area. Still farmers, who have available family labour and no 
other alternatives, were trying to grow few crops, wherever possible.  With 185% cropping intensity and 
0.18 million ha under salt and waterlogged affected land, the production loss was estimated to be 
valued at Rs. 12490 million. 

Fig. 1: Land modi�cation area 
layout under raised and pond 
of a farmer's �eld (0.60 ha)

Fig.2: Land modi�cation models demonstrated at farmers’ �elds

Table 1: Cropping pattern, pro�tability and extent of loss of existing cropping systems
Particulars Normal land Salt-affected land  Extent of loss due to 
 (beyond 300 m from canal) (50-300 m from canal) waterlogged &  sodic problem
 Rice Wheat Mint Total Rice Wheat Mint Total Rice Wheat Mint Total
Yield  4267 2933 113 7313 1920 1100 62 3082 2347 1833 51 4231
(kg/ ha)         (55) (62) (45) (58)
Total  35317 33760 52558 121635 30012 25008 36971 91991 5305 8752 15587 29644
cost 
(₹/ ha) 
Gross  61872 43995 113000 218867 27840 16500 62000 106340 34032 27495 51000 112527
return         (55) (62) (45) (51)
 (₹/ ha)
Net  26555 10235 60442 97232 -2172 -8508 25029 14349 28727 18743 35413 82883
return 
(₹/ ha)
Output 1.75 1.30 2.15 1.74 0.93 0.66 1.68 1.09 0.82 0.64 0.47 0.65
input ratio
Cropping  - - 185 - - - 125 -   60

Economics of land modi�cation models 
After experiencing the unsuccessful (or limited success) attempts such as bio-drainage, 
intercept drainage, sub-surface drainage (SSD) and gypsum application, researchers were 
trying to �nd alternative solution to the problem. Finally, to address the twin problem of 
waterlogging and sodicity prevailing in the area, ICAR-RRS Lucknow Scientists developed 
alternative land use system, called land modi�cation models (LMM) which were 
successfully demonstrated in the farmers’ �eld since 2006. Further, based on �eld 
experience the models were re-designed in 2012 to suit the �eld conditions. So far the LMM 
has been tried in 8 demonstration plots covering 3.71 ha of land. Initial cost of the 
construction of all models were Rs.10.28 lakh (nominal price), ranging from Rs. 0.31 lakhs to 
2.50 lakhs with an average of Rs. 2.77 lakh/ha. The models were demonstrated in the 
farmers’ �eld at a distance from 42 to 185 m from canal. The area under pond/sunken bed 

was 26-64% and the raised bed was 36-74% across the different LMM systems. The area 
distribution (raised or sunken) and the distance from canal were crucial for the 
success/failure of the models. The LMM has two major components raised bed and sunken 
bed. The sunken bed was used for harvested stored water, drawn by natural seepage from 
the canal water and used for growing �sh. Raised bed reduced the salt accumulation and 
suitable for growing a number of crops such as cereals, fruits, vegetables, oilseeds, pulses, 
mint etc.  Economics of the land modi�cation systems, raised & sunken bed and pond based, 
was calculated from the average cost-return data pertaining to the year 2017 and 2018. 
These models were successfully managed by the farmers even after withdrawal of any 
support to the farmers. The cropping system yield was higher by 1.86 t/ha and 4.69 t/ha as 
compared to the prevailing paddy-wheat-mint cropping systems practiced in the area (50-
300 m distance from canal) (Table 2). Vegetable-vegetable-�sh and �sh-vegetable based 
integrated cropping system provided incremental net return of Rs. 1.30 lakh/ha 
(contribution of �sh was 45%) and Rs.3.14 lakh/ha (contribution of �sh was 84%), 
respectively, over the paddy-wheat-mint cropping system. Overall the output-input ratio 
increased from 1.09 to 2.18 (vegetable-�sh based) and 1.45 (�sh- vegetable based) in the 
evolved cropping systems under the models. Overall the cropping intensity of the system 
increased to 300% and 220% as compared to 125% existing cropping system.  

Table 2: Incremental cost-return of the land modi�cation models (2018-19 prices)
(per hectare)

Particulars Salt-affected  Enterprises under Land Incremental
 land (50-300 m) Modi�cation cost/return

 Rice-Wheat- Crop-�sh Fish-crop Crop-�sh   Fish-crop
 Mint   based  based  based based          
System Yield (kg/ha) 3082 4942 7775 1860 4693
Total cost (₹/ ha) 91991 122512 731326 30521 639335
Gross return (₹/ ha) 106340 267372 1060115 161032 953775
Net return (₹/ ha) 14349 144860 328789 130511 314440
Output-input ratio 1.09 2.18 1.45 1.09 0.36
Cropping intensity 125 300 220 175 95
Rental income (₹/ ha) 12000 35000 35000 25000 25000
without cost sharing 

*Contribution of �sh 84%.

Farm-level impact of land modi�cation models 
Farm-level impact of land modi�cation models has been analysed through identifying and 
estimating different indicators, cropping pattern,  cropping intensity, level of crop 
diversi�cation, employment opportunities, income, crop productivity, production risk, 
asset creation by farmers and externalities. The demonstrated models in the salt-affected 
areas has created the options to grow a number of crops such as vegetables, spices, fruits, 
fodder, potato etc., beyond the usual practices of rice, wheat or mint. The models were 
utilised to grow crops throughout the year, hence increasing the cropping intensity (from 
125% to over 250-300%), crop diversi�cation (from 0.24 to 0.86 of Simpson crop 
diversi�cation index) and providing employment to the whole family throughout the year.  
The crop productivity of the system could be increased (3.08 – 7.78 t/ha) from prevailing 
productivity (1.50-2.00 t/ha) of the crops. The crop production losses in the affected areas 
(45-62 %) was also minimised due to the adoption of such models. The incremental bene�ts 
arising out of the crop cultivation have helped farmers to buy new assets such as buying 
livestock, bikes, making pucca houses and empower them �nancially.  Implementation of 
land medication has increased the rental value of land as well as land value, which otherwise 
remained un-productive.
Financial viability of the land modi�cation system
Economics of the evolved land modi�cation models were found to be favourable with 
consideration of the operational and maintenance cost (O&M cost) and gross return from 
the system. However, such models needed large amount of initial investment for excavation 
of land and followed by expenditures on O&M for the system over the subsequent years 
(economic life). For this analysis the time value of money needs to be considered, therefore 
�nancial feasibility of the investment on such systems were computed in terms IRR, BCR, 
NPV, Payback period and economic size of the system.  Economic life of 10 years was 
assumed for the analysis because beyond which major investment will require for the 
system, cost-return �ows might be changed signi�cantly due to policy or structural change 
in the economy. Discount rate was assumed 14% (maximum lending interest rate by 
bankers, will take care of time value of money); cost and return will change in same 

*Yield of mint represent mint oil


