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ABSTRACT 

Wetlands play a pivotal role for storing & recycling, maintenance ecosystem and water table 

through recharging its aquifers and are highly exploitable for the benefits of mankinds, But 

these are not being used wisely, degraded day by day, mishandled due to so many causative 

factors, natural disaster etc., which suffers a lot. Multi-dimension wetland divergence 

comprised >23.5 million ha scattered, exists mainly in the north-eastern part of Indian sub-

continent. These are immense valuable; well fertile as well as productive in nature, is useful 

for fish variables, aquatic crops (foods, non-foods and other aquatic commercial crops), fish-

crop diversification etc. Moreover, it preserved carboniferous environment of the ecosystem 

as sources, sinks and transformers of a multitude of chemical, biological and genetic 

materials, which served as 'natures kidney' (James, 1995) and ultimately, sustained for 

economic stability to millions of people of the greater regions. This paper also deals with 

number of case studies through government sponsored research projects (NWDPRA, ICAR, 

DoLR, Ministry of Rural Development, New Delhi) through Bidhan Chandra Krishi 

Viswavidyalaya on integrated wetland management for conservation and wise use, suited to 

bio-diversity of the zone-specific (New, Old including Coastal zone), are thus imperative for 

enhancing productivity and upliftment of rural economy as well. It emphasized utilizing 

divergence of waste aqua-terrestrial ecosystem (deep, semi-deep, temporary) through 

adaptation of improvised agro-techniques (system approach, methodology, evaluation, 

management includes nourishment etc.) for valuable underutilized aquatic food crops, fish-

cum-aquatic food crops [starch & protein-rich crops like deep-water rice (Oryzasativa L.), 

water chestnut (TrapabispinosaRoxb.), makhana (Euryale feroxSalisb.), water-lily (Nymphaea 

sp. Linn.) etc.] and fish genotypes (energy-rich life-fishes, carp etc.) through the unique 

approach of watershed plans developed through need-based excavation and renovation of 

watershed basins (WHT) for water productivity of the projected areas. Indeed, these were 

formulated integrately for upright production system, exhibited economic outturn due to wide 

use of natural resources including conservation of runoff to a great extent and it utilized 

precisely for arable cropping systems (agricultural, vegetables including tree plantations). 

Comparative advantages of farming systems (GMP, NP & B-C ratio) including its value-

added products, which are economically viable to the marginal, even resource-poor farm 

families, exhibited >2.5 folds gained to its sustainable level of the regions. From the study it 

may be concluded that it is thus imperative to utilize this vast unused wetland ecosystem of 

the country with impetuously for water productivity, foods, livelihood development, 

engagement of household labours and ultimately, economic viability that are inextricably 

linked with rural economy and sustainability as well. 

Keywords: Wetlands, aqua-terrestrial ecosystem, agro-techniques, aquatic crop-fish diversity, 

productivity & production economics 

INTRODUCTION 

Wetland Scenario  

In Eastern part, Agriculture is also the key source of income, which governs the economic setback of 

this zone concerned. Out of total cultivable lands, wetlands, are the next important but untouched 

situation after arable lands, particularly in this thrust areas. This important wetlands (‘Tal’ lands) a 

saucer shaped wet body, inter-phase between land and water, are usually located at the ecotones 

transitional between dry terrestrial and permanently wet ecosystems, plays significant role for 

maintaining ecosystem as ‘Nature’s kidney’ (James, 1995). Wetlands comprises either permanently, 

semi-permanently or temporarily (occupying >4 months/year) in a given year. Survival of human 
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civilization is inextricably linked with wetlands, which may sustain economic stability of hundred 

million of people. Wetland comprises 6.4 per cent (855.8 million ha) of the world total area of which 

23.5 million ha covered in India (even may be extended >40.0 million ha during peak rainy months in 

unprecedented form), dominated mostly in north-eastern and coastal part (25-30%) of the country 

(Puste, 2004 and Puste and Das, 2001).  

 

In the country, this has possible due to have chains of main river system (The Ganges, Brahmaputra, 

Padma, Mahanadi etc.) intersected with so many tributaries and canals, oxbow lakes (commonly 

known as jheel, beel, nayanjali, maun, pools etc.) - possible to make a saucer shaped wetland 

ecosystem bounded by land terrestrial. However, about 0.10 - 0.11 million wet bodies of different 

sizes are scatteredly covered an area of 0.307 m ha, dominated mainly in the mid to southern part, a 

sub-zone ‘low-lying flood plains’ i.e. ‘Tal’ lands under New, Old Alluvial and Coastal Zone of West 

Bengal. 

Scope and Utilization 

Not systematically, but in scattered way these swampy, fertile, productive wetlands are utilized 

occasionally by the associated farmers, who are inextricably linked with the system for the production 

of immense value of nutritious, important and popular aquatic food crops like deep water rice, water 

chestnut or singhara (TrapabispinosaRoxb.), makhana or fox nut or gorgon nut (Euryale feroxSalisb.) 

and Jal kachu or Panikachu(Colocasia spp.) etc.; lotus (Nelumbiumspeciosum) and water lily 

(Nymphaea spp.) has food-cum-ornamental value; non-food commercial crops like Cyperus spp., 

shitalpati (Clinogynedichotoma)used for matreed, hogla (Typhaelephantica) used for making of 

various types of thatched house for poor people, shola (Aeschynomeneaspera) has its esthetic value 

and used for making different valuable decorative handicrafts, are most important. Para grass 

(Brachiariamutica) andCoix (Coixspp.) used for fodder etc. Some aquatic high value medicinal plants 

like brahmi or water-cress (Nasturtium officinale), kesuti (Ecliptaalba), water lettuce (Pistia 

stratiotes), thulkuri (Hydrocatyleasiatica) etc. are also familiar, used ayurvedic industry, grown either 

naturally or sometimes cultivated in marshy wetlands. Besides, the introduction of fish (sweet water 

major and minor carps, energy-riched live-fishes along with so many indigenous fishes) along with 

this system is a natural occurrence, though, the over all production of the system and economic out 

turn is not at all encouraging due to technical back up, not practiced in a systematic manner. 

Improvised System Approaches  

It is recommended that it is most urgent and needful on the integration of aquatic food crops (deep 

water paddy, water chestnut, makhana, Colocasia spp., Typhaspp. and Nelumbiumspp.) along with 

fish genotypes under aqua-terrestrial ecosystem for total production and more income generating of 

the country. Introduction of fish along with deep-water paddy in semi-deep to deep wetlands is 

common for the utilization of food, energy and total productivity. Likewise, integration of fish along 

with such aquatic food and non-food crops are the most important farming system, which is not only 

for optimum utilization of waste wetland ecosystem for better prospect but will provide significant 

economic out turn than that of single one. However, no. of case studies have been undertaken at 

farmers level on the integration of the system through the implantation of number of research projects 

the implementation of ToT (transfer of technology), TDET (Technology Development, Extension and 

Training) based research and development projects [(NWDPRA, ICAR, DoLR, Ministry of Rural 

Development, Government of India sources, resulted more encouraging. Indigenous energy rich air 

breathing fishes like - Channastriatus, C. punctatus, C. marulius, Clariasbatrachus, 

HeteropnuestesfossilisandMonopteruscuchiaetc. which prefers much by the rural people, particularly 

in the villages of North-Eastern part of the country. It is most unfortunate that these fishes are 

becoming extinct species day by day and not being taking any preservative measures in this context. 

CROP VARIABLES IN AQUATIC SYSTEM  

Water Chestnut  

Among the aquatic food crops, water chestnut under the family Trapaceae or Onagraceae and 

makhana under the family - Nymphaeceae, both are the annual, floating-leaved herbs (with C3 type of 
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photosynthesis), growing in diverse areas from tropics to Frigid Zone with a great importance to wide 

sector of rural people. It is native to South-East Asia with the prevalence of tropics to sub-tropics 

accomplished by humid to sub-humid environmental countries like China, Japan, Malaysia, Thailand, 

Philippines, Java, Sumatra, Nepal, Bangladesh, Sri Lanka and India. Both the crops are habitats in 

lakes, tanks, pools and water reservoirs with a clay mucky soil layer of 15-20 cm at the bottom.Fresh 

immature kernels of water chestnut fruits are used as a popular article of food in raw and cooked or in 

the form of ground powder to make chapattis (breads) which are abundant sources of starch (23.3%), 

protein (4.7%), minerals (1.1%), fibre (0.6%), negligible fat (0.3%), essential amino acids (3.55 - 3.67 

mg/100 g), plentiful vitamin B (including B1, B2, B5 and B6, E, A) with 70% moisture which preferred 

by the rural people.  Kernels are also taken in the form of vegetable or in the shape of sweet dishes of 

many kinds. Because of negligible fat percentage, water chestnut is easily digestible and helpful for 

dieting patients. Fruits have a cooling effect and useful against bilious infection and diarrhea. It has 

been possible to isolate gallic acid from the nuts for preparation of medicines that are useful against 

stomach cancer and ethanolic extract of nuts has anti tumor activity. Besides, for dyeing, the dried and 

ground powder is also employed in certain part of the country to make red gulal powder or abir, 

extensively used for ‘holi’ festival (Puste, 2004). 

Makhana 

Likewise, matured makhana kernels or nuts has its immense food value, comprised rich in 

carbohydrate (76.9%), protein (9.7%), fat (0.1%), total minerals (0.5%) of which 0.02% Ca, 0.9% P 

and 1.4 mg Fe/100 g. The seeds or nuts which may be of the size of a pea or cherry are black to 

grayish black in colour and eaten raw or roasted. On roasting in hot sand, the seed coat swells and 

subsequently burst and popped-off from the hard seed coat. Seeds are sold in the markets and used as 

a farinaceous food. It is also used for milk-based food preparation like kheer, puddings and curry due 

to its rich nutritive value (Puste, 2004).It has medicinal value and is used as an ingredient in the 

preparation of indigenous tonics. The seeds are tonic astringent and deobstuent. It serves as a source 

of starch for textile industries and its appreciable amino acid composition has also been determined. 

The expanded and popped kernels are very costly that are used in almost all the Vedic oblation and 

other religion rituals, - interestingly, it is being export to foreign countries as a nutritious food 

products. 

Water-lily  

Water lily (Nymphaea spp.) is an aquatic perennial herb under the family of Nymphaeceae. The seeds 

are roasted and eaten. Tubers and seeds are eaten and the long peduncles are eaten as vegetables, 

familiar to the rural people. The decoction of flowers is prescribed for palpitation of heart, flowers 

removes impurities from blood. The powered rootstock is given in dysentery, diarrhea and piles. 

Taro or Colocasia sp. or Cyrtosperma sp. 

Taro or Colocasiaspp. or Cyrtosperma sp. is a native of marshy wetlands under the family Arecaceae, 

originated in South-East Asia. The edible part is lati, cormels, corm, leaves and petioles, which are 

very common ingredients, palatable as vegetables. It is an economically viable wetland crop with 

profuse production with proper management. 

Lotus or Padma  

Lotus or padma (Nelumbiumspp.) is an aquatic perennial herb with rhizomatous stem has ornamental 

as well as food value, very familiar to Indian context. Seeds are ground to flour and bread is made. 

Seeds are also eaten as raw, cooked, candied and canned. Rhizomes are marketed as fresh or dried and 

it also produces a kind of arrowroot, used in dysentery or diarrhoea. 

Mat-sedges 

Sedges (Cyperusspp.) and shitalpati (Clinogynedichotoma) both are aquatic shrub growing in the low-

lying areas of India under the family Cyperaceae and Marantaceae, respectively. These valuable crops 

are used for mat making, is widely used in the country and fetch foreign money. 

Hogla 
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Hogla (Typhaelephantina) is a gigantic gregarious marshy aquatic plant belonging to the family 

Typhaceae. It is herb, perennial in nature with linear sheathing hardy leaves, which are commonly 

used for making various types thatched house, tents, and shades for the rural people of the country. 

AGRONOMIC UTILIZATION OF WETLANDS: AT A GLANCE 

In the Southeast Asian countries like India, Bangladesh, Sri Lanka, Indonesia, Sumatra, Java, 

Vietnam, Philippines, Pakistan, Myanmar etc. a vast area is exposed to waterlogging during rainy 

season every year. The fertile and productive soil of wetland can be utilizable agronomically for the 

production of following foods and nonfood crops, medicinal and other important aquatic plants: 

Production of the crop variables - at a glance (Table 1): 

Table 1. Average productivity of most aquatic crops including deep-water rice 

 

Description Average production /yield (ha
-1

) 

A. Food Crop: 

Deep-water paddy (Oryza sativa L.) 

 

Water chestnut (TrapabispinosaRoxb.) 

 

Makhana (EuryleferoxSalisb.) 

 

Taro (Colocasiaesculenta) 

 

Cocoyams (Xanthosomasagittifolium) 

 

B. Food-cum-ornamental value : 

Lotus (Nelumbo sp.) 

 

Water-lily (Nymphaea spp.) 

 

C. Non-food Crops: 

Matreed (Cyperustegetum) 

 

 

 

 

Hogla (Typhaelephantina) 

 

Sitalpati (Clinogynedichotoma) 

 

Shola (Aeschynomeneaspera) 

 

 

2.5 –3.5 t ha
-1

 

 

7.5-10.0 t ha
-1

 

 

2.5-3.0 t ha
-1

 

 

75 t ha
-1

yr
-1

 (as lati); 18,750 pieces ha
-1

yr
-1

 (corm + cormels) 

 

30-45 t ha
-1

 

 

 

8,000 to 10, 000 flowers ha
-1

yr
-1

 

 

12,000 to 15, 000 flower-stocks ha
-1

yr
-1

 

 

 

2,250 bundles of mattable sticks ha
-1

 (1
st
 cutting during 

Sept-Oct); 1,500 bundles of mattable sticks ha
-1

 (2
nd

 cutting 

during Feb-Mar); 2,250 bundles of mattable sticks ha
-1

 (3
rd

 

cutting during Jun-July), respectively. 

 

500 bundles of mat ha
-1

 

 

750 mats ha
-1

 in 1
st
 cutting; 1125 mats ha

-1
 in 2

nd
 cutting and 

3000 mat ha
-1

 in 3
rd

 cutting, respectively.  

It is available in the hat or in the market in bundle basis 

(2.0-2.5 m circumference of 0.75 -1.5 m length). Single 

harvesting: 175-225 bundles and multiple harvesting 225-

275 bundles ha
-1

. 

Medicinal plants  

Indian pennywort, Thulkuri ( Hydrocotyleasiatica), Babri , Thunkuni, Kesuti (Eclipta alba), Lotus 

(Nelumbosp), Bach, Sweet-flag (Acoruscalamus), Brahmi, Kalmisak, Swamp cabbage (Ipomoea 

reptans, I. Aquatica), water lettuce (Pistia stratiotes), Hydrilla (Hydrillaverticillata). 

Other important aquatic plants  

Although, water hyacinth (Eichhorniacrassipes), Algae, Azolla (Azollaspp.) etc. are sometimes 

treated as aquatic weeds, but it may have some beneficial properties, consider as plants of biomass, 

add nutrients, sometimes also considered as water purifier. 

RESOURCE UTILIZATION  
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Meeting the challenges of sustaining food security and economic outturn for the poor and marginal 

farmers, it is thus possible with the resource utilization of the area. Development of improved farming 

systems in rainfed semi-aquatic to permanent aquatic wet areas that will diversity the farm through 

integration of aquatic food crops along with pisciculture along with other components in multi-nature 

system approach. Such approach can ensure higher and stable farm productivity, income and year-

round employment opportunity without degrading the environment (Puste, 2004). This will generate 

year round more income 2-3 folds than that of existing at present over the area. Encouragement of 

scientific culture on the integration of food crops - fish farming in wetland ecosystem is, therefore, 

most desirable due to the following sharing of advantages, which could possible to utilize at its 

maximum levels, 

1. The synergistic effect of fish on aquatic food crops, 

2. Control of aquatic weeds and associated insects by fish, 

3. Increased efficiency of resource utilization, reduced investment risk through crop 

diversification and additional sources of food and income, 

4. More frequent visits to the field particularly for fish genotypes by the farmers, resulting in 

better crop management, 

5. Low risk for poor water chestnut and makhana growers with modest capital investment, 

6. Year round employment opportunity for the farm family and 

7. Consequently, improvement of farm family income and nutrition level. 

SYSTEM APPROACH - A TECHNOLOGICAL BREAKTHROUGH  

In order to solve the acute food crisis, which India had been facing since independence, one of the 

most important ways is to facilitate a technological breakthrough in the field of agriculture as well as 

aquaculture. As a result, attention had been paid towards finding out newer types of innovation, which 

may contribute significantly in boosting up agricultural and aquacultural production system at its 

saturated level. The growing importance of agri-farming had been felt in recent years, it is most 

important part of a country. However, aquaculture sector also play a pivotal role in the natural 

economy in view of its contribution to the food basket. 

 

In other words, the success of the adoption of modern techniques of agricultural cum aquaculture 

production will be reflected through increased productivity. Keeping the above mentioned points, the 

present study had been conducted under New, Old Alluvial as well as Coastal Zones of this sub-tropic 

with the following objectives:  

 

To disseminate the result oriented outcomes of the production system of aquatic crops cum fish 

culture in a very systematic manner including agro-techniques to the common fish-farm communities 

in the zones through communication processes, on the variables like - 

a) Crop enterprises,  

b) On fish variables and 

c) On integration of fish cum aquatic food crops.  

The pilot studies were emphasized to use the extensive system approach in wetland ecosystems as ‘On 

station trial’ to choose best one through some excavation or earth manipulation to make it watershed 

or Bherri system, because of their divergence as well as their production potential. The precise 

objective is to find out the suitable agro-techniques to the zone-specific, which were implemented in a 

large-scale at farmers’ field as ‘On farm demonstration’ in areas of: 

i. Suitable planting variables of aquatic crops adjusted with fish genotypes in integrated 

system, 

ii. Integrated nutrient management system (low-cost plant as well as improved fish-feed) 

sustainable for optimum production and 

iii. Management (fish-crop management, inter & post-harvest care & processing, marketing 

etc.). 

These are based on the interrelation between available socio-economical factors, natural resources, 

adaptability of agro-techniques in fish-farming community with involving NGOs, SHGs through (i) 

ToT, (ii) development of balanced and precise form of nutrient management, (iii) for production 
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oriented zone-specific system approach and (iv) fish production system etc. Before set on field 

demonstration trials in the farmers’ field as ‘On Farm’ trial; a composite structured schedule was 

formulated for collecting information regarding the background characteristics of the respondents and 

standardization of their socio-economic status of the zones. The field project trials cum 

demonstrations were launched a massive and constructive extension programme under extension 

commanding area in the zones. For implementation of the projects, number of aquatic crops including 

fishes were included and integrated in the system following some field methodological approaches 

(Table 2). 

Table 2. Field methodological approaches were adapted in different crops and fishes 

Particulars Date of planting Spacing/rate Input materials 

 

Harvesting 

As sole Integrated 

system 

Deep-water 

rice 

Transplanted last 

June to first July  

20 cm x 20 

cm @ 3-4 

seedlings 

hill
-1

 

25 cm x 20 cm @ 

2-3 seedlings hill
-

1
 

3.0 t FYM or 1.0 t 

neem oilcake ha
-1

+ 

N : P2O5 : K2O @ 

50 : 30 : 30 kg ha
-1

+  

fish-feed in IS 

Last of October or mid of 

November 

Water 

chestnut 

1
st
 week of July 1.5 m x 1.5 

m @ 2 

seedlings 

stool
-1

 

2.0 m x 1.5 m @ 

2 seedlings stool
-1

 

3.0 t FYM or 1.0 t 

Neem oilcake ha
-1

+ 

N : P2O5 : K2O @ 

20 : 30 : 20 kg ha
-1

+ 

spraying of Zn 

(Chelamin) at 20, 

40 and 60 DAT, 

respectively on 

foliage + fish-feed 

in IS 

Recurring pickings starting 

from September (less) and 

continued up to first 

fortnight of December, 

with maximum pickings 

during November 

Makhana Last week of Jan 

in nursery and 

then transplanted 

1.5 m x 1.5 

m @ 2 

seedlings 

stool
-1

 

2.0 m x 1.5 m @ 

2 seedlings stool
-1

 

,, 1
st
 fortnight of December 

Lotus April to early July 

(based on 

availability of 

water & rhizome) 

1.5 m x 1.5 

m @ 1-2 

rootstock or 

rhizome or 

suckers 

stool
-1

 

2.0 m x 1.5 m @ 

1-2 rootstock or 

rhizome or 

suckers stool
-1

 

,, Recurring pickings of 

flowers generally started 

from Sept 

Water-lily Feb to early July 

(based on 

availability of 

water & corm) 

1.5 m x 1.5 

m @ 1-2 

rootstock or 

rhizome or 

suckers 

stool
-1

 

2.0 m x 1.5 m @ 

1-2 rootstock or 

rhizome or 

suckers stool
-1

 

,, Recurring pickings of 

peduncles starting from 

Sept 

Swamp-taro  Feb to early July 

(based on 

availability of 

water & corm) 

50 to 75 cm 

x 30 to 50 

cm @ 1 

rootstock or 

rhizome or 

suckers 

stool
-1

 

Not practiced as 

integrated system 

due shallow 

submergence 

Neem oilcake @ 3 

or 0.5 t FYM + N : 

P2O5 : K2O @ 20 : 

30 : 20 kg ha
-1

 

Recurring pickings of lati 

starting from June-Sept 

and corm + vegetative part 

Fish 

variables 

Fishes were  

stocked in the 

fields during the 

first fortnight of  

July 

@ 6,000 

fingerlings 

ha
-1

 of 

mixed 

culture (live 

+ sweet-

water carps) 

@ 4,500 

fingerlings ha
-1

 of 

mixed culture 

(live + sweet-

water carps) 

Fish-feed (rice bran 

and mustard / 

groundnut oilcake) 

in 1:1 ratio @ 6 

times body weight 

at weekly interval 

Depends on the depth of 

water, harvested during 

last of December to 

January 
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STUDY ON AQUATIC CROPS AS SOLE AND INTEGRATED SYSTEM  

Apart from the studies, encouragement of scientific culture of integration of crops cum fish farming in 

wetland areas is, therefore, most desirable due to the following sharing of advantages, has been 

possible to utilize at its maximum levels (Ghosh and Saha, 1980, Jhingran, 1983, Dutta et at., 1984, 

Sinhababu et al., 1998, Brahmanand and Mohanty, 1999, Puste and Bandyopadhyay, 2000, 

Bandyopadhyay and Puste, 2001, Puste and Das, 2001, Puste et al., 2004 and Puste et al., 2007a & 

2007b), 

i. The synergistic effect of fish on aquatic crops (food, non-food etc.). 

ii. Control of aquatic weeds and associated insects by fish, 

iii. Increased efficiency of resource utilization, reduced investment risk through crop 

diversification and additional sources of food and income, 

iv. More frequent visits to the field particularly for fish genotypes by the farmers, resulting in 

better crop management. 

v. Low risk for poor crop-cum-fish farmers and modest capital investment, 

vi. Year round employment opportunity for the farm family and 

vii. Consequently, improvement of farm family income and nutrition level. 

MAKHANA YIELD EQUIVALENT OR MYE: 

Table 3. Average market price of different type of fishes, crops etc. at harvesting time 

I. Different species of live-fishes, aquatic crops Price per tonne 

(Rs.) 

1. Singi (Heteropneustes fossilis) 

2. Magur (Clarias batrachas)  

3. Shoil (Channastriatus) 

4. Gajer (C. marulius) 

1,70,000.00 

1,80,000.00 

1,00,000.00 

1,00,000.00 

Av. price of life-fishes 1,37,500.00 

5. Rohu 

6. Catla 

7. Mrigal 

70,000.00 

65,000.00 

55,000.00 

Av. price of major carps 63,333.00 

So, average market price of all the fish variables (contribution of carps & live-

fishes in 3:2 ratio due to comparative more weight of carps than live-fishes) 
86,667.00 

8. Deep water rice (harvested grain including straw) 

9. Fresh water chestnut fruits (Trapasp.) 

10. Makhana seeds (Euryale ferox) 

14,000.00 

10,000.00 

40,000.00 

II. Undermentioned aquatic crops Price nos. ha
-1

 

(Rs.) 

11. Colocasia (including lati or stolons) of about 40,000 plants ha
-1

 (average 

production in terms of Rs.5.00 to 7.00 plant
-1

 including lati) one plant may 

produce av. 8 stolons and about 10 stolons = approx. 1.0 kg cost is Rs.6.00 

12. Lotus or padma (at least 8-10 flowers root-stock
-1

 season
-1

) from about 10,000 

rot-stocks ha
-1

 and average selling rate of each flower is Rs.2.00 

13. Saluk or water lily (at least 12-15 flower-peduncles root-stock
-1

 season
-1

) from 

about 10,000 root-stocks ha
-1

. 15 peduncles to make a bundle to about cost 

Rs.12.00) 

 

3,20,000 no. 

stolons 

@ Rs.6,000 per 

tonne 

 

 

About 90,000 nos. 

flowers & 

cost Rs.2.00 

per flower 

About 1,35,000 

nos. 

peduncles 

and 1 

peduncle = 

Re.1.00 
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For comparison among the different variables (aquatic food crops, non-food ornamental crops, non-

food commercial crops, vegetables or any other means including fish variables of different 

nature/genotypes) due to heterogeneous characteristics along with its production value, one of the 

variables is to be considered for conversion its equivalent valuation, may be used as ‘makhana yield 

equivalent (MYE)’ in terms of production, was determined with the following formula, viz.                                             

                                                                               Total price of the crop/fish to be compared (Rs.) 

    MYE, Makhana yield equivalent (t ha
-1

) =   -------------------------------------------------------------      

Price of makhana t
-1

 (Rs.) 

For the calculation of MYE, makhana yield equivalent (t ha
-1

) and monetary returns, market price of 

all the products at harvesting was considered for such calculation (Table 3).  

RESULT WITH INTERPRETATIONS 

Techno-social and economic outcome of the study 

Analysis of socio-economic status of agrarian community 

In the study areas, the average land holding size were varied from <1.0 ha of 29.24%, 1-2 ha of 

54.71% and >2 ha of 16.05%, respectively, dominated mostly poor and marginal farmers of both the 

communities of Hindu and Muslims. Sometimes, they are mostly belongs to below or equally poverty 

lines as the areas are mostly faced by flush-flood, sometimes could be in unprecedented form. In the 

same area, annual gross income of a farm family varied accordingly < 10,000/- of 25.0%,  10,000-

15,000/- of 41.67% and >  15,000/- of 33.33%, respectively with their family size 5-7 of different age 

group, which faces the former two groups an acute stringency of money and bound to maintain their 

minimum livelihood. 

Prior to technological intervention through the project sources in these areas, subtracting the cost of 

cultivation (with the maximum utilization of household labours), the production of crop variables was 

practically less remunerative one, mostly existed in these sub-zones. Indeed, it was only  15,000 to 

20,000/- ha
-1

year
-1

 with the utilization of 5-7 farm family members and thus, it was more pronounced 

when these are raised as mono-crop, traditionally without implication of any suitable agro-techniques 

on it. This was, however, further aggravated with the socio-economic condition of the area as well as 

soil fertility and degraded land situation in these areas. 

 

However, it has been tried successfully from the project’s end to improve all the condition in respect 

to : 

 Proper utilization of wetlands (waste/unused in nature) including adjacent terrestrial land 

system,  

 For making them productive in nature through intensive cropping programmes including 

culture of fishes in integrated system in aquatic ecosystem and cultivation of seasonal 

vegetables and plantation of valuable tree species etc.,  

 Economic sustainability of the areas including the improvement of farming condition of the 

farming community for making improvement of their livelihood pattern,  

 Some produces making commercially value-addition as water enterprising commodities and  

 In addition, women communities were tried to promoting self help groups (SHGs) of the 

targeted projected areas of the respective zones. 

Problem prioritization and perceptual evaluation through PRA exercise 

Through PRA (participatory rural appraisal) exercise the related problems delineating of wetland 

ecosystem at the different projected areas have been identified for taking further actions (Table 4), 

particularly for development in respect to : 

(i) Nature of wetlands, 

(ii) Their cropping pattern, 
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(iii) Adoption of improvised farm technology for aquatic crops and 

(iv) Integrated system of crop + fish culture etc. 

 

The identified problems may be summarized as follows : 

a) Low-lying areas subject to waterlogging, soil erosion, dereliction of productive areas, 

b) Shriken low-lying areas and siltation, uncontrolled runoff water, 

c) Uneven low-lying and uncontrolled runoff system,  

d) Unusual natural aqua-terrestrial ecosystem & flush-flood subject to waterlogging, 

e) Low-lying depressed areas along with uncontrolled runoff water, ground water depletion, 

f) Low-lying areas subject to flush-flood and uncontrolled runoff water and sedimentation, 

ground water depletion, 

g) Low-lying depressed areas subject to flush-flood and uncontrolled runoff water, ground 

water depletion and 

h) Unusual natural aqua-terrestrial ecosystem & flush-flood subject to waterlogging, 

erodibility in nature, ground water depletion etc. 

 

Table 4. Perception and quantification on site-specific problem through PRA exercise 

Sl. 

No 
Problems identified 

Site wise  extent of problems 
Taldi, 24 

Parganas 

(S) 

Kalinarayanpu

r, Nadia 

Nabagram, 

Burdwan 

Ahiron, 

Murshidabad 

Mohanpur 

Nadia 

1. 
Mostly unused or waste in 

nature 
++ ++ ++ +++ ++ 

2. 
Low-lying areas subject to 

waterlogging 
+++ +++ ++ +++ ++ 

3. 
Uncontrolled  runoff 

sometimes flush-flood occur 
+++ ++++ ++ ++++ ++ 

4. Soil erosion +++ ++++ ++ ++++ + 

5. 

Siltation or sedimentation and 

barrier for moving runoff 

water during peak rainy 

months 

++ ++++ + ++++ + 

+ = Mild, ++ = Moderate, +++ = Severe and ++++ = Very severe 

Production system of aquatic crops  

From the calculated value of MYE, among the aquatic crops (food, food-cum-ornamental, non-food 

commercial crops including fish variables either as sole or integrated system), it was observed that 

highest total production in respect to areas was with Colocasia as sole system (total production in 

terms of MYE was 79.44 tone) as well as in respect to productivity of yield was in favour of the 

production of lati or stolons of Lati or jalkachu (4.99 t ha
-1

) followed by makhana (2.72 t ha
-1

), while, 

lowest value obtained with deep-water rice (0.99 t ha
-1

) among the aquatic food crops (Table 5 and 6). 

However, among the integrated system, highest performance shown in terms of MYE in makhana 

integrated with fish variables (5.60 t ha
-1

) due to contribution of more sharing value followed by water 

chestnut with fish culture (5.38 t ha
-1

) , where as, lower value observed in  deep-water rice + fish 

culture (5.07 t ha
-1

). Among the food-cum-ornamental and other aquatic commercial crops, highest 

performance shown in terms of MYE in water-lily lotus integrated with fish variables (5.25 t ha
-1

) due 

to contribution of more sharing value followed by  lotus with fish culture (5.03 t ha
-1

). It is more 

important, as because in all the cases is more benefited than the monoculture due to so many positive 

factors associated with the system. It is most important phenomenon through which it is to be judged 

the over all performance and establishment of these valuable variables in the sites of the project. 
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Table 5. Yield performance in respect to total MYE (tonne) of aquatic food crops and fish variables as 

sole and integrated system at the different sites 

Sl. 

No. 

Centre 

(District) 

Deep-water rice (tone) Water chestnut (tone) Makhana  (tone) Colocasia 

(tone) 

Sole 

DWR 

Sole 

fishes 

Integrated 

System 

Sole 

WC 

Sole 

fishes 

Integrated 

system 

Sole 

mak 

 

Sole 

fishes 

Integrated 

system 

Sole system 

1. Taldi 

(S.24 Parganas) 

1.04 4.66 6.31 3.96 3.86 23.23 0.87 

(2.72) 

2.01 9.42 15.44 

2. Ahiron 

(Murshidabad) 

1.05 3.70 5.35 3.40 4.68 17.73 0.65 

(2.32) 

2.23 5.50 10.85 

3. Nabagram 

(Burdwan) 

1.31 4.74 6.88 4.27 5.70 30.26 1.01 

(2.80) 

2.79 13.59 17.86 

4. Kalinarayanpur 

(Nadia) 

1.45 4.94 7.82 5.60 8.30 48.62 1.50 

(2.88) 

2.75 19.08 25.69 

5. Mohanpur 

(Nadia) 

1.16 2.99 5.81 1.55 3.53 12.40 0.59 

(2.68) 

1.36 7.59 9.60 

Total MYE (tonne)  6.01 21.03 32.17 21.88 26.07 132.24 4.62 

(13.40) 

11.14 55.18 79.44 

Total area (ha) 6.09 5.07 6.34 8.20 6.55 24.58 1.70 2.87 9.85 15.91 

Parentheses indicates average productivity of makhana in t ha-1 in respect to total production (tone) from the total area (ha) 

Table 5. Yield performance in respect to total MYE (tone) of aquatic food-cum-ornamental crops and fish 

variables as sole and integrated system at the different sites (contd…) 

Sl. 

No. 

Centre 

(District) 

Lotus or padma (tone) Water-lily (tone) 

Sole 

lotus 

Sole fishes Integrated 

System 

 

Sole 

WL 

Sole 

fishes 

Integrated 

system 

1. Taldi 

(S.24 Parganas) 

0.68 1.54 10.08 0.53 1.17 7.62 

2. Ahiron 

(Murshidabad) 

0.80 1.56 10.75 0.57 1.15 6.57 

3. Nabagram 

(Burdwan) 

1.08 1.91 13.96 0.75 1.45 8.47 

4. Kalinarayanpur 

(Nadia) 

1.42 2.06 15.32 0.64 1.62 10.09 

5. Mohanpur 

(Nadia) 

0.61 1.17 7.81 0.36 0.82 5.91 

Total MYE (tonne)  4.59 8.24 57.92 2.85 6.21 38.66 

Total area (ha) 1.40 2.05 11.52 0.96 1.53 7.36 
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Table 6. Comparative yield performance (productivity) in respect to MYE (t ha
-1

) of the aquatic 

food crops, fish variables as sole and integrated system at the different sites 

Sl. 

No. 

Centre 

(District) 

Deep-water rice (t ha
-1

) Water chestnut (t ha
-1

) Makhana  (t ha
-1

) Colocasia 

(t ha
-1

) 

Sole 

DWR 

Sole 

fishes 

Integrate

d 

System 

 

Sole 

WC 

Sole 

fishes 

Integrate

d 

System 

Sole 

mak 

 

Sole 

fishes 

Integrate

d 

system 

 

Sole 

system 

1. Taldi 

(S.24 

Parganas) 

0.98 4.05 5.01 2.13 3.94 5.38 2.72 4.02 5.51 4.70 

2. Ahiron 

(Murshida

bad) 

0.94 3.70 4.65 2.23 3.68 4.95 2.32 3.60 4.91 4.46 

3. Nabagram 

(Burdwan) 

0.99 4.35 5.13 2.20 4.01 5.44 2.80 3.98 5.57 5.09 

4. Kalinaraya

npur 

(Nadia) 

1.03 4.41 5.28 2.59 4.17 5.52 2.88 4.10 5.96 5.35 

5. Mohanpur 

(Nadia) 

0.98 4.21 5.22 2.15 3.97 5.34 2.68 3.58 5.50 5.07 

Total MYE 

(tonne)  

6.01 21.03 32.17 21.88 26.07 132.24 4.62 

(13.40) 

11.14 55.18 79.44 

Total area (ha) 6.09 5.07 6.34 8.20 6.55 24.58 1.70 2.87 9.85 15.91 

Av. Productivity 

(t ha
-1

) 

0.99 4.15 5.07 2.67 3.98 5.38 2.72 3.88 5.60 4.99 

Parentheses indicates average productivity of makhana in t ha
-1

 in respect to total production (tonne) from the 

total area (ha) 

Table 6. Comparative yield performance (productivity) in respect to MYE (t ha
-1

) of the aquatic 

food-cum-ornamental crops, fish variables as sole and integrated system at the 

different sites (contd….) 

Sl. 

No. 

Centre 

(District) 

Lotus or padma (t ha
-1

) Water-lily (t ha
-1

) 

Sole 

lotus 

Sole 

fishes 

Integrated 

System 

 

Sole 

WL 

Sole fishes Integrated 

System 

1. Taldi 

(S.24 Parganas) 

3.24 4.05 5.11 2.94 4.03 5.29 

2. Ahiron 

(Murshidabad) 

2.86 3.71 4.53 2.85 3.71 4.69 

3. Nabagram 

(Burdwan) 

3.37 4.06 5.15 3.00 4.14 5.36 

4. Kalinarayanpur 

(Nadia) 

3.46 4.20 5.17 3.05 4.26 5.48 

5. Mohanpur 

(Nadia) 

3.39 4.03 5.16 3.00 4.10 5.37 

Total MYE (tonne)  4.59 8.24 57.92 2.85 6.21 38.66 

Total area (ha) 1.40 2.05 11.52 0.96 1.53 7.36 

Av. productivity (t ha
-1

)  3.28 4.02 5.03 2.97 4.06 5.25 
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Production economics of the system  

Production economics is the most important phenomenon, which ascertains to judge the best or 

superiority among the variables or treatment combinations that was undertaken through the variable 

system of agro-techniques, methodological approaches in these improvised studies. This was 

calculated as per the average market price or selling price of the produce. This was further converted 

into monetary equivalent and then summarized as a whole for its further evaluation. This evaluation 

was also drawn by using the parameters like cost of cultivation, gross profit and net profit and 

ultimately benefit-cost ratio of the system. 

Table 7. Production economics in respect to B-C ratio of all the aquatic crops integrated with 

fish variables at the different sites 

Sl. 

No. 

Centre 

(District) 

DWR WC Makhana Colo lotus WL 

Sole IS Sole IS Sole IS Sole Sole IS Sole IS 

1. Taldi 

(S.24 

Parganas) 

1.71 2.53 1.78 2.33 1.94 2.37 2.24 1.97 2.55 1.88 2.29 

2. Ahiron 

(Murshidabad) 

1.41 2.32 1.60 2.24 1.66 2.23 1.78 1.87 2.28 1.58 2.22 

3. Nabagram 

(Burdwan) 

1.88 2.47 1.83 2.40 1.72 2.53 2.13 2.10 2.37 1.66 2.28 

4. Kalinarayanpur 

(Nadia) 

1.82 2.61 1.88 2.72 2.09 2.81 2.56 2.29 2.53 1.94 2.48 

5. Mohanpur 

(Nadia) 

1.78 2.53 1.72 2.48 1.73 2.55 3.01 2.02 2.44 1.78 2.47 

Average B-C ratio 1.72 2.48 1.76 2.43 1.82 2.48 2.02 2.05            2.43 1.77 2.35 

 

DWR, deep-water rice; WC, water chestnut; Mak, makhana; Colo, Colocasia; WL, water-lily and IS, 

integrated system 

From the calculated data, it was clear that the production economics of major aquatic food crops 

(deep-water rice, water chestnut, makhana and jal or latikachu) and food-cum-ornamental crops (lotus 

and water-lily) centre-wise was varied remarkably in respect to parameters of the production costs and 

its related economics. Among the sole system of the crops, highest performance obtained with lotus 

and sole fish in Kalinarayanpur (B-C ratio 2.29 and 2.48), when it was practiced adjacent to lotus 

plots. However, lower results among the lower values of B-C ratio (B-C ratio 1.41 to 1.87 in almost 

all the crops) exhibited in almost all the crops in Ahiron (Murshidabad). Among the food crops, jal or 

panikachu performed better in respect to profitability due to production of lati or stolons [highest B-C 

ratio observed in Mohanpur (3.01) followed by Kalinarayanpur (2.56)], which has a market demand 

as well as lucrative price of the produce. In integrated system of all the crops along with fish variables 

(live as well as other major Indian carps) it was obtained a promising and satisfactory results than that 

of monoculture and highest profitability noticed in makhana (B-C ratio 2.81) followed by water 

chestnut (B-C ratio 2.72) and deep-water rice (B-C ratio 2.61) all in Kalinarayanpur centre (Nadia). It 

is undoubtedly a good result that obtained from the farmers field following an improvised agro-

techniques on the crops as well as fish variables in integrated way (Table 7). 

Among the sole system of the aquatic crops irrespective of all centres, the average highest 

performance of B-C ratio was with Colocasia or jalkachu (4.40) followed by lotus (B-C ratio 2.05). 

However, irrespective of all the centres, lower results of B-C ratio exhibited in almost all the crops in 

Ahiron (Murshidabad), may be due to favourable condition prevailing for this crop. In case of lotus 

this next highest was may be due to comparatively less production cost for the crops. However, 

among the crops, lower B-C ratio was obtained with deep-water rice (B-C ratio 1.70). 

Effect of balance plant nutrients on nutritional quality of wetland crops 
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The nutritional quality of food crops (starch, protein, sugar and minerals) were considerably improved 

by using balanced and optimum plant nutrients, supplied as both organic and inorganic sources (Table 

8). Highest value was obtained with the T5 treatment, which received Neem oilcake 0.2 t as organic 

sources along with NPK (@ 30:20:20 kg ha
–1

 as inorganic sources + N spray @ 0.5% concentration 

on canopy/foliage at every 15 days interval. This nutritive quality was quite higher than that of other 

treatment i.e. improved considerably with the application of balanced and proper application of plant 

nutrient to the plants. 

 

Table 8. Nutritional status of aquatic food crops as influenced by integrated nutrient 

management (INM) 

Treatment Starch (%) Protein (%) Sugar (%) Minerals (%) 

Wc Mk Wl Wc Mk Wl Wc Mk Wl Wc Mk Wl 

Aquatic crops  

C1 

C2 

C3 

INM  

T1 

T2 

T3 

T4 

T5 

CD (p=0.05) 

 

5.93 

-- 

-- 

 

5.31 

5.87 

5.68 

6.31 

6.52 

0.19 

 

-- 

71.6 

-- 

 

69.2 

74.7 

73.6 

74.8 

76.6 

0.71 

 

-- 

-- 

22.7 

 

20.8 

22.6 

21.9 

22.9 

23.7 

N S 

 

4.18 

-- 

-- 

 

4.02 

4.42 

4.21 

4.48 

4.69 

N S 

 

-- 

8.31 

-- 

 

7.38 

8.89 

8.47 

9.09 

9.51 

N S 

 

-- 

-- 

4.09 

 

3.98 

4.41 

4.23 

4.70 

4.78 

0.19 

 

3.22 

-- 

-- 

 

2.67 

3.39 

3.23 

3.52 

3.71 

0.17 

 

-- 

2.23 

-- 

 

2.12 

2.42 

2.36 

2.53 

2.57 

N S 

 

-- 

-- 

2.81 

 

2.12 

2.38 

2.31 

2.59 

2.81 

N S 

 

0.91 

-- 

-- 

 

0.82 

0.91 

1.11 

1.14 

1.21 

N S 

 

-- 

0.42 

-- 

 

0.41 

0.48 

0.46 

0.53 

0.57 

N S 

 

-- 

-- 

0.69 

 

0.54 

0.70 

0.58 

0.92 

0.98 

0.15 

C1 - Wc, water chestnut, C2 - Mk, makhana and C3 - Wl, water lily, as major factor. Five INM (integrated 

nutrient management) practiced on crops, viz.  T1 - Control (without nutrients), T2 - Neem oilcake 0.2 t ha
–1

, T3- 

NPK fertilizer @ 30:20:20 kg ha
–1

, T4 - T2 + NPK (@ 30:20:20 kg ha
–1 

and T5 - T4 + N spray @ 0.5% 

concentration. 

 

CONCLUSION 

It is fact that agriculture is the backbone of growth for developing countries like India, may achieve 

how well and how fast be able to manage a rural transformation, which will affect the developmental 

outcomes prominently for the ongoing century as it of utmost importance to the society and for well-

functioning economics. As farmers are highly receptive to new ideas and technologies, the new 

information (wise use for production and conservation of wetlands for mankind’s), which able to meet 

their aspiration and stimulate to be more meaningful and productive in nature. However, the 

enthusiastic participation of farming communities (adaptable practices, updating technological know-

how, improvised demonstrations, ToT, farmers’ awareness campaign and participatory programmes) 

are thus imperative and the right pathways for such motivation, implication and improvement of waste 

or unused wetland ecosystem in the regions of the country. The adaptation process or modernization 

is influenced by the socio-psychological and socio-personnel variables and adaptation of updating 

techniques is quite capable for development and to increase the crop and fish productivity as well as 
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improvement of farming system including socio-economic status for poor to marginal farm families in 

the regions. With these programmes, the project has tried its best to develop a well-manner aqua-

terrestrial ecosystem for utilizing properly through the adaptation of valuable aquatic crops / cropping 

system including fishes in aquatic ecosystem for the interest of the beneficiary group of farming 

community, utilizing all the possible natural resources in the areas.  The results are much more 

responsive, encouraging and satisfactory enough in respect to production, out turn, profitability as 

well as viability of the system in the areas. 

In conclusion, it is thus imperative to utilize this vast unused wetlands including coastal ecosystem 

through the utilization of aqua-terrestrial natural resources, particularly in New & Old as well as 

Coastal Ecozones of the state of West Bengal with impetuously for food, livelihood, engagement of 

household labours and ultimately, economic stability that are inextricably linked with the rural 

sustainability as well. Besides, wetlands are continuously enriched by adding large quantities of 

biomass, enriched in sequence, which has possible to utilize this enriched biomass effectively for 

production of arable crops as well as improvement soil nutrient status in consequence in the zones. 
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