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ABSTRACT  

Post COVID-19 scenario has turned grim all through the globe. Countries in Europe and America have 

witnessed the worst casualty. Loss of immunity is being held as one of the strong factors. Low deaths in India 

are being attributed to the natural immunity levels possibly on account of the use of diverse groups of spices and 

condiments that are proven immune-boosters. While drugs and vaccines are being explored it is the indigenous 

plants under the AYUSH system that are being projected for regular use by the people. One of the factors 

behind the success of the Kerala model of tackling the COVID-19 pandemic is being ascribed to the use of 

Siddha system of indigenous medicine that incorporates a no. of local plants as ingredients. It is under such a 

situation that a no. of aquaphytes growing in north Bihar floodplains need to be explored for their immune-

modulatory properties. COVID-19 has created an unprecedented situation on the front of loss of employment 

leading to massive exodus of migrant laborers who need to be rehabilitated at their native places. The ambitious 

Jal-Jeevan-Hariyali mission of the Govt. of Bihar envisages to create opportunities for them to raise the 

prospects of harnessing the naturally available bio resources. The other aspect is to make people aware with the 

inherent immunomodulatory properties present in the local plant resources that could raise their nutritional 

status  to enable them to cope with the situation.The paper provides a review of the work done on the local 

aquaphytes like Eichhornia crassipes,Euryale ferox, Trapa bispinosa, Nelumbo nucifera, Nymphaea spp., 

Alternanthea spp., Chrysopogon zizanioides, Asteracantha longifolia and some species of Cyperus, 

Scirpus,Sesbania and Ipomoea with reference to the potentialities that could help boost the immunity  of local 

people against the emerging diseases. It also refers to the situation that could emerge on the front of 

employability of the natives by enhancing the productivity of these plants and raising their utility through value 

addition. 

Keywords: Aquaphytes, North Bihar, Immunomodulation, Shattered economy, COVID-19. 

INTRODUCTION 

Plants have been there on the surface of this earth since the evolution of life as an 

integral component of various life forms. Depending upon their adaptation to the availability 

of water they are classified as hydrophytes, mesophytes, xerophytes etc. Hydrophytes grow 

under a situation of abundance of water and live in unison with other life forms including 

fishes that are consumed by humans and other animals in the food web. These days plants 

with immune-modulatory properties are being widely searched. Wetlands also constitute a 

repository of plants of various hues that need to be explored for their inherent secondary 

metabolites that form the drug components. They have been under folk use as drug plants 

over millennia (Sculthorpe, 1967 and Boyd, 1968). 

MATERIALS AND METHODS 

A survey was made in Darbhanga, Supaul and adjoining districts for aquatic plants 

being utilized by the local people for various livelihood purposes. This was with reference to 

their utility during peak flood periods and also in other parts of the year. Literature available 
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was searched regarding variations in their utility pattern in wetlands, more particularly those 

having significant nutraceutical potentials. Records available on the presence of 

immunomodulating properties in the aquaphytes available in north Bihar have been 

incorporated in this paper in order to stress upon the people to modify their dietary 

prescriptions and encourage the use of locally available cheaper food ingredients to boost up 

their immunity against diseases like COVID-19. Aquaphytes used for raising the economy 

shattered by reverse migration of lacs of prople belonging to this area have been taken into 

account. Results have been presented in the form of one table and 4 plates containing 24 

figures. 

RESULTS AND DISCUSSION 

The vast wetlands in the area witness the sprawling growth of a large number of 

micro and macrophytes. A number of aquatic paddy varieties as well as weeds are utilized as 

staple and subsidiary food and fodder items. Aquatic plants grown in the area are intimately 

associated with regional culture including dietary habits, customs and rituals (Jha and Jha, 

1993; Jha and Goel, 2002 and Jha et al., 1994 & 1996). Eichhornia crassipes that infests 

these wetlands at an abnormally high speed, yields a high phytomass with high potentials of 

use as an alternative to fossil fuels Fishing community now uses it as a device in capture 

fishery (Fig.1). People in flood affected areas feed it to the animals (Fig.2). It is fast emerging 

into a renewable energy source. Its dried biomass can be fabricated as briquettes that are 

suitable as co-firing agent in coal power plants. The compacted biomass residues in the form 

of briquettes may decrease the dependence of coal to provide more energy. E. crassipes also 

serves as a co-compost material that could be used to make sandy soil amenable to growing 

crops. This plant can improve the hydro-physical and chemical parameters of soil and can 

supply several nutrients to the growing crops. This multifaceted floating aquaphyte is now 

widely recognized for its phytoremediation ability capable of removing pollutants from 

domestic and industrial waste water effluents. About a century back, this hyacinth was 

introduced as an ornamental crop in India. Today it has infested the tropical water bodies in 

several countries and has achieved the status of an invasive species. Fishing community now 

uses it as a device in capture fishery (Jha et al., 2012).It provides raw material for 

manufacturing paper(Goswami and Saikia, 1994) Ashok Paper Mill was established in 

Darbhanga district in between Thalwara and Hayaghat railway stations by the erstwhile 

Darbhanga Raj. Today it is languishing for want of management up keep. It is a sad 

commentary on the part of proper harnessing of the natural resources of the region. It is high 

time the Government regions took up earnest steps for its revival. Ample of raw materials in 

the wetlands, if harnessed properly, could provide a basis of sustenance to the COVID-19 

affected populace. The region has a strong potential of providing sufficient phytomass for 

manufacturing paper (Jha et al., 2014). B. S. S. College, Supaul under the B. N. Mandal 

University has started production of a number of bamboo species through tissue culture 

method. This is meant for raising green cover and the rural economy. Wetlands in the region 

are used for cultivating water chestnut that is a good source of nutraceuticals (Jha, 1999, Fig. 

3, 4). A wild crop like Schoenoplectiella articulata (syn. Scripus  articulatus) has the 

potentials to be exploited on a still large scale (Shalini and Jha, 2015) (Fig. 5, 6). Of the 

wetland plants growing in the region, E. ferox is the foremost with reference to economic 

potentials. The plant is cultivated as Makhana crop in 8 to 10 districts of Darbhanga, Kosi 

and Purea divisions of north Bihar. It is also cultivated in the adjoining Maldah district of 
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West Bengal. In Darbhanga division, it is cultivated in ponds and ditches while in the districts 

of Kosi and Purnea divisions it is generally cultivated in arable fields as a rotational crop. 

This is because of the facility of high water table in this region. Bamboo boring is utilized to 

extract ground water in this Kosi belt. Almost 80% of Makhana is produced in the stagnant 

water bodies of north Bihar. The rest is obtained from the ‘beels’ of lower Assam and Maldah 

district. Wild populations of E. ferox are found in the Himalayan tracts from the north 

western lakes of Kashmir to the north eastern lakes of Manipur. It is found in the ‘beels’ of 

Bangladesh and the water bodies of lower Nepal lying between Kosi and Baghmati rivers. 

APEDA (Agricultural and Processed Food Products Export Development Authority) has 

recently included Makhana in its list of exportable “nutri-cereals” (Ref. APEDA-STR-2020-

21-00007 dated the 28th May 2020). The noted Makhana entrepreneur, Mr. Satyajit Kumar 

Singh (M/s Shakti Sudha Agroventures Pvt. Ltd), has been made a member of this Nutri-

cereals Export Promotion Forum. Voice has been raised to restore the old national status of 

the ICAR-RCER Research Centre of Makhana at Darbhanga. The Centre has developed the 

first ever ‘Swarna Vaidehi’ variety of Makhana. Another variety ‘Sabour Makhana 1’ has 

been developed by the Bihar Agricultural Univ.. Sabour, Bhagalpur. The B. P. S. Agricultural 

College. Purnea has emerged a major centre for Makhana research is eastern Bihar.  A very 

recent study by Huang et al., (2020) at the Nanjing University of Chinese Medicine refers to 

achieving an increase in the seed size of E. ferox through treatment with the auxin (IAA).  

They have succeeded in generating a new hybrid line of the plant by crossing the South 

Gordon Euryale with the North Gordon Euryale. The hybrid showed significant heterosis 

including the development of a non-prickly thin coated large seed. Another recent study by 

Kumar et al., (2014) refers to E. ferox seeds being made to germinate at will, thereby 

increasing the possibility of raising its two crops in a year. These efforts could help achieve 

the goal of raising the productivity of the crop that has the potentials of being introduced to 

new waterlogged areas of other states. Kumar et al., (2020) have recently succeeded in 

raising E. ferox plants through embryo culture. This research has the potential of making 

available fresh Makhana plants for introduction to the new areas in other states. Govt. of 

Bihar has recently resolved to get Makhana branded as a product of the State. This is in light 

of the recent endevours to harness its resources to produce items worthy of export. Makhana 

fills this vacuum as a much sought after product that is almost fatless and recently it has been 

found to have anti-diabetic potentials. E. ferox is intimately associated with ethnic practices 

in the region under study as well as in other parts of India (Kumari and Jha, 2017a) 

            E. ferox has the potential of emerging as a customized or designer food that could 

help it emerge as therapeutic food formulation for diabetic patients. Biswas et al., (2020) 

have recently succeeded in developing enzyme mediated resistant starch production from its 

edible seeds through amylopullulanase treatment. Khadatkar et al., (2019) have recently 

reviewed the processes related with agronomic management of this high valued food crop. As 

of now, its cultivation involves a lot of drudgery as all the operations like sowing interculture, 

harvesting and processing are done manually. In view of high carbohydrate and protein 

content and also on account of being almost fatless, Makhana is fastly emerging as a choice 

edible item in the European Union (Anjali Patel, Ahmedabad, Personal communication). Due 

to its unique biological, physiological and agronomic traits, Makhana is able to exploit small 

as well as marginal pond owners to be included in low-input cropping systems, representing 

an alternative viable aquatic food crop for sustainable agriculture in rural India. Nevertheless, 

this great potential and the considerable increase in new generation consumer demand for 
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Makhana as ready to eat food, the future of the crop is still uncertain. Indeed, the main 

obstacles to Makhana production are: (1) the limited areas of cultivation where it is 

traditionally grown, (2) lack of quality breeder seeds, (3) lack of knowledge on management 

practices and limited resources, and (4) very high price. Puri et al (2000) have reported 

immunoral properties in this land. There is a need to utilize the young E. ferox plantlets (Fig-

7) as supplementary food item (on the pattern of Loktak lake in the northeastern state of 

Manipur) as the same are simply thrown away for making space for a fewer number of plants 

for full growth. Basically E. ferox plants grow in stagnant water. But the farmers plant it in 

the dry rivulets where they make the little harvest of seeds before the water regains its flow 

during monsoon (Fig. 8). Fish farmers are now allowing spaces in the middle of the Makhana 

ponds to enable both capture& culture fisheries (Jha et al., 2006, Fig. 9). The state is all set to 

do away with its dependence on fishes from other states. As such it is taking up all possible 

ventures to raise fish production. Integrating both capture and culture fisheries with the 

Makhana cultivation is one of the options that fish farmers in the state have taken up (Jha et 

al., 2006). 

           Makhana cultivation and processing are done with the use of traditional appliances. 

Rural technologies used in its harvest and processing need to be improved (Jha et al., 1998, 

2000, 2003, 2013 and Mandal et al., 2010). All efforts are being made to raise the 

productivity of Makhana through the introduction of sequential double cropping as well as 

through removal of drudgeries associated with the crop (Kumar et al., 2011; Kumar et al., 

2014; Kumar et al., 2014 & Khadatkar et al., 2015). Seeds are harvested from the pond 

bottom (Fig.10). Its pops are held sacred and are sold all over India, more particularly as 

‘Prasad’ at religious shrines (Fig.11). Recently seed coats (Fig.12) also have been found to 

have potential medicinal properties. The region has good potentials to explore the naturally 

growing Typha sp. (Fig. 13,14,15, locally called as pater) and vetiver (locally called as 

katarajhar or khus (Fig. 16) for procuring thatchings materials and also for carving mats.  

Vetiver forms a major basis of regional culture and provides raw materials for ‘Sikki art’. 

There is immense scope of popularizing its cultivation as an aromatic crop and also for 

amelioration of both sandy and flooded soils. The grass is formally worshipped as a sequel to 

ancient practice of land conservation that is also associated with “sun worship” (Jha, 2004; 

Jha and Goel, 2006; Jha and Saha, 2006; Jha et al., 2015, 2016 & Kumari and Jha, 2017 b,c). 

Ipomoea carnea (Fig.17), locally known as behaya or patit as it propagates vegetatively and 

engulfs almost all the wet abandoned places) yields abundant biomass and has the potential 

for being used as a raw material in paper industry (Bhalerao & Teli, 2016).Floodplains in 

north Bihar witness a lush growth of deep chichorh (Cyperus esculentus) (Fig. 18). Its tubers 

need to be explored for their nutritional potentials Water bodies in the region witness the 

growth of Nymphaea spp. locally called as bhent (Fig. 19) and kumudini (Fig. 21). Fig-20 

shows the seeds of bhent that are popped and used as a delicacy. Fig. 22 shows the flowers of 

lotus growing in the wetlands of the area. Fig. 23 shows the white flowers of Ottelia 

alismoides emerging from its fronds. Fig. 24 shows Scirpus  grossus that is a source of 

Ayurvedic drug in the name of kasheruk. Its fronds also are used for carving mats. Species 

of Sesbania under the local names of dhaincha and manager meet the requirements of fuel 

in rural areas. Their seeds are made available to the farmers under Government scheme. They 

are encouraged to adopt organic farming and lessen the use of chemical fertilizers through 

this practice (Jha et al., 2011; Jha, 2015). Asteracantha longifilia is used as drug in the 

indigenous systems of Ayurved and Unani in the names of Kokilaaksha and Tali  makhana 
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respectively. In West Bengal its green foliage is used as a green and is sold in vegetable 

markets as handfuls (muthia) under the name of kulekhara. Its seeds are known to have acrid, 

bitter, aphrodisiac, tonic and sedative properties. The plant is known to possess antitumor, 

hypoglycemic, aphrodisiac, antibacterial, free radical scavenging, hepatoprotective and 

haematopoietic activities (Chauhan and Dixit, 2010). There is a need to make the populace 

aware of its nutraceutical potentials. The region has ample scope of producing different hues 

of honey. Beekeepers in this region keep on moving although the year to Jharkhand, 

Chhattisgarh and even up to Madhya Pradesh along with their beehives (Jha and Choudhary, 

2007). Raising the green cover in this state under the Jal-Jeevan-Hariyali mission is likely to 

provide a boost to this venture (Jha et al., 2020).  

Table 1 

Aquaphytes Growing in North Bihar Wetlands with Pronounced Nutraceutical and Immuno-

modulatory Properties 

Plant & Family Local Name Part References 

    

Euryale ferox 

(Euryalaceae / 

Nymphaeaceae) 

Makhana Seed Jha et al (1991a, b, 2018); Puri 

et al (2000); Song et al (2011); 

Kumar et al (2016); Huang et al 

(2018); Biswas et al  (2020) 
 

Trapa natans var. bispinosa 

(Trapaceae) 

Singhara Fruit kernel Jha et al (1999); Patel et al 

(2010); Singh et al (2020) 
 

Nelumbo nucifera 

(Nelumbonaceae / 

Nymphaeaceae) 

Kamal Seed kernel Mukherjee et al (2010); 

Sivagurunathan et al (2012); 

Dhanarasu & Hazimi (2013); 

Sheikh (2014) 
 

Nymphaea spp. 

(Nymphaeaceae) 

Bhent Rhizome/Seed Cheng et al (2012); Pareek and 

Kumar (2016) 
 

Cyperus rotundus 

(Cyperaceae) 

Mothi Rhizome Kajaria et al (2013); 

Gunasekara & Chandana (2014) 
    

Cyperus esculentus 

(Cyperaceae) 

Chichorh Rhizome Salem et al (2005) 

    

Alternanthera spp. 

(Amaranthaceae) 

Sarhanchi Green leaves Zhang et al (1988); Sivakumar 

and Sunmathi (2016); 

Kanagarasu et al (2017) 
    

Chrysopogon zizanioides 

(syn. Vetiveria zizanioides) 

Poaceae) 

Katarajhar/Khus Roots Sunitha et al (2015) 

    

Ipomoea aquatica 

(Convolvulaceae) 

Karmi saag Green leaves Prasad et al (2005); Manvar & 

Desai (2013) 
    

Centella asiatica 

(Apiaceae) 

Brahmi Entire plant Jayatirtha & Mishra (2004) 

    

Asteracantha longifolia 

(Acanthaceae) 

Talmakhana Green leaves Chauhan & Dixit (2010) 

    

Schoenoplectiella articulata 

(Cyperaceae) 

Khubahi Seed pops Bhardwaj et al (2014) 
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Epilogue: North Bihar is known for its vast number of wetlands of both lentic and 

lotic types. The region has the history of being a water surplus area, obviously on account of 

high annual rainfall of an average 1200mm and also due to supply of flood water by the snow 

fed rivers emanating from the Nepal Himalayas. These factors earlier led to the formation of 

perennial water bodies that constituted a repository to a diverse group of water plants that 

provided a basis of sustenance to the people in this area. Gradual decrease in precipitation for 

over a decade led to extreme crisis of drinking water in the summer of 2019. The situation is 

likely to ease out on account of the ambitious scheme of Jal-Jeevan Hariyali, basically meant 

for recharging of ground water in the region. There is a need to encourage the use of E. 

crassipes for meeting the requirements of biomass energy as well as paper manufacturing. E. 

ferox (Makhana) is fast emerging as a potential brand of the region that could lead to 

development of designer food. Other species mentioned above could be harnessed for their 

immune-modulatory role that is a much sought after concern to fight the menace of                 

COVID-19. 

     

      

 

 

 

    
    

 

Plate- 1 
 

     

 

Fig. 1.  A fish shelter belt (locally 

called Jhang) made of E. 

crassipes raised in a stagnant 

water body. 

Fig. 2.  A farmer making small 

pieces of hyacinth for use as 

fodder. 

Fig. 3.  Trapa fruits sold on the 

outskirts of Darbhanga town. 

Fig. 4.  Fresh kernel of Trapa 

fruits after peeling out of fruit 

coat. 

Fig. 5. Lush growth of schoeno-

plectiella articulate (Khubahi) 

after water receded. 

   

 

Fig. 6. “Khubahi Laai” prepared 

from the S.articulata seed pops 

sold at Hazipur near Ganga 

bridge. 

Fig. 7. Young plantlets of Makhana that 

are simply discarded to facilitate open 

spaces for full growth of required no of 

plants. 

Fig. 8. E. ferox plants grown in the 

dead river channels (early June) 

Fig. 9. Farmers allowing open spaces in 

the middle to facilitate culture fishery 
along with the traditional capture fishery 

of air breathing fishes. 
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Plate -2 

    
  

 

     

 

Plate - 3 

     

 

     

                                                                                 

Fig. 10. Guri (raw Makhana seeds) 

being cleaned of unwanted debris 

after harvest. 

Fig. 11. Makhana pops as an ingredient 
in the “Prasad” at religious shrines. 

Fig. 12. Medium quality pops of 

Makhana with black seeds coats still 

attached with some pops. 

Fig. 14. Cottony inflorescence 

of Typha   sp., on full maturity. 

Fig. 13. Lush growth of Typha  sp., east 
of the Kosi bridge in Supaul district after 

the harvest of leaves for mat making. 

Fig.15. Mats of Pater loaded over a 

vehicle for transportation and marketing 

(Bhaptiahi village near Kosi bridge in 
Supaul district. 

Fig. 16. A rural  woman harvesting 

the above ground parts of 

Chrysopogon zizanioides. 

Fig.18. Lush growth of Cyperus 

esculentus (Chichorh) 

Fig.17.Lush growth of Ipomoea  

carnea (Patit/Behaya) 

Fig. 20. Raw seeds of Nymphaea sp. 

(Bhent) 

Fig. 19. Field view of a water body with 

Nymphaea sp. (Bhent/ Phool Koka) 

Fig. 23. Field view of a water body with 

Ottelia alismoides (Kaua thuthi) 

Fig. 24. Field view of the wild growth 

of Scirpus grossus (Kasheruk) 

Fig.21 Field view of a water body with 

Nymphaea sp. (Kumudini) 

Fig.22. Flowers of Nelumbo nucifera 

(Kamal) 

Plate - 4 
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