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Abstract
According to Aqueduct Water Risk Atlas, 2023, 25 countries, including India, which has 1/4th of the world’s population, are exposed 
to extremely high water scarcity annually. Bundelkhand region, in Central India, is also facing an acute water crisis, which has 
led to water wars and other conflicts https://​times​ofind​ia.​india​times.​com/​city/​bhopal/​water-​crisis-​in-​bunde​lkhand-​villa​ge-​trigg​
ers-​caste-​confl​ict/​artic​leshow/​49715​555.​cms (Accessed on 15 January, 2024)]. According to Samra (2008, p. 143), during the 
eighteenth and nineteenth centuries, the area suffered from a severe drought every sixteen years, which rose by three times between 
1968 and 1992. However, things weren’t always the same; archives, native language sources, folklores, etc., provide a different 
context based on indigenous water management and irrigation techniques in pre-colonial Bundelkhand. Within this context, the 
research uses historical/archival methodology in conjunction with field narratives to identify water technologies and practices in 
pre-colonial times, aiming to theoretically contribute to the water history field to tackle contemporary water issues and challenges.
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1  Introduction

Changes in water management and irrigation technologies 
have significantly impacted ecosystems worldwide. Vari-
ous hydrological changes have been made to increase agri-
cultural productivity and grow crops throughout the year, 
even in dry seasons and areas with low rainfall, which have 
altered or demolished the natural or earlier water manage-
ment systems based on indigenous water management prac-
tices in those regions. The results can be observed world-
wide regarding water availability, groundwater depletion, 
changes in flow patterns, etc. With the construction of large 
dams, canals, and other networked infrastructures to irri-
gate more land to increase agricultural production, various 
inland water bodies, including lakes, seasonal rivers, etc., 
have been converted to agricultural lands, leading to impact 
the local biodiversity, habitation alteration, increasing water 
demands, etc. Even large rivers, like the Yellow River in 
China in recent years, eventually ceased to exist in a stretch 
covering several hundred kilometers for more than 100 days.

According to the World Resource Institute’s Aqueduct 
Water Risk Atlas 2023, after the Middle East and North 
Africa with 83%, South Asia is in the second position with 
74% of the population exposed to extremely high water 
stress. The same report states, “25 countries, including 
India, having 1/4th of the world’s population, are currently 
exposed to extremely high water stress annually.”1

According to the World Bank, up to 216 million people 
may be compelled to migrate by 2050 due to drought, water 
scarcity, falling food yield, rising sea levels, and overpopu-
lation (The World Bank, 2021). Up from 3.6 billion today, 
between 4.8 and 5.7 billion people will reside in regions 
with water scarcity for at least one month of the year by 
2050 (UN Water, 2023).

As per reports, over ten years, severe droughts lowered 
India’s gross domestic product by 2% to 5% in between1998 
to 2017 (UNDRR, 2021). According to a report (Gupta 
et al., 2014) by the National Institute of Disaster Manage-
ment, 22 major drought years occurred between 1871 and 
2002. According to Mishra (2020), “The recent drought 
(2015–2018) caused groundwater depletion and affected 
about one-fourth of the Indian population. It affected surface 
(reservoir storage) and groundwater availability in southern 
and northern parts of India and was linked to El Nino and 
the Indian Ocean Dipole. Droughts and rapidly declining 

groundwater together can pose a serious challenge to water 
security in India.” According to the Down To Earth Report 
(2022), “one-third of India’s total districts have faced more 
than four droughts in the past decade. Drought-prone areas 
of the country have increased by 57% since 1997. Fifty mil-
lion people are affected by drought every year. India’s per 
capita water availability in 1951 was 5177 m3 per year when 
the total population was only 361 million. In 2001, as the 
population increased to 1027 million, the per capita water 
availability reduced drastically to 1820 m3 per year.” The 
irrigation sector also suffers from water availability, and the 
groundwater level is dropping severely, culminating in cata-
strophic droughts, especially in the western states in recent 
years. The eminent journalist and the author of Everybody 
Loves a Good Drought, Sainath (1996), explains that India’s 
mega-water crisis is an outcome of the growing inequality 
and lop-sided, environmentally disastrous policies that had 
swept the Indian scene for the last 25 to 30 years.

Indian environmental history is marked by a clear con-
trast between how people and nature got along before colo-
nization and how colonial hydrological techniques changed 
that, causing a ‘metabolic rift’ (Foster, 1999). There are 
many works that show the harmful effects of colonial irriga-
tion systems, which replaced the pre-colonial structures for 
collecting water, and the agrarian system, which was good 
for the environment. Whitcombe’s Agrarian Conditions in 
Northern India (1972) could be considered the first step in 
this direction, demonstrating how the introduction of peren-
nial irrigation hurt the environment and the peasantry. The 
new hydraulic experiments, which were heavily backed by 
business ideas, led to salty deserts, flooded swamps, and 
less fertile soil. Whitcombe looked at how more reliance 
on large-scale water storage systems and long diversion 
channels replaced and uprooted the traditional well irriga-
tion system, which was more reliable in semi-arid regions 
with low rainfall. As early as 1980, Sengupta (1980) looked 
into how South Bihar’s traditional network of ahar (tank) 
and pyne (channel) irrigation systems was falling apart. 
Agnihotri’s (1996) article describes how colonial canal net-
works in Punjab encroached on the pre-existing inundation 
canal system, impacting pastoralists and undermining the 
region’s thriving pastoral economy. In their report, Agrawal 
and Narain (1997) passionately argue that a sequence of 
colonial hydraulic policies designed to maximize capitalist 
profits led to the demise of India’s traditional water collec-
tion practices.

Thus, the contemporary water challenges provide the con-
text for a detailed historical analysis embedded with its spe-
cific attributes in a drought-prone region like Bundelkhand, 
which was earlier self-dependent on its water resources 
and water management system. According to government 
records, there was an average of one famine every sixteen 
years or six years in the eighteenth and nineteenth centuries, 

1  World Resource Institute (2023). Aqueduct water risk Atlas.
  https://​www.​wri.​org/​appli​catio​ns/​aqued​uct/​water-​riska​tlas/#/?​advan​
ced=​false​&​basem​ap=​hydro​&​indic​ator=w_​awr_​def_​tot_​cat&​lat=​30&​
lng=-​80&​mapMo​de=​view&​month=​1&​opaci​ty=0.​5&​ponde​ration=​
DEF&​prede​fined=​false​&​proje​ction=​absol​ute&​scena​rio=​optim​istic​
&​scope=​basel​ine&​thres​hold&​timeS​cale=​annua​l&​year=​basel​ine&​
zoom=3 (Accessed 15 December, 2023).

https://www.wri.org/applications/aqueduct/water-riskatlas/#/?advanced=false&basemap=hydro&indicator=w_awr_def_tot_cat&lat=30&lng=-80&mapMode=view&month=1&opacity=0.5&ponderation=DEF&predefined=false&projection=absolute&scenario=optimistic&scope=baseline&threshold&timeScale=annual&year=baseline&zoom=3
https://www.wri.org/applications/aqueduct/water-riskatlas/#/?advanced=false&basemap=hydro&indicator=w_awr_def_tot_cat&lat=30&lng=-80&mapMode=view&month=1&opacity=0.5&ponderation=DEF&predefined=false&projection=absolute&scenario=optimistic&scope=baseline&threshold&timeScale=annual&year=baseline&zoom=3
https://www.wri.org/applications/aqueduct/water-riskatlas/#/?advanced=false&basemap=hydro&indicator=w_awr_def_tot_cat&lat=30&lng=-80&mapMode=view&month=1&opacity=0.5&ponderation=DEF&predefined=false&projection=absolute&scenario=optimistic&scope=baseline&threshold&timeScale=annual&year=baseline&zoom=3
https://www.wri.org/applications/aqueduct/water-riskatlas/#/?advanced=false&basemap=hydro&indicator=w_awr_def_tot_cat&lat=30&lng=-80&mapMode=view&month=1&opacity=0.5&ponderation=DEF&predefined=false&projection=absolute&scenario=optimistic&scope=baseline&threshold&timeScale=annual&year=baseline&zoom=3
https://www.wri.org/applications/aqueduct/water-riskatlas/#/?advanced=false&basemap=hydro&indicator=w_awr_def_tot_cat&lat=30&lng=-80&mapMode=view&month=1&opacity=0.5&ponderation=DEF&predefined=false&projection=absolute&scenario=optimistic&scope=baseline&threshold&timeScale=annual&year=baseline&zoom=3
https://www.wri.org/applications/aqueduct/water-riskatlas/#/?advanced=false&basemap=hydro&indicator=w_awr_def_tot_cat&lat=30&lng=-80&mapMode=view&month=1&opacity=0.5&ponderation=DEF&predefined=false&projection=absolute&scenario=optimistic&scope=baseline&threshold&timeScale=annual&year=baseline&zoom=3
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which doubled in number, and up to twelve famine years 
between the nineteenth and twentieth centuries. Waterman 
Rajendra Singh’s work (Singh and Singh, 2017) in the Alwar 
district of Rajasthan shows how old techniques are still very 
relevant to water conservation in the present era. Tracing 
water history becomes important in a drought-prone region 
like Bundelkhand to reveal the tangled roots of these causes 
and various variables, which are primarily driven and lim-
ited to technical understandings of water. In this context, the 
present study attempts (a) to trace irrigation and water man-
agement technologies in pre-colonial Bundelkhand, and (ii) 
to trace their relevance in addressing the present water crisis.

2 � Research area

‘Bundelkhand, situated between 23°10′ and 26°30′ north-
ern latitude and 78°20′ and 81°40′ eastern latitude, is a 
drought-prone tableland in central India which is sur-
rounded by the Indo-Gangetic plain in the north, the Vin-
dhyan  and Panna Range in the east, the Ken and Betwa 
in the south, the Sindh and Chambal in the west, and the 
Vindhyachal and Baghelkhand regions in the south-east. 
It is situated at the intersection of northern and southern 
India. It covers fourteen districts in both Madhya Pradesh 
(MP) and Uttar Pradesh (UP) (Fig. 1). The seven districts 
of Uttar Pradesh are Banda, Chitrakoot, Hamirpur, Jalaun, 
Jhansi, Lalitpur, and Mahoba, while the seven districts 
of Madhya Pradesh are Chattarpur, Damoh, Datia, Panna, 
Sagar, Niwari, and Tikamgarh. There is a common history 
and culture over the 7.08 million hectares of Bundelkhand. 

The principal rivers crisscrossing Bundelkhand are Betwa, 
Ken, Dhasan, Chambal, Pahuj, Tonnes, Yamuna, etc. 
The Betwa and Ken rivers continue to provide 75% of 
the area’s total water supply. One of the leading techni-
cal solutions for meeting the region’s water needs is still 
the tanks and lakes with wells built during the Chandela 
and Bundela dynasties. Being a semi-arid region, Bun-
delkhand experiences infrequent rainfall with an average 
of 750–800 mm (about) amid a monsoon season span-
ning from June to October. One of the leading causes of 
the region’s periodic drought outbreaks is the area’s poor 
rainfall.’ (Goswami et al., 2021).

The frequency of droughts in Bundelkhand has signifi-
cantly increased in modern times. Historically, the region 
experienced a significant drought approximately once every 
16th year during the eighteenth and nineteenth centuries. 
According to the Jhansi District Gazetteer, “Of early fam-
ines, we have no record. That of 1783, known throughout 
this part of India as the chalisa, still lingers in the peo-
ple’s memory, and those of 1833, 1837, and 1847–48 were 
severely felt. The rapidity with which scarcities and famines 
follow one another in this tract has given rise to a saying that 
one may be expected every fifth year. The first great famine 
of which any accurate account has been kept was 1868–69. 
It is probably the severest that 1868–69, has ever afflicted 
the district and is locally known as the pachisa from the 
sambat year 1925. After this famine, the conditions became 
almost normal, except in 1872–73 and 1877–78 when there 
was a shortage and uneven distribution of the rains. The year 
1896–97 was also abnormal, and again in 1905–06, the area 
suffered from severe drought.”

Fig. 1   Map of Bundelkhand  (Source: Authors)
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However, between 1968 and 1992, droughts tripled, 
exacerbating the situation. Despite some initiatives to 
address the issue by constructing surface water harvesting 
structures, the situation remains dire, with little relief in 
sight. According to the DTE report (Jitendra, 2016), “an 
average of 21 water bodies were created in every village 
during 2006–2016 through MGNREGA scheme and some 
12.3 million water harvesting structures were also con-
structed. In Bundelkhand alone, 116,000 water harvesting 
structures were built during 2006–2015, and 15,000 crore 
rupees were spent on drought-proofing measures in the 
last decade. Still, Bundelkhand had 15th consecutive crop 
losses and 13 droughts in the previous 15 years.”

The droughts tripled! According to Samra (2008), “the 
region experienced a significant drought every sixteen 
years during the eighteenth and nineteenth centuries, which 
increased by three times from 1968 to 1992. The more 
recent period is also not a major departure from the earlier 
one.” The situation has not changed significantly even after 
implementing government schemes and initiatives.

3 � Methodology

We have used a two-step methodology, primarily rely-
ing on historical sources followed by ethnography. For 
classifying and documenting various pre-colonial hydro-
logical structures and water lifting techniques, various 
native language sources, sources from the Archaeological 
Survey of India, colonial gazetteers, etc., were consid-
ered. Facts retrieved from the above sources were fol-
lowed by the documentation of oral history narratives 
and findings from the field. Various qualitative methods, 
such as key informant interviews (KII), focused group 
discussion (FGD), case narratives, story-telling, informal 
onsite conversations, etc., were used to collect data from 
the respondents (Fig. 2). The respondents were chosen 
on the basis of their settlement patterns near water infra-
structures like tanks and lakes and depending on them for 
their daily sustenance, such as farmers, fishers, etc. Govt. 
officials, historians, priests from the temples, etc., were 
also interviewed.

Fig. 2   Methodology flow chart  (Source: Authors)
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4 � Practices in the pre‑colonial period

In April 2022, the author met Shankar at Bela Sagar Lake, 
in Mahoba, Uttar Pradesh. The lake was constructed by 
Brahma, son of Chandela King Parmaladev, in memory of 
his wife Bela, from where the lake got its name in the twelfth 
century. He was plucking vegetables with his son from his 
vegetation field at the lake bed. At the beginning of the con-
versation with him, he told us that his family of ten mem-
bers, including him, were entirely dependent on the lake for 
their livelihood for generations. Fish farming and growing 
water chestnuts and lotus roots were the main sources of his 
income, but at present, due to the unavailability of enough 
water in the lake, he is farming other seasonal vegetables on 
the damp bed of the lake. As the conversation moved further, 
a few other local persons also joined the conversation and 
talked about how the lake is still playing an essential role 
in their lives even after more than eight hundred years of its 
construction. They pointed out that even in years of scarce 
rainfall, wells and other underground water sources work 
efficiently in the nearby areas of the lake, whereas distant 
areas from the lake face severe water crisis, which some-
times lead to water wars and other conflicts.2 The informal 
onsite conversation with Shankar, which later changed into 
a focused group discussion, set up a platform to study and 
understand the water history and architecture of water bod-
ies constructed during the Chandela and Bundela dynasties 
based on indigenous knowledge, which transformed the situ-
ation in the region.

During the earlier pre-colonial era, Bundelkhand was a 
water-scarce region with no static human settlement. Due to 
the absence of perennial rivers, people mostly led a nomadic 
life, grazing their animals on the banks of seasonal rivers 
and in the valleys of low-lying ranges and small hills of the 
Vindhya Mountains. Seasonal rivers flowed during the rainy 
and winter seasons but eventually dried up. With an aver-
age annual rainfall of 850 mm, which varied considerably, 
and due to the unique geomorphology of the region, earlier 
pastoral practices predominated. These practices underwent 
significant changes during the Chandela dynasty.

According to Tripathi (1991), in the ninth century CE, 
Nannuk established the Chandela dynasty in this region. 
Nannuk’s grandson, Jejjak, gave this area a new name, ‘Jej-
jakbhukti’ (a land which he ruled), named after himself. For 
the next few centuries, it was ruled by the Chandelas, and 
they implemented significant measures that transformed the 
economy, demography, and standard of living in the area. 
Following the Chandelas, the region came under the rule of 

the Bundelas, who also played a crucial role in developing 
the region’s water management structures until the British 
took command of Bundelkhand in the nineteenth century.

Various water management practices based on indigenous 
techniques were employed to collect every drop of rainfall. 
A system based on collective responsibility was developed, 
transforming the nomadic lifestyle into a static human set-
tlement. Numerous lakes, tanks, and different types of wells 
were constructed to achieve this. The major technology 
those days used to be embanking of the lower part of the 
valley formed by any river, rivulet, or a seasonal nallah sur-
rounded by hills on three sides or a pond embanked on three 
sides leaving open the fourth i.e. upper side, for intake of 
rain-water (Prakash et al., 1998). Various indigenous irriga-
tion techniques were developed, increasing irrigation facili-
ties and contributing significantly to water harvesting in a 
semi-arid region like Bundelkhand.

In the native language of Bundelkhandi, there is a famous 
proverb:

   स�मट स�मट जल भरह� तलाावाा﻿﻿
Every single drop is collected and stored in the pond

 After the Chandelas, the Bundela Rajputs took over this 
region in the sixteenth century. They, too, constructed sev-
eral reservoirs with minimal technological changes, but the 
size of these tanks is smaller than those built during the 
Chandela dynasty. Gupta and Singh (2011) said, ‘Apart from 
building new tanks, they repaired and reconstructed tanks 
from an earlier time, and built canals for irrigation in later 
part of their regime.’ Nevertheless, these tanks and lakes 
remain excellent examples of pre-colonial architectural tech-
niques, which still stand as unmatched symbols of stability 
and sustainability even in the present era. Table 1 below 
discusses various hydraulic interventions and their implica-
tions in pre-colonial Bundelkhand.

5 � Water structures in pre‑colonial 
Bundelkhand

In the pre-colonial era, water bodies were categorized based 
on their storage and usage capacities, constructed in specific 
characteristic locations (Table 2). The wells varied in length 
or diameter from 5 to 50 cubits (with one cubit approxi-
mately equal to 1.5 feet). The terraced well, known as vapi 
(Ber), had a diameter ranging from 50 to 100 cubits. Stairs 
were constructed on vapi from all four sides, three sides, two 
sides, or just one side.

2  https://​times​ofind​ia.​india​times.​com/​city/​bhopal/​water-​crisis-​in-​
bunde​lkhand-​villa​ge-​trigg​ers-​caste-​confl​ict/​artic​leshow/​49715​555.​
cms (Accessed on 15 January, 2024).

https://timesofindia.indiatimes.com/city/bhopal/water-crisis-in-bundelkhand-village-triggers-caste-conflict/articleshow/49715555.cms
https://timesofindia.indiatimes.com/city/bhopal/water-crisis-in-bundelkhand-village-triggers-caste-conflict/articleshow/49715555.cms
https://timesofindia.indiatimes.com/city/bhopal/water-crisis-in-bundelkhand-village-triggers-caste-conflict/articleshow/49715555.cms
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A pond with a diameter or length of 100 or 150 cubits was 
referred to as Pushkarni.3 The Tadag,4 with a length or diam-
eter of 200 to 400 cubits, was another type of water structure 
(Sharma et al., 2025). Historical sources indicate that the 
Chandela kings were responsible for constructing various 
water structures like kuye,5 vapi,6 and tadaga, excluding 
pushkarni. Local communities had a unique method of 
recalling the number of lakes and baoris7 in their locality 
through poems and proverbs. For instance, there’s a proverb 
specific to the Jatara Tehsil:

   नौौ सौौ वैैर नवाासीी कुुआ  ,  छप्पन तााल जतााराा हुंं �आ﻿﻿
There were nine hundred baoris, eighty-nine wells, and 
fifty-six tanks in the Jatara Tehsil.

Besides proverbs, inscriptions also provide insights into 
the hydraulic works carried out by the Chandela kings. The 
Khajuraho inscription, for example, mentions that Chan-
dela King Yashovarman built a large pond and temple. Rani 

Kalyanadevi, wife of King Veeravarman, constructed a well, 
pond, and mandapam. Stairs were added to the well (vapi) 
by King Kirtivarman’s minister. Similarly, the temple and 
pond (tadag) were erected by the minister of King Madana-
varman. As a result of these endeavors, inscriptions praising 
the minister have been discovered.

5.1 � Lakes

From the ninth century onwards, numerous artificial lakes 
(Figs. 3, and 4) were constructed on seasonal gullies and 
nalas to store rainfall. This was necessary due to the unique 
geomorphology of the region, where water travels very fast 
from one place to another. Dams, made of huge stones and 
clay, were built in trenches between two mountains or two 
small hills from which the water flowed. According to Tri-
pathi (2011), three major steps were followed during con-
struction of reservoirs in the region, (i) The first and most 
important part of the reservoir’s construction was the selec-
tion of a granite base site where rain-water would be gath-
ered from seasonal rivers and drainages. (ii) The second step 
involved the construction of the dam wall with rectangular 
granite bricks. This step worked well during the rainy sea-
son. (iii) The third step was the construction of stairs at the 
dam to expand the use of water.

Table 1   Major hydraulic interventions made during different eras

Time period Dynasties Major water works Implications at ground level

Till 9th Century Chedi, Maurya, 
etc

No such works, seasonal rivers and drains were the 
main sources

Pastoral economy, rainfed agriculture, absence of 
permanent settlements

During Chandela 
Dynasty (9–15th 
Century)

Chandela Construction of huge reservoirs for water harvest-
ing

Transformation of pastoral economy into agricul-
tural economy, leading to stable habitation

During Bundela 
Dynasty (16th–
18th Century

Bundela Tanks and reservoirs (small in sizes), construction 
of canals for irrigation

Agricultural expansion, increase in demographic 
size

Table 2   Water bodies and their locational characteristics

Structures Locational characteristics

Artificial lakes Constructed on local seasonal streams or nalas flowing between small hills, a dam was constructed between those hills to 
store rain-water flowing through those ridges

Tanks Constructed based on indigenous knowledge and geomorphic condition of catchment areas where an area is covered by 
hills from sides, and a dam was constructed to store rainfall

Step wells/Baoris Primarily constructed in areas situated near tanks, lakes or other water sources
Percolation wells In the areas where water can be found very near to the surface. These wells work efficiently if situated nearby to any other 

water sources
Spring wells In the areas where water can be found only after digging deep into underground saturated sand bed
Masonry wells In the areas where soil down to the clay is sandy, there are numbers of saturated sand beds, and all the sides need to be 

protected
Field embankments In low-lying and sloping terrain in black soil areas, bandhs or temporary embankments were built during the rainy season 

to hold back water for a few months to produce wheat crops

3  Pushkarni means small pond.
4  Tadag means big pond.
5  Kuye means small wells.
6  Vapi means stairwells.
7  Baori means bigger stairwells.
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Fig. 3   Lake  (Source: Authors)

Fig. 4   Dam built between two hills, Nadanwara lake, Tikamgarh, MP  (Source: Field Survey, 2022)
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Rectangular and square stones were placed over the foun-
dation so that each stone was pressed against the others both 
in the front and the back of the dam. The gap between the 
stones was filled with clay, soaked in water, then ground and 
pressed. If the dam’s foundation was placed around 60 feet 
at the bottom, then the top was situated around 40 feet, cut 
from both sides along with the foundation of stones.

These reservoirs were almost circular in their shapes, 
and to mitigate the pressure of various structures such as 
moon-shaped and elbow-shaped barriers were constructed at 
the entrance to mitigate the pressure of the upcoming flow-
ing water from the streams and rivers into the dam. These 
structures effectively reduced the water pressure. The swiftly 
flowing water, influenced by the uneven topography of the 
region, would initially collide with these structures, caus-
ing it to scatter towards the left and right. This mechanism 
ensured that the water pressure did not pose any harm to the 
dam. Small islands were sometimes strategically left in the 
pond to further alleviate water pressure.

Another crucial factor of these reservoirs was their size 
and water-carrying capacity. Every large reservoir in the 
Bundelkhand region can hold rainwater till the following 
rainy season. According to Singh (2014), ‘The another 
aspect of size is too very important because size defines 
the water carrying capacity of the tank. All huge tank in the 
Bundelkhand region are capable to collect the rain water up 
to the next rainy season. Though riverside villages on the 
bank of Ken, Dhasan and Betwa are still dependent on the 
respective river, but 70% of villages are away from catch-
ment areas of rivers, are depending up on historical tanks. 
If we consider the modern advance technique as compared 
to Ancient Chandela tank construction technique we find 
that a circular tank is generally economical except when the 
diameter is so small, but this shape does not make the most 
use of the ground when the site is cramped.’

Sleeman (1893), who visited the region in 1835 CE, also 
mentioned a big lake and a town situated on its bank. He 
described Bamhaurī as a nice little town beautifully located 
on the bank of a fine lake. The waters of this lake played a 
crucial role during the late famine, preserving the popula-
tion of Bamhaurī and six other small towns situated near its 
borders as they irrigated their lands from it. In addition to 
providing water for their fields, the lake supplied the people 
with an abundance of water-chestnuts and fish. Even in the 
driest season, the water from the lake was found sufficient 
to meet the needs of all the people in those towns and vil-
lages, as well as those in the surrounding countryside who 
could avail themselves of it. This large lake was formed by 
an artificial bank or wall at the south-east end, which rested 
one arm upon the high range of quartz rocks running along 
its southwest side for several miles. This scenic landscape 
allowed one to look deep into the clear water, creating a 
beautiful and picturesque setting.

5.2 � Tanks

Tanks (Fig. 5) were constructed based on indigenous knowl-
edge of the terrain and catchment areas to store rainfall 
efficiently. Sites were carefully chosen where water ini-
tially collected from nearby hilly areas and began flowing 
towards lower parts. Robust dams were built to close the 
gaps between surrounding hilly areas using the same tech-
niques as those for lakes. The aim was to collect every single 
drop of rainfall.

No sluices were made in the dam to release water from 
these tanks and lakes. Drainage routes were developed in 
such a way that after filling the pond, surplus water was 
diverted towards drainage channels through the little hills 
or plateaus at both tails of the dam. The height and width 
of the dam were kept following the inflow of water and its 
storage capacity. No rainwater could pass above the dam 
due to the 10:7 ratio (Figs. 6 and 7) between the height of 
the dam and the drainage path. This mathematical construc-
tion arrangement ensured that no dam was ruptured in any 
ponds or tanks constructed during the Chandela and Bundela 
dynasties (Tripathi, 2011).

In the middle of some tanks, a strong stone pillar (Fig. 8) 
was established to measure water level. The top of the pillar 
was aligned with the height of the drain. As the water came 
up towards the head of the pillar, the excess water of the 
pond started coming out through the drain.

Mishra (1954), in his book ‘Chandel and His Reign,’ 
highlighted the selection of construction sites for Chandeli 
tanks. He wrote, ‘The distance between two mountains or 
lower plains, or where the river is leaving the drains, the 
same places have been selected for the creation of reser-
voirs. A massive dam was built between such two tigs, where 
rainwater was collected. Closing the drains between the two 
hills has also created magnificent ponds. The specialty of 
the composition of these reservoirs is that they are as huge 
as they are strong.’

Primarily, the water reservoirs in the region can be clas-
sified into two main categories: (i) Independent single res-
ervoirs and (ii) Chain of reservoirs.

Independent reservoirs were those types of tanks or lakes 
where little to no water flowed out after filling, and thus, no 
other reservoir was built to collect excess water. On the other 
hand, a chain of reservoirs was constructed to collect excess 
water from the first pond. In this process, surplus water was 
used to fill other reservoirs in the lower areas. There was a 
practice of building a chain of reservoirs from top to bottom 
in every village, ensuring that the upper pond gets filled, 
and if there is excess water, it should not flow in vain but 
gradually fill the adjacent ponds below (Fig. 9). For Exam-
ple, to drain out excess water from Barana lake, Bamhori 
village, Tikamgarh, Madhya Pradesh, a ditch was cut in the 
hills between Pura and Barana and a ‘Ubela’ (pankhi) was 
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constructed through which the excess water flows towards 
the west from Ubela and reaches the Nandanwara pond (Tri-
pathi, 2011).

According to Mr. N. K. Pushkarna, Associate Planner, 
Jhansi Division, the state of Uttar Pradesh:

‘… Charkhari’s seven ponds, built during 18th and 19th 
Century AD, are the finest examples of a water con-
servation system based on indigenous knowledge in 
Bundelkhand. All these ponds are interconnected, and 
not a single drop of water is wasted. Water from the 
town and nearby areas is collected in these ponds and 
stored for multiple agro-ecological uses.’

 To ensure the safety of the dams of these tanks and lakes, 
settlements were established, and temples were built at the 
dam (Fig. 10). This ensured that people living their daily 
lives, whether bathing, worshipping, or simply passing 
through the dam, kept an eye out for the lake’s dam condi-
tion and ensured that the water level did not rise above the 
average level. They needed to clear any obstructions from 
the drainage region in case the water level rose.

Various stories about the number of lakes are found 
in local language sources. The story about Sagar Lake or 
Lakha Banjara Lake, situated in the Sagar district of Mad-
hya Pradesh, is a famous one which can also be found in the 
Saugor Gazetteer (Russel, 1907). According to the story:

‘...It was constructed by one Lakha Banjara who was 
told in a dream that no water would appear in it until 
he sacrificed his daughter and a boy to whom she was 
betrothed. So he walled them up alive in a little shrine 
in the bed of the lake, which immediately overflowed 
with water. No Banjara will drink the waters of the 
lake, and the people say that two lives have been lost 
in it every year since it was built, and that on the night 
of Diwali, the ghosts of the murdered couple appear 
sitting in a swing above the lake.’

 According to another story in Eastern States (Bundelkhand) 
Gazetteer Vol VI-A (1907), about Nadanwara Lake in Tikam-
garh district of Madhya Pradesh, which was built by Maha-
raja Veer Singh Dev I (1605–27 CE) of Orchha by damming 
the Waragi River:

Fig. 5   Tank  (Source: Authors)
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Fig. 6   Dam and drainage route  (Source: Authors)

Fig. 7   Dam and Drainage Route, Nadanwara lake, Tikamgarh, MP  (Source: Field Survey, 2022)
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‘...It is said that this river’s pond had already broken the 
dam twice, and that a third breach might have occurred. 
Thus, Maharaja Veer Singh Dev personally slept on that 
dam on Shravan Shukla Purnima. It appeared as though 
the dam would collapse, and the king would be carried 
away when the river flooded at night. Then the river 
took the form of a goddess and gave a dream, “You 

go away from here, the dam is breaking.” The Maha-
raja was a great devotee of the goddess. He always had 
dreams from Devi Ji and was given indications of the 
tasks to come. They also worked accordingly. The king 
became worried when he woke up, couldn’t understand 
anything. Seeing the speed of the river, it seemed that 
the dam would break in a few moments. He requested 
Devi Ji, “I have followed your orders many times. 
He bowed his head whenever you ordered, but please 
accept my one request. I want this dam to remain intact. 
Don’t break. We have constructed it with great hard 
work. Due to its presence, innumerable animals and 
birds will drink water, and human society will also ben-
efit. So you take the river from the other side.” Hearing 
the king’s humble request, the goddess’s heart melted, 
and she agreed not to break the dam. At a distance of 
about 50 yards from the dam, the river made its way 
between two hills and started flowing.’

 The fields in front of these reservoirs were classified as pasto-
ral forest zones, and agriculture was prohibited in these areas. 
The justification behind this was that if these regions had been 
developed for agriculture, soil from the fields would mix with 

Fig. 8   Picture of the stone pillar in a Chandela tank, Lalitpur, UP  (Source: Field Survey, 2022)

Fig. 9   Chain of reservoirs  (Source: Authors)
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water and be carried to the filler zone of the ponds, ultimately 
limiting their capacity to store water. To maintain the purity and 
cleanliness of the water entering the reservoirs, public defeca-
tion was strictly forbidden in the catchment and nearby areas of 
the lakes. Water was let out from these tanks and moved to the 
lands lying at a lower level. The leakage from it also kept the 
ground below the dam much moister than it would otherwise be.

A noteworthy fact regarding the lakes and tanks was 
that the stone embankments were annually repaired at the 
state’s expense. All of the best and largest lakes were thus 
maintained at a high level of efficiency. According to Dr. 
Mitra ( 1958), “‘Attention was paid to irrigation work for the 
cultivation facility. For example, the Khajuraho Inscription 
of V.S. 1011 refers to the construction of embankments to 
divert the course of water (v. 26), evidently for the benefit 
of the peasantry concerned. Expressions like nala (canals), 
pushkarani (tanks), and bhiti (embankments) are found in 
different Chandela records. These were usually located near 
the cultivable plots of land, apparently to supply water to the 
fields.” Writings in the inscription and findings of Dr. Mitra 
clearly show that Chandela kings put profound efforts and 
resources into constructing these tanks and lakes to develop 
an indigenous water management system in the region. Con-
sequently, irrigation facilities enlarged, and the area of agri-
cultural land increased manifold. Here are the major lakes 
and tanks in the region (Table 3).

5.3 � Wells

Although several tanks and lakes were constructed all over 
Bundelkhand during the Chandela and Bundela dynasties, 
wells remained the primary source of local water supply 
and agricultural irrigation. This was due to inadequate pre-
cipitation and the region’s lack of year-round flowing rivers. 
Owing to their peculiar geological formation, three types 
of wells, classified based on the nature of the soil and the 
distance below the surface, were found in the region.

5.3.1 � Percolation wells

These wells were the simplest of their kind, excavated where 
a thick layer of sandy loam rested over clay (Fig. 11). After 
the rains, water would collect in a hole bored into the sandy 
loam, which could be drawn out as needed. With a small 
construction cost, these inexpensive wells had many draw-
backs, including faster water evaporation through the sur-
face soil. Almost certain to become dry during the summer, 
these wells might last all year if situated near a lake, tank, 
etc. Typically dug by the cultivator’s family, these wells 
barely lasted one or two years since the sides were unstable 
when soaked and would collapse during the rainy season.

Fig. 10   Remains of the temple and ghat built in 12th Century AD  (Source: field Survey, 2022)
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5.3.2 � Spring wells

These wells obtain water from saturated sand beds. These 
wells are sunk into the clay over the sand, and a hole is 
driven through the clay bed (Fig. 12). Water in these wells is 
filled to a certain height, depending on the size and position 
of the sand bed. Due to their greater depth, these wells have 
a larger water supply and slower water evaporation than 
percolation wells. However, because of their greater depth, 
these wells were more expensive, and the cost of pumping 
water was also higher than that for percolation wells. When 
local streams and reservoirs dried up and percolation wells 
failed, these wells proved to be more reliable. They might 
last more than ten years without protection, but a thick rope 
of twigs was wrapped around their weakest area due to their 
importance. This was usually done with the coarsest high 
grasses and arhar stalks. Sometimes, bricks protected the 
weak area on a shelf, or a bevel cut in the well, or a hollow 
cylinder built of arhar stalks or wood to increase longevity. 

Cylinders of coregulated iron might also be used, which cost 
more but last longer.

5.3.3 � Masonry wells

When the soil down to the clay contains several saturated 
sand beds, masonry wells were constructed by protecting all 
sides of the wall. This could be achieved either by digging 
the entire well and then lining it from the bottom with bricks, 
either uncemented or cemented only with mud (Fig. 13) or 
by building a masonry cylinder (sometimes strengthened 
with iron rods or bands) at the surface and gradually sink-
ing it by digging the earth from beneath until the clay bed 
on which it is to rest is reached. Apart from using good 
materials supported by excellent craftsmanship, it should 
be ensured that the saturated sand bed exists at a reasonable 
depth. In the Bundelkhand region, the first type of wells, or 
brick-supported wells, which have been working for dec-
ades, can still be found. Sometimes, steps were also made 
to fetch water from these wells during the summer when the 
water went deep down.

Here is the picture of centuries-old well site preserved by 
the Archaeological Survey of India (ASI) in Panwadi village 
of Mahoba district, Jhansi division, Uttar Pradesh (Fig. 14).

There were two main types of masonry wells found in 
the region: the first type of wells (Fig. 14) were not as well 
protected and remained open. These wells had a higher 
evaporation rate, leading to less water availability during 
dry seasons. On the other hand, the second type of wells 
(Fig. 15) were generally small in size, with stairs made to 
fetch water from the well. These step wells were covered 
with a roof and surrounding walls to protect water from 
evaporation and pollution; sometimes, rooms were also 
constructed around the well for rest.

Table 3   Major lakes and tanks in the region

Source: Bundelkhand Ke Talabon Evam Jal Prabandhan Ka Itihas (2011)

District Lakes and Tanks

Tikamgarh Gwal Sagar, Madan Sagar Ahar, Madan Sagar Jatara, Mahendra Sagar, Dharm Sagar Barana, Nadanwara 
Lake, Singh Sagar Kudar, Ganj Talab, etc

Niwari Veer Sagar, Radha Sagar, Sanera Tal, etc
Chattarpur Shiv Sagar, Ninaura Tank, Dhruv Sagar, Jagat Sagar, Draun Sagar, Iswar Sagar, Vijay Sagar, Ram Sagar, 

Gora Sagar, Kusum Sagar, Baal Varun Sagar, Raja Talab, Krishna Sagar, etc
Panna Dharam Sagar, Ramkund Tank, Jodhpur Tank, Durga Tank, etc
Damoh Vijay Sagar, Vardhman Sagar, Kanaura Tank, Nauhata Tank, etc
Sagar Sagar Lake, Dhamauni Tank, Gadola Tank, Pithauriya Tank, etc
Datia Sita Sagar, Radha Sagar, Ram Sagar, Beer Sagar, etc
Jhansi Barua sagar, Sujan Sagar, Vijay Sagar, Bijauli Tank, Haibatpura Tank, Laxmi Taal, Kachnev Tank, etc
Lalitpur Ram Sagar Dudhai, Madan Sagar Madanpur, Ramshah Sagar Bar, Dhauri Sagar, Ganesh Sagar Banpur, etc
Jalaun Mahil Sagar, Chand Kua, Chaudiya Tank, Itaura Tank, etc
Mahoba Rahila Sagar, Vijay Sagar, Kirat Sagar, Bela Taal, Madan Sagar, Kalyan Sagar, Brahma Sarovar, etc
Banda Futa Taal Gauda, Raja Talab, Nawab Tank, Kothi Tank, etc

Fig. 11   Percolation well  (Source: Authors)
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5.4 � Small dams or Bandh

Due to the region’s uneven topography, the bandh, 
or temporary dam, was also used in various parts of 

Bundelkhand. With tremendous innovation, field embank-
ments were built in black soil to replace irrigation in 
Haveli tracts. These consisted of temporary embankments 
raised during the rainy season on low-lying and sloping 

Fig. 12   Spring well  (Source: Authors)

Fig. 13   Masonry well  (Source: Authors)
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land to retain water for some months (Fig. 16). Water was 
led through a channel (seurar) to the crops.

When dry enough, crops were sown in this soil as well, 
and the products obtained from such lands were usually dou-
ble that obtained from dry land. Through these methods, 
fields were flooded during the wet season, and the water 
was released when it was time to plant the wheat crop. A 
similar procedure was utilized in the Bataya Valley region 
of Ajaigarh state, where bandhs or temporary dams were put 
in place during the rainy season in low-lying and sloping 

fields to store water for a few months before being used for 
agriculture once the soil had dried out. This type of agricul-
tural system can also be seen in various parts of the region 
at present.

5.5 � Step ponds or baori

Various step ponds or Baoris (Figs. 17 and 18) were also 
constructed in the region to meet daily water demand in 
inhabited areas or nearby the temples. These step ponds have 
a water source from which water collects in the pond, locally 
known as kund. Steps were made to reach at water level so 
that people could perform their daily tasks.

6 � Various water lifting mechanisms

According to Bundelkhand Ke Talabon Evam Jal Praanshan 
Ka Itihass (Tripathi, 2011), Eastern States (Bundelkhand) 
Gazetteer Vol VI-A (Laurd, 1907), and Statistical, Descrip-
tive and Historical Account of the North-Western Provinces 
of India Vol I Bundelkhand (Atkinson, 1874), and Jhansi: 
A Gazetteer, being vol. XXIV of the District Gazetteers of 
the United Provinces of Agra and Oudh (Drake-Brockman 
et al., 1929), the Persian wheel (Fig. 19) was the princi-
pal mechanism for raising water, and discharging it into a 
trough. From there, it was carried by cleverly levelled chan-
nels known as Baraho in the fields. Sometimes, the Persian 

Fig. 14   Masonry well with steps  (Source: Authors)

Fig. 15   Step well, Orchha, Niwari, Madhya Pradesh  (Source: Field 
Survey, 2022)
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wheel mechanism was also used to raise water from the riv-
erbed with step banks, creating a semicircular excavation to 
temporarily receive the chain pots, known as ramaiya. Alter-
natively, a bricked excavation was sometimes permanently 
made on the margin of a lake, open on the waterside, and this 
was known as khanch. The methods of irrigation employed 
were well adapted to the character of the country. Both the 
well and the lake were always found close to the homestead, 
and the extent of the irrigated land in all directions from the 

homestead as a center depended mainly on the enterprise 
of the villages. Generally, wells might be sunk with profit 
almost anywhere. The ‘irrigated heart’ of the red soil village, 
as it was called, was usually compact and surrounded by a 
high thorny hedge. It generally inclined down from the high 
ground on which the village stands to some nala or riverbed 
and was known as tereta.

Many other devices were also resorted to; the commonest 
was the donri, which consisted of the hollow trunk of a tree 
suspended from a pole with a counterpoise at the opposite 
end. Additionally, there was the chappa or douri (Fig. 20), 
a basket slung on a rope thrown into the water by two men 
standing on either side, thus scooping water into a channel 
from which it ran into the field. In the case of tanks, the 
chappa was also used to raise water. A hole was sunk on the 
side of a tank at the extremity of a channel; two men then 
sat down on the opposite sides of the hole and swung the 
basket in and out of the water, emptying the full basket into 
the channel at the higher level leading to the fields. Although 
this method had a low cost, it had various drawbacks such 
as, it was a prolonged process, a significant amount of water 
falling back every time the basket was raised, and unneces-
sary effort was expended. When the water level went below 
eight or nine feet, two lifts needed to be employed, each 
with four men.

Fig. 16   Temporary dam in black soil tract  (Source: Authors)

Fig. 17   Step pond or Baori  (Source: Authors)
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But, when the water was below fifteen feet from the 
surface, the Charsa or leather bag worked by oxen on an 
inclined plane over a pulley was used to raise water from 
the wells. It is interesting to note that the interruption in the 
use of the Persian wheel (Fig. 21) and the commencement 

of Charsa can be directly connected to the transition to natu-
rally rich and heavier soil.

In the Haveli system, water was raised from the wells by 
the dhenkli, a weighted lever, and a small earthen ghara. As 
the water dried up, it often sank below the drainage routes, 
and then it was necessary to raise it either by swinging bas-
kets, doll, or by a curious mechanism consisting of a boat 
or hollowed-out trees known as dhikuri or, in some places, 
called dhenkli. One end of this mechanism is suspended 

Fig. 18   Surya Kund, near Sun Temple, Rahila Sagar, Mahoba, Uttar Pradesh  (Source: Field Survey, 2022)

Fig. 19   Persian Wheel  (Source: Authors)

Fig. 20   Chappa  (Source: Authors)
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from a beam which works as a lever, with the weight of large 
stones and men on the other end sufficing to raise it full of 
water and pour it into the channel on higher ground leading 
to the field. This method was cumbersome and involved very 
hard work (Fig. 22).

Sleeman (1893) in, ‘Rambles and Recollections of an 
Indian Official (Vol. 5). A. Constable’, also mentions the 
use of canoe (Fig. 23) to water the fields from the tanks in 
the region,

‘The people irrigating a field of wheat from a tank 
by means of a canoe, in a mode quite new to me. The 
surface of the water was about three feet below that 
of the field to be watered. The inner end of the canoe 

was open and placed at the mouth of a gutter lead-
ing into the wheat field. The outer end was closed and 
suspended by a rope to the outer end of a pole, which 
was again suspended by crossbars. On the inner end 
of this pole was a fixed weight of stones sufficient 
to raise the canoe when filled with water, and at the 
outer end stood five men, who pulled down and sank 
the canoe into the water as often as it was raised by 
the stones and emptied into the gutter. The canoe was 
more curved at the outer end than ordinary ones and 
seemed to have been made for the purpose.’

 Canals were usually planned so that the lift did not exceed 
eight or nine feet; this was the usual limit with tanks and 
reservoirs. However, in exceptional cases, water was raised 
from these sources by three, four, or even five successive 
basket lifts.

7  �Lessons from the field

At present, most of these structures are not in very good 
shape. Due to lack of maintenance, dumping of waste, 
increasing encroachment in the ponds and submerged 
areas, etc., the existence of these ponds is in danger, which 
is resulting in groundwater depletion and an increasing num-
ber of droughts and famines in the region (Fig. 24).

The introduction of piped water networks, real estate 
developments, lack of community participation, govern-
ment policies, etc., are the key factors behind the deterio-
rating conditions of the earlier water management system of 
Bundelkhand (Figs. 25, and 26). According to Mr. Mansa, a 
fisherman, Bela Sagar, Jaitpur, Mahoba, UP:

Fig. 21   Water Lifting Mechanism by Bullocks  (Source: Authors)

Fig. 22   Dhenkli  (Source: Authors)

Fig. 23   Canoe  (Source: Authors)
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“…The lake is the only source of our lives and live-
lihood. However, due to the installation of a water 
filtering unit to supply water in nearby areas, a very 
small amount of water was left for irrigation and fish 
farming. In the years of scarce rainfall, which happens 
almost every three to four years, we have no other 
option left and have to migrate to other parts of the 
country to work as daily waged labourers.”

8 � Rays of hope?

Prospective community participation and revival of the 
water system can be traced as an alternative to the current 
situation. In Jakhani village, Mahuva block of Banda district 
in Uttar Pradesh, villagers adopted an almost similar method 
of building small dams in their fields by making the ridges 
of the fields higher to stop rain-water.

According to Mr Raja Verma, a resident of the village,

“…After ploughing the field just before the rains, the 
ridges have to be made higher and trees that provide 
less shade have to be planted on them. So that when it 
rains, the water stays in the fields. The roots of trees 
not only bind the soil but also conserve water. This 
increased not only the water level but also the yield in 
the fields. This model was named—ridge on the field, 
trees on the ridge.”

 Similarly, in the Mohangarh tehsil in Tikamgarh district 
(MP), a somewhat similar story was heard where the vil-
lage community preserved century-old pond (Fig. 27) and 

Fig. 24   (Left & Right): Waste dumping in water bodies  (Source: field Survey, 2022)

Fig. 25   Water supply station at Nadanwara lake Tikamgarh, MP  
(Source: field Survey, 2022)

Fig. 26   Water supply station at Bela Sagar, Mahoba, UP  (Source: 
field Survey, 2022)
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benefited. According to the head of the village community 
of Mohangarh,

…Earlier, inflow drains were blocked and diverted for 
personal gain. With the help of the village community, 
these drains were cleared and repaired. Now, it is pro-
hibited to stop or divert inflow drains through which 
water fills in the pond. Gram Sabha made the rules 
for preserving the pond and villagers follow them. 
Encroaching pond area for personal benefits and agri-
culture on the pond’s bed has also been forbidden.

 Although initial attempts, these incidents have drawn the 
attention of other nearby villages. Other villages in the 
neighbouring areas are learning to restore their ground-
water level by various means. Here, the fundamental point 
which needs to be made is that, earlier, water structures were 
constructed to fulfil local needs. Big infrastructures such as 
multipurpose river dams were not seen due to the uneven 
topography of this area.

In a region where rainfall varies largely, and groundwater 
levels are going deep down, dams and weirs constructed dur-
ing colonial and postcolonial periods are unable to meet the 
current water requirement, which is causing continual water 
scarcity in the region. That is why droughts and famines 
are common, which has augmented the suicide of farmers 
in recent years. Due to such events, the significance of the 
earlier water management system is gaining ground. Exam-
ples given above indicate that efforts are needed at grass 
root level to generate awareness among people to preserve 
the earlier water management system in the Bundelkhand 
region rather than relying on the modern water management 
system based on dams, interlinking of rivers, canals, piped 
water networks, etc.

9 � Conclusion

Thus, the present study attempts to address the present 
water crisis of Bundelkhand by looking back in order to 
look forward by offering insights from the past. Earlier, 
Bundelkhand was a water-scarce rocky terrain with sea-
sonal flowing drains; there were no static human settlements, 
and people used to live pastoral lives. This situation was 
completely transformed by the Chandela rulers by the con-
struction of numerous lakes, tanks, and other water harvest-
ing structures in the region. These structures are still there 
and are working efficiently in a few areas with community 
participation.

It can be found that due to negligence at all levels, 
including community and government, conditions of these 
structures are deteriorating day by day, which is resulting 
in groundwater depletion, water scarcity and an increas-
ing number of famines in the region. However, this con-
dition can be reverted by active community participation 
and policy improvisation at the government level. A few 
examples can be found at the individual village level where 
these changes have been implemented successfully. Thus, 
this article can be considered as an attempt in this direc-
tion—how these historical explorations can provide some 
key insights in terms of the significance of more sustain-
able and ecologically benign socio-technical apparatuses, 
protecting the region from severe human-induced extreme 
events, more specifically droughts.
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Fig. 27   Picture of Mohangarh tehsil, Tikamgarh, MP pond (Field Survey, 2022)
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