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Biological management of water on land
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Plant, soil, groundwater and rivers on land are one
complexly interconnected system with a strong sym-
biosis. Managing one such as the lower form of life
will simultaneously manage all others. This is the bio-
logical management of water on land.
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WE are in a human-dominated earth now and the dominance
is ever increasing due to advancement in science and tech-
nology. All the socially perceived economic development
seems to have adversely affected the life support system of
the earth. Unless there is a ‘shock’, the pursuit of economic
development will go on and so also the deterioration of
components of life support system of the earth. We are all
too familiar with the problem of water and the politically
motivated efforts to deal with both quantity and quality of
water problem, such as rainwater harvesting and interlinking
of rivers and river cleansing. The success or otherwise of
these projects requires people’s participation. For this,
citizens must be informed of certain basic facts of water
on earth so that opinions are publicly expressed and decisions
are made, which will enable a sustainable society to exist
on earth. Along with the options presently under consid-
eration by various government agencies on a large scale
such as linking Indian rivers and rain water harvesting,
the natural water harvesting by vegetation cover on land
needs a serious consideration because of its efficacy in
maintaining the life support system.

Water is life on earth and it has no substitute

For most part of the earth and for much of its 4.6 billion
year geological history, most of the planetary water has been
in existence as liquid water. Unlike our neighbouring
planets (Venus and Mars), water has made the earth’s atmos-
phere suitable for all life, by removing most of the atmos-
pheric CO,, a greenhouse gas, in the form of carbonate
rocks (limestone), coal and hydrocarbon deposits (oil and
gas); these are carbon containing earth materials that lie
buried within the earth for millions of years and are normally
recycled slowly on a geological time scale. Anthropogenic
removal and use of these materials release the buried CO,
back to the atmosphere causing global warming. After
creating water ‘scarcity’ through all our developmental
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activities we now realize that both quantity and quality of
water are the limiting factors of terrestrial life in all its
diversity. Unlike an ocean which is water itself, water on
land is transported from oceans through the atmosphere —
the hydrologic cycle. The rate of vapour generation and its
transport, and the quantity of precipitation on land from
the atmosphere are highly variable in terms of space and
time because of the variabilities in solar energy input, ocean
circulation, latitudes, altitudes and vegetational cover. The
variability in precipitation is a major limiting factor for
biomass or grain production on land.

Nearly 70% of the earth’s surface is covered with salty
seawater to an average depth of 3800 m and the seawater
accounts for nearly 97.41% of the entire near surface water
(Table 1). Freshwater on land (ice caps + glaciers = 1.98%,
ground + soil water = 0.6%, streams and lakes = 0.006%,
and atmospheric moisture 0.001%) although constitutes
only about 2.6%, the land supply is renewed continuously
by the existence of the hydrologic cycle. The cycle involves
a large scale transfer of water as vapour from oceans
through the atmosphere to the land and return of the pre-
cipitated water, with changed chemistry, back to oceans
after spending varying lengths of time (average exchange
time for atmosphere =9 days, rivers = 10-15 days, large
lakes = 10-20 years; oceans = 3000 years; ice caps = 10,000
years and groundwater = 100 to > 10,000 years (Table 1).
It is noted that subsurface groundwater is the largest sup-
ply of liquid water with the highest residence time on
land. The hydrologic cycle not only supplies freshwater
to land, it also helps in rock weathering, release and
transport of plant nutrients and maintaining the salinity of
seawater, planetary climate and life — a very major surface
earth process with complex interconnections among com-
ponent parts.

Table 1. Salient details of water on earth
Reservoir size Exchange time
(% of total) of water

Oceans 97.410 3000 years
Ice caps + glaciers 1.984 > 10000 years
Ground + soil water 0.599 100-10000 years
Rivers 0.006 10-15 days
Lakes 10-20 years
Atmosphere 0.001 9 days

Atmosphere exchanges its total moisture in nine days, i.e. three times in a
lunar month, i.e. monthly three rains (mummari in Tamil).

Groundwater — largest fresh ‘water’ reservoir with longest residence
time.

Source: Marsh and Grossa Jr'.
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Of the precipitation falling on land, which is only 22%
of the amount evaporated from the oceans, nearly 58% is
returned to the atmosphere by evaporation and transpira-
tion. The rest flows back to oceans directly as surface flow
in rivers or stored on land as groundwater eventually to
return to the oceans through seepage to the rivers. A river
gets its supply of water mainly from the stored groundwater
as seepage and also from surface runoff (Figure 1). Ground-
water is largely responsible for the base flow of the river
which sustains the entire riverine ecology. Geological
processes provide the necessary land gradient as well as
characteristic sediments to sustain the base flow of a
river, throughout the year particularly in its lower reaches
(Figure 2). Surface runoff generated during periods of
high rainfall is actually superimposed onto the base flow
and has built up the river’s floodplain and delta. Surface
runoff which causes occasional floods is also essential to
recharge the groundwater and replenish plant nutrients in
flood plains and to remove all kinds of wastes and salts
from the land surface, especially from farmland and urban
areas. Storage of rainwater as groundwater is very essential
for maintaining a river on land. What proportion of pre-
cipitation is stored as groundwater is a complex function
of several interacting parameters such as rainfall pattern
and intensity, geological make up, tectonic activity and
vegetation in the catchment area, climate along the river
course and structure/texture of sediments in the flood-
plain and delta. A large scale interception of land precipi-
tation either by dams or by rainwater harvesting in urban
areas may have serious consequences to wetland ecosystem,
stability of deltaic and coastal areas, biomass production
in both land and sea and to ocean circulation, mixing and,
therefore, climate. These are huge unknowns and it is
common sense that when in doubt, leave things as they are.

Ground water is essential for rivers to flow
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Figure 1. Normal flow in an undisturbed river to illustrate the essen-

tiality of groundwater for rivers to flow. a, Base flow — largely due to
seepage of groundwater to streams and is steady. b, Surface runoff —
due to rainfall when rate of precipitation exceeds the rate of infiltration
and is sporadic.
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Catchment regions of rivers are either geologically up-
lifted terrains or volcanic mountains. Normal erosional and
landslide processes result in the build up of thick piles of
coarse sediments along the foothill regions, which have
high permeability to infiltrate water and drain it (Figure
2). Vegetation in the catchment, particularly some large
trees, facilitate the process of storing rainwater through
the development of deep and extensive root zone of soils
and by reducing the surface runoff as plant litters hold the
water as mini check dams. Even the surface runoff devel-
oped during periods of intense rainfall is stored by a river
in its floodplain downstream during high flow (Figure 2).
Presence of natural levees (banks made by flooding) built
up by coarse-textured sediments along a river valley
helps the water storage process during high flow seasons
and discharge the stored water during the low flow. Thus
normal earth processes have the inherent capacity of in-
creasing the residence time of precipitated water on land.
In this task, the plant world also plays a very important
role. Plants take the soil water for photosynthesis to fix
the shortwave radiation of the sun and atmospheric CO,,
factors reducing the greenhouse effect and therefore the
surface temperature. Plant transpiration also takes a large
quantity of soil water and evaporates it into the atmosphere
to keep the leaves cool. Although plant photosynthesis
and transpiration pump the soil water to the atmosphere,
plants do bring the pumped water back to the ground by
changing the climate and inducing precipitation locally
(microclimate). The complex feedback processes in-
volved in plant physiology and climate and its effect in
groundwater storage are not well understood.

It is well known that soil cover on land is an essential
part of the hydrologic cycle. It stores the land precipita-
tion as soil/groundwater and returns it to the atmosphere
by evapotranspiration process and to the oceans through
the rivers. Soil formation requires vegetation in addition
to rainfall. Thicker zones of soils are formed in areas where
dense vegetational cover exists. In hard rock terrains
(commonly catchment areas of rivers), the thicker the soil
cover, the greater is the ground/soil water storage. Because
soil water is essential for plant growth, there exists a
strong symbiosis among groundwater storage, soil formation
and vegetational cover. The symbiosis is further enhanced in
tectonically active and uplifted areas because of the additional
orographic effect and habitat diversity promoting rainfall
and biodiversity respectively. It follows that an upland
catchment area of rivers must have a good vegetative cover
to increase the rainfall and groundwater recharge in the
foothills, reduce the surface runoff and, therefore, to contain a
river and to maintain its base flow. Storage of ground-
water in catchment and floodplain areas is essential to in-
crease the residence time of water on land and to maintain
rivers on land.

It is noted that groundwater is needed to store more of it,
just as soil is needed to make more soil on a long term basis.
Soil formation is a positive feedback process, i.e. soil formed
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