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Hydrological engineering for sustainable shifting agriculture
in the Eastern tropical Himalayas: A conceptual discussion
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Shifting agriculture has been regarded as the cause of degradation to most types of natural ii::;i‘zzfo“fj;ceh;";
resources in the Eastern Himalayas. Attempts have been made by certain agencies to abolish
the system or find alternatives but failed. Physical barriers arising from rugged topography *For correspondence 53
along with the socio-economic conditions are the major hindrances for improved agricultural  ascassdir@gmail.com
systems. Discussions on problems related to shifting agriculture and natural resources con-
servations have been made based on literature review and researches conducted in the re-
gion. Rainfall and vegetative cover being the major determinants of erosion intensity in the
region, hydrological engineering model for on-farm soil conservation practices has been
developed to control runoff, enhance rainfall interception and retain soil moisture and or-
ganic matter. Measures for on-site soil conservation include the use of locally available re-
sources with the application of simple technology and economically inexpensive for the igno-
rant and poor marginal farmers.
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Introduction publications on shifting cultivation reveal that
the systems have certain merits and advantages

The system of shifting agriculture has been while most studies recognize as imposing seri-
paraphrased “necessary evil” for its negative ous threats to the environs. In fact, the sustain-

preconception towards degradation of land, wa- ability of shifting cultivation is presently a topic
ter and forest resources. Known to the locals as of debate and as a result, the system has gained
jhumming, it is still the most prevalent form of interest of scientific community and policy mak-
agriculture practiced by the tribal groups of ers and has further added its popularity due to
Northeast India in the extreme Eastern Himala-  the failure of several attempts that have been
yas. carried out to abolish or find alternatives.

No doubt that the system of shifting agricul-
ture, like any other agricultural systems, has  Problems in the Eastern Himalayas
tremendous impact towards degradations of
natural resources and environment. Scientific The root cause of all problems associated
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with the systems of shifting cultivation is soil
erosion. Excessive rate of erosion on jhum-lands
upshot nutrients loss making the sites unsuit-
able for further cultivation and hence shifting of
agricultural lands in a nomadic manner. The
physical factors contributing to the massive soil
losses are, therefore, the main problems in the
Eastern Himalayas. Other hindrances comprise
of formulating measures to combat such physi-
cal constraints and mostly the existing socio-
economic and political conditions which impose
certain limitations to overcome the problems of
natural resources degradation.

The Himalayan and Tibetan regions cover
only 5% of the Earth’s land surface, but supply
about 25% of the dissolved load to the world
ocean.! The Eastern Himalayas comprise of
sandstone, shale and conglomerates with the
characteristics of fluvial deposits and with deep
soils and, these formations are geologically
weak, unstable and hence highly prone to ero-
sion.? Being predominantly of mountainous ter-
rain and hill ridges separated by deep valleys,
the loose sandy soil covers are highly suscepti-
ble to detachment by rain splash and erosion by
runoff.

Owing to its tropical-monsoon location, the
region also exhibits one of the World’s most pre-
cipitous zones with large network of river sys-
tems. The Brahmaputra River, which drains the
many parts of eastern Himalaya, is the fourth
largest river in the world in terms of average
discharge, but second in terms of sediment
transport per unit drainage area.® Amidst the
several adverse physical conditions, the region
has, however, high forest cover percentage
which has greatly reduced the rate of erosion.

The United States Department of Agriculture
(USDA-NRCS) has placed the whole of Arunachal
(Eastern Himalaya) under “high to very high”
water erosion vulnerability category, and “very
high’ human-induced water erosion category.
Other researches on soil erosion, conducted in
the region at different watershed level also re-
vealed that the rate of soil erosion is very high.
Rawat et al. > and Dabral et al.® estimated erosion
in one of the hilly catchments of Eastern Hima-
layas where the average soil loss and sediment
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yield amounted to 440.33 t ha™ year™® and 155.53
t ha™ year? respectively. A basic research on
soil loss conducted in one of the watersheds in
Mizoram also shows that the intensity of soil
loss is highly associated with the type and den-
sity of forest covers which protect soils from
rainfall impact.’

Equally important with the above physical
hindrances are the problems arising from the
socio-economic conditions where majority of
the shifting cultivators are too poor to carry out
improved agricultural systems and farm mecha-
nization. It is a subsistence type of agriculture
with the least surplus for market. Besides, tribal
farmers have their culture strongly bonded and
associated with the shifting agriculture that
practicing other systems of agriculture would
mean abandoning the tribal culture and their
way of life. The livelihood systems make most
indigenous peoples fundamentally reliant on the
environment and natural resources for their
daily existence and; this reliance on natural re-
sources has become integral to their way of life
and their self-identification.® The traditional
farming system of jhumming is linked with the
ecological, socio-economic and cultural life of
the indigenous people and is closely connected
to their rituals and festivals that revolve around
the jhum fields; not just as a means of their live-
lihood, but as a way of life®

Challenges to Bring Transformation

It has been learnt that the geophysical condi-
tions and prevailing land use systems in the
Eastern Himalayas impose serious threats to the
environment and that several attempts have
been made to replace shifting cultivation but
failed. Recommendation to abolish the system
proved impracticable if one considers the harsh
physical environs, poor economy, primitive cul-
ture and available technology in the region. It is
in this type of situation where slight but strong
modification has to be implemented, rather than
recommendation of alternatives.

Implementation of soil conservation meas-
ures within the agricultural sites could be one
amongst the best actions as soil erosion has
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been proven one of the major factors resulting to
degradation of environments. But soil conserva-
tion always means change!® in which several
types of change could be recommended depend-
ing upon the determinants of soil degradation
for each specific location. The main problems
arise when the types of change recommended
are not at all possible and feasible, especially in
the under-developed region where famers do
not afford application of mechanical measures
nor have the knowledge to implement sophisti-
cated techniques. Hence, recommendations for
implementation of such conservative, control or
improvement measures should take into ac-
count only such processes which are physically
sustainable, economically affordable, technically
applicable and culturally acceptable.

Landscapes may be sculptured in such a way
that the slopes are levelled and the depressions
filled; but situations are always otherwise where
socio-economic conditions wipe out all the pos-
sibilities. The pouring monsoons cannot be con-
trolled or diverted and the soils are too impaired
for natural resilience. One of the few options
available is to dissipate the forces within each
processes of the hydrological cycle acting on the
land surfaces by means of biosystems engineer-
ing measures which are economically afford-
able, mechanically available, technically simple
and culturally acceptable. Such measures would
make the tribals’ Jhum sites more sustainable for
perennial use and lengthen the period of jhum
cycle and hence reduce degradation of forest
resources, enhance water resources as well as
the economy of the farmers.

Hydrologic Engineering for Sustainable
Jhumming System

It has now been learnt that the problems of
shifting cultivation in the Eastern Himalayas
revolve around the hydrologic cycle and path-
ways resulting to degradation of natural re-
sources. The agents of soil removal from agricul-
tural sites being raindrops impact and runoff,
biosystems engineering could be a helpful meas-
ure to reduce soil loss and enhance soil health
for a sustainable jhumming system. Use of agro-

forestry, contour cropping, physical and vegeta-
tive erosion barriers, or integrated weed man-
agement is found to reduce soil degradation and
surface erosion on farms.!

Biosystems engineering is a discipline which
integrates engineering science and design with
applied biological, environmental and agricul-
tural sciences. The conceptual models to im-
prove sustainability of jhumming in this paper,
therefore, include designs of structural engi-
neering using the locally available biotic re-
sources with special considerations on the pre-
vailing geo-environmental conditions and agri-
cultural system. Such methods have to consider
measures for soil erosion control in jhum cultiva-
tion sites comprising of techniques or systems
to cope with the knowledge of ignorant farmers
and the freely available biotic natural resources.
The subsistent farmers have to continue the cul-
tivation of their jhum sites and only the simplest
modifications have to be implemented to ally
with their cultural and traditional practices.
Shifting cultivation throughout the tropics is
largely subsistence activity practised in areas
with few alternative options and is likely to con-
tinue.?> The recommended measures should be
affordable by the poor jhummias or be the least
expensive ones in terms of monetary and time.
Considering these two socio-economic con-
straints, the following hydrological processes
have to be controlled using biosystems meas-
ures:

Runoff

Velocity of runoff increases and gains its ero-
sive power with increasing slope length. From
the academic point of view, there can be several
measures to control runoff such as construc-
tions of terraces, infiltration ditches etc. which
are but not viable to the poor marginal farmers.
Shifting agricultural systems all over the world
share common practice which is burning of the
dried vegetation where many trees and their
branches remain half-burnt. These remnants,
free of cost, can be used to control runoff by
placing them along the slopes where rills are
likely to develop and all across the slope as con-
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tour lines at regular intervals. Contouring across
the slope shorten the slope length and reduce
runoff velocity whereas those along the slope
prevent runoff to get confined in a single erosive
channel. Rill erosion rates increase with dis-
charge.®®* The contour structures have to be in
touch with the ground surface to avoid chances
of runoff creeping through it. Seeds of selected
crops may be sown along these lines to support
stability of the structures. Such rows can also be
replaced by harvestable crops such as broom
grass, tea plantations, fodder plants, nitrogen
fixing legumes to supplement supply of nutri-
ents to the crops,* and to act as narrow buffer
lines for the adjacent plots just down below.

Weeds are one among the problems in jhum
sites especially in the precipitous tropical region
where they compete and thrive faster than the
crops. During weeding, some of the unwanted
weeds may be placed for decomposition along
the lines of contour structures evenly so as to
ensure complete blockade of seeping runoff and
supply of nutrients after decomposition. To con-
trol pollutants and sediment transport to the
streams, buffering at the lowest part of jhum
sites should also be encouraged, which is of
course a common one. Sandstones of different
sizes, found in almost the entire region, should
be placed along the confined channel to en-
hance turbulence and dissipation of runoff ero-
sive energy.

Interception

Interception of raindrops by canopies of
trees, plants and crops act positively in three
different ways — reducing the amount of rain-
drops reaching the ground; dissipating the en-
ergy of raindrops impact on the soils and; pro-
viding shades to reduce evapotranspiration from
soil underneath. The type, extent and condition
of vegetation and plant litter influence the pat-
tern of deposition and the amount of precipita-
tion reaching the soil surface.’® Soil loss inten-
sity map in the Himalayan watershed interest-
ingly follows the pattern of slope distribution
and more importantly the pattern of vegetation
density.!®
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A food system based on only two or three
food crops is extremely vulnerable to risks and
is likely to be nutritionally unbalanced.” Shifting
cultivation also has been known as comprising
mixed cropping where different kind of crops
are grown together to minimize risks and pro-
vide maximum production from all sources. In-
terception of precipitation in this system, de-
spite the mixed cropping, proved to be insuffi-
cient as the amount of soil loss from jhum sites
is still very high. To overcome this problem,
trees with different types of canopy cover
should be left over at regular intervals while cut-
clearing the lands where trees with extensive
canopy and thick bark should be selected for
maximum interception and to withstand burn-
ing of the jhum plot.

Several crops and fruits thrive in the region
owing to its geographical location where the
prevailing temperature and precipitation pro-
vide favourable conditions. Selection of the right
crops with multi-tier canopy heights for maxi-
mum interception is therefore a prerequisite
task. Besides, considerations have to be given
towards generation of income from certain crops
during the first year for the poor marginal farm-
ers to enable them carry out additional conser-
vative measures in their jhum sites in the follow-
ing years.

Evapotranspiration

Reducing evapotranspiration from soil using
crops residues or mulching has several advan-
tages such as enhancing the amount of water
available for the next cropping season and, rates
of organic accumulations and water infiltration.

Crops residue evenly distributed over the soil
surface protects the soil from direct impact of
raindrops by absorbing energy of raindrops, and
further insulates the wet soil from solar energy
and reduces evaporation.’® The Eastern Himala-
yas provide a condition where all kinds of weeds
and plants grow abundantly that weeding has
become a necessary routine at regular interval.
Such unwanted plants, after weeding, should be
used as residue cover to enhance infiltration,
moisture retention, accumulation of organic
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matter and soil conservation from raindrops
impact. Management of residues from the mon-
soon crops can have significant impact on soil-
water availability if cropping has to be done dur-
ing the following less precipitous winter season.
Crops residue provides erosion protection,
serves as a source of plant nutrients to following
crops, and reduces the amount of rainfall run-
off.%°

In the context of dry winter season cropping
in the Eastern Himalayas, precipitation in most
parts of the region occurs in the form of dews or
snow-dews which have insignificant potential to
erode soil but moisture of the upper soil surface.
Retention of this soil moisture could provide
water for the crops grown during dry winter sea-
sons. Crops such as broccoli, cabbage, brinjal,
chilly, beans or cow-peas and mustard can be
grown during tropical winter® and these crops
could offer market value to the farmers and do-
mestic consumption as well. It may be noted
that legumes among other crops, in addition to
its role as a source of protein N in the diet, N
from legumes fixation is essentially “free” N for
use by the host plant or subsequent crops.? To
augment crops and residue during less precipi-
tous winter temperature, classification of local
crops has to be done based on their tolerance to
tropical winter climate.

Conclusion

Farmers in the eastern tropical Himalayas
suffer greater extremes of physical and eco-
nomic conditions. To be sustainable, small re-
source-poor farms in the tropics will depend
increasingly on recycling organic materials to
improve soil architecture and return plant nutri-
ents.?? Measures to improve sustainability of
jhumming systems should never aim at drastic
changes but gradual transformation through
introduction of minor modifications and use of
local resources and knowledge. Resources acces-
sibility, economic viability, social acceptability
and knowledge availability have to be consid-
ered to formulate a model based on holistic ap-
proaches. Gradual transformation of jhum sites
into permanent cultivations may have to go a

very long way that one should firstly make an
attempt to lengthen the jhum cycle period. Sus-
tainability of the fragile eco-region can be man-
aged through maintaining longer fallow period.??
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