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“Save Soil Campaign” 

“Upon this handful of soil our survival depends. Husband it and it will grow our food, our fuel, and our shelter and 
surround us with beauty. Abuse it and the soil will collapse and die, taking humanity with it”

From Atharvavedas (Sanskrit Scripture) – 1500 BC

“I pledge to intensify our endeavours to protect and improve soil resources that surround us in order to restore and 
maintain a sound ecological balance in land, air, and water. I commit myself to promoting public awareness and 
education on the “Save Soil Campaign” as well as the public reporting of the environmental impact of various activities 
being taking place on the thin layer of SOIL. I believe it is our responsibility to take care of soil and land resources so that it 
remains available in good condition to my children and grand children (for generations). I also pledge to continue 
promoting the benefits of soil conservation for the sake of human's well being”.

Facts and Popular quotes about the importance of soil resources

q It can take more than 1,000 years to form a centimeter of topsoil 

q In a handful of fertile soil, there are more individual organisms than the total number of human beings that 
have ever existed 

q There are over 100,000 different types of soil in the world 

q Five tonnes of animal life can live on one hectare of soil 

q SOIL is “Soul of infinite life”

q Listen to soil, if you have ears - Jesus

q Take good care of me or else, when I get hold of you, I shall never let your soul go - Kipsigis proverb cites soil as 
saying to man 

q We know more about the movement of celestial bodies than about the soil underfoot - Leonardo da Vinci 

q Soil is a storehouse of Carbon to mitigate Climate change

q A land without a Farmer becomes barren

q Agriculture connects Farmer, Land and Nature

q Soil sustains all life on the Earth

q Farmers are the Human factors in soil Management

q Farmers first in soil and water conservation: Beginning the Journey towards a new vision

q Farmers heal the land
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In the backdrop of the recent Govt. initiatives for improving water availability at farm level, it is 
highly imperative to extract the most relevant, from the available research outputs, innovations and 
experiences of various stakeholders across the country on soil and water conservation. The contained 
land degradation is though a evidence of concentrated efforts of researchers and developmental 
agencies, a continuous effort is warranted for developing low cost soil and water conservation 
technologies to outpace the new and dynamic challenges in natural resource management.  

The diverse agrarian situation and involvement of large number of stakeholders including 
researchers across the country, result to large number of technology modifications, farm level 
innovations and success stories which largly remains unnoticed in absence of a suitable platform. 
Bringing them in public domain in desired format has potential of motivating different stakeholders 
in adopting and promoting soil and water conservation technologies. The IASWC has aptly encased 
the opportunities of bringing rich experiences on planning, implementation, impact evaluation of 
soil and water conservation interventions in watershed development mode by bringing out this 
annual publication. 

I appreciate the efforts and idea of Indian Association of Soil and Water Conservationists 
(IASWC) for publishing Soil and Water Conservation bulletin containing information on 
advancement in SWC technologies, field experiences of various stakeholders and views of the 
renowned professionals, with objective of sharing farmer's friendly resource conservation 
technologies with different stakeholders.  

I convey my heartiest congratulations to IASWC and editors for their untiring efforts in bringing 
thout the 4 issue of this publication and hope that the IASWC will continue the efforts of bringing 

future issues to contribute towards natural resource conservation and management in the national 
interest.

(T. MOHAPATRA)
thDated the 24  December, 2019

New Delhi
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Land degradation due to gully erosion is a severe 
threat to the vast tracts of world's agricultural land. 
Usually the word ravine refers to a network of gullies 
which are generally spread along any river system 
while gully (deeper than 0.3 m) is an erosion channel 
developed by ephemeral streams with steep banks 
and a nearly vertical gully head deep enough to create 
hindrance to the normal tillage operations. Ravine 
or Gully erosion infested landscapes are also known 
as lavaba (French), Vossoroca or bocoroea (Brazilian) 
and arroyo (Central Russia and South West America). 
Gully erosion is an advance stage of water induced 
sheet and rill erosion which eventually leads to 
extreme terrain deformation. According to Ali et al., 
2016 ravine land refers to a network of gullies that 
developed in the vicinity of a river system primarily 
because of large elevation difference between 
adjoining lands and river bed. In fact, un-scientific 
land use and scouring action of excess rainfall water 
simultaneously contribute to the formation of ravine 
land. Further visualization of problem reveals that 
un-scientific land management in ravine's as well in 
river's catchment area play a vital role in the 
formation and extension of ravines. Ravine lands not 
only create problems where they exist, but are also 
the root cause for degradation of adjacent arable 
lands affecting production potential. 

The National Planning Committee (1943) 
believed that 3.8% of united India was suffered by 
severe degradation of land by ravines and gullies. 
The first legitimated estimation of ravine land in 
independent India was made by the National 
Commission on Agriculture, 1976; reported 3.67 M 
ha land damaged by ravines (1.12% of TGA) and have 
gone out of economic land use. Subsequent 
periodical assessments using remote sensing 
techniques by National Remote Sensing Centre 
(NRSC) in 2000, 2003, 2005 and 2008-09 have shown 
sharp reduction in the ravine area of the country. The 
Wasteland maps issued by NRSC show that total 
ravine area of India has been reduced to 0.74 M ha 
(NRSC, 2010), which is only 20% of the area reported 
by NCA (1976). There are four major areas of severe 
ravine erosion in India (Sharma, 1980). Four vast 
tracts of land in India are severely degraded ravine 
erosion (Sharma, 1980). Yamuna-Chambal river 
zone is largest followed by Gujarat zone, Chhota 
Nagpur zone and Siwalik and Bhabar tract, respec-
tively. The Yamuna-Chambal ravine zone is spectacu-
lar and extreme example of water induced soil 
erosion. Very extensive degradation of land in the 
form of severe terrain deformation has occurred 
along the major river systems of the country. The 
Chambal ravines spread along the river Chambal in a 
10 km wide belt extending southwards from the 
Yamuna confluence to 480 km upto the town of Kota 
town of Rajasthan. Ravines also affect basins of 
several Chambal tributaries, e.g. Mej, Morel, 
Kalisindh, etc. (Sharma, 1968 and 1976). A recent 
and more realistic assessment (with more than 20% 
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ground verification) of ravines with the use of 
advance technologies like remote sensing and GIS 
was done by IISWC in 2014 (Fig. 1) and it was found 
that about 62% ravine area (of which 1976 estimate) 
reduced in Rajasthan, Madhya Pradesh, Uttar 
Pradesh and Gujarat. Nevertheless, ravine reclama-
tion and ravine extension are continuing processes 
and there is a need for a realistic and continuous 
monitoring of the problem area. Also there is a need 
to re-exmine and update the ravine reclamation 
strategies in the backdrop of rapidly changing 
ecological, socio-economic, political and technologi-
cal environments. The reliable periodical assessment 
of extent and severity of various forms of land 
degradation is an emerging priority in the backdrop 
of global initiatives for attaining land degradation 
neutrality (LDN) coordinated by United Nations 
Convention for Combating Desertification (UNCCD), 

which is endorsed by India with a commitment to 
restore 26 M ha of degraded lands by 2030.

The ravine area development must be with an 
objective of reclaiming ravine lands of the country 
for ecosystem restoration and optimum utilisation 
of these degraded lands for sustainable livelihood 
security of local communities inhabiting these areas. 
Emphasis must be on transparent and participatory 
program implementation maintaining social and 
gender equity in benefit sharing. Other collateral 
objectives of such kind of program must; (a) ensure 
protection to table land along the ravine areas by 
arresting the process of gully head extension, (b) 
reclaim degraded lands to optimum production 
levels and restore ecological balance through 
synergistic harmonization of community needs and 
production potential of these eco-systems, (c) 
sensitization and empowerment of communities for 

strengthening self- sustaining livelihood support 
systems and (d) establish an efficient monitoring 
and evaluation system for facilitating policy and 
technology refinement.

Process of Gully Formation

A clear understanding of erosional processes 
involved and ravine developmental stages is helpful 
for developing an effective ravine reclamation plan. 
The rate of gully erosion depends on the run-off 
producing characteristics of the watershed which are 
governed by the size and shape of drainage area, soil 
characteristics, the alignment, size, shape and the 
gradient of the gully channel. There are four major 
types of erosion processes which are responsible for 
a gully development and its expansion. These are 
waterfall erosion; tunneling and pot hole formation; 
channel erosion along the gully bed; and landslide 
erosion on gully banks. Correct gully control 
measures must be determined according to these 
development stages.

Waterfall Erosion

Waterfall erosion has three stages. First, sheet 
erosion develops into rills, then rills gain depth and 
reach the B-horizon of the soil. In the second stage, 
the gully reaches the C-horizon and the weak parent 
material is removed. From here the third stage i.e. 
gully head advancement; backwards to the upper 
end of the watershed takes place. As the gully head 
advances backwards and crosses lateral drainage 
ways caused by waterfall erosion, new gully 
branches develop. Branching of the gully may 
continue until a gully network or multiple-gully 
systems cover the entire watershed. 

Pothole Formation

The area which having high clay or CaCO  3

content like Chambal-Yamuna ravine region, soil 
cracking due to swelling and shrinking behavior 
creates sub-surface tunnels which leads to pot hole 
formation and very rapid extension of gully. In 
second stage these holes grow into tunnels and find 
a way in adjacent gully. The tunnels keep growing in 
size until finally these are collapsed to form a gully.  

Channel and Landslide Erosion 

Channel erosion along a gully bed is a scouring 
away of the soil from the bottom and sides of the 
gully by flowing water. The length, depth and width 
of the gully channel increases alongwith the gully 
head advancement to backwards. These stages of 
gully development will continue unless the gully is 
stabilized by structural control measures and re-
vegetation. The ravine growth stages can be 
summarized as Table 1.

Factors for Gully Erosion 

The factors affecting gully formation can be 
categorized into two groups, biotic and abiotic.  
Improper land use is the primary biotic factor in 
most developing countries. Rapidly-increasing 
populations usually migrate to marginal lands for 
cultivation along with removal of protective 
vegetation. Overgrazing, underground mining, road 
construction and livestock or vehicle trails also tend 
to induce gully erosion. Geology, geomorphology 
and soil of the region, seasonal rainfall pattern and 
other climatic conditions, shape and size of the 
catchment are major abiotic or physical factors. 

Fig. 1. Ravine land of most severely gully erosion affected states (Uttar Pradesh, Madhya Pradesh, Rajasthan and 
Gujarat) of India

G.L. Meena et al. / Scientific Routes for Rehabilitation of Ravine Lands for Sustainable Development2 Soil and Water Conservation Bulletin, No. 5 : 1–6, 2020 3

Growth stages Soils with high clay or calcium carbonates in surface or sub-surface layers Other loamy textured soils

1 Surface cracks and swallow holes Sheet erosion and rill formation

2 Piping, tunnelling and collapsing of tunnels Rills grow into small gullies

3 Recession or gully head extension

4 Gully deepening and widening

5 Stabilization of gully

Table 1: Ravine growth stages
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vegetation. The ravine growth stages can be 
summarized as Table 1.

Factors for Gully Erosion 

The factors affecting gully formation can be 
categorized into two groups, biotic and abiotic.  
Improper land use is the primary biotic factor in 
most developing countries. Rapidly-increasing 
populations usually migrate to marginal lands for 
cultivation along with removal of protective 
vegetation. Overgrazing, underground mining, road 
construction and livestock or vehicle trails also tend 
to induce gully erosion. Geology, geomorphology 
and soil of the region, seasonal rainfall pattern and 
other climatic conditions, shape and size of the 
catchment are major abiotic or physical factors. 

Fig. 1. Ravine land of most severely gully erosion affected states (Uttar Pradesh, Madhya Pradesh, Rajasthan and 
Gujarat) of India
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Growth stages Soils with high clay or calcium carbonates in surface or sub-surface layers Other loamy textured soils

1 Surface cracks and swallow holes Sheet erosion and rill formation

2 Piping, tunnelling and collapsing of tunnels Rills grow into small gullies

3 Recession or gully head extension

4 Gully deepening and widening

5 Stabilization of gully

Table 1: Ravine growth stages



Characterization of Gullies

Gullies are classified under several systems 
based on their physical features and distribution 
patterns. 

Gully Classes Based on Size: The gully classification 
system is based on size, depth and drainage area 
(Table 2). The size of gully, however, reflects its stage 
of development rather than potential runoff volume 
capacity. Therefore a classification based on flow 
rates would be more useful for planning control 
measures.

Gully Classes Based on Shape: The gullies are also 
classified according to the shape of their cross-
sections. Depending on soil profiles characteristics 
'U' shape, 'V' shape and trapezoidal shape gullies are 
commonly formed. U-shaped gullies are formed 
where both the top-soil and sub-soil have the same 
resistance against erosion. Because the sub-soil is 
eroded as easily as the topsoil nearly vertical walls 
are developed on each side of the gully. This type of 
ravines is generally prevalent in Mahi and Yamuna 
catchment. V-shaped gullies develop where the sub-
soil has more resistance than topsoil against erosion. 
This is the most common gully form in the Chambal 
ravines. Trapezoidal gullies can be formed where the 
gully bottom is made of more resistant material than 
the topsoil. 

Gully Classes Based on Distribution Pattern: 
Based on the distribution pattern the gullies are 
classified as: a) continuous gullies and b) discontinu-
ous gullies. Continuous gullies consist of many 
mature and immature branch gullies. Discontinuous 
or independent gullies may develop on hillsides after 
landslides. Flowing water in a discontinuous gully 
spreads over a nearly flat area. After some time, it 
reaches the main gully channel or stream. 

reclamability classification scheme. Land ownership 
is also required to take into account for land use 
planning. 

Generally ravines are associated with alluvial 
deep soils therefore, leveling for agriculture is a 
preferred activity for reclaiming shallow ravines. 
However, the cost of leveling becomes deciding 
factor in medium deep and deep ravine systems. 
Other measures have been developed to reclaim 
ravines where leveling is not a cost effective option. 
Steps involved in reclaiming the ravines systems 
include: (a) checking the runoff and providing safe 
disposal of surplus runoff water into the ravines 
from the adjacent marginal land by constructing 
marginal bund, (b) storage of runoff / sediment in 
gullies and gully bed stabilization with earthen gully 
plugs or boribund or composite check dam at 
specific horizontal interval and (c) utilization of 
groundwater potential through micro-irrigation 
system. 

Gully Reclaimability Classification System: The 
comprehensive gully classification scheme evolved 
at Kota Centre can be utilized to gully classification. 
The scheme classifies the gully network into size 
categories based on gully dimensions, soil character-
istics, water availability and climate. In this system 
the gully reclaimability classes indicate the relative 
degree of hazard involved in the treatment of the 
gully; the sub-classes indicate the type of the 
reclamation hazards (m-maintenance hazard; s-root 
zone limitation; w-excess of water and c-climatic 
limitation). 

Notations can be derived to display abbreviated 
information on different parameters of gullies as:

Strategies for Sustainable Ravine Land Management

The overall objectives of ravine area develop-
ment plan is to arrest degradation process and 
ingress of table lands into gully net works, reclama-
tion of degraded ravine lands for productive and 
sustainable utilization and ensuring environmental 
and livelihood security. A range of erosion control 
measures have been developed, evaluated and 
recommended by ICAR-IISWC (formerly CSWCRTI), 
Regional Research Centres located at Kota, Agra and 
Vasad. While preparing a developmental plan for the 
ravines, sustaining optimum production levels 
through efficient utilization of available resources to 
satisfy local needs has to be basic driving principle. 
The choice of conservation measure would depend 
on technical feasibility, economic viability, intended 
land use, community preferences and long term 
sustainability. The first step in planning process is 
conducting basic resource survey and physical 
characterization of ravine area following gully 

Medium deep and deep gully systems which 
can't be economically reclaimed for cultivation shall 
be put under silvi-pastoral systems. Severe grazing 
and illicit felling are major constraints in managing 
these lands, therefore, closure against biotic 
interferences is a pre-requisite for revegetating these 
lands. Suitable tree and grass spp. and their planting 
and management techniques have been identified. 
Suitability of land treatment options according to 
site characteristics and ownership of the land; under 
ravine area development program are summarized 
in Table 3.

The ravine areas are very fragile and highly 
vulnerable ecosystems. Generally, these areas are 
inhabited by resource constraint societies, who are 
generally unwilling and incapable of taking up cost 
intensive and complex ravine reclamation initiatives 
without external support. The ravine lands have 
been low priority areas for developmental projects 
due to inadequate political and policy support. An 

3Gully classes Gully depth (m) Gully drainage area (ha) Potential flow rate (m /s)

Small gully less than 1 less than 5 <0.3

Medium gully 1 to 5 5 to 40 0.3-2.0

Large gully more than 5 more than 40 >2.0

Table 2: Gully classes based on size (FAO, 1977)

depthgullyslopeSide

widthbedgullytextureSoil
Notation

-

-
=

Site characteristics Land ownership Recommended Land treatment

Zone I : Levelled (<1% slope) Private Conservation agronomy, contour or graded bunding, peripheral bunds with 
marginal lands along the ravine masonry spillways
area and vulnerable to gully head Community lands Peripheral bunds with masonry spillways, in-situ moisture conservation measures 
extension if left unattended with mini bunds, Silvipastoral system with recommended tree and grass spp.

Forest land Peripheral bunds with masonry spillways afforestation and other moisture
conservation measures for overall habitat improvement and support for fuel and
 fodder need with mini bunds. 

Zone II: Flat or mildly sloping Private Gully head stabilization, Land levelling to form inward sloping terraces with 
lands or shallow and small proper outlets. Conservation Bench Terracing, Gully plugs.
gullies located between Zone I Community lands Gully head stabilization, Half moon terracing or staggered trenching.
and deep gully system (ravine Silvipastoral systems, Gully plugs.
reclamability Class I, II and III) Forest lands Gully head stabilization, Half moon terracing or staggered trenching, Afforestation 

and other moisture conservation measures for overall habitat improvement and 
support for fuel and fodder needs, Gully plugs.

Zone III: Severely degraded medium Private lands Narrow horticulture terraces with half moon terracing or staggered 
deep to very deep ravines which trenching and side slope stabilization measures, Gully bed stabilisation, Micro
cannot be economically reclaimed irrigation system.
for cultivation (ravine reclamability Community lands Silvipastoral system with half moon terracing or staggered trenching and side
Class IV and VI) slope stabilization measures, Gully bed stabilisation measures.

Forest lands Afforestation and vegetation modification interventions with suitable moisture 
conservation measures for overall habitat improvement and fuel and fodder 
needs. Gully bed stabilisation measures. 

Zone IV: This black flow zone is situated All types Stream bank and side slope stabilization measures, Earthen CDs for embankment 
between Zone III and river stream type WHS. Pisciculture, wild life centuries, life saving 
(ravine reclamability Class V) irrigations. Gully bed stabilisation measures.

Table 3: Suitability of land treatment options under ravine area development project
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Vasad. While preparing a developmental plan for the 
ravines, sustaining optimum production levels 
through efficient utilization of available resources to 
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The choice of conservation measure would depend 
on technical feasibility, economic viability, intended 
land use, community preferences and long term 
sustainability. The first step in planning process is 
conducting basic resource survey and physical 
characterization of ravine area following gully 

Medium deep and deep gully systems which 
can't be economically reclaimed for cultivation shall 
be put under silvi-pastoral systems. Severe grazing 
and illicit felling are major constraints in managing 
these lands, therefore, closure against biotic 
interferences is a pre-requisite for revegetating these 
lands. Suitable tree and grass spp. and their planting 
and management techniques have been identified. 
Suitability of land treatment options according to 
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been low priority areas for developmental projects 
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effective and sustainable ravine reclamation plan 
needs (a) a strong policy framework:- to develop an 
authentic problem assessment and monitoring 
mechanism, (b) community empowerment:- 
effective community sensitization and its mobiliza-
tion is very critical for ensuring successful program 
implementation, (c) facilitating scientific planning:- 
to execute time tested location specific robust 
technologies with provisions of midterm monitoring 
and quality control measures, (d) ensure economic 
viability of program:- to make provisions for 
consistently addressing biotic and abiotic stresses, 
turning eroded land in to productive land by 
introducing new and advanced interventions and (e) 
strengthening livelihood support:- because 
resourceful communities are the best defense 
against land degradation. 

Way Forward

The tangible and in-tangible benefits of ravine 
reclamation works have been very well demon-
strated by ICAR-IISWC Regional Research Centres at 
Kota, Agra and Vasad. The magnitude of these 
benefits depends on terrain conditions, develop-
mental potential of the site and several bio-physical 
and socio-economical conditions. It is possible to 
achieve almost complete control over runoff and soil 
loss with appropriate bio-engineering measures. 
This will have favourable on-site and off-site 
hydrological influences through increased ground-
water recharge, reduced floods and reservoir 
siltation in addition to improved soil and environ-
mental quality. If left unattended, the gully heads 
would continue to extend into fertile table lands 
habitation and road and rain networks. Generally 
the ravines area has 15% to 32% arable lands and 
60% to 85% non-arable lands. Under the current 
scenario it is estimated that scientific and judicious 
management of ravine land would increase 10% to 

50% of existing arable lands, develop irrigation 
facilitation for its 30% to 60% arable lands, improve 
9% to 28% cropping intensity and 20% to 66% of 
current yield levels with an overall 118% to 280% 
increase in the net returns through increased crop 
production. The non-arable lands which are under 
severely degraded state can be developed to generate 
` 1.09 to ` 2.06 lakhs of annual revenue besides 
supporting several other livelihood support 
activities.
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2About 0.42 million km  hills covering nearly 
12.6% of land area of India is vulnerable to landslide 
and landslips (GS of India). Mountainous region of 
the north-western Himalayas (NWH), the sub-
himalayan terrain (SHT) of the north-east (NE), hill 
ranges of western and eastern ghats (W&EG) are 
vulnerable to landslides and landslip (taken together 
to landslide), spread over States and Union 
Territories (UTs), because of active tectonics, fragile 
geology, high relief, steep slopes, faulty quarry, 
intense rainfall as well as anthropogenic activities at 
various locations of these Indian Himalaya Region 
(IHR) comprises of series of lofty ranges, many of 
which exceed 7000 m above mean sea level, having 
inter-montane valleys, lake basins, cold deserts, 
deep gorges, alpine meadows, snow fields, glaciers 
and alluvial plains. Important river system of Asia, 
namely Indus, Sutlej, Ganges and Brahmaputra and 
its many tributaries originate and flow through these 
ranges including valleys. The higher Himalaya holds 
most important glacier crown in the world which is 
the source of water of most of north India's origi-
nated rivers. As such, these are recognised as 
important water towers (WT) on the earth. There are 
more than 9579 glaciers in the Indian Himalaya 

2covering about 38,000 km  area (GS of India, Sept 4, 
2015). Total volume of water flows from the 
Himalaya complex to the plains of the Indian sub-

6 3continent, is estimated to be about 8.6 × 10 m /yr, 

out of which the contribution of snow to the major 
rivers in the eastern Himalaya is about 10% and more 
than 60% in the western Himalaya. Besides, water of 
rivers, streams, lakes, ponds, groundwater through 
springs are the main sources of water for drinking 
and household consumption.

As to the vegetation, dense forest has a great 
role in resisting landslide as well as enriching water 
houses. IHR, has various forest eco-systems from 
tropical forests in the flood plains, sub-tropical, 
temperate and alpine in the high mountains more or 
less parallel to each other across the length of the 
Himalayas. The sub-tropical belt has evergreen 
broad leaf and moist deciduous forests, woodland 
and savannah. The terai-bhabar tract is populated by 
Sal and in the NEHR other dipterocarps. Adjacent 
and to the north of the sub-tropical forest is a band 
of sub-tropical pine forest in the outer Himalaya and 
Khasi pine in Meghalaya. Temperate humid forests, 
equivalent to “cloud forests”, thrive at elevations of 
EH. These forests are dominated by evergreen 
broadleaf trees at higher altitudes (2500-3000 m). 
The cloud forests in the east are rich in epiphytes. 
The temperate forests in the WH are much more 
open and dry dominated by conifers. Even, above 
2000 m in the Himalaya often resemble tropical eco-
systems rather than temperate systems. NE Region 
has the forest cover of the region is more than three 
times higher than the national average (19.4%) 
(Planning Commission of India, 2006).

While the entire Himalayan hill area generates 
so many vast contributions to the people, flora and 
fauna, also generates vast and extensive natural 
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hazards both within area and outside of it, one of the 
important reasons is the faulty and guilty human 
interference. One of the seismically active regions of 
the world is the Himalayan Frontal Arc. The 50 km 
wide zone between the main boundary thrust (MBT) 
and the main central thrust (MCT) is seismically 
most active. This zone is also known as the main 
Himalayan seismic belt in which massive earth-
quakes (M>8) have been occurring. IHR is prone to 
torrents, landslides, flash floods and other hazards 
in the surface topography owing to high seismic 
activity and fragility of the land mass (Sah et al., 
2007). Recurrent landslides are generally limited to 
the monsoon rainfall, that cause heavy damage to 
property, crops, animals, public utilities, disruption 
of road communication and loss of human lives 
every year. Number and frequency due to landslides 
happen mainly for the geological,  geo-
morphological, hydrological, faulty land use, faulty 
quarry, climatic and anthro-pogenic factors. 
Earthquakes also generate landslides, slips exten-
sively and further intense the same during monsoon 
period. Owing to the global warming, occurrence of 
glacial lake outburst floods (GLOF) in high moun-
tains happen, that inflict many troubles and 
sufferings to inhabitants and their infrastructure 
such as heavy loss of human life, damage to 
agricultural crops and property and impairment of 
hydro-electric projects. GLOF also causes rapid 
silting of reservoirs. Damage to settlements and 
farmland occur at distances from the outburst 
location. Avalanches are other glacial hazards. 
Although the avalanche zone lies in the snow-clad 
sparsely populated higher Himalayan belt, neverthe-
less this hazard poses dangers on highways (Depart-
ment of Science and Technology, 2016).

Preventing and managing the landslides 
together with torrents and flash flood are the 
essential responsibility (National Disaster 
Management Authority, 2019). The integrated soil 
conservation through engineering, vegetative and 
farming (bio-engineering) measures are the only 

ways to prevent and manage the landslide, torrent 
and flash flood generated in and from the hills of 
India where these hazards originate and prone. Site 
specific effective technologies, if properly done, the 
prevention and management become easy and 
possible.

Here Discussion is on the Himalaya and Adjacent 
Hill Ranges in the NE India

Extent of the landslide and landslip and its 
reasons: Landslip is the slip of a large mass of rock 
material, gravel, pebble soil, etc. down the side slope 
of a mountain or cliff. Landslide involves the 
breakup and downhill flow of rock, mud, water and 
anything. Landslides are classified into four main 
types, viz., Fall and toppling, slides (rotational and 
translational), Flows and Creep. As per GSI, about 

20.42 Million km  covering nearly 12.6% of land area 
of India is prone to landslide hazards. Out of this 

20.42 Million km , in NEH including Darjeeling and 
2Sikkim 0.18 million km , in NWH (Uttarakhand, 

Himachal Pradesh, Jammu and Kashmir and 
2Ladakh) 0.14 Million km , in WG and Konkan hills 

(Tamil Nadu, Kerala, Karnataka, Goa and 
2 Maharashtra) 0.09 Million km and in EG of Aruku 

2 area in Andhra Pradesh 0.01 Million km (GSI, 2016). 
Mountainous region of the NWH, the SHT of the NE, 
the W&EG are prone to landslides. States and UTs - 
Jammu and Kashmir, Ladakh, Himachal Pradesh, 
Uttarakhand, Sikkim, Arunachal Pradesh, Mizoram, 
Nagaland, Manipur, Meghalaya, Assam and Tripura 
and northern part of West Bengal are vulnerable to 
landslides due to fragile geology, active tectonics, 
high relief, critical slopes, faulty quarry, faulty land 
use and intense rainfall as well as anthropogenic 
activities at various locations. Western parts of 
Maharashtra, Karnataka, Goa and Kerala covering 
parts of WG and eastern parts of Andhra Pradesh 
and Tamil Nadu in EG are also vulnerable to 
landslides (Geological Survey of India). In the Hills, 
Jhum cultivation (shifting), faulty un-maintained 
terraces and contour bunds and water bodies are 

also the causes of the landslides. Earthquakes are, 
other reason for generating landslides on an 
extensive scale and further augmentation of the 
same during the monsoon period. Among the four 
belts in the IHR, rock falls and avalanches are 
common in the Higher Himalaya due to high relief. 
On the other hand, the Lesser Himalaya, a belt of 
medium-high relief features comprising sedimen-
tary rocks overlain by nappes of crystalline rocks, is 
prone to landslides and other mass movements. The 
IHR is also susceptible to hazards like GLOF. The 
occurrence of GLOF in high mountains creates many 
problems for inhabitants and their infrastructure 
such as heavy loss of human lives, damage to 
agricultural crops and property and impairment of 
the hydro-electric projects. GLOF also causes rapid 
filling of reservoirs. Damage to settlements and 
farmland can take place at very great distances from 
the outburst source. Avalanches are other glacial 
hazards. Although the avalanche zone lies in the 
snow-clad Higher Himalayan belt which is sparsely 
populated, nevertheless this hazard poses dangers 
on highways which pass underneath.

Glaciers and its influence: Outermost range of IHR 
popularly known as Shivalik or outer Himalaya, the 
second range is called lesser Himalaya, the highest 
range is the higher Himalaya or the Himadari. 
Glaciers and Snow caps cover are the ornaments in 
these region. Mountain ranges to the north of the 
higher Himalaya, frequently termed as trans-
Himalaya or cold deserts, are dry, exposed and 
frequently devoid of green vegetation cover. The 
higher Himalaya houses largest snow mass outside 
the polar region give rise to most important Glacier 
cap in the world. These Glaciers feed water to most of 
the north India's river systems, which is the lifeline 
for more than 1.3 billions people living in their lower 
commands. These are regarded as important WT on 
earth. In the Indian Himalaya, there are more than 

29579 Glaciers over about 38,000 km  area (GSI). 
However, distribution of glaciers is uneven owing to 
complexity of mountain ranges, variation of altitude 

and different climatic environment (Department of 
Science and Technology, 2016). It is much told of the 
Global warming. The world's average surface 

otemperature has increased between 0.3 and 0.6 C 
over the past hundred years (IPCC, 2001). With the 

otemperature rise by 1 C, the Alpine glaciers have 
shrunk by 40% in area and by more than 50% in 
volume since 1850 (IPCC, 2001 and CSE, 2002). 
Trend is in the rise. Its adverse effect is the threat of 
glacial lake outburst flood (GLOF). Consequence of 
net shrinkage and retreat of glaciers is the increase in 
size and number of glacial lakes, thereby there is 
possibility of increase in frequency of GLOFs in the 
coming years. This will have adverse effects ulti-
mately on life and property of mountain and its 
lower situation inhabiting people and other habitats 
(Bajracharya et al., 2008).

Riverine networks: Drainage system in the IHR is 
broadly grouped into 3 main river systems viz., the 
Indus, the Ganges, and the Brahmaputra. Average 
annual flow from these 3 in Indian territory alone is 

3estimated to be 1009 billion m . The major drainage 
networks of the WH is Indus, Jhelum, Chenab, Ravi, 
Sutlej, Ganges, Yamuna, and Sharada. In the EH 
major river networks are Tista, Brahmaputra System 
and Irravady. Himalayan rivers in one side carry 
enormous boulder, stones, gravels, pebbles, coarse 
and fine sands, silt and clay fractions which in one 
side deposit in water bodies, laden the land, block 
the water course, roads and other damages, in other 
side silt and clay increase the soil depth and its 
fertility that influences agro-economy in the plains. 
The perennial river system of the Himalaya is fed by 
melt water from snow cover, glaciers and permafrost 
(Sharma, 1993). IHR exerts a considerable influence 
on weather patterns throughout the South Asia. 
Moisture-laden monsoon wind from the Indian 
ocean is obstructed by the Great Himalayan Range to 
funnel through the Ganges and Brahmaputra 
valleys. This highly moist water bearing wind 
rebounds, that forms cloud and fall down as 
downpour over the entire territory of India. Winds 
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hazards both within area and outside of it, one of the 
important reasons is the faulty and guilty human 
interference. One of the seismically active regions of 
the world is the Himalayan Frontal Arc. The 50 km 
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and the main central thrust (MCT) is seismically 
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2 Maharashtra) 0.09 Million km and in EG of Aruku 

2 area in Andhra Pradesh 0.01 Million km (GSI, 2016). 
Mountainous region of the NWH, the SHT of the NE, 
the W&EG are prone to landslides. States and UTs - 
Jammu and Kashmir, Ladakh, Himachal Pradesh, 
Uttarakhand, Sikkim, Arunachal Pradesh, Mizoram, 
Nagaland, Manipur, Meghalaya, Assam and Tripura 
and northern part of West Bengal are vulnerable to 
landslides due to fragile geology, active tectonics, 
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broadly grouped into 3 main river systems viz., the 
Indus, the Ganges, and the Brahmaputra. Average 
annual flow from these 3 in Indian territory alone is 
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major river networks are Tista, Brahmaputra System 
and Irravady. Himalayan rivers in one side carry 
enormous boulder, stones, gravels, pebbles, coarse 
and fine sands, silt and clay fractions which in one 
side deposit in water bodies, laden the land, block 
the water course, roads and other damages, in other 
side silt and clay increase the soil depth and its 
fertility that influences agro-economy in the plains. 
The perennial river system of the Himalaya is fed by 
melt water from snow cover, glaciers and permafrost 
(Sharma, 1993). IHR exerts a considerable influence 
on weather patterns throughout the South Asia. 
Moisture-laden monsoon wind from the Indian 
ocean is obstructed by the Great Himalayan Range to 
funnel through the Ganges and Brahmaputra 
valleys. This highly moist water bearing wind 
rebounds, that forms cloud and fall down as 
downpour over the entire territory of India. Winds 
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deluge the eastern extent of the mountain range, 
while the western extent remains relatively drier. The 
water flows back into the Bay of Bengal and Indian 
Ocean along the rivers net works that drain the 
southern slopes, carrying with them sediments 
eroded from the unstable, steep mountains. The 
sediments deposit along the foothills to form 
extensive and highly productive alluvial plains. 
Unconsolidated sediments traverse by innumerable 
braided rivers.

Natural hazards generates in the hills: Water 
resources can hardly be confined within any 
geographical boundary. As such, to consider the 
country resource as a whole, annually, 400 M ha 
meter of fresh-water is received through downpour 
spread over India. Distribution of downpour is 
subject to variation, during south-west monsoon 
(June to September) is 75%, north-east monsoon 
(October-December) is 13%, Jan-Feb is 2% and 
March-May is 10% (pre-monsoon). South-west monsoon 
is blessing in one side, in other side period of 
hazards. Increase of atmospheric temperature 
brought about global climate change has inflicted 
the shift of monsoon pattern accompanied by an 
increase in intensity of rainfall and cloudbursts and 
heavy landslides during recent years (Sah and 
Mazari, 1998). Once ample, surplus rainfall, later 
very minimum, deficit. High intensity and maximum 
rainfall occur during June to September, during 
which the landslides occur.

Landslides cause the hazards that easily 
disastrous to human lives and properties. Economic 
loss due to landslides may be 1-2% of the gross 
national product (GNP) in many developing 
countries. Evaluating and mitigating the landslide 
hazard and risk is a major challenge for the techno-
crats and decision makers in the developing world as 
80% of the reported fatalities due to landslide is 
within the developing countries. 

Accelerated Soil Erosion, its Consequences

Irrespective of plains, plateau, desert and 

these measures, about 6000-12000 M t of soil can be 
retained within 329 M ha and maximum of 400 + M 
ha of rainwater can be stored within the 329 M ha of 
land (soil horizons, surface water bodies and aquifer). 
Integrated soil conservation measures not only 
conserve soil and rainwater, but also resist environ-
mental warming and pollution, increase crop 
production, and employment potentiality (Singh et 
al., 2006).

Group-wise Measures

Already mentioned soil conservation works may 
be categorized under three group of measures. Some 
specific works within the said measures are men-
tioned here (Singh et al., 2006; Saha et al., 2015; 
Sharda et al., 2009):

Mechanical measures: Site specific soil conserva-
tion measures are erection of barriers by works on 
every elevation of topographical situation to intercept 
the run-off and for safe disposal of surplus. New 
works and maintenance of contour bunding, field 
bunding, compartmental bunding, bench terracing, 
gully plunging, graded terracing (inward and out 
ward), conservation bench terrace, stager contour 
trench cum ridge, small dam, de-siltation basin, silt 
detention dam, waste wire, inlet drops, chute, 
diversion channel, land shaping, land levelling, field 
bunding, plot to plot diversion channel, land 
shaping, land levelling, field bunding, plot to plot 
delayed non-erosive drainage, sluice gate, percola-
tion tank, impoundment ditch, dug out, farm pond, 
cause -way, vented cause -way, course training (spur), 
surface reservoirs, torrent control structures, land 
slip and land slide resisting structures (elaborated 
separately), culverts with weir or without weir, wire 
net binded loose boulder / stone gabion, spring 
water storage tanks etc.

Vegetative measures: Raising non-weed grasses and 
legumes like carpet cover (Agro-stological) on the 
lands. Contour vegetative hedge (vetivar, lemon 
grass and vitex etc.). Eye-brew of erect, bushy grasses 
on riser of contour bund and terrace risers, grassed 

water ways. Turf on embankment flank. Raising trees 
alike to umbrellas on the land. Association of trees 
and crops, grasses and legumes on the land, such as 
agro-forestry, farm forestry, shelter belt (two storied) 
etc.

Cultural farming practices (Agronomic): Farming 
operations like contour ploughing across the slope, 
contour cropping (row) across the slope, strip 
cropping with erosion resisting and erosion 
permitting crops at appropriate ratio of the cover of 
the strip along the contour, intercropping at appropri-
ate ratio of rows of erosion resisting and erosion 
permitting crops. Detailed soil survey report based 
replenishment of macro and micro-nutrients 
through green manuring, organic and inorganic 
manures and fertilizers combination, etc.

Landslides and landslips control measures: After a 
thorough study and survey of the site, the control 
and preventive mechanical and bio-mechanical 
measures are selected, designed, planned and 
executed with strict caution to manage the land-
slides. Some of these are mentioned here (Bera, 
2007). 

Gravity retention structures: Timber and concrete 
crib wall, stacked masonry, multiple depth crib wall, 
rubble filled masonry, rock filled gabion, geo-grid 
shear key or re-inforced soil embankment, still bin 
wall, concrete buttress wall and braced wall.

Cantilever retention structures: Reverse stem wall, 
masonry block or speed block, inside stem wall, 
reinforced concrete cantilever, pier supported concrete 
wall, steel h-pile wall, cast-in place reinforced 
concrete interconnecting grade beam and caissons 
with inter-connecting under ream cones.

Retaining structures: Helical anchor 7.5 cm pitch, 
precast concrete, drilled tie-back or tendon, dead 
man anchor, reaction pier tie-back, rock bolt, 
pressure grout bulbs in soft soils.

Surface drainage: Prevention of entry in slide area 
of all perennial or temporary jhoras or water 

mountains, the soil erosion by rainfall starts with 
splash, advances to sheet, further advances to rill, 
further advances to gully and end with ravine or 
ruins of the land. Other forms of erosions are sea 
coastal and stream bank erosion are caused by the 
water current. landslide erosion in hill, mountain 
slopes happens by geo-tremble and water force 
down the slope. Wind force push up soil particles, 
dust, that displaces to long distance. Eroded spoils so 
far estimated is nearly 6000 to 12000 M t/yr is 
detached and displaced with huge plant nutrients, 
that exposes sub-soil in one place, buries top soil in 
other place and deposits in the surface water bodies 
and river bed. These decrease depth, decrease storage 
capacity and decrease discharge capacity of drainage 
network. This also decrease the crop land and non-
crop land area, productivity of the farm land as well 
(Dhruva Narayana et al., 1983; NWDB, 1985).

Integrated Soil Conservation Measures to Combat, 
Prevent, Manage and Repair

If appropriate preventive measures and actions 
are taken sufficient time ahead, then severity of 
every kind of soil erosions, landslide certainly can be 
avoided or minimised. Irrespective of hills, plateau, 
desert, the soil conservation works done are catego-
rized in different groups such as adopted to disinte-
grate raindrop biting energy, to resist landslide, to 
obstruct the push down stones, boulders, to decrease 
sediment yield, to halt rainwater in each elevation 
topo-graphy for prolonged time, to interrupt the 
direct flow of run-off water, to arrest the eroded soil 
in-situ, to enforce recharge of surface water into 
ground aquifer, to store clean surface water in 
surface water bodies, to surplus transparent water, 
to increase the time of concentration of run-off 
water in the drainage net work, to non-erosive safe 
disposal of surplus water, for prolongation of stream 
flow in the natural drainage system, to resist 
degradation and restoration of degraded land and 
development of micro-climate suitable for habita-
tion as well as to resist environmental warming. This 
also prevents flood and drought incidence. Thus by 
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flow in the natural drainage system, to resist 
degradation and restoration of degraded land and 
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courses. Diversion of all the springs, originating by 
entrapping within the slide area and at its head.

Sub-surface drainage: Graded sub-surface drainage 
by constructing horizontal drains, vertical wells, 
deep trench drains, drainage galleries and drainage 
tunnels and weep holes to remove and safe disposal 
of excess sub-surface water and reduce the satura-
tion within hillside slopes.

Horizontal drains: Construction of perorated 
preppies 50 mm diameter at a negative of 5 to 15 to 
the horizontal, into a hill or embankment, to drain 
out the ground water for removal from sub-soil as 
additional drainage channels of the hill slopes with 
poor permeability. Upper two thirds of the PVC pipe 
section is perforated or slotted. Groundwater flows 
into the pipes through perforations, slots. Water 
drained out from each row of drains is collected in a 
lined catch water drain and discharged at a suitable 
surface drainage point.

Deep trench drains: Deep sub-surface trench 
drains, consisting of a number of inter-connected 
trenches dug into the slope and backfilled with 
rubble which has good draining properties for 
effective quickly draining saturated slopes.

Drainage well: 10 to 20 m deep, 2.5 to 4.5 m 
diameter wells are constructed over relatively stable 
ground. Well bottom and its walls are lined with 
reinforced concrete or steel segments and the 
discharge of the water is achieved through a number 
of lateral boring or tunnels, less than 100 m in length 
from the well bottom. Lateral drillings are done 
through the well wall and these are 30 to 50 m in 
length consisting of two rows of lateral drill holes, 
each row with 16 to 24 holes, is adopted.

Drainage tunnel: This is done in a wide spread 
landslide area and its sliding surface is located 
deeper than 20 m. Invert of the tunnels is used as 
drainage channels which is either concreted or 
asphalt lined. Tunnels are driven in the stable 
ground below the sliding surface and dewatering of 

the sliding mass is achieved by drilling a number of 
drainage holes through the sliding surface for 
lengths of 30 to 80 m.

Hill river erosion control structures: Check dams, 
ground sills, river training works to check the debris 
flow from the slide surface or prevent bed scouring 
and lateral erosion from torrents and rivers. Toe 
erosion prevention works are bom rigid as well as 
flexible. Rigid structures, such as plum concrete or 
reinforced concrete toe walls are founded on 
bedrock without going below the scour depth. 
Flexible structures, such as sausage toe walls and 
sausage spurs in netted wire-mess are founded.

Stabilization of landslides by vegetation: Deforesta-
tion on a large scale disturbs the stability of the slope 
as a result of change in surface and groundwater 
regime. The afforestation of the slope is an impor-
tant corrective treatment under slope stabilization. It 
is carried out in the last phase of corrective treat-
ment invariably after partial stabilization of the 
landslide. Leveling of the slide area, sealing of the 
cracks and provision of drainage arrangement 
preceded afforestation. Vegetation both trees and 
grasses help by network of roots ramification for 
stabilization. Most suitable plants are those that 
have the largest consumption of water and highest 
evaporation. As such, to plant deciduous trees grass 
mat surface cover. Afforestation is an effective 
measure for stabilization of shallow sheet slides. 
Landslides with deep lying failure planes cannot be 
arrested by vegetation, although it can partly lower 
the infiltration of surface water into the slope thus 
indirectly contributing to the stabilization.

Adapted vegetative species: Root system of the 
trees acts anchorage and cordage of the cantilever 
hill flanks. Shoot system acts umbrella action 
resisting rain drop kinetic energy. Traditionally, the 
IHR has been recognized as distinct phytogeographic 
zone with two sub-divisions viz., Western Himalaya 
(WH) and Eastern Himalaya (EH). Starting from 
lower altitudes, tarai forest ascends till about 1300 

m. Bamboos, orchids, tall grass, balsams. Deciduous 
trees like D. sissoo, sal and toon grow. From 1300 
upwards till about 2700 m, Oaks, poplar, elms, 
laurel, maples, birches, alders, magnolia, etc. are 
found. Between 2700 m and 4,000 m you get silver 
fir, blue pine, spruce and deodar. (very beautiful and 
characteristic Cedrus deodara - Himalayan Cedar). 
4000 m and 5300 m. Rhododendrons, willows, 
primroses and junipers etc. grow at these altitudes. 
Hence, in vegetative conservation and or bio-
engineering conservation measures, afforestation 
and re-forestation, site specific selected species 
should be selected (Chandran, 2015).

For sub-tropical ecosystem altitude 1000-1800 
m Chrysopogon fulvus / Distans, Arundinella nepalensis, 
Pennisetum oriental, Apluda mutica, Heteropogon 
contortus, Imperata cylindrical, Capillipedium 
parviflorum, Microstegium ciliatum. For temperate 
eco-system altitude 1800-3000 m. Chrysopogon 
gryllus, Andropogon tristis, Themeda tremula, 
Erianthus rufipilis, Miscanthus nepalensis, Brechypodium 
sylvactium, Bromus unioloides. Hence, in vegetative 
conservation and or bio-engineering conservation 
measures, afforestation and re-forestation, site 
specific selected species should be selected.

Re-starting the discontinued soil conservation 
schemes: It is not known why the soil and water 
conservation schemes under the Ministry of 
Agriculture and Farmers Welfare, Department of 
Agriculture, Cooperation and Farmers Welfare, have 
been discontinued, viz., (1) Soil Conservation in the 
catchments of River Valley Project (RVP), (2) Soil 
Conservation in the catchments of Flood Prone 
Rivers (FPR), (3) Reclamation of Alkali Soil, (4) 
Watershed Development Project in Shifting 
Cultivation Areas, (5) Soil Conservation Training 
Centre at Hazaribagh managed by DVC and National 
Watershed Development Programme for Rainfed 
Areas (NWDPRA) of the Rainfed Farming System 
Division. Discontinuation or merger of these with 
others, lost the distinguishing and identity, thrust 
and importance of the objectives of these schemes.

Weakness of these schemes: The colossal weakness 
of these schemes was the ceiling limit of per hectare 
basis cost norm. That amount of the cost norm was 
poorest of the poor of all the Schemes of India. The 
treated area usually had been worked out through a 
mathematical equation of amount spent divided by 
per hectare cost norm. The result came out would be 
taken as the area treated, without considering the 
saturation level, sediment yield reduction, increase 
of recharge, increase of surface water storage, 
decrease of run-off, draw-up of the GWT, develop-
ment of eroded area etc. While the schemes were 
guided by this poorest of the poor cost norm of per 
hectare basis, contrary to it, Irrigation, flood control, 
road, other works have no such ceiling limit but as 
per estimates by standard schedules of rates. This 
limitation ultimately reflected on literal achieve-
ments, rather than real achievement on the field. 
This do not mean that, there was no achievement. 
There was achievement, but actually below real 
expectation. The Governments may consider fact of 
this weakness for the future and lift the poorest of 
the poor cost norm per hectare.

In fact, stopping, discontinuing these schemes, 
appear welcome of disaster. It is direly felt to restart 
more vigorously all the discontinued soil conserva-
tion schemes to confront the serious degradation of 
land and to resist run-off of fresh water, ultimately to 
conserve, store enough fresh water to overcome the 
menace of water scarcity. All the schemes should be 
brought under the Ministry of Agriculture and 
Farmers Welfare.

Need for importance on the soil conservation in 
the state government end: It is not well known of 
the steps being taken, emphasis being given on the 
soil conservation in the States of its own programme. 
But it implies that, if adequate steps, measures and 
actions are taken on the field, then severity of soil 
erosion and accumulated run-off (flood) would not 
crop up. This is the prevention in advance. Of-
course, central aid is indispensable. Therefore, if 
not, then measures and actions may be liked to be 
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courses. Diversion of all the springs, originating by 
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deeper than 20 m. Invert of the tunnels is used as 
drainage channels which is either concreted or 
asphalt lined. Tunnels are driven in the stable 
ground below the sliding surface and dewatering of 

the sliding mass is achieved by drilling a number of 
drainage holes through the sliding surface for 
lengths of 30 to 80 m.

Hill river erosion control structures: Check dams, 
ground sills, river training works to check the debris 
flow from the slide surface or prevent bed scouring 
and lateral erosion from torrents and rivers. Toe 
erosion prevention works are bom rigid as well as 
flexible. Rigid structures, such as plum concrete or 
reinforced concrete toe walls are founded on 
bedrock without going below the scour depth. 
Flexible structures, such as sausage toe walls and 
sausage spurs in netted wire-mess are founded.

Stabilization of landslides by vegetation: Deforesta-
tion on a large scale disturbs the stability of the slope 
as a result of change in surface and groundwater 
regime. The afforestation of the slope is an impor-
tant corrective treatment under slope stabilization. It 
is carried out in the last phase of corrective treat-
ment invariably after partial stabilization of the 
landslide. Leveling of the slide area, sealing of the 
cracks and provision of drainage arrangement 
preceded afforestation. Vegetation both trees and 
grasses help by network of roots ramification for 
stabilization. Most suitable plants are those that 
have the largest consumption of water and highest 
evaporation. As such, to plant deciduous trees grass 
mat surface cover. Afforestation is an effective 
measure for stabilization of shallow sheet slides. 
Landslides with deep lying failure planes cannot be 
arrested by vegetation, although it can partly lower 
the infiltration of surface water into the slope thus 
indirectly contributing to the stabilization.

Adapted vegetative species: Root system of the 
trees acts anchorage and cordage of the cantilever 
hill flanks. Shoot system acts umbrella action 
resisting rain drop kinetic energy. Traditionally, the 
IHR has been recognized as distinct phytogeographic 
zone with two sub-divisions viz., Western Himalaya 
(WH) and Eastern Himalaya (EH). Starting from 
lower altitudes, tarai forest ascends till about 1300 

m. Bamboos, orchids, tall grass, balsams. Deciduous 
trees like D. sissoo, sal and toon grow. From 1300 
upwards till about 2700 m, Oaks, poplar, elms, 
laurel, maples, birches, alders, magnolia, etc. are 
found. Between 2700 m and 4,000 m you get silver 
fir, blue pine, spruce and deodar. (very beautiful and 
characteristic Cedrus deodara - Himalayan Cedar). 
4000 m and 5300 m. Rhododendrons, willows, 
primroses and junipers etc. grow at these altitudes. 
Hence, in vegetative conservation and or bio-
engineering conservation measures, afforestation 
and re-forestation, site specific selected species 
should be selected (Chandran, 2015).

For sub-tropical ecosystem altitude 1000-1800 
m Chrysopogon fulvus / Distans, Arundinella nepalensis, 
Pennisetum oriental, Apluda mutica, Heteropogon 
contortus, Imperata cylindrical, Capillipedium 
parviflorum, Microstegium ciliatum. For temperate 
eco-system altitude 1800-3000 m. Chrysopogon 
gryllus, Andropogon tristis, Themeda tremula, 
Erianthus rufipilis, Miscanthus nepalensis, Brechypodium 
sylvactium, Bromus unioloides. Hence, in vegetative 
conservation and or bio-engineering conservation 
measures, afforestation and re-forestation, site 
specific selected species should be selected.

Re-starting the discontinued soil conservation 
schemes: It is not known why the soil and water 
conservation schemes under the Ministry of 
Agriculture and Farmers Welfare, Department of 
Agriculture, Cooperation and Farmers Welfare, have 
been discontinued, viz., (1) Soil Conservation in the 
catchments of River Valley Project (RVP), (2) Soil 
Conservation in the catchments of Flood Prone 
Rivers (FPR), (3) Reclamation of Alkali Soil, (4) 
Watershed Development Project in Shifting 
Cultivation Areas, (5) Soil Conservation Training 
Centre at Hazaribagh managed by DVC and National 
Watershed Development Programme for Rainfed 
Areas (NWDPRA) of the Rainfed Farming System 
Division. Discontinuation or merger of these with 
others, lost the distinguishing and identity, thrust 
and importance of the objectives of these schemes.

Weakness of these schemes: The colossal weakness 
of these schemes was the ceiling limit of per hectare 
basis cost norm. That amount of the cost norm was 
poorest of the poor of all the Schemes of India. The 
treated area usually had been worked out through a 
mathematical equation of amount spent divided by 
per hectare cost norm. The result came out would be 
taken as the area treated, without considering the 
saturation level, sediment yield reduction, increase 
of recharge, increase of surface water storage, 
decrease of run-off, draw-up of the GWT, develop-
ment of eroded area etc. While the schemes were 
guided by this poorest of the poor cost norm of per 
hectare basis, contrary to it, Irrigation, flood control, 
road, other works have no such ceiling limit but as 
per estimates by standard schedules of rates. This 
limitation ultimately reflected on literal achieve-
ments, rather than real achievement on the field. 
This do not mean that, there was no achievement. 
There was achievement, but actually below real 
expectation. The Governments may consider fact of 
this weakness for the future and lift the poorest of 
the poor cost norm per hectare.

In fact, stopping, discontinuing these schemes, 
appear welcome of disaster. It is direly felt to restart 
more vigorously all the discontinued soil conserva-
tion schemes to confront the serious degradation of 
land and to resist run-off of fresh water, ultimately to 
conserve, store enough fresh water to overcome the 
menace of water scarcity. All the schemes should be 
brought under the Ministry of Agriculture and 
Farmers Welfare.

Need for importance on the soil conservation in 
the state government end: It is not well known of 
the steps being taken, emphasis being given on the 
soil conservation in the States of its own programme. 
But it implies that, if adequate steps, measures and 
actions are taken on the field, then severity of soil 
erosion and accumulated run-off (flood) would not 
crop up. This is the prevention in advance. Of-
course, central aid is indispensable. Therefore, if 
not, then measures and actions may be liked to be 
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taken before more distressing the situations. 
Similarly, Central Government is to take effective 
actions with emphasis.

Need of Immediate actions: Not withstanding and 
nor derogating the laudable steps taken, by which 
many significant positive achievements obtained, 
but aiming for more development, out of experience 
views and suggestions here in after are submitted 
voluntary for perusal and taking necessary action as 
may be deemed suitable. All the discontinued, 
stopped soil conservation schemes of the Ministry of 
Agriculture and Farmers Welfare, Rural Development 
and State Government should be restarted more 
vigorously and new scheme should be launched in 
the title of scheme of soil conservation from plot to 
plot from Hill to Sea shore. Both the Central and 
State Governments to prioritise on soil conservation 
through centrally sponsored and State sector 
schemes. All these schemes should be brought under 
the one umbrella of the Ministry of Agriculture and 
Farmers Welfare, Government of India.

Official functionary need: Lots of proven estab-
lished and validated technologies are existing so 
proper implementation of these technology most 
are necessary. Strong official organization should be 
established with the enough number of specialized 
technical personnel who will transform and transmit 
the established practices to the land owners and 
users and will plan, design, formulate and imple-
ment the Government schemes. Provincial, district, 
sub-division, taluka, block and ground level 
maintaining a line of hierarchy on the principle of 
responsibility and authority should be co-terminus 
is essential. If strong setup of functionary is built up, 
then only both quality and quantity achievement 
will be possible. The principle of right man in right 
place, right experts in right job, responsibility and 
authority must be co-terminus are not reflecting for 
all the purposes. 

Central sector, sponsored schemes should be with 
100% finance of GoI: State Governments have their 

own schemes 100% funded within their Budget as 
per capability. Whereas many of the centrally 
sponsored, sector schemes are partially funded by 
the GoI with the State Governments matching share. 
Practically, this impairs, hurdles, complexes 
planning and implementation complex to achieve 
target. Problems to match Central and Sate share, 
SC, ST components, allotment of Central and State 
fund for actual expenditure at the same time, drawal 
of fund from treasury, accounting to 100% as per 
allotment are complex of execution problems. Other 
way for all the best, it would be wise and fruitful, if 
the Centrally sponsored, sector schemes, whatever 
amount may be, are 100% funded by Central 
Government as grant, or alternatively 100% funded 
by GoI as grant and long term loan, loan part 
recoverable in instalments. The executing offices at 
the grass root level, best feel that enface problems of 
this sharing schemes. While the Central schemes are 
implemented by the State Governments, these are 
automatically shared by the State Governments by 
deployment of their personnel, bearing their 
entitlements. Hence, the GoI may think and be 
moved for providing 100% share initially.

Regional soil and water conservation research and 
training centre for the north-east states: There are 
eight Regional Centres under the ICAR-Indian 
Institute of Soil and Water Conservation, (ICAR-
IISWC), Dehradun viz., Agra, Bellary, Chandigarh, 
Datia, Koraput, Kota, Ooty, and Vasad. But no such 
Centre for the NE states. Though, in the ICAR's 
Centre in NES exists, but for other purpose where 
soil and water conservation are dealt as additional. It 
is self justified for a Centre to be exclusively for soil 
and water conservation alike to other eight Regional 
Centres for the NE States. In Hyderabad, there are 
many ICAR Research Stations subject wise in 
addition to the ICRISAT. This justifies necessity of a 
Centre exclusively for Soil and Water Conservation. 
This should get attention of the ICAR, Department 
of Agriculture Research and Education, Ministry of 
Agriculture and Farmers Welfare, GoI. 

Suggestions:

1. In the hills no more pucca constructional works, 
except public utilities, conservation measures 
for security should be done.

2. New conservation scheme should be augmented 
exclusively for the hill area, prone to landslide.

3. Existing or wherever essential new pucca 
constructions, structures, should be encircled 
with protective vegetative measures with low 
height trees and grasses cover.

4. Natural cantilevers of the hills, should be either 
removed carefully or to be protected with 
strengthy structures, that landslide does not 
occur during monsoon rains.

5. Quarries should be undertaken, surveying and 
taking all cares, that do not favour landslide.

6. Extensive soil conservation works should be 
done both on hills and foot hills.

7. No more urbanisation, less to speak of multi-
storeyed buildings.

8. Thin forests should be reforested and vacant 
spaces should be afforested with appropriate 
tree species observing conservation principles.

9. Old terraces should be maintained, risers 
should compulsorily be enforced with eye brew 
of the hardy bushy erect grasses.

10. Cultivation of terraces in the hill flanks should 
be done observing the conservation farming 
principles.

11. Peoples awareness campaign should be 
intensified, not to undertake such works and 
activities that may favour erosion, landslides.

12. A soil and water conservation research and 
training centre should be established in the NE 
Region. 

13. Official functionary for the soil conservation 
should be created and strengthened both in 
centre and in States, UTs.

14. Soil conservation subject should be included in 
the course curriculum of Secondary and Higher 
Secondary.

15. In each of the SAU and CAU, soil and water 
conservation department should be established 
and subject of soil conservation should be 
included both in UG and PG Courses.

16. Observations and recommendation of IPCC and 
PCI (NITIYI) should be given priority in action.

17. Halt, rather retardation should be ensured on 
the global warming. That will be possible by 
integrated soil conservation measures. 

18. Burning of solid and liquid fossil fuel should be 
limited.

19. No heavy Industry should be established within 
the hill area and considerable distance from the 
foot hills.

20. Crops should be selected in the category of 
erosion resisting and hence erosion resisting 
farming method should be followed. Agro-
forestry models as per land capability class 
should be adopted.

21. In case of necessity of irrigation, the sprinkler, 
drip and pitcher irrigation methods should be 
followed.
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taken before more distressing the situations. 
Similarly, Central Government is to take effective 
actions with emphasis.

Need of Immediate actions: Not withstanding and 
nor derogating the laudable steps taken, by which 
many significant positive achievements obtained, 
but aiming for more development, out of experience 
views and suggestions here in after are submitted 
voluntary for perusal and taking necessary action as 
may be deemed suitable. All the discontinued, 
stopped soil conservation schemes of the Ministry of 
Agriculture and Farmers Welfare, Rural Development 
and State Government should be restarted more 
vigorously and new scheme should be launched in 
the title of scheme of soil conservation from plot to 
plot from Hill to Sea shore. Both the Central and 
State Governments to prioritise on soil conservation 
through centrally sponsored and State sector 
schemes. All these schemes should be brought under 
the one umbrella of the Ministry of Agriculture and 
Farmers Welfare, Government of India.

Official functionary need: Lots of proven estab-
lished and validated technologies are existing so 
proper implementation of these technology most 
are necessary. Strong official organization should be 
established with the enough number of specialized 
technical personnel who will transform and transmit 
the established practices to the land owners and 
users and will plan, design, formulate and imple-
ment the Government schemes. Provincial, district, 
sub-division, taluka, block and ground level 
maintaining a line of hierarchy on the principle of 
responsibility and authority should be co-terminus 
is essential. If strong setup of functionary is built up, 
then only both quality and quantity achievement 
will be possible. The principle of right man in right 
place, right experts in right job, responsibility and 
authority must be co-terminus are not reflecting for 
all the purposes. 

Central sector, sponsored schemes should be with 
100% finance of GoI: State Governments have their 

own schemes 100% funded within their Budget as 
per capability. Whereas many of the centrally 
sponsored, sector schemes are partially funded by 
the GoI with the State Governments matching share. 
Practically, this impairs, hurdles, complexes 
planning and implementation complex to achieve 
target. Problems to match Central and Sate share, 
SC, ST components, allotment of Central and State 
fund for actual expenditure at the same time, drawal 
of fund from treasury, accounting to 100% as per 
allotment are complex of execution problems. Other 
way for all the best, it would be wise and fruitful, if 
the Centrally sponsored, sector schemes, whatever 
amount may be, are 100% funded by Central 
Government as grant, or alternatively 100% funded 
by GoI as grant and long term loan, loan part 
recoverable in instalments. The executing offices at 
the grass root level, best feel that enface problems of 
this sharing schemes. While the Central schemes are 
implemented by the State Governments, these are 
automatically shared by the State Governments by 
deployment of their personnel, bearing their 
entitlements. Hence, the GoI may think and be 
moved for providing 100% share initially.

Regional soil and water conservation research and 
training centre for the north-east states: There are 
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Institute of Soil and Water Conservation, (ICAR-
IISWC), Dehradun viz., Agra, Bellary, Chandigarh, 
Datia, Koraput, Kota, Ooty, and Vasad. But no such 
Centre for the NE states. Though, in the ICAR's 
Centre in NES exists, but for other purpose where 
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and water conservation alike to other eight Regional 
Centres for the NE States. In Hyderabad, there are 
many ICAR Research Stations subject wise in 
addition to the ICRISAT. This justifies necessity of a 
Centre exclusively for Soil and Water Conservation. 
This should get attention of the ICAR, Department 
of Agriculture Research and Education, Ministry of 
Agriculture and Farmers Welfare, GoI. 

Suggestions:

1. In the hills no more pucca constructional works, 
except public utilities, conservation measures 
for security should be done.

2. New conservation scheme should be augmented 
exclusively for the hill area, prone to landslide.

3. Existing or wherever essential new pucca 
constructions, structures, should be encircled 
with protective vegetative measures with low 
height trees and grasses cover.

4. Natural cantilevers of the hills, should be either 
removed carefully or to be protected with 
strengthy structures, that landslide does not 
occur during monsoon rains.

5. Quarries should be undertaken, surveying and 
taking all cares, that do not favour landslide.

6. Extensive soil conservation works should be 
done both on hills and foot hills.

7. No more urbanisation, less to speak of multi-
storeyed buildings.

8. Thin forests should be reforested and vacant 
spaces should be afforested with appropriate 
tree species observing conservation principles.

9. Old terraces should be maintained, risers 
should compulsorily be enforced with eye brew 
of the hardy bushy erect grasses.

10. Cultivation of terraces in the hill flanks should 
be done observing the conservation farming 
principles.

11. Peoples awareness campaign should be 
intensified, not to undertake such works and 
activities that may favour erosion, landslides.

12. A soil and water conservation research and 
training centre should be established in the NE 
Region. 

13. Official functionary for the soil conservation 
should be created and strengthened both in 
centre and in States, UTs.

14. Soil conservation subject should be included in 
the course curriculum of Secondary and Higher 
Secondary.

15. In each of the SAU and CAU, soil and water 
conservation department should be established 
and subject of soil conservation should be 
included both in UG and PG Courses.

16. Observations and recommendation of IPCC and 
PCI (NITIYI) should be given priority in action.

17. Halt, rather retardation should be ensured on 
the global warming. That will be possible by 
integrated soil conservation measures. 

18. Burning of solid and liquid fossil fuel should be 
limited.

19. No heavy Industry should be established within 
the hill area and considerable distance from the 
foot hills.

20. Crops should be selected in the category of 
erosion resisting and hence erosion resisting 
farming method should be followed. Agro-
forestry models as per land capability class 
should be adopted.

21. In case of necessity of irrigation, the sprinkler, 
drip and pitcher irrigation methods should be 
followed.
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The concept of soil erodibility (K-factor) has 
achieved a great significance in the soil erosion 
modelling and soil conservation planning. K-factor is 
one of the vital factors which govern the resistance 
of soil particles to get removed owing to water 
erosion. This study was carried out to determine K-
factor employing universal soil loss equation (USLE) 
and assess its spatial variability via Geostatistics in 
Arc-GIS 10.2. The spatial distribution of K-factor was 
assessed by Kriging method of interpolation. For the 
determination of K-factor, top layer soil samples 
were sampled over 124 locations. Percentage of organic 
matter (OM), sand, silt and clay were evaluated, 
whereas structure class and soil permeability codes 
were acquired from United States Department of 
Agriculture (USDA) standards. The moderate variability 
was realized in estimated K-factor as indicated by the 
value of coefficient of variation (CV) being equal to 
0.63. The strong spatial auto-correlation was realized 
for K-factor as indicated by its value of nugget to sill 
ratio (0.00%). Exponential Kriging model was found 
to be the best model fit for prediction of K-factor on 
account of its best prediction. The resulting value of 
the mean square error (MSE) was almost equal to 
0.017, while the root mean square error (RMSE) was 
very low (1.16), which indicates the un-biasness of 
exponential model and its proficiency of reproduc-
ing experimental variance properly. The huge 
variability was experienced in K-factor with higher 
values occurring in Northern part (0.29-0.36 Mg h 

-1 -1MJ  mm ) of the watershed, while lower values (0.19 
-1 -1to 0.28 Mg h MJ  mm ) were observed in central 

region of the study area.

INTRODUCTION

Globally, soil erosion being a principal 
degradative process (Zhu et al., 2010), has turned out 
to be grave environmental issue, triggering soil/ 
nutrient loss and sedimentation of water courses 
(Rubio-Delgado et al., 2019). It has negative influences 
on diverse soil functions encompassing food / 
biomass production, water storage, filtering, 
transformation, habitat and gene pool, and supply 
of raw materials (Addis and Klik, 2015), which 
eventually instigates irreversible effect on the feebly 
renewable soil resource (Buttafuoco et al., 2012). 
The entire Himalayan region is tormented with a 
severe predicament of soil erosion, transporting and 
depositing a huge sediment load in watercourses 
(Zaz and Romshoo, 2012). Kashmir valley holding a 
unique place in the Himalayas is not only extremely 
susceptible to natural vulnerabilities like landslides, 
earthquakes, and floods, but is also greatly vulnera-
ble to soil erosion (Rather et al., 2017). Many factors 
encompassing severe deforestation, expansion of 
road works, mining activities and cultivation on 
steep slopes (Das et al., 1981).

The soil erosion rate is governed by erosivity 
attributable to the extrinsic factors such as land use, 
landscape topographies and climate (Buttafuoco et 
al., 2012), and the intrinsic properties of the soil's 
response to rainfall and runoff erosivity (Singh and 
Khera, 2008). The response of soil to these two kinds 
of erosivity thus, represents its intrinsic susceptibil-
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ity to get separated from clods, washed out, or 
transported by various erosion mechanisms, for 
instance splashing, overland flow or both (Parysow 
et al., 2003) and is known as the soil erodibility factor 
(K-factor) (Zhu et al., 2010). The measurement and 
quantification of K-factor as a parameter for soil 
erosion is complex since the susceptibility of soil to 
get eroded is influenced by various hydrological 
phenomenon, and physical, chemical and mechani-
cal characteristics of the soil profile (Bagarello et al., 
2009). Being a significant parameter in the soil 
erosion and sediment yield simulation models, 
various efforts to rationalize the assessment 
techniques of K-factor have been made in the past 
which have yielded a several simplified relationships 
for the prediction of this crucial parameter 
(Bagarello et al., 2009). The best method for the 
estimation of K-factor values is from the direct long-
term measurements on standard runoff plots, but 
this procedure is not feasible at a large scale 
(Meshesha et al., 2016). Consequentially, K-factor 
estimation employing physical and chemical 
properties of soils has been gaining popularity 
(Larionov et al., 2018).

Information on the spatial distribution of K-
values plays an important role in prioritizing and 

implementing site specific erosion control mea-
sures. In the past decade, many research studies 
have been conducted to assess the spatial correlation 
and variability of K-values at varying landscape units 
while employing both geostatistical methods as well 
as classical statistics (Wang et al., 2001; Veihe, 2002; 
Vaezi et al., 2010; Buttafuoco et al., 2012; Imani et al., 
2014). Different Kriging algorithms fall under the 
broad category of geostatistics for evaluating variables 
that are spatially continuous. These algorithms have 
extensively been used by soil scientists for evaluating 
spatial variability of K-values and interpolating these 
values to unsampled location (Li and Heap, 2008). 
Therefore, this study has been aimed to explore the 
soil erodibility k-values of different soil samples, and 
to assess the spatial variability of the predicted K-
factor in Ganderbal district of Kashmir valley.

MATERIALS AND METHODS

Study Area

The study area (Fig. 1) is Ganderbal district 
(34°14′-34°23′E and 74°47′-75°78′N) of Kashmir-
India. It is divided into four blocks, viz., Ganderbal, 
Kangan, Lar and Wakoora. The Sind river, a major 
tributary to the Jehlum river flows through this 

2district. The Sind with a course of about 100 km  and 

2a basin area exceeding 1,559 km  is perhaps the most 
developed side valley of Jhelum. Its upper most 
feeders rise below the lofty peaks near Zoji-La (3256 
m) as a number of other head streams join from the 
Amaranth (5003 m), Kola hoi (5425 m) and Panjtarni 
snow fields. The main origin of river Sindh is from 
Panjtarni glacier. Thaj was glacier is situated at an 
altitude of 3000 m above mean sea level. The glacier 
is covered with the snow all the year around. It adds 
large amount of water to the Sindh river.

Geology and Soils

The study area consists of mountain ranges and 
arable lands, which exhibits the important geologi-
cal formations like, Muthquartzites, Syringothys is 
Sevan limestone; Sevan series of compact blue 
limestone; slates and dolomites of teriassic system; 
dark carbonaceous and pyritousshales; calcareous 
shales and limestone of Jurassic system; and glacial 
moraine of Pliestocene system (Wadia, 1926).

In general the soils of Ganderbal is silty loam, 
belongs to order alfisols. Higher belt - semi arid zone 
(Sonamarg and Kulan) consists of Rocky soil which is 
above 5200 ft amsl, Mid belt - Temperate, mostly rainfed 
(Kangan and foot hills of Ganderbal) have  Clay loom 
/ sandy soil and is  above 4900-4975 ft amsl, lower 
belt - temperate mostly irrigated (Ganderbal and 
Srinagar and some areas of Kangan) consists of silty 
loom / clay loom soil which is above 4800 ft amsl.

Vegetation

The natural vegetation of the area consists of 
trees like Salix alba, Populus alba, Plantarinum 
orientalis, Robinia pseudoacacia. The high hill ranges 
are covered with forests and dominant species are 
Pinus sylvestris, Pinus walichiana, Cedrus deodara, 
Abies pindrow and Picea smitheana. Several shrubs 
and herbs of medicinal value are also found in the 
forest like Allium cepa (Gande), Arisaema jucquemontii 
(Haputgugej / Haputmakai), Allium sativum (Rhoon), 
Amaranthus caudatus (Leesa), Althaea officinalis (Saze 
posh), Artemisia absinthium (Teethwan), Artemisia 
absinthium (Teethwan), Brassica rapa (Tilgogul), 
Cichorium intybus (Gungli hand), Cannabis sativa 
(Bang / Charis), Datura stramonium (Datur), Dioscorea 

deltoidae (Krech), Euphorbia wallachii (Dub), Iris 
hookeriana (Mazarmund), Juglans regia (Doon kul), 
Malva neglecta (Sochal), Malva sylvestris (Gursochal), 
Mentha arvensis (Pudina / pudni), Nymphaea stellata 
(Buni posh / bum posh), Podophyllum hexandrum 
(Wan wagon), Rheum emodi (Pumba-chalan), Rumex 
acetosa (Abij / abjie), Saussurea costus (Kuth), Taraxacum 
offcinale (Hand), Uratica dioica (Soi) (Baba, 2012). 
Among agriculture – paddy, maize, mustard, oats are 
main crop, and other horticulture crop includes apple, 
pear, cherry, almond, plum apricot walnut and grapes 
in Lar tehsil.

Soil Sampling Procedures

Soil samples were collected in September and 
October, 2017 from various soil landscape units of 
the study area. The soil landscape unit map was 
prepared by integrating landform, aspect and land 
use / land cover map for selecting suitable sites for 
soil sampling. The study area mainly consists of 
Agriculture, Horticulture, Natural forest, Pastures 
and Barren lands. Similarly, four types of landforms 
like upper slope, middle slope, lower slope and 
valley and two aspects, viz., north and south were 
prepared.

The topsoil samples were collected over 94 
locations within the study watershed (Fig. 1). Garmin 
explorer GPS accuracy (73 m) was used for locating 
the geographic coordinates of the sampling points in 
the field so that, topsoil samples of around 2 kg were 
removed with the best available tool (bucket auger) 
for analysis (Addis and Klik, 2015). During this 
study, the soil textures were analyzed following the 
procedure reported by Gee and Or (2002) while, soil 
organic carbon (SOC) was determined by wet oxidation 
method as described by De Vos et al. (2007).

Soil Erodibility Factor (K-factor)

Soil erodibility factor is a complex concept and 
it is influenced by many soil properties, which can 
reflect the soil resistance to erosion (Buttafuoco et 
al., 2012). The most crucial soil variables that control 
K-factor include OM, clay content, bulk density, 
particle size distribution, shape, size and stability of 
aggregates, shear strength, porosity and permeabil-
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ity, and chemical composition (Duiker et al., 2001; 
Veihe, 2002; Morgan, 2009). The K-factor can be 
calculated via the USLE, frequently applied to 
estimate soil erosion on the basis of other factors 
obtained from simulated or natural rainfall experi-
mental data (Wischmeier and Smith, 1978). 
However, the direct estimation of K-factor is both 
expensive and time taking (Buttafuoco et al., 2012). 
In this study, the K-factors of the collected topsoil 
samples were estimated using USLE nomograph 
reported by Wischmeier et al. (1971), then modified 
by Foster et al. (1981) and Rosewell (1993), so as to 
definite the K-factor in international system of unit 

-1 -1(SI unit) (Mg h MJ  mm ). The K-values of soil 
samples were determined on the basis of textural, 
structural and permeability class of soil (Wischmeier 
and Smith, 1978) employing the equation as follows:

1.14 -8K = 27.66 × m  × 10  × (12-a) + 0.0043 × (b-2) 
+ 0.0033 × (c-3)                 ...(1)

-1 -1Where, K = soil erodibility factor in t ha  R, m 
= (Percentage of very fine sand + Percentage silt) × 
(100 – Percentage clay), a = Percentage of organic 
matter, b = Code according to the soil structure (very 
fine granular = 1, fine granular = 2, coarse granular 
= 3, lattice or massive = 4), c = Code according to the 
permeability / drainage class (fast = 1, fast to moder-
ately fast = 2, moderately fast = 3, moderately fast to 
slow = 4, slow = 5, very slow = 6).

Semivariograms

The K-factor is a quantitative description of a 
soil particles ability to resist moving downslope and 
this factor reflects the fact that different soils erode 
at different rates when the other factors that affect 
erosion are the same (Goldman et al., 1986). This 
variability of K-factor across the study of interest can 
be described through a semivariogram model, which 
is a plot of the structure function that describes the 
degree of linear association between pairs of values 
separated by a given distancen (Nielsen and Wendroth, 
2003). In addition, semivariogram is useful for interpola-
tion of values at unmeasured points across the study 
watershed (and Heap). Values of K-factor anywhere 
on the landscape differ from location to location, 

(Bhunia et al., 2016). For best fitted model, there 
must be minimum error (Yang and Yang, 2005; 
Zhang et al., 2006). If the measured value at given 
location is Z(x ), we estimate a value Z'(x ) then i i

standard value of them were Z (xi) and Z (x ), then 1 2 i

the expression of their MSE, ASE, RMSE and the 
standardized RMSSE were (Utset et al., 2000):

RESULTS AND DISCUSSIONS

The measured soil properties, which were used 
to estimate soil erodibility, were subjected to descrip-
tive statistical analysis. Summary of the classical 
statistics for the selected soil attributes observed in 
the watershed is displayed in Table 1. Over the 
sampled area, mean value of OC was 2.03%, while 
mean value of observed soil texture (clay, silt and 
sand) were 31.24%, 32.66%, and 36.01%, respec-
tively.

Soil variability can be defined through descrip-
tive statistics and among the descriptive statistics, 
the coefficient of variation (CV) is the most significant 

variance caused by factors such parent material vari-
ability, and vegetation and topographic differences. 
The nugget to sill ratio (SH) designates the degree of 
spatial heterogeneity arising from random compo-
nents to that of the total spatial heterogeneity.

The nugget / sill ratio was used as a criterion for 
classifying the spatial dependence of soil properties. 
The variable has strong spatial dependence if the 
ratio is less than 25%; between 25 and 75%, the 
variable has moderate spatial dependence; and the 
variable shows only weak spatial dependence if the 
ratio is greater than 75% (Cambardella et al., 1994). 
A value close to 0% indicates that the variable has 
strong spatial auto-relationship while that close to 
100% indicates spatial heterogeneity is dominated 
by randomness, or nugget effect (He et al., 2010).

As the semivariogram models of the soil data 
were evaluated, they were used in the development 
of maps by ordinary kriging interpolation (Ayoubi et 
al., 2007). Among different interpolation methods 
the most preferred method for soil properties is the 
ordinary kriging, a geostatistical interpolation technique 
that  is described by the acronym BLUE–“best linear 
unbiased estimator” (Ivana Mesic Kis, 2016). It is the 
“best” because it aims at minimising the variance of 
the errors, “linear” because its estimates are weighted 
linear combinations of the available data, and “unbi-
ased” since it tries to have the mean residual or error 
equal to 0 (Bhunia et al., 2016).

The cross validation is applied to evaluate and 
compare the performance of different interpolation 
methods through mean square error (MSE), average 
standard error (ASE), root-mean-square error (RMSE) 
and the standardized root mean square error (RMSSE) 

and spatial variations are generally highly irregular 
and not exactly described by deterministic equa-
tions, instead geostatistical analysis isused (Nielsen 
and Wendroth, 2003). Semivariogram is represented 
by the following equation (Ayoubi et al., 2007) as:

...(2)

Where, γ(h) is the experimental semivariogram 
value at a distance interval h, m(h) is number of 
sample value pairs within the distance interval h, 
Z(Xi), Z(Xi + h) are sample values at two points 
separated by the distance h.

There are number of standard models available 
that fits the experimental semivariogram, e.g., 
spherical, exponential, Gaussian, linear and power 
models. In this study Stable, Gaussian, Exponential 
and Spherical model were tested and are defined in 
the following equations respectively (Burgess and 
Webster, 1980):

2 2γ(h) = Co + C  [1 - exp (-h /a )]  ...(3)1

γ(h) = Co + C  [1 - exp (-h/a)]  ...(4)1

 3γ(h) = C + C  [l.5 (h / a) ] for h ≤ a  ...(5)o 1

The semivariance generally increases with sample 
separation distance before reaching an asymptote a 
(the range value) (Qiu et al., 2015). Samples separated 
by distances greater than range value are considered 
to be spatially independent whereas, within the 
range, samples show greater similarity when they 
are nearer to each other (López-Granados et al., 2002; 
Zhang et al., 2015). Variance that exists at a scale 
smaller than the field sampling is found at zero lag 
distance and is known as the nugget variance (C ) 0

(Delgado-Baquerizo et al., 2013). The sill represented 
the amount of variation defined by the spatial 
correlation structure and it is the value of the semi-
variogram at which the model first levels out (given 
as partial sill plus the nugget (Antwi et al., 2016). 
Partial sill (C) is the lag distance between measure-
ments at which one value for a variable does not 
influence neighbouring values (Reza et al., 2010; 
López-Granados et al., 2002). The partial sill (C) is the 

Parameter Minimum Maximum Mean Std. Deviation CV Skewness Kurtosis

OC 0.23 4.60 2.03 0.84 0.41 -0.32 -0.07
Clay 8.56 69.78 31.24 14.38 0.46 -0.03 -0.23
Silt 9.67 80.89 32.66 15.33 0.47 1.66 3.12
Coarse sand 2.65 8.67 2.04 1.46 0.71 1.69 3.93
Fine sand 3.67 74.66 33.97 14.93 0.44 -0.27 -0.21
K factor 0.09 0.84 0.25 0.16 0.63 2.30 4.95
OM = Organic matter content; SD = Standard Deviation; SE (mean) = Standard Error of mean; CV = Coefficient of Variation

Table 1: Summary of descriptive statistics of the selected soil samples and the estimated K-factor in the study watershed
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ity, and chemical composition (Duiker et al., 2001; 
Veihe, 2002; Morgan, 2009). The K-factor can be 
calculated via the USLE, frequently applied to 
estimate soil erosion on the basis of other factors 
obtained from simulated or natural rainfall experi-
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However, the direct estimation of K-factor is both 
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and Smith, 1978) employing the equation as follows:

1.14 -8K = 27.66 × m  × 10  × (12-a) + 0.0043 × (b-2) 
+ 0.0033 × (c-3)                 ...(1)

-1 -1Where, K = soil erodibility factor in t ha  R, m 
= (Percentage of very fine sand + Percentage silt) × 
(100 – Percentage clay), a = Percentage of organic 
matter, b = Code according to the soil structure (very 
fine granular = 1, fine granular = 2, coarse granular 
= 3, lattice or massive = 4), c = Code according to the 
permeability / drainage class (fast = 1, fast to moder-
ately fast = 2, moderately fast = 3, moderately fast to 
slow = 4, slow = 5, very slow = 6).

Semivariograms

The K-factor is a quantitative description of a 
soil particles ability to resist moving downslope and 
this factor reflects the fact that different soils erode 
at different rates when the other factors that affect 
erosion are the same (Goldman et al., 1986). This 
variability of K-factor across the study of interest can 
be described through a semivariogram model, which 
is a plot of the structure function that describes the 
degree of linear association between pairs of values 
separated by a given distancen (Nielsen and Wendroth, 
2003). In addition, semivariogram is useful for interpola-
tion of values at unmeasured points across the study 
watershed (and Heap). Values of K-factor anywhere 
on the landscape differ from location to location, 

(Bhunia et al., 2016). For best fitted model, there 
must be minimum error (Yang and Yang, 2005; 
Zhang et al., 2006). If the measured value at given 
location is Z(x ), we estimate a value Z'(x ) then i i

standard value of them were Z (xi) and Z (x ), then 1 2 i

the expression of their MSE, ASE, RMSE and the 
standardized RMSSE were (Utset et al., 2000):

RESULTS AND DISCUSSIONS

The measured soil properties, which were used 
to estimate soil erodibility, were subjected to descrip-
tive statistical analysis. Summary of the classical 
statistics for the selected soil attributes observed in 
the watershed is displayed in Table 1. Over the 
sampled area, mean value of OC was 2.03%, while 
mean value of observed soil texture (clay, silt and 
sand) were 31.24%, 32.66%, and 36.01%, respec-
tively.

Soil variability can be defined through descrip-
tive statistics and among the descriptive statistics, 
the coefficient of variation (CV) is the most significant 

variance caused by factors such parent material vari-
ability, and vegetation and topographic differences. 
The nugget to sill ratio (SH) designates the degree of 
spatial heterogeneity arising from random compo-
nents to that of the total spatial heterogeneity.

The nugget / sill ratio was used as a criterion for 
classifying the spatial dependence of soil properties. 
The variable has strong spatial dependence if the 
ratio is less than 25%; between 25 and 75%, the 
variable has moderate spatial dependence; and the 
variable shows only weak spatial dependence if the 
ratio is greater than 75% (Cambardella et al., 1994). 
A value close to 0% indicates that the variable has 
strong spatial auto-relationship while that close to 
100% indicates spatial heterogeneity is dominated 
by randomness, or nugget effect (He et al., 2010).

As the semivariogram models of the soil data 
were evaluated, they were used in the development 
of maps by ordinary kriging interpolation (Ayoubi et 
al., 2007). Among different interpolation methods 
the most preferred method for soil properties is the 
ordinary kriging, a geostatistical interpolation technique 
that  is described by the acronym BLUE–“best linear 
unbiased estimator” (Ivana Mesic Kis, 2016). It is the 
“best” because it aims at minimising the variance of 
the errors, “linear” because its estimates are weighted 
linear combinations of the available data, and “unbi-
ased” since it tries to have the mean residual or error 
equal to 0 (Bhunia et al., 2016).

The cross validation is applied to evaluate and 
compare the performance of different interpolation 
methods through mean square error (MSE), average 
standard error (ASE), root-mean-square error (RMSE) 
and the standardized root mean square error (RMSSE) 

and spatial variations are generally highly irregular 
and not exactly described by deterministic equa-
tions, instead geostatistical analysis isused (Nielsen 
and Wendroth, 2003). Semivariogram is represented 
by the following equation (Ayoubi et al., 2007) as:

...(2)

Where, γ(h) is the experimental semivariogram 
value at a distance interval h, m(h) is number of 
sample value pairs within the distance interval h, 
Z(Xi), Z(Xi + h) are sample values at two points 
separated by the distance h.

There are number of standard models available 
that fits the experimental semivariogram, e.g., 
spherical, exponential, Gaussian, linear and power 
models. In this study Stable, Gaussian, Exponential 
and Spherical model were tested and are defined in 
the following equations respectively (Burgess and 
Webster, 1980):

2 2γ(h) = Co + C  [1 - exp (-h /a )]  ...(3)1

γ(h) = Co + C  [1 - exp (-h/a)]  ...(4)1

 3γ(h) = C + C  [l.5 (h / a) ] for h ≤ a  ...(5)o 1

The semivariance generally increases with sample 
separation distance before reaching an asymptote a 
(the range value) (Qiu et al., 2015). Samples separated 
by distances greater than range value are considered 
to be spatially independent whereas, within the 
range, samples show greater similarity when they 
are nearer to each other (López-Granados et al., 2002; 
Zhang et al., 2015). Variance that exists at a scale 
smaller than the field sampling is found at zero lag 
distance and is known as the nugget variance (C ) 0

(Delgado-Baquerizo et al., 2013). The sill represented 
the amount of variation defined by the spatial 
correlation structure and it is the value of the semi-
variogram at which the model first levels out (given 
as partial sill plus the nugget (Antwi et al., 2016). 
Partial sill (C) is the lag distance between measure-
ments at which one value for a variable does not 
influence neighbouring values (Reza et al., 2010; 
López-Granados et al., 2002). The partial sill (C) is the 

Parameter Minimum Maximum Mean Std. Deviation CV Skewness Kurtosis

OC 0.23 4.60 2.03 0.84 0.41 -0.32 -0.07
Clay 8.56 69.78 31.24 14.38 0.46 -0.03 -0.23
Silt 9.67 80.89 32.66 15.33 0.47 1.66 3.12
Coarse sand 2.65 8.67 2.04 1.46 0.71 1.69 3.93
Fine sand 3.67 74.66 33.97 14.93 0.44 -0.27 -0.21
K factor 0.09 0.84 0.25 0.16 0.63 2.30 4.95
OM = Organic matter content; SD = Standard Deviation; SE (mean) = Standard Error of mean; CV = Coefficient of Variation

Table 1: Summary of descriptive statistics of the selected soil samples and the estimated K-factor in the study watershed
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parameter (Wei et al., 2008). When a CV is less than 
or equals to 0.15, the property shows low variability, 
moderate if CV is between 0.15 to 0.35, and most 
variable if CV is greater than 0.35 (Wilding, 1985). A 
high CV can be considered to be the first indicator of 
data heterogeneity (Cerri et al., 2012). All the studied 
soil parameters i.e., OC, clay, silt and sand contents 
content exhibited very high (CV>0.35%) variability 
(Table 1). Generally, pH and OC are considered to be 
stable soil parameters (Bouma and Pinke, 1993). 
However, at the study area high variability observed 
for OC could be ascribed to pedogenic processes 
influenced by the micro-topographical variations 
operating over different periods of time (Abdelfattah, 
2013; Switoniak, 2014; Vasu et al., 2016b). This 
variation in the study area may be due to adoption of 
different soil management practices including 
variation in fertilizer application and other crop 
management practices (Tesfahunegn et al., 2011; 
Srinivasarao et al., 2014; Ferreira et al., 2015). 
Similarly, the K-factor was calculated for all observed 
soil sampling points. The CV of K-factor was 0.63, 
suggesting a high variability in the study watershed 
(Table 1). Due to human disturbance, terrain variations, 
and differences in the vertical profile distribution 
and the spatial distribution of different vegetation 
roots, the effects of different vegetation types on soil 
erodibility are complex and require further research.

Descriptive statistics in this study has also 
indicated moderate to high skewness. The value of 
skewness varies from 0.03 to 2.30 depicting moderate 
to high skewness (Table 1). Highly skewed parame-
ters include silt, coarse sand and K-factor (1.66, 1.69 
and 2.30, respectively). Highly skewed parameters 
indicate that these properties have a local distribu-
tion; that is, high values were found for these 
properties at some points, but most values were low 
(Haruna and Nkongolo, 2013).

Spatial Variability Characteristics of Soil Erodibility 
K-values

The isotropic experimental semivariogram for 
the estimated K-factor was determined using eq. 2. 
The semivariogram modeling and prediction is 

in Table 2 is illustrated in Fig. 3. The inherent topo-
graphical variations and characteristics would be 
expected to influence organic matter content and 
soil particle transport, leading to spatial variability 
in K-factor which then influences soil erosion. The 
resulting values of K-factor were medium to high 
(0.09 to 0.84). However the central part of the study 
area is having lower values and gradually increased 

-1 -1(0.29 to 0.84 Mg h MJ mm ) toward the northern 
part of the study area (Fig. 3). This could be probably 
due to glacial coverage in the northern parts of the 
study watershed. When soil comes in contact with 
large moving glaciers, it sticks to the base of these 
glaciers. This is eventually transported with the 
glaciers, and as they start melting it is deposited in 
the course of the moving chunks of ice. Glaciers not 
only transport material as they move, but they also 
sculpt and carve away the land beneath them. The 
ice erodes the land surface and carries the broken 
rocks and soil debris far from their original places, 
resulting in some interesting glacial erosions 
(National Snow and Ice Data Center, 2020).

CONCLUSIONS

USLE is an important and widely adopted 
method for K-factor computation. USLE was success-
fully employed in Ganderbal watershed for the 

estimation of K-values of different soil samples. The 
results of this study corroborated that the K-factor 
exhibited the CV equal to 0.63, indicating a strong 
variability with a mean estimated value of K-factor 
equal to 0.25. Moreover, the ratio of nugget to sill of 
the K-factor ranged from 0 to 5.5%, indicating 
moderate spatial auto-correlation. The best fit model 
which explained the spatial variability of K-factor 
was found to be exponential semivariogram model. 
This model showed better performance in compari-
son to other Kriging algorithms as demonstrated by 
MSE value being equal to 0. In addition, the variance 

indispensable for spatial structural pattern analysis 
and interpolation (Burrough and McDonnell, 1998). 
The resulting spatial distribution of soil erodibility 
factor obtained using Krigging was best fitted to the 
exponential model (Fig. 2). The value of nugget to sill 
ratio (C /C +C) displays the spatial autocorrelation 0 0

(Li and Reynolds, 1995). The soil erodibility factor 
had a nugget to sill ratio value close to 0% indicating 
that the variable has strong spatial auto-relationship 
(He et al., 2010). The main reasons for the spatial 
distribution of k-values are stochastic factors, such 
as fertilization, tillage, and the planting system.

Cross-validation was used to estimate which of 
the semivariogram models could give the most 
accurate predictions of the unknown values of the 
study area. A small RMS indicates a model fits well 
with the obtained data and it represents unexplained 
variation (Draper and Smith, 1998). Therefore, based 
on the resulting RMS value in Table 2, the exponen-
tial model is selected as the best model for predicting 
K-factor.

Soil Erodibility Map

Spatial prediction map of K-factor created by 
ordinary Kriging interpolation procedure using the 
semivariogram coefficient of the exponential model 

Fig. 2. The best fitted semivariogram model (the exponential model) 
of the estimated K-factor

K-factor Model types Nugget (C ) Partial Sill (C ) Sill (C  + C ) Range A DSD0 1 0 1 0

Ordinary Kriging Spherical 0.00069 0.27 0.27 42 0.25
Exponential 0.0 0.28 0.28 59 0.00
Stable 0.0049 0.28 0.28 69 1.72
Gaussian 0.015 0.2555 0.27 30 5.55

C  = nugget effect; C  = partial sill; C  + C  = sill; degree of spatial dependence (DSD) = C  / (C  + C ) DSD; strong DSD (< 25%); moderate DSD (>25 to < 0 1 0 1 0 0 1

75%); weak DSD (> 75%). SD, Spatial dependence

Table 2: Coefficients of the semivariogram statistic produced for the ordinary Kriging models of K-factor using Wischmeier's 
nomograph

Fig. 3. Spatial distribution map of K-factor predicted by ordinary 
Kriging using the exponential semivariogram model

Variable Model types RMS MSE RMSSE ASE

K-factor Spherical 0.1072 -0.076 1.31 0.09
Exponential 0.107 -0.027 1.16 0.09
Stable 0.1071 -0.04 1.21 0.09
Gaussian 0.11 -0.12 1.56 0.08

MSE - mean square error; ASE - Average standard error; RMSE - Root mean square error; MSE - Mean standard error; RMSE - Root mean square standardized 
error

Table 3: The cross-validation statistics, the mean error (ME), the root mean squared error (RMSE), and the mean squared deviation 
ratio (MSDR) for models listed in Table 2 fitted to the experimental semivariogram of K-factor
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parameter (Wei et al., 2008). When a CV is less than 
or equals to 0.15, the property shows low variability, 
moderate if CV is between 0.15 to 0.35, and most 
variable if CV is greater than 0.35 (Wilding, 1985). A 
high CV can be considered to be the first indicator of 
data heterogeneity (Cerri et al., 2012). All the studied 
soil parameters i.e., OC, clay, silt and sand contents 
content exhibited very high (CV>0.35%) variability 
(Table 1). Generally, pH and OC are considered to be 
stable soil parameters (Bouma and Pinke, 1993). 
However, at the study area high variability observed 
for OC could be ascribed to pedogenic processes 
influenced by the micro-topographical variations 
operating over different periods of time (Abdelfattah, 
2013; Switoniak, 2014; Vasu et al., 2016b). This 
variation in the study area may be due to adoption of 
different soil management practices including 
variation in fertilizer application and other crop 
management practices (Tesfahunegn et al., 2011; 
Srinivasarao et al., 2014; Ferreira et al., 2015). 
Similarly, the K-factor was calculated for all observed 
soil sampling points. The CV of K-factor was 0.63, 
suggesting a high variability in the study watershed 
(Table 1). Due to human disturbance, terrain variations, 
and differences in the vertical profile distribution 
and the spatial distribution of different vegetation 
roots, the effects of different vegetation types on soil 
erodibility are complex and require further research.

Descriptive statistics in this study has also 
indicated moderate to high skewness. The value of 
skewness varies from 0.03 to 2.30 depicting moderate 
to high skewness (Table 1). Highly skewed parame-
ters include silt, coarse sand and K-factor (1.66, 1.69 
and 2.30, respectively). Highly skewed parameters 
indicate that these properties have a local distribu-
tion; that is, high values were found for these 
properties at some points, but most values were low 
(Haruna and Nkongolo, 2013).

Spatial Variability Characteristics of Soil Erodibility 
K-values

The isotropic experimental semivariogram for 
the estimated K-factor was determined using eq. 2. 
The semivariogram modeling and prediction is 

in Table 2 is illustrated in Fig. 3. The inherent topo-
graphical variations and characteristics would be 
expected to influence organic matter content and 
soil particle transport, leading to spatial variability 
in K-factor which then influences soil erosion. The 
resulting values of K-factor were medium to high 
(0.09 to 0.84). However the central part of the study 
area is having lower values and gradually increased 

-1 -1(0.29 to 0.84 Mg h MJ mm ) toward the northern 
part of the study area (Fig. 3). This could be probably 
due to glacial coverage in the northern parts of the 
study watershed. When soil comes in contact with 
large moving glaciers, it sticks to the base of these 
glaciers. This is eventually transported with the 
glaciers, and as they start melting it is deposited in 
the course of the moving chunks of ice. Glaciers not 
only transport material as they move, but they also 
sculpt and carve away the land beneath them. The 
ice erodes the land surface and carries the broken 
rocks and soil debris far from their original places, 
resulting in some interesting glacial erosions 
(National Snow and Ice Data Center, 2020).

CONCLUSIONS

USLE is an important and widely adopted 
method for K-factor computation. USLE was success-
fully employed in Ganderbal watershed for the 

estimation of K-values of different soil samples. The 
results of this study corroborated that the K-factor 
exhibited the CV equal to 0.63, indicating a strong 
variability with a mean estimated value of K-factor 
equal to 0.25. Moreover, the ratio of nugget to sill of 
the K-factor ranged from 0 to 5.5%, indicating 
moderate spatial auto-correlation. The best fit model 
which explained the spatial variability of K-factor 
was found to be exponential semivariogram model. 
This model showed better performance in compari-
son to other Kriging algorithms as demonstrated by 
MSE value being equal to 0. In addition, the variance 

indispensable for spatial structural pattern analysis 
and interpolation (Burrough and McDonnell, 1998). 
The resulting spatial distribution of soil erodibility 
factor obtained using Krigging was best fitted to the 
exponential model (Fig. 2). The value of nugget to sill 
ratio (C /C +C) displays the spatial autocorrelation 0 0

(Li and Reynolds, 1995). The soil erodibility factor 
had a nugget to sill ratio value close to 0% indicating 
that the variable has strong spatial auto-relationship 
(He et al., 2010). The main reasons for the spatial 
distribution of k-values are stochastic factors, such 
as fertilization, tillage, and the planting system.

Cross-validation was used to estimate which of 
the semivariogram models could give the most 
accurate predictions of the unknown values of the 
study area. A small RMS indicates a model fits well 
with the obtained data and it represents unexplained 
variation (Draper and Smith, 1998). Therefore, based 
on the resulting RMS value in Table 2, the exponen-
tial model is selected as the best model for predicting 
K-factor.

Soil Erodibility Map

Spatial prediction map of K-factor created by 
ordinary Kriging interpolation procedure using the 
semivariogram coefficient of the exponential model 

Fig. 2. The best fitted semivariogram model (the exponential model) 
of the estimated K-factor

K-factor Model types Nugget (C ) Partial Sill (C ) Sill (C  + C ) Range A DSD0 1 0 1 0

Ordinary Kriging Spherical 0.00069 0.27 0.27 42 0.25
Exponential 0.0 0.28 0.28 59 0.00
Stable 0.0049 0.28 0.28 69 1.72
Gaussian 0.015 0.2555 0.27 30 5.55

C  = nugget effect; C  = partial sill; C  + C  = sill; degree of spatial dependence (DSD) = C  / (C  + C ) DSD; strong DSD (< 25%); moderate DSD (>25 to < 0 1 0 1 0 0 1

75%); weak DSD (> 75%). SD, Spatial dependence

Table 2: Coefficients of the semivariogram statistic produced for the ordinary Kriging models of K-factor using Wischmeier's 
nomograph

Fig. 3. Spatial distribution map of K-factor predicted by ordinary 
Kriging using the exponential semivariogram model

Variable Model types RMS MSE RMSSE ASE

K-factor Spherical 0.1072 -0.076 1.31 0.09
Exponential 0.107 -0.027 1.16 0.09
Stable 0.1071 -0.04 1.21 0.09
Gaussian 0.11 -0.12 1.56 0.08

MSE - mean square error; ASE - Average standard error; RMSE - Root mean square error; MSE - Mean standard error; RMSE - Root mean square standardized 
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Table 3: The cross-validation statistics, the mean error (ME), the root mean squared error (RMSE), and the mean squared deviation 
ratio (MSDR) for models listed in Table 2 fitted to the experimental semivariogram of K-factor
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nation of soil erodibility using fluid energy method and 
measurement of the eroded mass. Geoderma, 284: 13-21.

Morgan, R.P.C. 2009. Soil erosion and conservation. John Wiley 
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Verlag, GMBH.
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Spatial uncertainty analysis for mapping soil erodibility 
based on joint sequential simulation. Catena, 53(1): 65–78.

Qiu, W., Curtin, D., Johnstone, P., Beare, M. and Hernandez-
Ramirez, G. 2016. Small-scale spatial variability of plant 
nutrients and soil organic matter: an arable cropping case 
study. Communications in Soil Science and Plant Analysis, 
47(19): 2189-2199.

Rather, M.A., Kumar, J.S., Farooq, M. and Rashid, H. 2017. Assessing 
the influence of watershed characteristics on soil erosion 
susceptibility of Jhelum basin in Kashmir Himalayas. Arabian 
Journal of Geosciences, 10(3): 59.

Reza, S.K., Dipak, S., Utpal, B. and Das, T.H. 2010. Evaluation and 
comparison of ordinary kriging and inverse distance 
weighting methods for prediction of spatial variability of 
some chemical parameters of Dhalai district, Tripura. 
Agropedology, 20(1): 38-48.
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management practices to reduce erosion. Tech. handbook 
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of measured data is well replicated by the fitted 
semivariogram model which was depicted by RMSSE 
value close to one. The highest values of the estimated 
K-factor were observed at the central part and the 
outlet of the watershed. On the contrary, northern 
and a very small portion of rest of the watershed 
exhibited low values of K-factor. The results of this 
study can be used to formulate recommendations 
for future soil erosion studies, especially in data 
scarce regions (Himalayan conditions) where data 
on K-factor is not available. The accuracy and 
applicability of USLE nomography for estimation of 
spatial pattern should be correlated with the simula-
tions in standard erosion plots under natural rainfall 
events, although direct estimation of K-factor is both 
expensive and time consuming.
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of measured data is well replicated by the fitted 
semivariogram model which was depicted by RMSSE 
value close to one. The highest values of the estimated 
K-factor were observed at the central part and the 
outlet of the watershed. On the contrary, northern 
and a very small portion of rest of the watershed 
exhibited low values of K-factor. The results of this 
study can be used to formulate recommendations 
for future soil erosion studies, especially in data 
scarce regions (Himalayan conditions) where data 
on K-factor is not available. The accuracy and 
applicability of USLE nomography for estimation of 
spatial pattern should be correlated with the simula-
tions in standard erosion plots under natural rainfall 
events, although direct estimation of K-factor is both 
expensive and time consuming.
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Water is the most important natural resource 
for agricultural / horticultural development and economic 
improvense of any country. Traditional irrigation 
methods (i.e. furrow, border, flood etc.) deliver water 
to plants through gravity but usually results in 
substantial water losses and limited uniformity in 
water distribution. Modern irrigation technologies, 
(i.e. surface and subsurface drip, spinker, micro-jet 
etc.) results in higher water use efficiency (WUE) as 
compared to traditional methods. Water manage-
ment is a vital aspect for achieving successful 
optimum production potential of pomegranate. In 
arid and semi-arid regions of India, water is a scarce 
resource major constraint to crop production hence 
its efficient use has to be prioritized. Regular water 
supply through irrigation system is of paramount 
importance for sustainable production of pomegran-
ate. It is a major activity and is most intensively 
practiced operation throughout the seasons / bahars 
and proper irrigation scheduling can influence its 
fruit quality and productivity.

In India, pomegranate cultivation is concen-
trated in areas where climate is hot and dry, where, 
rainfall is scanty and evaporation is very high. As a 
result, irrigation is must for optimum production of 
pomegranate. Success of best possible production in 
pomegranate growing regions largely depends on 
the timing, quantity and quality of irrigation water 
used. Since water resources are limited and deplet-
ing continuously, economic and efficient use of 

water is an essential feature of water management. 
The survival of pomegranate orchards in these 
regions depends on the availability of water for 
irrigation throughout the growing period. The 
pomegranate growing areas often experience 
drought conditions. Hence, provision for irrigation 
with water saving techniques is required for its 
successful cultivation. 

In the pomegranate growing area of Maharashtra, 
water is a scarce resource and there is a need to apply 
water judiciously according to its water requirement. 
However, regular irrigation is essential during the 
different phenological stages as irregular moisture 
condition may cause dropping of flowers and small 
fruits. The sudden change in soil moisture causes the 
moisture stress, which affects the fruit development 
adversely and leads to fruit cracking. There are several 
ways for efficient use of water. These includes: 
appropriate irrigation scheduling, adoption of water 
saving irrigation methods such as drip, sub-surface 
drip, mulches and optimum allocation of land water 
resources. These options are not alternatives to each 
others but complimentary to each other. Most of 
these options call for the exact estimation of water 
requirement that varies with crops, their growth 
stages, climate etc. In addition to this accurate 
estimates of evapotranspiration (ET) are helpful for 
proper irrigation planning and management. Soil 
moisture in the feeder root zone can be conserved by 
increasing water holding capacity of the soil through 
mulching, growing cover crops, use of anti-transparent, 
growth retardants and micro-irrigation. Mulching is 
the process or practice of covering the soil / ground 
to make more favorable conditions for plant growth, 
development and efficient crop production. 

Novel Way to Use Water for Improving Water Use Efficiency 
of Pomegranate (Punica granatum L.)
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Mulching technically means 'covering the soil' and 
to decrease ET, environmental stress coefficient, 
fruit cracking, fruit split, fruit physical and chemical 
properties but to increase crop growth rates, leaf 
nutrient content, fruit set, WUE, irrigation interval  
and yields. 

The present investigation was undertaken to 
study the effect of organic, inorganic mulches and 
deficit irrigation through drip for improving WUE of 
pomegranate.

Study Area

The field experiment was conducted at Research 
Farm of National Research Center on Pomegranate, 
Solapur, India in hasta bahars during 2013-2014 to 
2018-2019. The research farm is located at an 
altitude of 483.6 m above mean sea level (AMSL) and 

0 ''is intersected North latitudes 17 10  and East longitudes 
0 '' stby 74 42 . The experiment were conducted from 1  to 

th6  old age pomegranate Bhagwa cv on light texture 
soil with standard recommended doze of fertilizers 
and other management practices.

Micro Irrigation

The micro-irrigation system with lateral lines 
laid on the soil surface is the most popular applica-
tion method in our country. It has advantage of ease 
of installing, inspecting and changing emitters and 
possibility of checking soil surface wetting pattern 
and measuring individual emitter discharge rates. 
The main components consist of a pump, main pipe 
line, sub-main pipe, laterals with resistant emitters / 
drippers, pressure gauges, water meter, control 
valves, filtration unit, fertigation unit, flush valve, 
flush line and other accessories required for 
connections and installation. The micro-irrigation 
system consisted of polyethylene laterals of 16 mm 
internal diameter with online drippers at 60 cm 
distance away from tree trunk. The drippers had a 
discharge rate of 4 litre/hr under an operational 

2pressure of 1 kg/cm . 

Deficit Irrigation

Deficit irrigation (DI) is one of the irrigation 
strategies where the main objective is to save 

irrigation water without considerable decrease in 
yield of pomegranate crop. In DI, the amount of 
water use for production is reduced with maintain-
ing fruit quality and quantity. The reduction in 
irrigation compare to full irrigation is depending on 
crop water requirement and maintain yield to 
increase water productivity. The irrigation in drip 
system was applied at various irrigation levels for the 
required time to deliver the calculated quantity of 
water based on atmospheric demand.

The experiment was laid out in randomized 
block design at different deficit irrigation levels 
(Photo 1a).

Organic Mulch

In natural mulches such as leaf, straw, dead 
leaves, sugarcane trash, paddy husk, paddy, safflower, 
wheat straw and plastic mulch (i.e. black, white, 
pervious, silver and black, red etc.) have also been 
shown very effective in conserving soil moisture for 
minimizing the evaporation losses from soil surface. 
The field experiment was laid out with two factors in 
split plot design with main plot treatments of 
irrigation levels and sub-plot treatment of organic 
mulches (i.e. No mulch, Wheat straw, Sugarcane 
baggas and Safflower straw) in each year of pome-
granate tree. The details of organic mulches 7-10 kg, 
10 cm thick layer, 40-60 cm radious and 3-5 cm away 
from trunk diameter of pomegranate was used 
(Photo 1b).

Inorganic Mulch

The plastic mulch types are LLDPE, HDPE and 
flexible PVC. Mulches are effective in reducing 
reference crop evapotranspiration (ET ) due to the r

50-80% reduction from soil evaporation. The field 
experiment was laid out with two factors in split plot 
design with main treatments of irrigation levels and 
inorganic mulches (i.e. No mulch, Black and white, 
Black, Pervious / Weed mad) each year of pomegran-
ate tree. The thickness of the plastic mulch 100 
micron is used (Photo 1c).

Climatic Parameters

Daily weather data were collected from Agro-

Met. Observatory located at the same research farm. 
The average maximum, minimum temperature, 
maximum, minimum relative humidity, sunshine 
hours, wind speed, evaporation and total rainfall 

o owere 33.60 C,  24.73 C, 75%, 45%, 8.8 hrs, 7.9 
km/hr, 7.7 mm and 237.6 mm, respectively in hasta 
bahar taking average period of six years from 
September to April (Fig.1) in 2013-2014 to 2018-
2019.

Daily weather data were used for estimating an 
actual plant water requirement by using the concepts 
of ET , which was developed by Penman-Monteith. r

The evaporation power of the atmosphere is 
expressed by the ET . The major factors affecting ET  r r

are weather parameters (i.e. radiation, air tempera-
ture, humidity and wind speed). Consequently, it is a  

climatic parameter and can be computed from 
weather data. This is required for irrigation schedul-
ing at a specific location and time of the year and 
does not consider the crop characteristics and soil 

 

factors. Hence, the daily climatic data for the period 
from September to April during 2013 to 2019 were 
used. The average daily ET  values are presented in r

Fig. 2. It is revealed from the figure that, ET is the r 

highest in April and lowest in the month of Octber. 
The average ET values of six years studies are r 

2281.90 mm. The figure shows that the trend of 
variation of average ET  values over the bahar. The r

daily minimum and maximum ET values ranged r  

from 4.29 to 11.25 mm.

Water Requirement (litre/day/tree)

The farmers need the information on amount of 
water to be applied (litre/day/tree) and times in 
hours to each pomegranate tree. Water to be applied 
and time of irrigation was estimated on daily basis 
for the pomegranate trees by using the eq. 1, 2 and 3.

Wr = ...(1)p 

Where, Wr  - Water requirement, litre/day/tree; p

(Et  × k  × k  ×  A × WA)r c pan
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Mulching technically means 'covering the soil' and 
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and yields. 
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st thTable 1: Effect of best organic, inorganic mulches and drip irrigation on yield attributes and WUE of 1  to 6  old age pomegranate 
orchards

Water conserved techniques Nos. of Av. fruit Yield / plant Water Require WUE
3 1 1 3fruits / plant weight (gms) (kg) (m /b /t ) (kg/m )

Sugarcane baggas 48 295 14.16 2.7 5.20
Pervious / weed mad 50 286 14.30 2.4 5.95
Deficit irrigation 49 278 13.64 3.3 4.12

Wrp

DC

Et – Reference crop evapotranspiration, mm, k  - r c

Crop coefficient, fraction; k  – Pan coefficient, pan

fraction; WA – Wetted area, fraction, A = Area occupied 
2  by each tree, m ; IE = Irrigtion efficiency of the drip 

irrigation system (fraction).

Irrigation Time (hrs)

The pomegranate growers require the informa-
tion on time (in hours) for running the micro-
irrigation system. Hence, the irrigation run time was 
estimated based on the water requirement and 
discharge capacity of drippers on daily basis for the 
trees by using the eq. 2.

IT = ...(2)

Where, IT – Irrigation time (hr); Wr  – Water p

requirement (litre/day/tree); DC – Dripper discharge 
capacity (litre/hr).

Estimation of ET  (mm)r

The Penman-Monteith method has strong 
likelihood of correctly predicting ET  in a wide range r

of location and climates. The daily values of ET  were r

estimated by eq. 3.

ET  = ...(3)r

2172, 3014, 6122, respectively during new leaf 
initiation to harvesting period. The water to be 
applied through drip irrigation system at various 
irrigation levels and 20, 30, 40, 50, 60, 70 and 80 per 

st thcent is the best irrigation level for 1  to 6  old age 
pomegranate orchards. Water requirement varries 
during various phenophase due to the variation in 
ET , crop coefficient and wetted area values. Fig. 2 r

values would be useful for irrigation scheduling of 
pomegranate orchards by organic, inorganic and 
drip irrigation methods.

Water Use Efficieny

The data related to the effect of drip, organic 
and inorganic mulches on WUE of pomegranate are 
given in Table 1. It clearly indicates that, water 
conservation techniques had significant effect on 

yield, water use and WUE of pomegranate. As regard 
organic, inorganic mulches and drip irrigation maxi-
mum WUE was 4.12, 5.92 and 5.20 kg/m  for 1 to 6  
year pomegranate tree. The mulching increased yield 
and WUE due to reduction in evaporation, enhanced 
transpiration and deep percolation.

Water management technologies ensure 
increased crop yield, high WUE, reduced water, 
energy consumption and minimal weed problems. It 
is concluded from the present study that, organic 
(i.e. sugarcane baggas), inorganic (i.e. weed mad / 
pervious) mulch and deficit drip irrigation (i.e. 20 to 
80%) is the better technological option for improv-

st thing crop as well as water productivity for 1  to 6  old 
age pomegranate orchards.

qqq

3 st th

CONCLUSIONS

Where, ET  = Reference crop evapo-transpiration, r
2 1(mm/day); G = Soil heat flux density, (MJ/m day ); 

2 1R = Net radiation, (MJ/ m /day ); T = Mean daily air n 
o 0temperature, ( C); γ = Psychometric constant, (kPa /C); 

∆ = Slope of saturation vapour pressure function, 
0(kPa /C); e = Saturation vapour pressure at air s 

temperature T, (kPa); e = Actual vapour pressure at a

dew point temperature, (kPa); u = Average daily 2 

wind speed at 2 m height, (m/sec).

The other parameters (i.e. crop coefficient (k ), c

wetted area (WA) and irrigation efficiency (IE) for 
estimating water requirements (litre/ day/tree) of 
pomegranate were used, which was earlier pub-
lished. For computation of fresh fruit yield per 
hectare and WUE were divided by the water expense 

3and expressed as kg/m .
  Actual and Deficit Water Requirement (WR ,p

litre/tree)

The actual water to be applied by pomegranate 
trees during six years study is furnished in Fig. 2. 
Considerable variation noted in water demand which 
is due to variation in weather experienced and 
phenological stages of the pomegranate trees. The 
actual and deficit demand of water to the pomegran-
ate trees in litre/phase/tree were estimated 1168, 
2190, 4067, 4344, 5023, 8731 and 234, 657, 1627, 

/

0.408∆(R -G)+γ                   un 2
900

T+273 (e -e )s a

∆+γ(1+0.34u )2

Fig. 2: Average daily ET  (mm/day) and actual pomegranate evapotranspiration (litre/day/tree) r

values during September, 2013 to April, 2019
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yield, water use and WUE of pomegranate. As regard 
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The approach of integrated nutrient manage-
ment is essential for sustaining the soil and orchard 
productivity. Guava orchard soils having low nutrient 
status and a limited / constraints in its physical 
behaviors limits the productivity level. Therefore, for 
enhancing the quality fruit production, integrated 
approach consisting of organic sources like organic 
mulching, Azotobacter, PSM, Trichoderma, FYM and 
inorganic fertilizers needs to be adopted. Normally, 
guava is a hardy crop; it can sustain a bit of weather 
aberrations during its flowering to fruit bearing 
stages; however it is sensitive to salinity, fertility, 
and, irrigation. In the initial years of crop establish-
ment, the focus is mainly on its vegetative growth 
after which fruit production becomes the main 
target. During the fruit developmental period, availability 
of required quantity of soil nutrients is essential for 
which integrated approach of nutrient supply is the 
key. It not only sustains the productivity but also 
maintains the post-harvest soil fertility status.

An experiment on integrated nutrient manage-
ment impacting the soil properties and guava 
productivity was initiated. It was concluded that 
indeed there was positive impact of the integrated 
sources on the nutrient release pattern and fruit 
quality. Guava cv Shewta (8-9 yrs) was subjected to 
chemical fertilization @ 120, 60, 50 g N, P, K/tree 
/year of age, 10 kg FYM, Organic mulching, 
Trichoderma harzianum, Azotobacter, PSM.

The combination was found the best to 
maintain the soil fertility status as well as the fruit 
yield. The crop was subjected to different combina-
tions of nutrient doses. In some treatments, guava 
trees were treated with foliar / soil application of 
micro-nutrients than organic sources; half of the 
chemical fertilizer doses along with organic sources; 
organic package with only FYM, Organic mulching, 
Trichoderma, Azotobacter, and PSM.

The impact of different combination of nutrients 
was evidenced in modifying soil physical properties. 
The maximum bulk density, particle density, water 
holding capacity, and porosity of 1.48 g/cc, 2.62 g/cc, 
24.48% and 50.20%, respectively were recorded. The 
minimum values were obtained as 1.26 g/cc, 2.35 
g/cc, 19.53% and 39.92%, respectively (Fig. 1). Percent 
distribution in different categories indicated need of 
continued management for improving some of the 
properties (Fig. 2). Addition of organic sources improves 
the WHC and porosity. Adak et al. (2018) recorded 
highest 22.97% WHC and 48.17% porosity in mango 
orchard soils treated under different nutrient manage-
ment modules. Similarly, under different substrate 
treated soils in guava, the improvement in soil 
physical properties were also observed by Adak et al. 
(2017). Dynamic variations of soil properties were 
depicted in Fig. 3 and Fig. 4. Soil organic carbon 
content varied between 0.23% to 0.49% with their 
higher content of course in the organic treated soils. 
Soil available N, P and K content was noted between 
39.2 to 120.4, 16.9 to 38.6 and 89.0 to 277.5 mg/kg, 
respectively across different INM treatments. Higher 
values were recorded in the treatments consisting of 
both the organic and inorganic nutrition sources. 
Wide range of variation in soil micro-nutrients was 
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Fig. 1: Impacts of INM on different soil physical properties across depths
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Fig. 4: Variations of soil micro-nutrient content in soil across different INM treatments
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Fig. 2: Distribution of water holding capacity, porosity, particle density and bulk density values in different categories 
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Fig. 3: Variations of soil organic carbon, available N, P and K content in soil across different INM treatments
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Fig. 4: Variations of soil micro-nutrient content in soil across different INM treatments
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Fig. 2: Distribution of water holding capacity, porosity, particle density and bulk density values in different categories 
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Fig. 3: Variations of soil organic carbon, available N, P and K content in soil across different INM treatments



observed across different INM treatments; soil available 
Fe, Mn, Zn and Cu had maximum and minimum 
contents of 6.18, 11.24, 2.48, 2.52 mg/kg and 1.8, 
0.70, 0.40, 0.20 mg/kg, respectively. Soil physical, 
chemical and biological properties responds to different 
externally added inputs for improving the soil health 
and as a result yield of the crop. However, in the 
process, variation in the micro-nutrients, soil moisture, 
and soil organic carbon are often recorded across 
orchards soils (Adak et al., 2018; Bhriguvanshi et al., 
2012). All these variations are the result of function-
ing of orchard eco-system; like high density guava 
eco-system impacting on soil physical properties and 
micro-nutrients under sub-tropical Lucknow condi-
tion (Adak et al., 2016). Similarly, Zornoza et al. 
(2009) suggested that the dynamic changes in soil 
needs to be penned down in order to understand the 
behavior of the soils when any externally inputs is 
added to it. More is the variations, lower is the 
probability of the getting higher yields. Therefore, 
focus should be to obtain high sustainable yield out 
of different INM treatments.

Application of bio-fertilizers had positive effects 
in soil as it always improve the soil health parame-
ters. Phosphate solubilizing bacteria enhances the P 
availability in soil; other organic sources like FYM, 
Azotobacter improve the K and P content in soil. 
Organic mulching alongwith other organic material 
improves the microbial population, maintains soil 
moisture and temperature regime; enhances the 
enzymatic activities, improves the soil structure, water 
retention etc. as well as macro-nutrient release. Thus, 
incorporation of organic sources is important from 
view point of sustaining soil nutrient dynamics. 
Wider variations in soil nutrient across INM treat-
ments indicated the differential capabilities of each 
of the added input to the guava treated soil. In fact, 
the nutrient content in guava soils treated with only 
inorganic sources (NPK + soil application of micro-
nutrients or NPK + foliar application of micro-
nutrients) had higher content than control (no 
supply of inputs) but lower than integrated one.

Analysis of guava productivity level indicated 

organic mulching or bio-fertilizers or even vermi-
compost could suffice the plant requirement and 
may increase the yield as compared to non-application 
of organic materials. Maintenance of soil organic 
matter should be given due focus as it regulates the 
nutrient dynamics. Mulching in the tree basin improves 
the soil temperature, moisture content, microbial 
and nutrient dynamics for better soil health 
management.
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that variations in applied nutrition input influences 
the fruit yield to a great extent. A 58.7% fruit yield in 

-1level of 30 to 50 kg tree  and 41.3% yield in 51 to 80 
-1kg tree  was noted (Fig. 5). The pie chart indicates the 

need for improving the percentage level of guava 
-1fruit yield (>100 kg tree ) so that farmers could 

harvest better yields. Still higher percentage of yield 
at lower level thus indicated that all of the INM 
combinations are not suitable for enhancing the 
harvesting of guava fruit. Therefore, proper nutrition 
combinations are important for farmers for better 
orchard productivity and soil fertility maintenance.

Actually, yield is a function of number of parame-
ters viz., soil, crop, climate and their interactions in a 
given set of treatments. Under diverse agro-climatic 
situations, performance of the same cultivar may 
vary depending upon the response of the crop to the 
existing bio-climatic situation (Mishra et al., 2014). 
Venkateswarlu et al. (2007) observed higher nutrient 
build up and yields apart from improving soil organic 
carbon and microbial activities. Similarly, Adak et al. 
(2014) recorded <50 kg/tree guava fruit yield in 
sandy loam soil under integrated nutrient modules 
in the initial years of guava establishment. Ofcourse 
the potential yield is always higher than the observed / 
recorded yield as the soil health may pose some 
constraints (Adak et al., 2011; Shukla et al., 2013). 
Therefore, the soil health management should be 
given due focus.

The study thus recommends the farmers that 
NPK fertilizer along with locally available FYM or 

30-50 kg/tree 51-80 kg/tree

Fig. 5: Variations of Guava productivity under different INM 
treatments
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The system of rice intensification (SRI) is a 
method of agronomic management of rice cultiva-
tion for increasing the yield of rice per unit area and 
time with special and mechanical arrangement, 
reduced seed and water requirement and modified 
soil (field) ecosystem. Although, SRI is best explained 
operationally in terms of making certain changes in 
conventional rice-growing practices, as listed below, 
it is not best defined in terms of practices. SRI is 
better understood by focusing on its objectives than 
on its means. SRI is a strategy of irrigated rice 
production, adapted to local conditions, that alters 
plant, soil, water and nutrient management practices 
(the means) with the purpose (the end) of: (a) 
inducing larger, better-functioning root systems, and 
(b) more abundant, diverse and active communities 
of soil biota that live in association with those root 
systems. These organisms include both flora and 
fauna, from scales that are infinitesimally small to 
visible scales (Randriamiharisoa et al., 2006). Indeed, 
some SRI practices were used in the development of 
what is called the 'new plant type' that is the use of 
14-day-old seedlings, planted singly, and widely 
spaced, 25 cm × 25 cm. SRI combines all of these 
practices, plus it proposes active soil aeration with a 
rotary weeder (Singh, 2006). This improved method 
of rice cultivation was developed in 1983 by the 
French Jesuit Father Henri de Laulanie in Madagascar 
and has now spread to many parts of the world. In 
1999 introduced in China and Indonesia. In 2002-
International conference on SRI was held in China 

(15 countries participated including India). Trials 
and experiments began 2002 onwards throughout 
the world. In India Pioneer work was initiated at Tamil 
Nadu Agricultural University (TNAU) Coimbatore, 
through the communication of Dr H.F.M. Ten Berge 
of Plant Research International (PRI) in the 
Netherland. Systemic experiments started after 2002 
Sanya conference (China). Presently, sizeable number 
of farmers are practicing SRI in Tamil Nadu, Andhra 
Pradesh, West Bengal, Punjab, Orissa and and also 
initiated in Gujarat, Uttar Pradesh, Maharastra, 
Jammu and Kashmir, Bihar, Madhya Pradesh etc.
• There is a notion that higher yields in rice come 

with high investments on seed, irrigation, high 
doses of fertilizers and pesticides. Contrary to this 
popular view, SRI method of cultivation produces 
higher yields with less seed and less water. SRI 
emphasizes on the need to shift from chemical 
fertilizers to organic manures. Increased soil 
aeration and organic matter helps in improving 
soil biology and thus helps in better nutrient 
availability. 

• Pest incidence also reduces due to increased 
spacing, drastically reducing the need for 
pesticides. SRI is showing promising results in all 
rice varieties either local or improved.

• The success of SRI is based on the synergetic 
development of both the tillers and roots. With a 
more vigorous root growth, plants can become 
fuller and taller, and get better access to the 
nutrients and water they need to produce tillers 
and grams. With more growth above ground to 
carry out photosynthesis, more energy is 
available for root growth and the stronger the 
plants, the more resistant they are against attacks 
by pests and diseases. If more than two plants are 
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transplanted together in a clump, competition 
among their roots limits tillering to 5/plant at the 
most. The close planting common in traditional 
rice cultivation could be considered adverse tillering 
producing rice cultivation. To enhance the develop-
ment of roots and tillers and minimize competi-
tion between plants, seedlings are planted one by 
one in SRI.

• In SRI, spacing between row to row and plant to 
plant 25 cm × 25 cm follows a square pattern. In 
this way a considerable amount of seed can be 
saved. In SRI, 5 kg to 8 kg of seed is sufficient for 
one hectare of transplanted rice, whereas in 
traditional systems, it is quite normal to use 40 

kg/ha
areas and 60-80 in temperate regions.

• For centuries rice farmers have kept their paddy 
fields inundated when their rice is growing. In 
this way they suppress weeds and reduce the 
amount of labour needed. This leads farmers and 
scientists to believe that rice plants benefit from 
being continuously flooded. However, rice is not 
an aquatic plant, and although it can survive with 
its roots submerged it does not really thrive. 
During its reproductive phase, when plants go 
through flowering, panicle initiation, grain filling 
and maturation, maintaining 1 cm to 2 cm. of 
water on rice fields has a beneficial effect. But 
during the preceding growth phase, rice plants 
grow better in unsaturated soil. The reasons are 
simple that, when there is no standing water and 
there is air in the soil, the roots can acquire 
oxygen much more easily through the aerenchyma 
(air pockets) in the root cells. Lack of oxygen in 
the root zone leads to soil acidification that causes 
the destruction of aerenchyma and hampers 
nutrient uptake, assimilation and plant growth. 
The nitrogen cycle in the soil is disturbed as well, 
and all kinds of toxicity will develop. Scientists 
from IRRI have identified the problems caused by 
anaerobic decomposition in continuously irrigated 
rice systems as one of the main causes of yield 
reduced. Alternative wetting and drying of the field 
modifies the growing environment of rice: 
improves soil structure, gets more oxygen into the 
root zone, and enhances active soil life. As the soil 
dries air replaces water and when there is rains or 
irrigation is applied this air is pushed downwards. 
Periodic water stress and the availability of 
oxygen facilitate root growth, and the volume of 
soil penetrated by the roots increases.

• Early weeding in crop is always important for a 
good return. In rice, where traditional methods 
are used, hand weeding is usually done one and a 
half months after transplanting. This is too late 
for two important reasons. One, weed reduced 
expected harvest considered by this time, but 
farmers loose the opportunity to bring oxygen 

 to 45 kg/ha in tropical and subtropical into the soil. Aeration of soil by weeding may be 
even more important in rice cultivation than the 
removal of weeds. With SRI, simple mechanical 
push-weeders like kono-weeder, rotary-weeder 
etc. is used and these churn up the soil.

• Many of the possible reasons for SRI results 
pertain to the way that the rice plants are handled 
differently. Wider spacing, for example, has the 
effect of achieving 'the edge effect' throughout 
the whole field. When plants are more exposed to 
solar radiation and to circulating air, it is known 
that this contributes to greater growth and 
productivity seen in plants growing on the edges 
of fields. While the edge (or border) effect 
should be avoided when trying to measure, i.e. 
estimate, yield, it should be something sought-
after thorough agronomic practice.

The SRI is a resource conserving or rather say 
input saving technology, having several benefits over 
traditional planting method of rice cultivation, 

however adoption in village level is appreciated. It is 
labour intensive and needs skill during transplant-
ing. Besides several benefits, it helps in restoration 
of soil health for sustainable crop production system 
for future agriculture. Such technologies improve 
socioeconomic conditions and rural development in 
rice growing communities in developing countries 
for food security.
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Plate (a) Showing SRI plot at experimental farm of SKUAST- 
Kashmir with good standing rice plants cultivar 
Shalimar-Rice-1

Plate (b) Showing a farmer trial with severe lodging responsible 
for yield and quality reduction compared with SRI
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transplanted together in a clump, competition 
among their roots limits tillering to 5/plant at the 
most. The close planting common in traditional 
rice cultivation could be considered adverse tillering 
producing rice cultivation. To enhance the develop-
ment of roots and tillers and minimize competi-
tion between plants, seedlings are planted one by 
one in SRI.

• In SRI, spacing between row to row and plant to 
plant 25 cm × 25 cm follows a square pattern. In 
this way a considerable amount of seed can be 
saved. In SRI, 5 kg to 8 kg of seed is sufficient for 
one hectare of transplanted rice, whereas in 
traditional systems, it is quite normal to use 40 

kg/ha
areas and 60-80 in temperate regions.
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fields inundated when their rice is growing. In 
this way they suppress weeds and reduce the 
amount of labour needed. This leads farmers and 
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being continuously flooded. However, rice is not 
an aquatic plant, and although it can survive with 
its roots submerged it does not really thrive. 
During its reproductive phase, when plants go 
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and maturation, maintaining 1 cm to 2 cm. of 
water on rice fields has a beneficial effect. But 
during the preceding growth phase, rice plants 
grow better in unsaturated soil. The reasons are 
simple that, when there is no standing water and 
there is air in the soil, the roots can acquire 
oxygen much more easily through the aerenchyma 
(air pockets) in the root cells. Lack of oxygen in 
the root zone leads to soil acidification that causes 
the destruction of aerenchyma and hampers 
nutrient uptake, assimilation and plant growth. 
The nitrogen cycle in the soil is disturbed as well, 
and all kinds of toxicity will develop. Scientists 
from IRRI have identified the problems caused by 
anaerobic decomposition in continuously irrigated 
rice systems as one of the main causes of yield 
reduced. Alternative wetting and drying of the field 
modifies the growing environment of rice: 
improves soil structure, gets more oxygen into the 
root zone, and enhances active soil life. As the soil 
dries air replaces water and when there is rains or 
irrigation is applied this air is pushed downwards. 
Periodic water stress and the availability of 
oxygen facilitate root growth, and the volume of 
soil penetrated by the roots increases.

• Early weeding in crop is always important for a 
good return. In rice, where traditional methods 
are used, hand weeding is usually done one and a 
half months after transplanting. This is too late 
for two important reasons. One, weed reduced 
expected harvest considered by this time, but 
farmers loose the opportunity to bring oxygen 
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removal of weeds. With SRI, simple mechanical 
push-weeders like kono-weeder, rotary-weeder 
etc. is used and these churn up the soil.
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pertain to the way that the rice plants are handled 
differently. Wider spacing, for example, has the 
effect of achieving 'the edge effect' throughout 
the whole field. When plants are more exposed to 
solar radiation and to circulating air, it is known 
that this contributes to greater growth and 
productivity seen in plants growing on the edges 
of fields. While the edge (or border) effect 
should be avoided when trying to measure, i.e. 
estimate, yield, it should be something sought-
after thorough agronomic practice.

The SRI is a resource conserving or rather say 
input saving technology, having several benefits over 
traditional planting method of rice cultivation, 

however adoption in village level is appreciated. It is 
labour intensive and needs skill during transplant-
ing. Besides several benefits, it helps in restoration 
of soil health for sustainable crop production system 
for future agriculture. Such technologies improve 
socioeconomic conditions and rural development in 
rice growing communities in developing countries 
for food security.
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Kashmir with good standing rice plants cultivar 
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Plate (b) Showing a farmer trial with severe lodging responsible 
for yield and quality reduction compared with SRI
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Integrated nutrient management (INM) plays 
key role in sustaining the soil and tree productivity. 
Farmers as end user are always welcoming and 
accepting robust INM options for enhancing fruit 
yield. Initiatives were taken to improve the sustain-
able yield index (SYI) in Dashehari mango from 0.34 
(control) to 0.45 to 0.60 through different INM 
options. Soil properties at surface and sub-surface 
indicated differential response in each treatment. 
This technological advancement may be helpful for 
mango growers to sustain the soil health foliar 
spread and fruit yield in sandy loam soils in the 
region. Actually, farmers are very keen to adopt 
advanced technological capsule for improving their 
orchard productivity for sustaining soil properties. 
Foliar tissues are also an integral part in the biological 
system of fruit production and thereby significantly 
contributing towards quality fruit production. As 
perennial crops require special attention owing to its 
physiological behaviour; alternate huge fruiting in 
one year and lower yield in the next year. The 
integrated nutrient management contributes to 
restore the soil nutrient balance along with support-
ive nutrient flow, either from soil to tree or, through 
foliar part to sink. The source-sink relationship plays 
major role in the biological system of fruit growth 
pattern for sustainable overall ecological balance 
and growers right to profit.

To maintain a healthy sustainable yield index, 
integration of nutrient sources is essential for 

restoring physical, biological and chemical proper-
ties in soil in a better condition. Recording the soil 
properties in each season and the response of 
nutrients on yield is thus crucial for planners. Adak 
et al. (2018) critically examined the role of phenology 
based fertigation on improving the SYI in Mango. 
The work on sustainability is the future needs for 
farmers across region; this is indeed emergency 
requirement to fulfill the livelihood and nutritional 
security. Sathish et al. (2018) recommended sustain-
able options for semi-arid Alfisols based on long-
term field experimentation. Effect of potential soil 
management on the yield has been reported by 
Taylor et al. (2019). Even the changes in soil physical 
parameters like water holding capacity, bulk density 
(BD), infiltration alongwith fertility status is of great 
concern for its known impact on tree or crop based 
production systems (Ramulu et al., 2017). The soil 
quality indicators like aggregate stability, organic 
carbon, BD under plantations and vegetation covers 
were also studied for the benefit of farming commu-
nity (Das and Ansari, 2014). Moisture conservation is 
another way for enhancing productivity (Adak et al., 
2019) and thereby sustainability. To ensure better 
SYI in coconut with adjustment of nutrient doses 
(NPK), application of FYM, ash, Azospirillum, in-situ 
green manuring, recycling of palm waste were also 
recommended for precise soil management (particu-
larly for nutrient balancing of P and K) in coastal 
sandy zone of Kerala (Farsanashamin, 2015). 
Technological advancement of using green manur-
ing and incorporation of cover crops for sustaining 
physical attributes of soil is being disseminated and 
are in practice at farmers' field for ensuring better 
soil health condition (Mandal et al., 1999). Long-
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term fertilizer use had definite impact on soil, 
nutrient use efficiency and sustainability. This needs 
to be advocated for growers of small and marginal 
land holding size (Malti et al., 2000).

Field trials for evaluation of effect of INM on the 
sustainability of mango cv. Dashehari was initiated 
on sandy loam soils of Lucknow, UP, India with 
control (T ), NPK (T ), NPK + Zn, Cu, Mn, B (T ), NPK 1 2 3

+ Zn, Cu, Mn, B + FYM (T ), NPK + Zn, Cu, Mn, B + 4

GM (T ), ½ NPK + FYM + Bio. + Zn, Cu, Mn, B (T ), ½ 5 6

NPK + GM + Bio. + Zn, Cu, Mn, B (T ) and ½ NPK + 7

FYM + GM + Bio + Zn, Cu, Mn, B (T ) combinations, 8

respectively. Proper field layout was maintained. Soil 
and tree were cared periodically. Treatments were 
imposed with care, observations were recorded 
(Photo 1). Soil and leaf samples were collected from 
the tree basin and all directions of canopy, respec-
tively in each year. Chemical analysis showed 
differential response of treatments.

Data analysis showed soil nutrients vary both 
depth and treatment wise. In general, sub-surface 
soil had less content than surface soil. Improvements 
in nutrient contents in integrated nutrient manage-
ment treatments were observed as compared to 
control. The observations on half doses of NPK 
applied plots were also lower than its full doses and 
higher than control. Inclusion of micro-nutrients 
and green manuring, bio-sources, FYM have better 
nutrient interactions. The soil organic carbon (SOC) 
content varied between 0.35 to 0.74% and 0.08 to 
0.43% in surface and sub-surface depths across seasons, 
while P was recorded as 10.0 to 27.0 mg/kg and 7.6 
to 25.8 mg/kg, respectively (Fig’s 3 and 4). The noted 
variations in K was 97.0 to 297.1 mg/kg in surface 
soil and 78.5 to 225.0 mg/kg in sub-surface soil 

across seasons (Fig. 5). The tree available Zn was 
observed as 0.24 to 6.64 mg/kg and 0.20 to 2.22 
mg/kg in both surface and sub-surface soils while Cu 

content was 0.72 to 21.16 mg/kg and 0.54 to 10.1 
mg/kg, respectively (Fig’s 6 and 7). Similarly, Fe and 
Mn was 3.34 to 28.76 mg/kg, 2.0 to 21.84 mg/kg and 
4.43 to 90.7 mg/kg, 4.66 to 81.66 mg/kg in surface 
and sub-surface soil (Fig’s 8 and 9). Such dynamic 
variations in soil properties were due to differential 

Fig. 4: Available P (mg/kg) in Dashehari mango in three 
seasons under different INM options
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Fig. 1: Sustainable yield index in Dashehari mango under 
different INM options
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Fig. 2: Yield in Dashehari mango in three seasons under 
different INM options
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Photo 1: Field preparation and yield in Dashehari mango 
under different INM options

Fig. 3: Soil organic carbon content (%) in Dashehari mango in 
three seasons under different INM options
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term fertilizer use had definite impact on soil, 
nutrient use efficiency and sustainability. This needs 
to be advocated for growers of small and marginal 
land holding size (Malti et al., 2000).

Field trials for evaluation of effect of INM on the 
sustainability of mango cv. Dashehari was initiated 
on sandy loam soils of Lucknow, UP, India with 
control (T ), NPK (T ), NPK + Zn, Cu, Mn, B (T ), NPK 1 2 3

+ Zn, Cu, Mn, B + FYM (T ), NPK + Zn, Cu, Mn, B + 4

GM (T ), ½ NPK + FYM + Bio. + Zn, Cu, Mn, B (T ), ½ 5 6

NPK + GM + Bio. + Zn, Cu, Mn, B (T ) and ½ NPK + 7

FYM + GM + Bio + Zn, Cu, Mn, B (T ) combinations, 8

respectively. Proper field layout was maintained. Soil 
and tree were cared periodically. Treatments were 
imposed with care, observations were recorded 
(Photo 1). Soil and leaf samples were collected from 
the tree basin and all directions of canopy, respec-
tively in each year. Chemical analysis showed 
differential response of treatments.

Data analysis showed soil nutrients vary both 
depth and treatment wise. In general, sub-surface 
soil had less content than surface soil. Improvements 
in nutrient contents in integrated nutrient manage-
ment treatments were observed as compared to 
control. The observations on half doses of NPK 
applied plots were also lower than its full doses and 
higher than control. Inclusion of micro-nutrients 
and green manuring, bio-sources, FYM have better 
nutrient interactions. The soil organic carbon (SOC) 
content varied between 0.35 to 0.74% and 0.08 to 
0.43% in surface and sub-surface depths across seasons, 
while P was recorded as 10.0 to 27.0 mg/kg and 7.6 
to 25.8 mg/kg, respectively (Fig’s 3 and 4). The noted 
variations in K was 97.0 to 297.1 mg/kg in surface 
soil and 78.5 to 225.0 mg/kg in sub-surface soil 

across seasons (Fig. 5). The tree available Zn was 
observed as 0.24 to 6.64 mg/kg and 0.20 to 2.22 
mg/kg in both surface and sub-surface soils while Cu 

content was 0.72 to 21.16 mg/kg and 0.54 to 10.1 
mg/kg, respectively (Fig’s 6 and 7). Similarly, Fe and 
Mn was 3.34 to 28.76 mg/kg, 2.0 to 21.84 mg/kg and 
4.43 to 90.7 mg/kg, 4.66 to 81.66 mg/kg in surface 
and sub-surface soil (Fig’s 8 and 9). Such dynamic 
variations in soil properties were due to differential 
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Fig. 1: Sustainable yield index in Dashehari mango under 
different INM options
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Fig. 2: Yield in Dashehari mango in three seasons under 
different INM options
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under different INM options

Fig. 3: Soil organic carbon content (%) in Dashehari mango in 
three seasons under different INM options
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treatments application and response of the tree to 
nutrient uptake. The changes in foliar nutrient contents 
over the season are presented in the Table’s 1 and 2 
and results indicated differences due to treatments 

The SYI was calculated as 0.34 (T ) in control 1

plotted trees while 0.45 to 0.60 in NPK and/or micro-
nutrients, FYM, Green manuring (T to T ) treated 2 5

trees (Fig. 1). Lowering the NPK doses by half and 
inclusion of micro-nutrients, FYM, Green manuring, 
bio-sources had SYI of 0.35 to 0.46 (T  to T ) compa-6 8

rable with the control plotted trees. Yield observa-
tions season wise reflected both seasonality and 
treatments effects on it; valued being 6.48 to 11.76 
t/ha, 7.37 to 17.42 t/ha and 8.25 to 13.63 t/ha in 
first, second and third seasons, respectively (Fig. 2). 
Detailed analysis showed trees with higher SYI had 

effect. All these nutrients sources in the nutrient 
management as well as nutrient contents were amicably 
contributed to the sustained yield production and 
thereby had impact on sustainable yield index.

Fig. 5: Available K (mg/kg) in Dashehari mango in three 
seasons under different INM options
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Fig. 6: Available Zn content in Dashehari mango in three 
seasons under different INM options
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Fig. 7: Available Cu content in Dashehari mango in three 
seasons under different INM options
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Fig. 8: Available Fe content in Dashehari mango in three 
seasons under different INM options
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treatments application and response of the tree to 
nutrient uptake. The changes in foliar nutrient contents 
over the season are presented in the Table’s 1 and 2 
and results indicated differences due to treatments 

The SYI was calculated as 0.34 (T ) in control 1
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Fig. 6: Available Zn content in Dashehari mango in three 
seasons under different INM options
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Fig. 7: Available Cu content in Dashehari mango in three 
seasons under different INM options
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Fig. 8: Available Fe content in Dashehari mango in three 
seasons under different INM options
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yield consistency of 11.16, 10.97 and 13.63  
in first, second and third fruiting season (T ) followed 3

by 11.30, 10.82 and 10.24 t ha (T ) and 11.50, 16.00 2

and 10.72 t ha (T ), respectively. Trees applied with ½ 4

NPK + FYM + GM + Bio + Zn, Cu, Mn, B (11.00, 
17.42 and 8.99 t/ha) is also found to be sustainable 
in sandy loam soils of Lucknow region.

t/ha t/ha

stability in soil at the early establishment of tree 
growth. Adak et al. (2015) described nicely about the 
variations in physical indicators and soil organic 
carbon stock in the fruiting plantations of high 
density mango orchards. Mills et al. (2019) advo-
cated to use satellite images for prediction of 
Kiwifruit orchard characteristics. Such approach is 
the need of our for precision horticulture. All these 
technological modules are actually for the benefit of 
fruit growing farmers. Moreover, recent approach of 
using thermal imagery to predict dry matter and / or 
deficiency of soil nutrients of fruit orchards over a 
large area is an welcome step for attaining 
sustainability.
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The work on SYI in agricultural crops was taken 
into consideration keeping land and soil characteris-
tics (Bhindhu and Gaikawad, 1998). Wanjari et al. 
(2014) suggested use of SYI as an index for measur-
ing sustainability in intensive cropping sequence. 
Precision soil management is the obvious need for 
such approach. Ramesh et al. (2008) used fly ash for 
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Fig. 9: Available Mn content in Dashehari mango in three seasons under different INM options

Table 1: Foliar N, P and K content (%) in Dashehari mango under different INM options

                                N content in leaf (%)                                        P content in leaf (%)                                         K content in leaf (%) 
st nd rd st nd rd st nd rd 1  season 2  season 3  season 1  season 2  season 3  season 1  season 2  season 3  season

 Mean Mean Mean Mean Mean Mean Mean Mean Mean

T 1.93±0.18 1.66±0.17 1.87±0.12 0.10±0.00 0.15±0.01 0.12±0.02 0.47±0.04 0.69±0.13 2.04±0.121

T 2.26±0.33 1.70±0.16 1.96±0.17 0.11±0.01 0.17±0.04 0.13±0.02 0.61±0.05 0.90±0.43 2.34±0.462

T 2.31±0.34 1.75±0.13 1.98±0.18 0.10±0.01 0.17±0.03 0.12±0.01 0.61±0.13 0.87±0.18 2.40±0.313

T 2.19±0.14 1.80±0.24 1.98±0.21 0.10±0.01 0.16±0.02 0.12±0.01 0.56±0.08 0.71±0.08 2.25±0.504

T 2.17±0.42 1.79±0.22 1.93±0.12 0.10±0.001 0.15±0.03 0.13±0.02 0.59±0.10 0.80±0.14 2.24±0.155

T 2.14±0.26 1.66±0.24 1.96±0.29 0.10±0.01 0.14±0.05 0.13±0.02 0.56±0.03 0.74±0.22 2.19±0.296

T 2.17±0.23 1.70±0.07 1.98±0.22 0.09±0.001 0.16±0.01 0.13±0.01 0.58±0.11 0.73±0.18 2.12±0.377

T 2.17±0.37 1.73±0.43 1.88±0.07 0.10±0.01 0.16±0.02 0.14±0.02 0.57±0.09 0.79±0.37 2.37±0.368

Table 2: Foliar micronutrients content (mg/kg) in Dashehari mango under different INM options

-1                                       Foliar Zn content (mg kg )                                                                Foliar Cu content (mg/kg)
st nd rd st nd rd1  season 2  season 3  season 1  season 2  season 3  season
Mean Mean Mean Mean Mean Mean

T 21.00±3.37 21.50±4.80 21.50±5.07 23.50±12.97 18.00±6.78 14.00±3.561

T 26.00±3.56 28.00±8.04 30.75±6.80 41.00±9.20 36.00±12.75 23.50±9.682

T 24.75±2.50 30.50±3.32 32.25±7.23 42.00±19.11 38.75±44.21 25.25±8.503

T 21.50±2.52 27.75±2.87 30.50±8.85 23.75±21.45 36.00±24.62 19.25±13.004

T 25.50±1.91 21.25±3.30 27.50±4.12 34.25±18.10 34.00±20.86 15.75±9.745

T 21.75±5.56 21.50±4.51 24.00±4.97 30.75±20.52 25.50±22.93 15.50±3.876

T 25.50±5.32 22.00±4.24 25.50±3.79 25.75±17.56 26.25±17.73 16.00±6.167

T 22.50±4.51 25.00±4.97 26.25±8.66 33.25±23.96 30.75±17.33 18.00±10.308

                                       Foliar Fe content (mg/kg)                                                                Foliar Mn content (mg/kg)
st nd rd st nd rd1  season 2  season 3  season 1  season 2  season 3  season
Mean Mean Mean Mean Mean Mean

T 137.50±29.42 175.25±13.79 156.75±30.27 74.25±20.71 62.25±2.87 98.75±17.151

T 204.75±38.79 238.00±46.85 180.75±32.34 65.75±7.63 77.50±20.42 98.00±18.172

T 226.75±105.62 240.25±26.61 211.25±61.88 59.75±12.76 80.00±17.72 116.25±23.943

T 196.25±28.98 229.50±23.01 179.50±33.27 64.50±22.05 75.25±15.97 111.00±34.034

T 168.00±14.90 256.50±38.65 175.00±27.40 64.50±34.55 63.75±5.56 96.50±16.845

T 180.00±23.49 178.00±14.09 160.50±61.44 50.50±8.35 57.50±10.66 106.00±15.876

T 184.50±26.26 195.25±26.91 155.00±26.04 81.00±24.73 70.00±13.04 107.50±22.587

T 194.00±51.30 221.75±55.99 153.00±12.99 63.00±18.28 75.25±17.97 95.50±9.818
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yield consistency of 11.16, 10.97 and 13.63  
in first, second and third fruiting season (T ) followed 3

by 11.30, 10.82 and 10.24 t ha (T ) and 11.50, 16.00 2

and 10.72 t ha (T ), respectively. Trees applied with ½ 4

NPK + FYM + GM + Bio + Zn, Cu, Mn, B (11.00, 
17.42 and 8.99 t/ha) is also found to be sustainable 
in sandy loam soils of Lucknow region.

t/ha t/ha

stability in soil at the early establishment of tree 
growth. Adak et al. (2015) described nicely about the 
variations in physical indicators and soil organic 
carbon stock in the fruiting plantations of high 
density mango orchards. Mills et al. (2019) advo-
cated to use satellite images for prediction of 
Kiwifruit orchard characteristics. Such approach is 
the need of our for precision horticulture. All these 
technological modules are actually for the benefit of 
fruit growing farmers. Moreover, recent approach of 
using thermal imagery to predict dry matter and / or 
deficiency of soil nutrients of fruit orchards over a 
large area is an welcome step for attaining 
sustainability.
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Present study was conducted in three districts 
of Uttar Pradesh (UP) for which 217 farmers were 
selected in the eastern yamuna canal (EYC) com-
mand area during 2017-19. Surface irrigation is 
almost defunct and needs government attention. 
Various rounds of minor irrigation census report 
were utilized to estimate the compound annual 
growth rates (CAGR) of different types of irrigation 
sources. It was observed that the growth rate of deep 
wells was very high for Saharanpur and Baghpat 
districts where as Ghaziabad district recorded negative 
growth rate. Similar results were recorded in the case 
of shallow wells for these districts. In year 2003, the 
EYC received water discharge during every month of 
the year. However, during 2018 from November to 
May, there was almost no discharge. Hence, If 
farmers fail to get water from any sources during this 
period, they may lose entire rabi crops production. 
Therefore, to reduce the pressure on ground water 
resources, canal irrigation system needs to be 
revived. The groundwater extracted for cultivation of 

3sugarcane varies from 8308.51 m /ha to 18014.93 
3m /ha. Efficiency measures i.e. technical efficiency, 

allocative efficiency and economic efficiency were 
highest for Saharanpur followed by Ghaziabad for 
sugarcane. However, for wheat and paddy, trend was 
different. Water productivity was higher for Baghpat 
district. The farmers of Saharanpur and Ghaziabad 
need to improve water management. Major con-
straints are irregular supply of water, non availability 

of irrigation department official as when contacted, 
increasing cost of diesel and other inputs. This study 
clearly indicates that demining of canal irrigation 
system will further leads to groundwater pressure. 
Therefore, regular supply and sufficient water availabil-
ity is need of the hour.

INTRODUCTION

Indian has undertaken considerable investment 
for irrigation infrastructure development, particu-
larly canal network expansion, which is evident from 
the huge increase in budgetary allocation during 
different five year plans for irrigation. The estimated 
water gap in demand and supply of water for India by 
2030 would be alarming 50%. A major institutional 
response to decline in canal water use has been the 
emergence of informal groundwater markets (Mukherji 
et al., 2012) in the country. Technology, diesel and 
electricity led to the emergence of groundwater 
markets. Higher water supply through ground water 
brought changes in cropping pattern and intensity, 
and more formalized institutions emerged (Ananda, 
2012). The warabandi is an age old irrigation system 
in India where wara is 'turn' and bandi means 
'fixation'. In recent past, the canal department 
regulates the water supply and fixes the turn of each 
farmer, and the rotation period is a week. If any 
farmer violates this arrangement, he / she is liable to 
prosecution under the canal act. After each year, the 
time is shifted by 12 hours so that the turn is rotated 
from day to night and vice-versa. In this way, the 
system of irrigation turns is operated without any 
serious problem of equity (Shah, 2009, 1985, 2008).

The importance of groundwater development is 
increasing rapidly on account of inherent weak-
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nesses (maintenance and operational in-efficiencies) 
in the canal (surface water) irrigation system. Water 
conveyance loss in canal irrigation is twice (40-50%) 
than that of well irrigation (Sivanappan, 1995) and 
about 20% of canal-irrigated area currently is 
seriously affected by waterlogging and salinity 
problems (Dhawan, 1988). In India, conflicts over 
control and use of surface water are severe, and 
sometimes become brutal. The marginal and small 
farmers have relatively little access to groundwater 
resources for irrigation. But de facto, these rights are 
ambiguous (Chandrakanth and Arun, 1997), as small 
farmers cannot afford to invest on construction of 
water extraction structure for irrigating their small 
land holdings. Judicious utilization and excessive 
reliance on this precious natural resource has resulted 
into emergence of a groundwater crisis, especially in 
north-west region of the country (Dhawan, 1995; 
Gandhi and Namboodiri, 2009; Srivastava et al., 
2014). Many studies have elucidated several hydrolog-
ical (Gupta, 2009), socio-economic (Nagraj and 
Chandrakanth, 1997; Sarkar, 2011), institutional 
(Ballabh, 2003; Ghosh et al., 2014) and policy (Sekhri, 
2013; Sarkar and Das, 2014) related aspects of water 
management. In canal commands of Uttar Pradesh 
and Haryana also it was observed that use of 
groundwater increased even in high water availabil-
ity areas due to the fact that canal system has been 
defunct, encroached and fractured by various socio-
political reasons (Chand, 2017). The lack of formal 
or informal property rights (Ward and Dillon, 2012, 
Ward et al., 2016; Singh, 2012; Singh, 2002) and a 
general failure to develop institutional rules and 
enforceable sanctions to coordinate and manage 
extractions of individual well owners to meet 
hydrological limits has focused attention on irrigator 
communities, nominally the village level, crafting 
their own institutional arrangements (Ostrom, 
2003; Meinzen-Dick et al., 2002; Syme et al., 2012; 
Steenbergen, 2006; Maheshwari et al., 2014).

EYC is one of the oldest canals of India. The 
roster of water distribution is prepared on the basis 
of 70% of the expected river flow. The study area of 
UP has well-structured and established canal 

networks. Despite this, groundwater extraction is at 
a very high rate, resulting in depletion of water level. 
The average yield of tube wells varies from 30 to 60 
liter per second (lps) at 6 m to 8 m moderate 
drawdowns (CGWB, 2014). Present institutional 
arrangement in India, which involves central, state 
and local institutions and both formal and informal 
structure, are unable to bring about water allocation, 
planning and management on a comprehensive or 
scientific basis (Kumar, 2003). The declining canal 
irrigation importance is serious issue and putting 
high pressure on ground resources. In view of above 
background, a study was planned with specific objectives 
to understand water management institutions in 
warabandhi system of canal command areas in Uttar 
Pradesh. The study seeks answer to specific ques-
tions like warabandi irrigation system will die? 
Which institutions exists? How local institutions are 
functioning in warabandi?. What are the constraints 
farmers face while accessing the canal water? The 
findings of the study will help in devising better 
water policy for distribution and management of 
canal water in the country. 

MATERIALS AND METHODS
Primary and secondary data were used for this 

study and analyzed using STATA-14 software. The 
compound annual growth rate was computed using 
standard growth rate model. The data on water 
discharge were collected from the divisional office of 
EYC, Canal Saharanpur from 2003 to 2018. This data 
was on monthly basis and monthly average was used 
for the study. Data was also collected from farmers 
using standard personnel interview schedule for 
2017 to 2019 comprising of 217 farmers. These 
respondents were post classified based on water 
market regimes, namely, Self user who possesses 
water resource and uses for self purposes; self users 
+ sellers who possess; water resource, use for own 
purposes and also sell the surplus water to other 
farmers; self users + buyers who possess water 
resource but due to insufficient water with them, 
they purchase water from others; buyers who do not 
possess water resource due to small size of farm and 
poor income and resource, and they buy water from 

fellow farmers. Further, these farmers were classified 
based on land holding size into three categories, namely, 
small, medium and large for detail analysis. Information 
collected during focus group discussion and discus-
sion with line departments was also used in this 
study. Entire data base was analysed in STATA-14 
software and logical conclusions were drawn.

RESULTS AND DISCUSSION

Analysis of the data collected from primary and 
secondary sources within the canal command area is 
presented below:

Socio-economic characteristics of warabandi 
farmers: The selected study area of UP falls under 
EYC commands. However, these districts are having 
very high rate of groundwater exploitation. The 
general socio-economic features of selected respondent 
of three districts of UP were statistically tested with 
mean difference. The average age of the respondent 
varied from 51 to 57 years (Table 1). Thus, they are 
quite mature, and we believe there was less chance of 
biasness in the replies given by these experienced 
farmers. Family size was found to be high for 
Saharanpur followed by Ghaziabad and Baghpat. 
The education level was higher for Ghaziabad 
followed by Saharanpur and Baghpat. It was informed 
that those farmers who possessed the kisan credit 
card and took crop loan, insured their crops. 
However, insurance was not preferred by the farmers 
due to high premium cost.

About 33% farmers were able to access the canal 
water and followed warabandi system in the study 
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nesses (maintenance and operational in-efficiencies) 
in the canal (surface water) irrigation system. Water 
conveyance loss in canal irrigation is twice (40-50%) 
than that of well irrigation (Sivanappan, 1995) and 
about 20% of canal-irrigated area currently is 
seriously affected by waterlogging and salinity 
problems (Dhawan, 1988). In India, conflicts over 
control and use of surface water are severe, and 
sometimes become brutal. The marginal and small 
farmers have relatively little access to groundwater 
resources for irrigation. But de facto, these rights are 
ambiguous (Chandrakanth and Arun, 1997), as small 
farmers cannot afford to invest on construction of 
water extraction structure for irrigating their small 
land holdings. Judicious utilization and excessive 
reliance on this precious natural resource has resulted 
into emergence of a groundwater crisis, especially in 
north-west region of the country (Dhawan, 1995; 
Gandhi and Namboodiri, 2009; Srivastava et al., 
2014). Many studies have elucidated several hydrolog-
ical (Gupta, 2009), socio-economic (Nagraj and 
Chandrakanth, 1997; Sarkar, 2011), institutional 
(Ballabh, 2003; Ghosh et al., 2014) and policy (Sekhri, 
2013; Sarkar and Das, 2014) related aspects of water 
management. In canal commands of Uttar Pradesh 
and Haryana also it was observed that use of 
groundwater increased even in high water availabil-
ity areas due to the fact that canal system has been 
defunct, encroached and fractured by various socio-
political reasons (Chand, 2017). The lack of formal 
or informal property rights (Ward and Dillon, 2012, 
Ward et al., 2016; Singh, 2012; Singh, 2002) and a 
general failure to develop institutional rules and 
enforceable sanctions to coordinate and manage 
extractions of individual well owners to meet 
hydrological limits has focused attention on irrigator 
communities, nominally the village level, crafting 
their own institutional arrangements (Ostrom, 
2003; Meinzen-Dick et al., 2002; Syme et al., 2012; 
Steenbergen, 2006; Maheshwari et al., 2014).

EYC is one of the oldest canals of India. The 
roster of water distribution is prepared on the basis 
of 70% of the expected river flow. The study area of 
UP has well-structured and established canal 

networks. Despite this, groundwater extraction is at 
a very high rate, resulting in depletion of water level. 
The average yield of tube wells varies from 30 to 60 
liter per second (lps) at 6 m to 8 m moderate 
drawdowns (CGWB, 2014). Present institutional 
arrangement in India, which involves central, state 
and local institutions and both formal and informal 
structure, are unable to bring about water allocation, 
planning and management on a comprehensive or 
scientific basis (Kumar, 2003). The declining canal 
irrigation importance is serious issue and putting 
high pressure on ground resources. In view of above 
background, a study was planned with specific objectives 
to understand water management institutions in 
warabandhi system of canal command areas in Uttar 
Pradesh. The study seeks answer to specific ques-
tions like warabandi irrigation system will die? 
Which institutions exists? How local institutions are 
functioning in warabandi?. What are the constraints 
farmers face while accessing the canal water? The 
findings of the study will help in devising better 
water policy for distribution and management of 
canal water in the country. 

MATERIALS AND METHODS
Primary and secondary data were used for this 

study and analyzed using STATA-14 software. The 
compound annual growth rate was computed using 
standard growth rate model. The data on water 
discharge were collected from the divisional office of 
EYC, Canal Saharanpur from 2003 to 2018. This data 
was on monthly basis and monthly average was used 
for the study. Data was also collected from farmers 
using standard personnel interview schedule for 
2017 to 2019 comprising of 217 farmers. These 
respondents were post classified based on water 
market regimes, namely, Self user who possesses 
water resource and uses for self purposes; self users 
+ sellers who possess; water resource, use for own 
purposes and also sell the surplus water to other 
farmers; self users + buyers who possess water 
resource but due to insufficient water with them, 
they purchase water from others; buyers who do not 
possess water resource due to small size of farm and 
poor income and resource, and they buy water from 

fellow farmers. Further, these farmers were classified 
based on land holding size into three categories, namely, 
small, medium and large for detail analysis. Information 
collected during focus group discussion and discus-
sion with line departments was also used in this 
study. Entire data base was analysed in STATA-14 
software and logical conclusions were drawn.

RESULTS AND DISCUSSION

Analysis of the data collected from primary and 
secondary sources within the canal command area is 
presented below:

Socio-economic characteristics of warabandi 
farmers: The selected study area of UP falls under 
EYC commands. However, these districts are having 
very high rate of groundwater exploitation. The 
general socio-economic features of selected respondent 
of three districts of UP were statistically tested with 
mean difference. The average age of the respondent 
varied from 51 to 57 years (Table 1). Thus, they are 
quite mature, and we believe there was less chance of 
biasness in the replies given by these experienced 
farmers. Family size was found to be high for 
Saharanpur followed by Ghaziabad and Baghpat. 
The education level was higher for Ghaziabad 
followed by Saharanpur and Baghpat. It was informed 
that those farmers who possessed the kisan credit 
card and took crop loan, insured their crops. 
However, insurance was not preferred by the farmers 
due to high premium cost.

About 33% farmers were able to access the canal 
water and followed warabandi system in the study 
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area. Therefore, it was concluded from Table 1 that 
farmers of different districts were statistically different 
in respect to socio-economic characteristics.

Compound annual growth rate of groundwater 
development: Various rounds of minor irrigation 
census reports were used to estimate the CAGR of 
different types of irrigation sources for selected 
districts; they are presented in Table 2. It was 

graph that during 2003-04, the water discharge in 
the canal was somewhat better and at least every 
month some water was released. This might have 
helped the farmers in irrigation and reduced the 
ground water extraction costs. However, during 2010 
and 2018, data indicated a very discouraging picture, 
and the availability of water in the canal decreased.

This implies that year after year water availabil-
ity in the EYC decreased to the extent that during 
some of the months there was no release of water, 
particularly during the critical period when farmers 
needed assured water for rabi crops at critical stage. 
Therefore, we feel that a strong policy intervention is 
needed to make canal irrigation system sustainable 
by maintaining regular supply of water so that 
farmer can cultivate crops. This analysis has policy 

implications in terms of decision on water policy, 
energy policy and distributions. To check the ground 
exploitation, canal water availability needs to be 
assured due to cropping pattern leading towards 
high water demanding crop cultivations.

Water market regimes development: Analysis of 
the information collected from farmers on types of 
informal water market institutions existing in the 
study area is presented in Table 3. It was observed 
from the analysis that four types of water market 
institutions, namely, self-user, self-user and seller, 
seller and buyer and buyers are existing. We further 
classified these institutions into three categories 
based on land holding size. It was observed that 
buyers are mostly small holders. This indicated that 
water market institutions are being developed in the 
study area. This might be due to the fact that farmers 
are depending on ground water more, which is 
resulting into purchase of water for irrigation from 
fellow farmers, relatives etc. who possess tubewells. 
This, particularly for small holder farmers, is a 
problem during high demand period of crop irriga-
tion. Some times, sellers inflate the price of water 
charges, though water charges mostly depend on 
fuel price and also social obligation in the rural 
areas.

Water management institutions in warabandi 
areas: Water management institutions for surface as 
well as for groundwater were studied for the study 

observed that the CAGR of deep tubewells was very 
high for Saharanpur and Baghpat districts of UP, 
where as Ghaziabad district recorded negative 
growth rate. It means the pressure on groundwater 
resources is increasing over the period for those 
districts where growth rate is high. Ghaziabad being 
more of urbanized and agriculture being least 
preferred occupation leading to less groundwater 
demand might have resulted into negative growth 
rate of deep wells. In the case of shallow wells 
development during various minor irrigation census, 
Saharanpur district recorded higher growth rate 
followed by Baghpat. However, Ghaziabad again had 
negative growth rate. The lower growth rate of 
shallow wells implies towards declined water table in 
the study areas. Hence, the number of shallow wells 
decreased over the years. Similarly, surface irrigation 
and surface water lifting resource development is 
negligible. Therefore, these districts are moving 
towards excessive use of groundwater resource for 
agriculture production. One of the reasons may be 
due to non-availability of surface water from canal 
and other sources, which might have resulted into, 
farmers moving towards creating their own water 
resource for assured irrigation. This indicates that 
canal irrigation system is losing its importance.
Trend in availability in EYC: Long-term data 
for the period of 2003 to 2018-19 was used to analyse 
water discharge in main EYC at the head, and results 
are presented in Fig. 1. It could be inferred from the 

water 

Discussion with irrigation department 

Discussion with farmers on water conservation 
Government programmes

Table 1: Socio-economic characteristics of respondents

Particulars Baghpat Ghaziabad Saharanpur

Average landholdings size (ha) 1.78 1.30** 1.50
(0.143) (0.173) (.167)

Age (years) 53.75 56.53* 50.68**
(0.954) (1.176) (1.210)

Total Family size (no) 7.71 8.10 8.49*
(0.326) (.391) (0.206)

Average year of household education (years) 6.48 9.14*** 7.07
(.465) (.399) (.544)

Agriculture as dominant occupation (%) 88.75 71.83*** 92.75
Social Participation in social activities (%) 22.5 18.3 14.49
Possession of soil health card (%) 1.25 18.30*** 5.79
Possession of kissan credit card (%) 43.75 26.76** 65.21***
Crop insurance (%) 7.50 11.26 24.64***
Access to canal irrigation (%) 33.75 16.90** 47.82*

Note: Figure in parenthesis are standard error; ***, ** and * are significant at 1%, 5%, and 10% level, respectively.

Table 2: Growth rate of different irrigation systems
nd rd th thType of Irrigation  Districts 2  Minor Irrigation 3  Minor Irrigation 4  Minor Irrigation 5  Minor Irrigation CAGR

system Census (1993-94) Census (2000-01) Census (2006-07) Census (2013-14) (%)

Dug well Baghpat 47 79 69 0 -
Ghaziabad 0 0 0 0 -
Saharanpur 0 0 0 0 -

Shallow well Baghpat 15807 24890 25361 19504 0.86*
Ghaziabad 20364 35242 35912 11132 -1.92*
Saharanpur 41621 80110 86212 56905 1.39*

Deep tubewell Baghpat 330 372 520 493 2.64***
Ghaziabad 195 202 216 133 -1.28***
Saharanpur 584 599 1169 1622 6.37***

Surface flow Baghpat 0 2 0 0 -
Ghaziabad 103 103 110 0 -
Saharanpur 1 1 1 0 -

Surface lift Baghpat 0 0 0 0 -
Ghaziabad 2 8 10 0 -
Saharanpur 0 0 26 4 -

0.076xy = 635.2e
2R  = 0.12

Fig. 1: Monthly water discharge (Cusec)
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area. Therefore, it was concluded from Table 1 that 
farmers of different districts were statistically different 
in respect to socio-economic characteristics.

Compound annual growth rate of groundwater 
development: Various rounds of minor irrigation 
census reports were used to estimate the CAGR of 
different types of irrigation sources for selected 
districts; they are presented in Table 2. It was 

graph that during 2003-04, the water discharge in 
the canal was somewhat better and at least every 
month some water was released. This might have 
helped the farmers in irrigation and reduced the 
ground water extraction costs. However, during 2010 
and 2018, data indicated a very discouraging picture, 
and the availability of water in the canal decreased.

This implies that year after year water availabil-
ity in the EYC decreased to the extent that during 
some of the months there was no release of water, 
particularly during the critical period when farmers 
needed assured water for rabi crops at critical stage. 
Therefore, we feel that a strong policy intervention is 
needed to make canal irrigation system sustainable 
by maintaining regular supply of water so that 
farmer can cultivate crops. This analysis has policy 

implications in terms of decision on water policy, 
energy policy and distributions. To check the ground 
exploitation, canal water availability needs to be 
assured due to cropping pattern leading towards 
high water demanding crop cultivations.

Water market regimes development: Analysis of 
the information collected from farmers on types of 
informal water market institutions existing in the 
study area is presented in Table 3. It was observed 
from the analysis that four types of water market 
institutions, namely, self-user, self-user and seller, 
seller and buyer and buyers are existing. We further 
classified these institutions into three categories 
based on land holding size. It was observed that 
buyers are mostly small holders. This indicated that 
water market institutions are being developed in the 
study area. This might be due to the fact that farmers 
are depending on ground water more, which is 
resulting into purchase of water for irrigation from 
fellow farmers, relatives etc. who possess tubewells. 
This, particularly for small holder farmers, is a 
problem during high demand period of crop irriga-
tion. Some times, sellers inflate the price of water 
charges, though water charges mostly depend on 
fuel price and also social obligation in the rural 
areas.

Water management institutions in warabandi 
areas: Water management institutions for surface as 
well as for groundwater were studied for the study 

observed that the CAGR of deep tubewells was very 
high for Saharanpur and Baghpat districts of UP, 
where as Ghaziabad district recorded negative 
growth rate. It means the pressure on groundwater 
resources is increasing over the period for those 
districts where growth rate is high. Ghaziabad being 
more of urbanized and agriculture being least 
preferred occupation leading to less groundwater 
demand might have resulted into negative growth 
rate of deep wells. In the case of shallow wells 
development during various minor irrigation census, 
Saharanpur district recorded higher growth rate 
followed by Baghpat. However, Ghaziabad again had 
negative growth rate. The lower growth rate of 
shallow wells implies towards declined water table in 
the study areas. Hence, the number of shallow wells 
decreased over the years. Similarly, surface irrigation 
and surface water lifting resource development is 
negligible. Therefore, these districts are moving 
towards excessive use of groundwater resource for 
agriculture production. One of the reasons may be 
due to non-availability of surface water from canal 
and other sources, which might have resulted into, 
farmers moving towards creating their own water 
resource for assured irrigation. This indicates that 
canal irrigation system is losing its importance.
Trend in availability in EYC: Long-term data 
for the period of 2003 to 2018-19 was used to analyse 
water discharge in main EYC at the head, and results 
are presented in Fig. 1. It could be inferred from the 
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Table 1: Socio-economic characteristics of respondents

Particulars Baghpat Ghaziabad Saharanpur

Average landholdings size (ha) 1.78 1.30** 1.50
(0.143) (0.173) (.167)
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(0.954) (1.176) (1.210)
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(0.326) (.391) (0.206)
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(.465) (.399) (.544)
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Crop insurance (%) 7.50 11.26 24.64***
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Note: Figure in parenthesis are standard error; ***, ** and * are significant at 1%, 5%, and 10% level, respectively.
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nd rd th thType of Irrigation  Districts 2  Minor Irrigation 3  Minor Irrigation 4  Minor Irrigation 5  Minor Irrigation CAGR

system Census (1993-94) Census (2000-01) Census (2006-07) Census (2013-14) (%)

Dug well Baghpat 47 79 69 0 -
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area, and same is presented in Table 4. It was 
observed that canal water management is carried out 
mostly by irrigation department and partly by 
warabandi members. Panchayat Raj Institutions 
(PRIs) also play a major role in maintenance of canal 
channels and help in equitable water distribution in 
the study area. However, common water resources 
like village ponds are managed by PRIs. The private 
water resources like tubewells are managed by 
owner farmers. Information was collected from 
farmers in the canal command areas and those who 
use the groundwater to understand the factors 
responsible inclining them towards groundwater use 
for agriculture production. It was observed that 
farmers having fragmented  and small land 
holdings, away from canal channels, having primary 
source of income from agriculture, nuclear family 
and high dependency on agriculture are likely to 
create own water resources.

Efficiency measures for sugarcane cultivation: The 
efficiency measures were calculated using frontier 

production function and DEA software for sugar-
cane crop grown in all three selected districts of UP 
and are presented in Table 5. It was found that 
groundwater extracted for cultivation of sugarcane 

3varies from 8308.51 m /ha to 18014.93 m /ha. This 
was highest for Saharanpur followed by Ghaziabad. 
Thus for sugarcane cultivation, water applied was 
more than the recommended and this exclude the 
canal water and rainwater. The efficiency measures i.e. 
technical efficiency, allocative efficiency and economic 
efficiency were highest for Saharanpur followed by 
Ghaziabad. The efficiency measures were also 
calculated for wheat crop grown in all three selected 
districts of UP and it was found that ground water 
extracted for cultivation of wheat varies from 2310 to 

35191 m /ha. This was highest for Saharanpur 
followed by Ghaziabad and lowest for Baghpat. 
Water productivity was found to be better for 

3Baghpat and lowest for Saharanpur (0.93 kg/m ). 
The water extraction from ground for paddy 
cultivation was highest for Ghaziabad followed by 

3Saharanpur and it ranges from 9721.29 m /ha to 
320066.68 m /ha. However, water productivity was 

3found to be higher for Baghpat (0.46 kg/m ). 
Therefore, study suggests that other districts need to 
improve the water productivity.

Constraints faced by respondents related to 
irrigation management: The constraints faced by 
the farmers in the canal command areas were 
collected and analyzed and same are presented in 
Table 6. The warabandi farmers face several con-
straints during accessing canal water at irrigation 
department level and policy level. We have observed 

3

that as and when farmers wish to contact irrigation 
departments officials, they are not available or 
approachable. Sometimes if there is some conflict 
related to canal water sharing, farmers revealed that 
there is very complicated process of resolutions of 
these conflicts. More often, higher authority is not 
approachable. The irregular supplies of water, lack of 
information on release of water from canal, and 
insufficient water are the important constraints. This 
is important in light of the fact that Government of 
India has made huge investment in canal network in 
the country. Due to several constraints and decline 
in quality services from canal irrigation system, 
warabandi age old system is leading towards 
disfunction. Therefore, the canal system has to be 
kept alive to reduce the pressure on ground water 
resources.

CONCLUSIONS AND POLICY IMPLICATIONS

We have analyzed the data to understand the 
institutions that govern the water economy in highly 
irrigated and productive regions, particularly in 
canal command areas of three districts of Uttar 
Pradesh. As per the long term data, during 2003-04 
the water discharge in the canal was somewhat 
better and every month some water was released. 
However, during 2010 and 2018, data shows water 
discharge was less which implies that year after year 
water availability in the EYC decreased to the extent 
that during November to May, 2018 there was no 
release of water. Therefore, we feel that strong policy 
intervention is needed to make canal irrigation 
system sustainable by maintaining regular supply of 
water so that farmers can cultivate crops. This 

analysis has policy implications in terms of decision 
on water policy, energy policy and distributions. To 
check the ground exploitation, canal water availabil-
ity needs to be assured.

Further, the study revealed that within 
warabandi areas, informal groundwater markets 
have developed. Various factors have emerged in 
response to fading away of warabandi system in the 
study area, importantly, decreasing size of land 
holdings, short water supply and less frequency of 
water released in the canal etc. Encroachment and 
weed infestation in water course also need to be 
considered as important factors. Though, warabandi 
system has already been proved very good system in 
canal network areas. We still feel that through policy 
directions, this system needs to be revived and 
strengthened for sustainable use. However, factor 
input prices (agricultural wage rate, price of seeds, 
price of fertilizer, rental rate of irrigation and rental 
rate of hired machinery) have been increasing and 
resulting in to high cost of production. High 
investment on groundwater extraction further will 
lead to higher cost of cultivation. Therefore, legal 
and policy frameworks need to be developed for 
sustainable groundwater extraction with equity and 
inclusiveness. The analysis indicated that surface 
water development and irrigation system is declining 
and farmers are moving towards development of 
individual water resources by installing deeper tube 
wells. Therefore, canal irrigation system needs to be 
revived. It is high time to improve and scale up the 
canal command area with strong policy interven-
tions on tube well installations. There is need to give 

Table 4: Water management institutions in the study area

Particular  Activities                                                     Functionaries  (F = 217)

Farmers PRIs Department of irrigation

Water delivery at Canal maintenance 145 - 198 
Opening of sluice gate 150 167 
Coordination of water delivery 225 127 

Collective water management by farmers and PRIs Field channel maintenance 180 46 
Distribution of water 175 
Water sharing 109 53 

Family sharing Mutual sharing 95 
Individual action 185 

Table 5: Efficiency measures for Sugarcane cultivation

Particulars              Crops taken for analysis

                                   Sugarcane                                            Wheat                                                 Paddy

Baghpat Ghaziabad Saharanpur Baghpat Ghaziabad Saharanpur Baghpat Ghaziabad Saharanpur
Mean Mean Mean Mean Mean Mean Mean Mean Mean

Groundwater extraction 8308.51 16372.02 18014.93 2310.42 4651.16 5191.19 9721.29 20066.68 19528.98
3(m /ha)

3Water productivity (kg/m ) 7.72 4.03 3.89 1.93 0.97 0.93 0.46 0.23 0.24
Technical efficiency 0.79 0.79 0.83 0.83 0.84 0.86 0.85 0.77 0.80
Allocative efficiency 0.70 0.69 0.61 0.89 0.90 0.87 0.63 0.73 0.76
Economic efficiency 0.56 0.54 0.50 0.73 0.76 0.75 0.53 0.56 0.61

Table 3: Water market regimes existing in the study area

Water market regimes Category household Total

Small Medium Large

Self user 56 14 21 91
(38.89) (38.89) (37.50) (41.94)

Self user + seller 15 11 9 35
(10.42) (30.56) (16.07) (16.13)

Self user + buyer 7 5 7 19
(4.86) (13.89) (12.50) (8.76)

Buyer 66 6 0 72
(45.83) (16.67) (33.18)

Total 144 36 37 217
(100) (100) (66.07) (100)

Figures in parenthesis are percent of a holding size
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area, and same is presented in Table 4. It was 
observed that canal water management is carried out 
mostly by irrigation department and partly by 
warabandi members. Panchayat Raj Institutions 
(PRIs) also play a major role in maintenance of canal 
channels and help in equitable water distribution in 
the study area. However, common water resources 
like village ponds are managed by PRIs. The private 
water resources like tubewells are managed by 
owner farmers. Information was collected from 
farmers in the canal command areas and those who 
use the groundwater to understand the factors 
responsible inclining them towards groundwater use 
for agriculture production. It was observed that 
farmers having fragmented  and small land 
holdings, away from canal channels, having primary 
source of income from agriculture, nuclear family 
and high dependency on agriculture are likely to 
create own water resources.

Efficiency measures for sugarcane cultivation: The 
efficiency measures were calculated using frontier 

production function and DEA software for sugar-
cane crop grown in all three selected districts of UP 
and are presented in Table 5. It was found that 
groundwater extracted for cultivation of sugarcane 

3varies from 8308.51 m /ha to 18014.93 m /ha. This 
was highest for Saharanpur followed by Ghaziabad. 
Thus for sugarcane cultivation, water applied was 
more than the recommended and this exclude the 
canal water and rainwater. The efficiency measures i.e. 
technical efficiency, allocative efficiency and economic 
efficiency were highest for Saharanpur followed by 
Ghaziabad. The efficiency measures were also 
calculated for wheat crop grown in all three selected 
districts of UP and it was found that ground water 
extracted for cultivation of wheat varies from 2310 to 

35191 m /ha. This was highest for Saharanpur 
followed by Ghaziabad and lowest for Baghpat. 
Water productivity was found to be better for 

3Baghpat and lowest for Saharanpur (0.93 kg/m ). 
The water extraction from ground for paddy 
cultivation was highest for Ghaziabad followed by 

3Saharanpur and it ranges from 9721.29 m /ha to 
320066.68 m /ha. However, water productivity was 

3found to be higher for Baghpat (0.46 kg/m ). 
Therefore, study suggests that other districts need to 
improve the water productivity.

Constraints faced by respondents related to 
irrigation management: The constraints faced by 
the farmers in the canal command areas were 
collected and analyzed and same are presented in 
Table 6. The warabandi farmers face several con-
straints during accessing canal water at irrigation 
department level and policy level. We have observed 

3

that as and when farmers wish to contact irrigation 
departments officials, they are not available or 
approachable. Sometimes if there is some conflict 
related to canal water sharing, farmers revealed that 
there is very complicated process of resolutions of 
these conflicts. More often, higher authority is not 
approachable. The irregular supplies of water, lack of 
information on release of water from canal, and 
insufficient water are the important constraints. This 
is important in light of the fact that Government of 
India has made huge investment in canal network in 
the country. Due to several constraints and decline 
in quality services from canal irrigation system, 
warabandi age old system is leading towards 
disfunction. Therefore, the canal system has to be 
kept alive to reduce the pressure on ground water 
resources.

CONCLUSIONS AND POLICY IMPLICATIONS

We have analyzed the data to understand the 
institutions that govern the water economy in highly 
irrigated and productive regions, particularly in 
canal command areas of three districts of Uttar 
Pradesh. As per the long term data, during 2003-04 
the water discharge in the canal was somewhat 
better and every month some water was released. 
However, during 2010 and 2018, data shows water 
discharge was less which implies that year after year 
water availability in the EYC decreased to the extent 
that during November to May, 2018 there was no 
release of water. Therefore, we feel that strong policy 
intervention is needed to make canal irrigation 
system sustainable by maintaining regular supply of 
water so that farmers can cultivate crops. This 

analysis has policy implications in terms of decision 
on water policy, energy policy and distributions. To 
check the ground exploitation, canal water availabil-
ity needs to be assured.

Further, the study revealed that within 
warabandi areas, informal groundwater markets 
have developed. Various factors have emerged in 
response to fading away of warabandi system in the 
study area, importantly, decreasing size of land 
holdings, short water supply and less frequency of 
water released in the canal etc. Encroachment and 
weed infestation in water course also need to be 
considered as important factors. Though, warabandi 
system has already been proved very good system in 
canal network areas. We still feel that through policy 
directions, this system needs to be revived and 
strengthened for sustainable use. However, factor 
input prices (agricultural wage rate, price of seeds, 
price of fertilizer, rental rate of irrigation and rental 
rate of hired machinery) have been increasing and 
resulting in to high cost of production. High 
investment on groundwater extraction further will 
lead to higher cost of cultivation. Therefore, legal 
and policy frameworks need to be developed for 
sustainable groundwater extraction with equity and 
inclusiveness. The analysis indicated that surface 
water development and irrigation system is declining 
and farmers are moving towards development of 
individual water resources by installing deeper tube 
wells. Therefore, canal irrigation system needs to be 
revived. It is high time to improve and scale up the 
canal command area with strong policy interven-
tions on tube well installations. There is need to give 

Table 4: Water management institutions in the study area

Particular  Activities                                                     Functionaries  (F = 217)

Farmers PRIs Department of irrigation

Water delivery at Canal maintenance 145 - 198 
Opening of sluice gate 150 167 
Coordination of water delivery 225 127 

Collective water management by farmers and PRIs Field channel maintenance 180 46 
Distribution of water 175 
Water sharing 109 53 

Family sharing Mutual sharing 95 
Individual action 185 
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Groundwater extraction 8308.51 16372.02 18014.93 2310.42 4651.16 5191.19 9721.29 20066.68 19528.98
3(m /ha)

3Water productivity (kg/m ) 7.72 4.03 3.89 1.93 0.97 0.93 0.46 0.23 0.24
Technical efficiency 0.79 0.79 0.83 0.83 0.84 0.86 0.85 0.77 0.80
Allocative efficiency 0.70 0.69 0.61 0.89 0.90 0.87 0.63 0.73 0.76
Economic efficiency 0.56 0.54 0.50 0.73 0.76 0.75 0.53 0.56 0.61

Table 3: Water market regimes existing in the study area

Water market regimes Category household Total

Small Medium Large

Self user 56 14 21 91
(38.89) (38.89) (37.50) (41.94)

Self user + seller 15 11 9 35
(10.42) (30.56) (16.07) (16.13)

Self user + buyer 7 5 7 19
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Buyer 66 6 0 72
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more importance to the canal irrigation and 
discourage the groundwater exploitation. It was 
found that ground water extracted for cultivation of 

3sugarcane varies from 8308.51 m /ha to 18014.93 
3m /ha. This was highest for Saharanpur, followed by 

Ghaziabad. Thus for sugarcane cultivation, water 
applied is more than the recommended in case of 
Saharanpur followed by Ghaziabad and this 
excludes the canal and rainwater. The water 
productivity was higher for Baghpat district. The 
ground water extracted for cultivation of wheat 

3 3varies from 2310 m /ha to 5191 m /ha. This was 
highest for Saharanpur followed by Ghaziabad, and 
lowest for Baghpat. The water productivity was 
found to be better for Baghpat and lowest for 

3Saharanpur (0.93 kg/m ). Therefore, study suggests 
that other districts need to improve the water 
productivity. The water extraction from ground was 
highest for paddy crop in Ghaziabad followed by 

3Saharanpur and it ranges from 9721.29 m /ha to 
320066.68 m /ha. However, water productivity was 

3found to be higher for Baghpat (7.72 kg/m ). The 
other efficiency measures were also better for 
Baghpat district followed by Ghaziabad and 
Saharanpur. The farmers of Saharanpur and 
Ghaziabad need to improve the water management 
more efficiently. The constraints identified related to 

canal and groundwater need to be addressed in 
future. Thus, study suggests that canal irrigation 
system has to be revived and this can ease the 
pressure on groundwater resources.
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A. Table 6: Constraints faced by respondents related to irrigation management

S.No. Constraints canal irrigation            Type of response
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more importance to the canal irrigation and 
discourage the groundwater exploitation. It was 
found that ground water extracted for cultivation of 

3sugarcane varies from 8308.51 m /ha to 18014.93 
3m /ha. This was highest for Saharanpur, followed by 

Ghaziabad. Thus for sugarcane cultivation, water 
applied is more than the recommended in case of 
Saharanpur followed by Ghaziabad and this 
excludes the canal and rainwater. The water 
productivity was higher for Baghpat district. The 
ground water extracted for cultivation of wheat 

3 3varies from 2310 m /ha to 5191 m /ha. This was 
highest for Saharanpur followed by Ghaziabad, and 
lowest for Baghpat. The water productivity was 
found to be better for Baghpat and lowest for 

3Saharanpur (0.93 kg/m ). Therefore, study suggests 
that other districts need to improve the water 
productivity. The water extraction from ground was 
highest for paddy crop in Ghaziabad followed by 

3Saharanpur and it ranges from 9721.29 m /ha to 
320066.68 m /ha. However, water productivity was 

3found to be higher for Baghpat (7.72 kg/m ). The 
other efficiency measures were also better for 
Baghpat district followed by Ghaziabad and 
Saharanpur. The farmers of Saharanpur and 
Ghaziabad need to improve the water management 
more efficiently. The constraints identified related to 

canal and groundwater need to be addressed in 
future. Thus, study suggests that canal irrigation 
system has to be revived and this can ease the 
pressure on groundwater resources.
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The field study was under taken during autumn 
season of 2009-10 and 2010-11 at Model Watershed, 
Rendhar, Jalaun, Bundelkhand, Uttar Pradesh, India 
under Farmers Participatory Action Research 
Programme on Water / Water Harvesting, Chandra 
Shekhar Azad University of Agriculture and 
Technology, Kanpur. Pilot area of watershed was 
reclaimed with different soil engineering measures. 
The experimental soil was clay loam locally known as 
Kawar, having pH 8.0, organic carbon 0.27%, total 
nitrogen 0.02%, available phosphorus 9.8 kg/ha and 
available potassium 252 kg/ha, thus the nutrients of  
experimental soil was analyzed low in organic 
carbon, total nitrogen, available phosphorus and 
high in available potassium. Four cropping systems, 
i.e., lentil alone, Indian mustard alone, linseed alone 
and lentil + Indian mustard + linseed (Vertical 
cropping system) were tested on ten farmers fields. 
The lentil c.v. K75, Indian mustard c.v. Varuna and 
linseed c.v. Garima were sown under conservation 
agronomical practices. The recommended doses of 
fertilizers were given to the test enterprises. The 
vertical cropping system of lentil + Indian mustard + 
linseed gave higher total physical output of grains by 
24.55 q/ha compared to sole crops of lentil (18.75 
q/ha), Indian mustard (21.50 q/ha) and linseed 
(18.25 q/ha). The highest LER (1.29) and yield 
advantage (29%) were also found in vertical cropping 
system of lentil + Indian mustard + linseed. In 
vertical cropping system, the water use efficiency 
was recorded 15.15 kg/ha/mm of water, which was 

higher than alone lentil (11.57 kg/ ha/mm of water), 
alone Indian mustard (13.27 kg/ha/mm of water) 
and alone linseed (11.26 kg/ha/mm of water). The 
vertical cropping system of lentil + Indian mustard + 
linseed displayed higher production efficiency value 
by 20.45 kg/ha/day and 1118.42 `/ha/day, while 
lentil alone, Indian mustard alone and linseed alone 
exhibited production efficiency values by 15.63 
kg/ha/day and 890.63 `/ha/day, 17.92 kg/ ha/day 
and 806.25 `/ha/day and 15.20 kg/ha/day and 
988.54  ̀ /ha/day, respectively.

INTRODUCTION

Climatologically, edaphically and socially the 
Bundelkhand zone is quite different from other zone 
of Uttar Pradesh. It is characterized by semi-arid 
climate, undulating topography, residual soil of 
erodible nature, deep water strata underlain with 
hard impermeable rocks, poor crop husbandry 
including low fertilizer use and irrigation. The 
annual precipitation is of the order of 1014 mm, 
which is largely concentrated from mid June to mid 
September. During rainy season, the residual nature 
of soil and rocks reduce the infiltration rate and 
consequently leads to high runoff. Since the irrigation 
facilities are available only in 30% of the cultivated 
area and rest of the 70% area is rainfed in this region, 
the only approach which can take to improvement of 
dry land agriculture in this zone is watershed 
development, in which the rainfall received during 
the rainy season is conserved in soil and excess 
runoff is harvested, stored and recycled for life 
saving irrigation followed by improved crop 
production technology to make efficient use of the 
available water, which include suitable crops and 
varieties, adequate fertilization, timely operations 
and wherever necessary putting the land under 
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alternate use like dry land horticulture, afforestation 
and grasses (Bhan and Singh, 1990).

Since the most of small and marginal holding farm 
families of model watershed project, Rendhar, Jalaun, 
Bundelkhand, were reeling below the poverty line 
before the start of project, because the land was 
affected with ravines and undulating topography. 
Before the implementation of watershed project, the 
farmers were cultivating crops in depressions under 
mono-cropping with mono-culture. With a view to 
increase the productivity of eroded rainfed lands in 
operational area of watershed, inter-cropping and 
vertical cropping system was suggested and started. 
In which the vertical cropping system of lentil + 
Indian mustard + linseed was found most suitable 
on degraded and denuded land, which is the subject 
matter of this manuscript.

MATERIALS AND METHODS

The study was undertaken during autumn 
season of 2009-10 and 2010-11 at Model Watershed, 
Rendhar, Jalaun, Bundelkhand, Uttar Pradesh under 
Farmers Participatory Action Research Programme 
on Water / Water Harvesting, Chandra Shekhar Azad 
University of Agriculture and Technology, Kanpur.  
Pilot area of watershed reclaimed with different soil 
and water conservation practices. The experimental 
soil was clay loam locally known as kawar having  pH 
8.0, organic carbon 0.27%, total nitrogen 0.02%  
available, phosphorus 9.8 kg/ha and available potas-
sium 252 kg/ha, thus the nutrients of experimental 
soil was analyzed low in organic carbon, total 
nitrogen, available phosphorus and high in available 
potassium. The pH was determined by electro-metric 
glass electrode method (Piper, 1950), while organic 
carbon was determined by Clorimetric method 
(Datta et al., 1962). Total nitrogen was analyzed by 
Kjeldahls method as discussed by Piper, (1950). The 
available phosphorus and potassium were determined 
by Olsen's method (Olsen et al., 1954) and Flame 
photometric method (Singh, 1971), respectively. Four 
treatments i.e. lentil alone, Indian mustard alone, 
linseed alone and lentil + Indian mustard + linseed 
were tested on ten farmers fields. The lentil cv. K 75, 

Indian mustard cv. Varuna and linseed cv. Garima 
were sown first fortnight of October and harvested 
in second fortnight of February during both the 
experimental years. NPK was given @ 25 kg N + 50 kg 
P O  + 20 kg K O/ha to lentil, 120 kg N + 40 kg P O  + 2 5 2 2 5

40 kg K O/ha to Indian mustard and 100 kg N + 60 kg 2

P O  + 40 kg K O/ha to linseed. The quantity of NPK 2 5 2

was applied on covered area basis to lentil (56%), 
Indian mustard (20%) and linseed (34%) under 
vertical cropping system treatment.

In vertical cropping system treatment the rows 
ratio was maintained 5:1:3 between lentil, Indian 
mustard and linseed, respectively. Five rows of lentil 
was sown first followed by one row of Indian mustard 
and thereafter, three rows of linseed was planted. By 
this sowing method whole field was sown. The 
locally prepared Bundelkhandy Tiller was used for 
sowing of three crops in vertical cropping system. All 
the crops of this system were sown in north-south 
direction to avail the benefit of natural resource of 
sun rays. The recommended conversation agronomical 
practices were followed in raising of different crops, 
Protective irrigations were given to the crops as and 
when required. The experimental data of both the 
year and pooled years were statistically analysed as 
suggested by Gomez and Gomez (1984).

RESULT AND DISCUSSION

The yield data of two years recorded and pooled 
and reported in Table 1, 2 and 3.

Grain Yield
Among the different treatments, vertical 

cropping system gave higher total physical output of 
grains of three crops by 2455 kg/ha in pooled year 
compared to sole cropping of lentil (1875 kg/ha), 
Indian mustard (2150 kg/ha) and linseed (1825 
kg/ha).

The canopies of crops in vertical cropping 
system occupied different vertical layers. The tallest 
component Indian mustard had foliage tolerant of 
strong light and high evaporative demand, while 
lentil and linseed required shade and relatively high 
humidity. This was the reason to improve the seed 
yield under vertical cropping system. Baldy (1963) 
has also reported similar observations. Similarly, 
taller component, Indian mustard has steeply inclined 
leaves, while shorter components lentil and linseed 
have the prostrate leaves, this canopy system 
provided benefit of sun rays, which increased total 
productivity of grain. These observations are in 

agreement with the findings of Rhodes (1970) and 
Trenbath (1974a,b). Likewise, exploitation by vertical 
crops components of different layer of soil may led 
to increased total seed production. This finding 
support to result of Trenbath (1975). The roots 
systems of lentil and linseed occupy the cultivated 
soil surface, while the roots of Indian mustard 
occupy the deeper horizon, therefore, the different 
components uptake plant nutrients and water from 
different layer, which was responsible for higher 
total economic yield in vertical cropping system. 
Baldy (1963) has also reported similar results.

In vertical cropping system, lentil crop was 
legume which fixed the molecular nitrogen through 
nodules. This fixed nitrogen exploited by other 

-associated crops of system in the form of NO  and 3
+NH . This activity was also responsible for the total 4

productivity of economic yield over the sole 

Table 2: Water use efficiency as influenced by different treatments (pooled data of two years)

Treatment No. of Depth of Total depth Effective Total Yield Water use  
productive irrigation of irrigation rains water use (kg/ha) efficiency
Irrigation (mm) (mm) (mm) (mm) (kg/ha/mm)

Lentil alone 2 60 120 42 162 1875 11.57
Indian mustard alone 2 60 120 42 162 2150 13.27
Linseed alone 2 60 120 42 162 1825 11.26
Lentil + Indian mustard + Linseed 2 60 120 42 162 2455 15.15

Table 3: Production efficiency value under tested cropping system (pooled data of two years)

Treatment Yield Total duration Production efficiency value Production efficiency value
(kg/ha) (days) (kg/ha/day) (`/ha/day)

Lentil alone 1875 120 15.63 890.63
Indian mustard alone 2150 120 17.92 806.25
Linseed alone 1825 120 15.20 988.54
Lentil + Indian mustard + Linseed 2455 120 20.45 1118.42

Table 1: Yield of different crops, LER and yield advantage under tested treatment

S.No. Treatment Yield (kg/ha) LER Yield advantage (%)

I yr II yr Pooled

   1. Lentil alone 1865 1885 1875 1.00 -
   2. Indian mustard alone 2135 2165 2150 1.00 -
   3. Linseed alone 1800 1850 1825 1.00 -
   4. Lentil + Indian mustard + linseed

(a) Lentil 1130 1140 1135 0.61 -
(b) Indian mustard 540 660 600 0.28 -
(c) Linseed 700 740 720 0.40 -
Total 2370 2540 2455 1.29 29.00
SE(m±) 164 166 156 - -
CD 5% 338 342 322 - -
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cropping of test crops. The similar results have also 
been reported by Ennik (1969) and Pushparajah and 
Tan (1970).

From above points the total productivity of 
economic yield in vertical cropping system was 
increased over sole cropping systems.

LER and Yield Advantage

Data given in Table 1 clearly show that the 
highest LER was calculated in vertical cropping 
system of lentil + Indian mustard + linseed by 1.29 
as compared to alone cropping of lentil and linseed. 
In vertical cropping system, the intercrop components 
exploited the environmental supplies of growth 
factors in different ways. Such complementary use of 
resources was annidation. The similar observations 
have also been reported by Ludwing (1950). The 
vertical cropping system gave 29% more yield advan-
tages and proved superior over sole cropping of 
crops. Since, all the crop components were sown in 
N-S direction, which availed the benefit of natural 
resource i.e. sun light during winter season, was 
responsible in increasing the yield advantage. The 
similar observations have also been reported by 
Singh (1996) from the ravinous watershed of left 
bank of Yamuna river, Kanpur.

Water Use Efficiency (kg/ha/mm)

The highest water use efficiency (WUE) was 
calculated under lentil + Indian mustard + linseed 
vertical cropping system in pooled results of two 
years. In this cropping system, the WUE was 
recorded 15.15 kg/ha/mm of water. The lowest WUE 
was recorded under alone cropping of linseed by 
11.26 kg/ha/mm of water. The lentil and Indian 
mustard gave WUE by 11.57 kg/ha/mm and 13.27 
kg/ha/mm, respectively (Table 2). The WUE increased 
with increase in grain yield of tested crops. Similar, 
observation have also been reported by Singh (2011) 
and Singh (2015).

Production Efficiency Value

The production efficiency value was worked out 
under different cropping system. The production 
efficiency value in the term of kg/ha/day and `/ha/ 

Singh, R.A. 1996. Eco-friendly farming system in ravinous watershed. 
Indian Journal of Soil Conservation, 24(2): 156-159.

Singh, R.A. 2011. Rainwater management with three tier systems 
in ravines affected area of Bundelkhand. Indian Journal of 
Soil Conservation, 39(1): 14-19.

Singh, R.A. 2015. Crop production through diversion system of 
rainwater management in hillocks area of Bundelkhand. 
Indian Journal of Soil Conservation, 43(2): 166-169.

Singh, T.A. 1971. A laboratory manual for soil fertility and fertilizer. 
U.P. Agricultural University, Pantngar (Nainital), pp 71-74.

Trenbath, B.R. 1974a. Application of growth model to problems 
of the productivity and stability of mixed stands. 

thInternational Grassland Congress Proc. 12  Moscow, 1:546-
558.

Trenbath, B.R. 1974b. Biomass productivity of mixture. Adv. 
Agron. 26:177-210.

Trenbath, B.R. 1975. Neighbour effects in the genus Avena III. A 
diallel approach. J. Appl. Ecol., 12:189-200.
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day was calculated higher under vertical cropping 
system of lentil + Indian mustard + linseed, which 
was higher over the alone cropping system of tested 
enterprises (Table 3). The vertical cropping system of 
lentil + Indian mustard + linseed displayed higher 
production efficiency value by 20.45 kg/ha/ day and 
1118.42 `/ha/day, while lentil alone, Indian mustard 
alone and linseed alone exhibited production efficiency 
value by 15.63 kg/ha/day and 890.63 `/ha/day, 17.92 
kg/ha/day and 806.25 `/ha/day and 15.20 kg/ha/day 
and 988.54 `/ha/day, respectively. Singh (2011) and 
Singh (2015) have also reported the similar results 
from dryland watershed of Bundelkhand.

CONCLUSIONS

In dryland area of Bundelkhand vertical 
cropping system gave highest total productivity over 
the alone cropping system, therefore, the farm 
families residing in such condition may be suggested 
for adoption of vertical cropping system.
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INTRODUCTION

Because of indiscriminate utilization, the ground-
water is emerging as one of the most susceptible 
natural resources in this current use pattern. Qanat 
system is a way of extracting groundwater from top 
zone of aquifer. This age-old practice exists in several 
countries. Qanat system is essentially a means of 
collecting and harvesting groundwater for human 
use in hilly landscape. This age-old practice took 
birth in the arid mountainous regions of Iran for 
extracting groundwater. It is a greatest hydrologic 
achievement of long-distance water transport and 
conveyance system. It is a simple tunnel system, 
hand-dug by a single person, having a length of 
several kilometres. Several multipurpose vertical 
shafts are dug at an interval of 20 m to 30 m for 
further excavation, cleaning, repairing and ventila-
tion purpose. The main horizontal tunnel is gently 
sloping downward from upward portion of moun-
tain towards a convenient point where the outlet is 
kept for utilizing the water for irrigation or ground-
water recharge. In ancient era Persian people used 
this technique to harvest groundwater for their use 
during long dry spells. It is one of the rarest tech-
nique to collect groundwater in a sustainable 
manner. This particular ancient technique is 
currently gaining popularity due to increase in water 
crisis condition and groundwater mining situation in 
the majority of the world. Several international 

organisations are promoting to rejuvenate and 
revitalize the existing traditional and time tested 
water harvesting structures in arid areas due to its 
enormous importance in water resource manage-
ment. Similar to qanat, the surangam technique was 
also popular in states of Karnataka, Kerala and Goa 
(Crook et al., 2015). In the region having erratic 
distribution of rainfall pattern, the age-old practice 
of qanat construction may proved to be a boon. It 
may help in flourishing the dry land by making water 
available.

Types of Qanat System

All qanat systems are having the same structural 
components but based on construction point of view 
it is of two types; plain type qanat and mountain 
type qanat. In plain type qanat, the tunnel moves out 
of a river system. In this case the mother well is 
shallower and horizontal tunnel is shorter than 
normal. In mountain type, the tunnel moves in the 
mountainous region to supply water to downstream 
plain area and the mother wells are deep and tunnels 
are lengthy. The general schematic diagram of a 
qanat system with its different components is given 
in Fig. 1.

Components of Qanat System

The components of qanat are as follows:

• Appearance: Basically the outlet or daylight 
point is called appearance where qanat discharges 
water to the downstream or comes on surface.

• Wet zone: The subsurface zone from where 
groundwater infiltrate to the tunnel of the qanat.

• Dry zone: The part of qanat under the surface 
between the wet zone and the appearance.

Rejuvenation of Qanat (Suranga) System for Sustainable 
Groundwater Management
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•
called mother well.

• Gallery: The group of tunnels which joins the 
main tunnel to supply water.

• Shaft: The wells dug for other activities like 
cleaning, maintenance and ventilation are called 
shafts (Nasiri and Mafakheri, 2015). They are 
mostly dry and shallow depth as compared to 
mother well.

Function of Qanat System

Qanat can function as a multipurpose water 
distribution system having various applications viz.,

• Supply water in the area (arid and semi-arid 
region) where there is usually very less annual 
precipitation.

• Provide water for drinking, irrigation and other 
activities round the year.

• It can extract water from various layers from the 
subsurface zone, maintaining a balance between 
recharge and discharge from groundwater reserve 
in a particular area.

• It maintains a steady groundwater level without 
depletion even in extreme dry events.

• It can protect from flood and water logging 
situation by draining out excess water from 
underground storage.

Construction Procedure

Numerous literatures explains the techniques 

Mother well: The first water supplying well is for construction of qanat systems. The successful 
installation of qanat system starts from investigation 
and planning, followed by construction and its 
proper maintenance. In the upper mountainous 
zone, a windlass is setup on the ground surface. Soil 
is dug out downward vertically creating a hollow 
shaft (mother well) that accommodates only one 
person. Then a gently sloping tunnel in a horizontal 
direction is made for collecting and moving 
groundwater to a convenient place (day light point). 
The discharge rate of qanat conduit is generally 500 
lps (Goldsmith and Hildyard, 1984; Pazwash, 1983). 
The mother well is the source well which supplies 
water to the horizontal conduit. The actual depth of 
the mother well is determined by groundwater level 
and characteristics of the water-bearing formation. 
The horizontal main tunnel should be at a location 
below the bottom of the mother well. The depth of 
mother well should be as shallow as possible to get a 
self-sustainable continuous discharge without 
affecting the water table. Other vertical shafts at 
fixed interval are there for cleaning and ventilation 
purpose. Shafts are constructed starting from 
mother well to the outlet daylight point. Those 
shafts are having an increasing depth from outlet 
towards mother well. The horizontal tunnel length 
varies from 10-15 km from mother well to daylight 
points (Wulff, 1968). For alluvial area lining of the 
tunnel is needed to avoid instability of soil and 
cavein in a highly saturated condition. Cleaning and 

maintenance at regular intervals is must for 
optimum operation of tunnel systems.

Criteria of Optimum Operation of Qanat Systems

Water harvesting from the outlet of the qanat 
system depends on land topography, amount of 
precipitation and its distribution, soil depths, soil 
types, local climate conditions and other site-specific 
characteristics which influence groundwater 
resource. Other factors which should be considered 
during execution of this system are as follows:

• A stable groundwater level
• Firm cohesive soil in aquifer
• Consistent tunnel construction

The location of the mother well should have 
sufficient groundwater resource to meet the demand 
of downstream agricultural land. Inadequate 
groundwater content can cause the failure of qanat 
and render it insufficient to meet the peak crop 
water demand.

Maintenance of Qanat Systems

During the period of high rainfall, sub-surface 
soil becomes saturated which leads to the collapse of 
the vertical shaft and main tunnel (Cressey, 1958). 

Provision of blocking the entrance of vertical shafts 
should be there to avoid entry of sediments, waste 
material and animals. Regular inspection, cleaning 
and proper ventilation should be ensured for smooth 
operation. In case of cavein or natural blockage of 
the main tunnel, branch infiltration gallery can be 
constructed to get a required discharge. During long 
dry spell if water tables declines then the horizontal 
tunnel may be stretched to reach the water table.

Benefits of Qanat System

• All the channels are underground so there is 
negligible loss by seepage and evaporation.

• A renewable source of water delivery system.
• Water flow is due to gravity so the need of water 

lifting devices like a pump.

Supply of Irrigation Water

Mostly an underground reservoir is made at a 
convenient place from the outlet of the qanat. From 
that reservoir by pumping or through small canal 
systems water can be supplied to crop field easily. 
This system allows the movement of water for 
irrigation to a long-distance as per need in the hot 
arid climate without the loss of water due to 
significant evaporation and seepage.

Fig. 2. Schematic view of qanat system (Source: https://www.mei.edu/publications/ harvesting-
water-and-harnessing-cooperation-qanat-systems-middle-east-and-asia)

Fig. 1. General schematic diagram of a qanat system (Nasiri and Mafakheri, 2015)
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mostly dry and shallow depth as compared to 
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points (Wulff, 1968). For alluvial area lining of the 
tunnel is needed to avoid instability of soil and 
cavein in a highly saturated condition. Cleaning and 

maintenance at regular intervals is must for 
optimum operation of tunnel systems.

Criteria of Optimum Operation of Qanat Systems

Water harvesting from the outlet of the qanat 
system depends on land topography, amount of 
precipitation and its distribution, soil depths, soil 
types, local climate conditions and other site-specific 
characteristics which influence groundwater 
resource. Other factors which should be considered 
during execution of this system are as follows:

• A stable groundwater level
• Firm cohesive soil in aquifer
• Consistent tunnel construction

The location of the mother well should have 
sufficient groundwater resource to meet the demand 
of downstream agricultural land. Inadequate 
groundwater content can cause the failure of qanat 
and render it insufficient to meet the peak crop 
water demand.

Maintenance of Qanat Systems

During the period of high rainfall, sub-surface 
soil becomes saturated which leads to the collapse of 
the vertical shaft and main tunnel (Cressey, 1958). 

Provision of blocking the entrance of vertical shafts 
should be there to avoid entry of sediments, waste 
material and animals. Regular inspection, cleaning 
and proper ventilation should be ensured for smooth 
operation. In case of cavein or natural blockage of 
the main tunnel, branch infiltration gallery can be 
constructed to get a required discharge. During long 
dry spell if water tables declines then the horizontal 
tunnel may be stretched to reach the water table.

Benefits of Qanat System

• All the channels are underground so there is 
negligible loss by seepage and evaporation.

• A renewable source of water delivery system.
• Water flow is due to gravity so the need of water 

lifting devices like a pump.

Supply of Irrigation Water

Mostly an underground reservoir is made at a 
convenient place from the outlet of the qanat. From 
that reservoir by pumping or through small canal 
systems water can be supplied to crop field easily. 
This system allows the movement of water for 
irrigation to a long-distance as per need in the hot 
arid climate without the loss of water due to 
significant evaporation and seepage.

Fig. 2. Schematic view of qanat system (Source: https://www.mei.edu/publications/ harvesting-
water-and-harnessing-cooperation-qanat-systems-middle-east-and-asia)

Fig. 1. General schematic diagram of a qanat system (Nasiri and Mafakheri, 2015)
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For Artificial Recharge

The continuous discharge from qanat system 
can be utilized for groundwater recharge. The water 
coming from daylight point during the non-
cultivation period can be stored in a recharge pit or 
reservoir for artificial recharge (Yazdani et al., 2005).  
For maintaining the balance between recharge and 
discharge in the qanat system, a provision should be 
there for supplying runoff to the underground 
aquifer. Assured availability of water at the outlet of 
qanat can be a reliable source for farming as well as 
replenishing the groundwater table (Fig. 2).

For Water Management

A qanat system is self-sustainable as the flow in 
it is due to subsurface seepage from runoff or from 
high groundwater table area. It can provide water for 
an indefinite period without declining the ground-
water table. In ancient times these systems were 
prevalent as there were no advanced technology to 
trap or extract underground water (Mostafaeipour, 
2010). The continuous flow from the outlet of qanat 
systems, if not managed properly, can be a waste. 
But it can be used for groundwater recharge in the 
low groundwater table area. Some methods to block 
the outlet by waterproofing gate can help store water 
for extreme dry weather. A sustainable water 
management practice like qanat systems should get 
wider attention from people and government for 
long term water harvesting in hilly terrain where 
there is limited water availability. In rural remote 

places having no source of drinking and irrigation 
water supply, the qanat system can play an impor-
tant role in delivering  water from subsurface 
aquifer. Qanats can be considered as a sustainable 
human heritage which could solve the water scarcity 
problem efficiently over time (Salih, 2006).
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An experiment was conducted with tree borne 
oilseed tree species for their survival and production 
potential in Chambal ravines. Three promising oilseed 
tree / shrub species namely Azadirachta indica (Neem), 
Pongamia pinnata (Karanj) and Jatropha curcus 
(Ratanjot) alongwith Dicanthium annualatum grass 
species were evaluated in the research farm of ICAR-
IISWC, Research Centre, Kota, Rajasthan. Among three 
species, P. pinnata performed well in ravine lands in 
terms of higher biometric growth, oilseed yield, high 
compatibility with grass species and higher amount 
of grass fodder production than other species. Hence, 
Karanj is ideal for development of silvipasture 
technology for productive utilization of medium and 
deep gullies of Chambal ravines under prevailing 
rainfed condition. The paper presents the design and 
management of the promising species Karanj based 
silvipastoral system and the benefits from it.

INTRODUCTION

Ravine lands are highly degraded dry lands 
associated with several constraints for vegetation 
growth due to severe land degradation. India has 
approximately 2.06 M ha of ravine lands which 
constitutes 0.65% of total geographical area (TGA) of 
329 M ha (ICAR, 2010). With the increasing demo-
graphic pressure, degraded lands like ravines might 
prove to be optimum sites for use. Rajasthan is 
estimated to have 4,52,000 ha of ravine lands and 
thus accounts for about 12.5% of the total ravine 

area in the country which is distributed as medium 
and deep gullies. Forestry and agroforestry systems 
play a vital role in the Indian economy by way of 
tangible and intangible benefits. In fact, agroforest-
ry has high potential for simultaneously satisfying 
three important objectives viz., protecting and 
stabilizing the ecosystems; producing a high level of 
output of economic goods; and improving income 
and providing basic materials to rural population. At 
present, agroforestry meets almost half of the 

rddemand of fuel wood, 2/3  of the small timber, 70-
80% wood for plywood, 60% raw material for paper 
pulp and 9-11% of the green fodder requirement of 
livestock, besides meeting the subsistence needs of 
households for food, fodder, fruit, fiber, medicine 
etc. (Dhyani et al., 2017). The best scientific utilization 
of these areas is by using perennial plant productive 
systems. Tree, shrub and grass species have been 
evaluated and identified for arresting extension of 
ravines. But for productive utilization of ravines, 
introduction of suitable multipurpose trees (MPTs), 
oilseed species and fruit trees is always desirable. 
Ravine rehabilitation requires an integrated approach 
of using soil and water conservation (SWC) measures 
alongwith selection of suitable tree species. 
(Chaturvedi et al., 2014). The tree species selected 
should have stress tolerance capacity, fast growing, 
easy to establish, multipurpose uses, fibrous roots 
and potential to ameliorate the soil. In the semi-arid 
regions, silvipastoral systems involving native tree 
species (e.g. Albizia procera, Albizia lebbeck, Acacia 
spp, Azadirachta indica, Dalbergia sissoo, Morus alba 
and Pongamia pinnata) have been practiced for 
many years in India (Singh and Roy, 1993). As the 
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region experiences highly erratic rainfall coupled 
with extremes of temperature, the survival and establish-
ment of vegetation is always possible through 
implementation of efficient techniques and methods. 
Production of tree borne oilseeds (TBOs) on degraded 
lands meets the twin objectives of rehabilitation of a 
vital natural resource and obtaining an energy substi-
tute. Three promising oilseed tree / shrub species 
namely A. indica (Neem), P. pinnata (Karanj) and J. 
curcus (Ratanjot) alongwith D. annualatum grass species 
were evaluated in the research farm of ICAR-IISWC, 
Research Centre, Kota, Rajasthan. Impact of moisture 
conservation technique viz., compartmental bunding 
and half moon shape micro-catchment were also 
tested alongwith control (no conservation measure) 
that were also included in this experiment during 
2008-2015.

Description and Distribution of Karanj

P. pinnata, commonly known as Karanj, Indian 
Beech or Indian Honge, belongs to family Fabaceae 
(Papillionaceae). It is often planted as an ornamental 
and shade tree. It is a nitrogen fixing tree that 
produces seeds containing 25-30% oil. But higher 
percentages are claimed nowadays because of its use 
for making biodiesel. It is native to India and is 
receiving widespread attention at present as TBOs. 
Karanj is a medium-sized tree that generally attains a 
height of about 8 m and a trunk diameter of more 
than 50 cm. The bark is thin, gray to grayish-brown, 
and yellow on the inside. The alternate, compound 
pinnate leaves consist of 5 or 7 leaflets which are 
arranged in 2 or 3 pairs, and a single terminal leaflet. 
Pods are elliptical, 3-6 cm long and 2-3 cm wide, 
thick walled, and usually contain a single seed. Seeds 
are 10-20 cm long, flat, oblong, and light brown in 
color. The tree is well suited to intense heat and 
sunlight, and its dense network of lateral roots and 
its thick, long taproot make it drought tolerant. 
Withstanding temperatures slightly below 0°C to 
38°C and annual rainfall of 500 to 2500 mm, the tree 
grows wild on sandy and rocky soils, including 
limestone, but can grow in most soil types, even with 
its roots in salt water. Natural reproduction is profuse 

by seed and common by root suckers. It can grow on 
wide variety of soil types ranging from stony to sandy 
clay, including dry sands and saline soils. The natural 
distribution of this species is along coasts and river 
banks in India and Burma. It is chiefly found along 
the bank of streams and rivers or near sea coast, 
beach and tidal forest. It is widely grown ranging 
from tropical dry to subtropical dry forest. With the 
dense network of lateral roots, it is suitable for 
binding the sand dunes and controlling soil erosion. 
It is shade bearer and is considered to be good tree 
for planting in pastures, as grasses grow well in its 
shade.

The tree is suitable for afforestation and agro-
forestry plantations, especially in watershed areas 
and drier parts of country. It is an indigenous and 
important agro-forestry tree species being cultivated 
in drier parts of the India. It has the ability to grow 
under harsh and diverse climatic conditions, hence, 
it is suitable to meet the domestic needs of bio-diesel 
as large area in the form of waste lands are available to 
raise its plantations in India (Deswal, 2015). The 
erstwhile Planning Commission identified P. pinnata 
as the most suitable and promising species for bio-
diesel production. The potential importance of Karanj 
tree has been realized in recent years in meeting 
national objectives on wasteland development, substitu-
tion for liquid fuel and rural employment genera-
tion. The oil has a bitter taste and a disagreeable 
aroma, thus it is not considered edible. In India, the 
oil is used as a fuel for cooking and lamps. The oil is 
also used as a lubricant, water-paint binder, pesticide, 
and in soap making and tanning industries. The oil is 
known to have value in folk medicine for the treatment 
of rheumatism, as well as human and animal skin 
diseases. It is also effective in enhancing the pigmenta-
tion of skin affected by leucoderma or scabies (Pati 
and Sahu, 2015). Besides its use for production of 
bio-diesel, the oil cake is used as poultry feed 
(Mandal and Banarjee, 1982).

Description of Silvipasture Technology

Field planting and management of silvipasture system
• Optimum size (0.50 m x 0.50 m x 0.50 m) pits are 

dugout at a desired spacing during the month of 
April-May. The dugout soil is left for desiccation 
during May-June. All dried roots, pebbles etc. are 
removed from the piled soils. 10-15 kg of farm 
yard manure (FYM) is mixed with the piled soil 
alongwith 50 g of insecticide powder in each pit. If 
soils are deficit in phosphorus, addition of 1 kg of 
SSP improves phosphorus level in the soil.

• For optimum conservation and utilization of 
rainwater, preferably half moon shaped micro-
catchment technique can be adopted for 
individual trees. It is carried out by providing mild 
slope to the land on upstream of planted seedling 
leading the rainwater to its roots and making a 
crescent or half moon shaped bund on the 
downstream side of pit at a distance of 1m from 
the stem of tree (Photo 1).

• At least one year old seedlings of the Karanj trees 
are planted after onset of first monsoon rains. 
After that, the rooted slips of grasses containing 4-
7 tillers are planted in 10 cm hole dug with spade 
at the onset of monsoon. The soil around the 
planted slip is compacted with foot. Before 
planting of rooted slips, the grass clumps are cut 
at 7-10 cm from ground and thinned to prepare 
rooted slips containing 4-7 tillers.

• Drenching with 0.2% solution of Chlorpyriphos (25 
EC) helps to avoid infestation with termites. The 
system does not require major intercultural 
practices, but periodic weeding and hoeing in the 

ndinitial stages up to 2  year of plantation improves 
growth of planted seedling. In case of long dry 

spells, life saving irrigation may be required for 
planted trees during first two years for getting 
success in initial establishment.

• Survival and growth of the planted vegetation is 
influenced by choice of species depending on 
edaphic factors, timely planting and management 
aspects in the initial stages. In areas where trees 
experience high biotic pressure they need proper 
protection from browsing and trampling till they 
are tall enough to attain sufficient height to avoid 
browsing.

nd• Grass production increases from the 2  year 
onwards. Grass cutting is allowed two times per 

rdyear. About 1/3  area should be re-sodded or re-
thsown with same grass species at the end of 5  year 

for sustained grass production from system. After 
th7  year, grass yield declines gradually due to crown 

development of the Karanj tree (Photo 2).

Performance and Impact of the Technology

P. pinnata based silvipasture system was found 
suitable for medium and deep ravine lands. Though 
silvipastoral system can be developed in all kinds of 
lands, but moisture management is an important 
measure, particularly for rainwater utilization and 
natural resource conservation in ravine lands. Eight 
years of evaluation indicated that P. pinnata 
alongwith half moon shaped micro-catchments 
attained higher growth inform of height (6.12 m), 
collar diameter (22.38 cm), DBH (10.50 cm) and 

2crown spread (45.71 m ) compare to other treat-
ments. Among three TBOs species evaluated on 
ravine land, highest seed yield of 2.92 kg/tree was 

Photo 1. Tree establishment technique and tree – grass management in Chambal ravines

Karanj with half-moon shaped micro-catchment Cutting and maintenance of grass Karanj + Dicanthium annulatum
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lands meets the twin objectives of rehabilitation of a 
vital natural resource and obtaining an energy substi-
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and shade tree. It is a nitrogen fixing tree that 
produces seeds containing 25-30% oil. But higher 
percentages are claimed nowadays because of its use 
for making biodiesel. It is native to India and is 
receiving widespread attention at present as TBOs. 
Karanj is a medium-sized tree that generally attains a 
height of about 8 m and a trunk diameter of more 
than 50 cm. The bark is thin, gray to grayish-brown, 
and yellow on the inside. The alternate, compound 
pinnate leaves consist of 5 or 7 leaflets which are 
arranged in 2 or 3 pairs, and a single terminal leaflet. 
Pods are elliptical, 3-6 cm long and 2-3 cm wide, 
thick walled, and usually contain a single seed. Seeds 
are 10-20 cm long, flat, oblong, and light brown in 
color. The tree is well suited to intense heat and 
sunlight, and its dense network of lateral roots and 
its thick, long taproot make it drought tolerant. 
Withstanding temperatures slightly below 0°C to 
38°C and annual rainfall of 500 to 2500 mm, the tree 
grows wild on sandy and rocky soils, including 
limestone, but can grow in most soil types, even with 
its roots in salt water. Natural reproduction is profuse 

by seed and common by root suckers. It can grow on 
wide variety of soil types ranging from stony to sandy 
clay, including dry sands and saline soils. The natural 
distribution of this species is along coasts and river 
banks in India and Burma. It is chiefly found along 
the bank of streams and rivers or near sea coast, 
beach and tidal forest. It is widely grown ranging 
from tropical dry to subtropical dry forest. With the 
dense network of lateral roots, it is suitable for 
binding the sand dunes and controlling soil erosion. 
It is shade bearer and is considered to be good tree 
for planting in pastures, as grasses grow well in its 
shade.

The tree is suitable for afforestation and agro-
forestry plantations, especially in watershed areas 
and drier parts of country. It is an indigenous and 
important agro-forestry tree species being cultivated 
in drier parts of the India. It has the ability to grow 
under harsh and diverse climatic conditions, hence, 
it is suitable to meet the domestic needs of bio-diesel 
as large area in the form of waste lands are available to 
raise its plantations in India (Deswal, 2015). The 
erstwhile Planning Commission identified P. pinnata 
as the most suitable and promising species for bio-
diesel production. The potential importance of Karanj 
tree has been realized in recent years in meeting 
national objectives on wasteland development, substitu-
tion for liquid fuel and rural employment genera-
tion. The oil has a bitter taste and a disagreeable 
aroma, thus it is not considered edible. In India, the 
oil is used as a fuel for cooking and lamps. The oil is 
also used as a lubricant, water-paint binder, pesticide, 
and in soap making and tanning industries. The oil is 
known to have value in folk medicine for the treatment 
of rheumatism, as well as human and animal skin 
diseases. It is also effective in enhancing the pigmenta-
tion of skin affected by leucoderma or scabies (Pati 
and Sahu, 2015). Besides its use for production of 
bio-diesel, the oil cake is used as poultry feed 
(Mandal and Banarjee, 1982).

Description of Silvipasture Technology

Field planting and management of silvipasture system
• Optimum size (0.50 m x 0.50 m x 0.50 m) pits are 

dugout at a desired spacing during the month of 
April-May. The dugout soil is left for desiccation 
during May-June. All dried roots, pebbles etc. are 
removed from the piled soils. 10-15 kg of farm 
yard manure (FYM) is mixed with the piled soil 
alongwith 50 g of insecticide powder in each pit. If 
soils are deficit in phosphorus, addition of 1 kg of 
SSP improves phosphorus level in the soil.

• For optimum conservation and utilization of 
rainwater, preferably half moon shaped micro-
catchment technique can be adopted for 
individual trees. It is carried out by providing mild 
slope to the land on upstream of planted seedling 
leading the rainwater to its roots and making a 
crescent or half moon shaped bund on the 
downstream side of pit at a distance of 1m from 
the stem of tree (Photo 1).

• At least one year old seedlings of the Karanj trees 
are planted after onset of first monsoon rains. 
After that, the rooted slips of grasses containing 4-
7 tillers are planted in 10 cm hole dug with spade 
at the onset of monsoon. The soil around the 
planted slip is compacted with foot. Before 
planting of rooted slips, the grass clumps are cut 
at 7-10 cm from ground and thinned to prepare 
rooted slips containing 4-7 tillers.

• Drenching with 0.2% solution of Chlorpyriphos (25 
EC) helps to avoid infestation with termites. The 
system does not require major intercultural 
practices, but periodic weeding and hoeing in the 

ndinitial stages up to 2  year of plantation improves 
growth of planted seedling. In case of long dry 

spells, life saving irrigation may be required for 
planted trees during first two years for getting 
success in initial establishment.

• Survival and growth of the planted vegetation is 
influenced by choice of species depending on 
edaphic factors, timely planting and management 
aspects in the initial stages. In areas where trees 
experience high biotic pressure they need proper 
protection from browsing and trampling till they 
are tall enough to attain sufficient height to avoid 
browsing.

nd• Grass production increases from the 2  year 
onwards. Grass cutting is allowed two times per 

rdyear. About 1/3  area should be re-sodded or re-
thsown with same grass species at the end of 5  year 

for sustained grass production from system. After 
th7  year, grass yield declines gradually due to crown 

development of the Karanj tree (Photo 2).

Performance and Impact of the Technology

P. pinnata based silvipasture system was found 
suitable for medium and deep ravine lands. Though 
silvipastoral system can be developed in all kinds of 
lands, but moisture management is an important 
measure, particularly for rainwater utilization and 
natural resource conservation in ravine lands. Eight 
years of evaluation indicated that P. pinnata 
alongwith half moon shaped micro-catchments 
attained higher growth inform of height (6.12 m), 
collar diameter (22.38 cm), DBH (10.50 cm) and 

2crown spread (45.71 m ) compare to other treat-
ments. Among three TBOs species evaluated on 
ravine land, highest seed yield of 2.92 kg/tree was 

Photo 1. Tree establishment technique and tree – grass management in Chambal ravines

Karanj with half-moon shaped micro-catchment Cutting and maintenance of grass Karanj + Dicanthium annulatum
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observed in Karanj (P. pinnata) (Photo 2). However, it is 
less compared to normal land Karanj trees (i.e. 5 

thkg/tree at 5  year). It may be due to the fact that 
ravine lands are a kind of stressed ecosystems 
coupled with intermittently drought occurrence 
during the experimentation. Due to impact of half 
moon shaped micro-catchment moisture conserva-
tion measure, the performance of Karanj species 
fetched higher biometric growth and survival perfor-
mance when compared to control. In initial years, D. 
annulatum species average yield of 6-7 t/ha/yr upto 
seven years, after that it may reduce due to shade 
effect of Karanj trees. Hence, cultivation of grass is 

rdpossible up to 7/8  years for getting average yield 

CONCLUSIONS

The best scientific land use for resource poor 
degraded lands is to be placing them under perma-
nent vegetation cover with perennial plants, 
including fruit and forest trees alongwith forage 
grasses and energy yielding fuelwood shrubs species. 
Karanj based silvipasture system gives direct income / 
benefits from oilseed, oil cake, small firewood, leaf 
fodder, dry leaves as mulch material and green 
fodder grass yield as an additional income. Apart 
from direct benefits, this silvipasture system might 
play significant intangible benefits like role in 
resource conservation and carbon sequestration service 
for providing ecosystem or intangible benefits. The B:C 
ratio of the system is 1.32. It indicates that this 
technology is economically viable and ecologically 
suitable for productive utilization of ravine lands. 
Hence, Karanj based silvipasture technology is 
highly suitable for arresting ravine extension, 
reclamation and productive utilization of ravine lands 
in Chambal region. This silvipasture technology for 
productive utilization is suitable for use under 
rainfed condition for semi-arid regions with medium 
and deep ravinous lands along the banks of major 
rivers like Chambal Yamuna, Kalisindh, Mahi, and 
their tributaries in the states of Rajasthan, Uttar 

production. Similarly, expected outputs / income 
generated through tangible products from this 
technology are self explanatory as described.

Benefits / Outputs

a) Tangible benefits
•  Average income per year from seed (5 

to 15 yrs) (i.e. 7500*11 yrs) = ̀  82,500/-
Note: Income is calculated on the basis of an 
average seed yield of 1500 kg/ha in ravine land 
(Karanj seed market value is ̀  5/kg; ̀  7,500/ha).

nd
• Grass fodder: Grass yield of Dicanthium from 2 -

th7  year (yield 6 t/ha/yr, ` 2/kg*6000 kg) i.e. ` 
12000/ha/yr*6 yrs) = ̀  72,000/-

• Firewood yield: Average income from fire-wood 
at end of 15 years rotation (i.e. avg. wood yield = 
135 kg/tree*400 = 54000 or 54 t/ha) (Karanj firewood 
fetching market rate of 3000/tonne. Therefore, 
54*3000 = ̀  1.62 lakh.

b) Intangible benefits: Karanj based silvi-pasture 
may provide intangible benefits like soil 
conservation, soil nutrient buildup and carbon 
sequestration services under ravine eco-system.

c) B:C Ratio: Considering values of direct benefits 
of 15 years cycle (project life) and 10% discount 
rate, B:C ratio worked out at 1.32:1.

Seed yield:

under inter-spaces of P. pinnata on ravine humps 
(Photo 2). However, canopy management option is 
not feasible frequently for oilseed species, because 
seed yield directly depends on level and intensity of 
branch development by trees.

Economics of Karanj Based Silvipasture System
The economics of Karanj planting, inter-cultural 

operations, maintenance expenditures together with 
expected benefits from P. pinnata based silvipasture 
system are given in Table 1. The establishment of 
Karanj based silvipasture system may incur cost of 
about ̀  35,560/ha. In addition, an amount of  11,200 
may be required as an annual maintenance cost for 
enhancing growth of trees and good quality fodder 

` 

Photo 2. Silvipasture system with Karanj trees for sustainable rehabilitation of Chambal ravines in south-eastern Rajasthan

S.No.                  Inputs and operations Numbers/quantities Rate (`) Total expenditure ( )

  A.  Establishment
      1. Layout 10 labours 400/labour 4000
      2. Pit digging 400 pits 20/pit 8000
      3. Fertilizers and manures 400 pits 5/pit 2000
      4. Pit filling 400 pits 5/pit 2000
      5. Cost of planting materials 400 pits 10/plant 4000
      6. Irrigation cost (four irrigations/year) 400 pits 2/plant 3200
      7. Weeding and hoeing (four weedings/year) 400 pits 1/plant 1600
      8. Half moon micro-catchment for moisture conservation 400 plants 10/plant 1560
      9. Grass seed 5-6 kg/ha 600/kg 4200
    10. Sowing /sodding of grass species 10 labours 200/labour 2000
    11. Cutting and management of grass (two times/year) 5 labours 200/labour 2000
    12. Collection, cleaning and curing Karanj seeds 5 labours 200/labour 1000

(yield = 1200-1500 seeds/kg/ha)
Total cost 35560/ha

  B.  Maintenance
Expenditures on intercultural operations from 2 to 7 years, 11,200.00
`/ha for getting good grass fodder yield

`

Table 1: Development and maintenance cost (`/ha) of Karanj based silvipasture system 
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of 15 years cycle (project life) and 10% discount 
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not feasible frequently for oilseed species, because 
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Pradesh, Madhya Pradesh and Gujarat. We sincerely 
hope that, this farming technology would immensely 
helpful for the farmers and many user agencies. 
Therefore, use of multi-purpose oilseed trees species 
are well suited to arid and semi-arid regions to meet 
the twin concerns of livelihood enhancement and 
environmental protection-the key components for 
developing these resource poor lands.
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INTRODUCTION

Soil health maintenance without deterioration 
is pre requisite for sustaining productivity and 
conserving ecological balance in nature. Soil is a 
living system that consists of organisms which play 
essential role in nutrient cycling, symbiotic relation-
ships with plant roots, pest, weed and disease 
control, soil aggregate formation and aeration which 
influence susceptibility to erosion and water 
infiltration. A healthy soil is rich in organic matter 
which allows a high diversity of soil organisms to 
flourish and act as a reservoir of soil nutrients and 
moisture. Therefore, regular addition of organic 
amendment is necessary to increase or maintain soil 
organic matter (SOM) content and thus contributes 
to soil health. One of the most ready and accessible 
form of biomass is crop residue (CR), the biomass 
that remains after a crop is harvested. These residue 
is considered as “the greatest source of soil organic 
matter'' for agricultural soils.

CR is an important renewable resource that can 
be used to conserve non-renewable soil and water 
resources and sustain crop production. Soil surface 
management of land both at surface and above 
ground has proved a powerful tool to control beating 
action of rainfall, detachment as well as transport of 
soil particles and losses of soil, water and nutrients, 
which are crucial for sustainable production. Soil 
erosion is a serious threat to soil health and 
sustainable crop production. In India more than 500 

million tones (M t) of CR are generated annually 
(MNRE,2009; www.nicra.iari.res.in/Data/Final 
CRM.doc). However, availability of mulching 
material due to competition for cattle fodder poses 
serious limitation in India. Ministry of Agriculture, 
Government of India (2015) estimated a production 
of 93.8 Mt of wheat, 103.6 Mt of rice, 38.4 Mt of 
coarse cereals, 346.7 M t of sugarcane, 8.1 M t of 
fibre crops (jute, mesta, cotton), 17.3 M t of pulses 
and 26.3 M t of oilseeds crops, in the year 2015-16. A 
large volume of crop residue is generated every year 
in the form of cereal straws, woody stalks, and 
sugarcane leaves / tops during harvest periods. 
According to a recent report by Sahai et al. (2011), 
total dry residue generated are estimated at 217, 239 
and 253 Tg, of which 45, 60 and 63 Tg of dry biomass 
are estimated to be subjected to field burning of crop 
residues during 1994, 2005 and 2010, respectively. 
Wheat and rice crops together accounted for about 
76% of total residue. Another estimate highlighted, 
686 M t gross residues is available in India on annual 
basis from the 39 crop residues generated by 26 
crops. Out of total residue generated from agricul-
tural fields, majority is contributed by cereals (545 M 
t), followed by oilseed, pulses and sugarcane crops. 
However, horticultural crops like coconut, banana 
and arecanut contribute 61 M t and other cash crops 
like cotton and jute supply 80 M t of stubble. Thus 
among various crop categories, cereal contributes 
the highest amount of 368 M t (54%) followed by 
sugarcane 111 M t (16%). At individual crop level, 
rice contributes the highest amount of 154 M t gross 
residues followed by wheat (131 M t). Among the 
different states of India, Uttar Pradesh (22.25 M t) 
followed by Punjab (21.32 M t), Haryana (9.18 M t) 
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and Maharashtra (6.82 M t) burn maximum amount 
of crop residues. Oil seed residues were burnt in 
Rajasthan and Gujarat while burning of fibre crop 
residue was dominant in Gujarat (28.6 M t) followed 
by West Bengal (24.4 M t), Maharashtra and Punjab 
(Jain et al., 2014).

Retention or incorporation of crop residue on 
the soil has multiple benefits on soil health and 
quality. However, small landholders in developing 
countries are faced with a trade-off in managing crop 
residue. Residues may be removed completely for 
use as biofuel or livestock feeding or grazed in-situ by 
livestock. Farmers may also burn off crop residue to 
''clear'' the field for tillage and planting. Some of the 
important benefits of CR are explained as:

CR Influence on Soil Chemical Properties

Crop residue retention is an important factor 
directly influencing soil organic carbon (SOC) levels. 
Residue can increase and maintain SOC, however, its 
effect may be controlled by soil type, climate and 
management factors. SOC is considered an impor-

tant indicator of soil quality and agricultural sustain-
ability because it improves soil aggregate stability 
and soil water retention, and provides a reservoir of 
soil nutrients. CR are reservoirs of nutrients, rice straw 
contains nearly 5-8 kg N, 0.7-1.2 kg P, 12-17 kg K, 0.5-
1 kg S, 3-4 kg Ca, 1-3 kg Mg, and 40-70 kg Si per ton of 
straw on a dry weight basis. One ton of wheat residue 
contains 4-5 kg N, 0.7-0.9 kg P, and 9-11 kg K. The 
amount of NPK contained in rice and wheat residues 

6produced (197 M t) is about 4.1 × 10 M t in India 
(Singh and Sidhu, 2014). Thus CRs play an impor-
tant role in the cycling of nutrients despite the 
dominant role of chemical fertilizers in crop produc-
tion. Other soil properties like pH, cation exchange 
capacity is also influenced by CR management. 
Residues high in ash alkalinity and nitrogen such as 
some legume residues will have a greater effect on 
pH compared to residue with lower content such as 
wheat. Soil residue retention increases SOM content 
and thus increases the soil's pH dependent CEC.

CR Influence on Soil Physical Properties

Application of CR as mulches is known to 
improve physical properties like hydraulic conduc-
tivity and reduce bulk density by modifying soil 
structure and aggregate stability. Some of physical 
properties like reduces wind and water erosions, 
increases water infiltration and moisture retention, 
and reduces surface sediment and water runoff. CR 
retention can improve soil structure through various 
mechanisms: (1) increasing soil aggregation through 
adding organic matter to the top soil, (2) protecting 
soil aggregates from rain drop impact, and (3) protecting 
soil from compaction caused by raindrop impact. 
Physical property like soil aggregates improves by 
SOC contributed by CR retention and aggregate 
stability thus influence soil porosity, movement of 
water, gas, and nutrients through the soil system, 
and root development. Soil moisture content 
directly influenced by surface residue cover, in terms 
of yield increase, in rainfed climates where crop 
production is limited by soil moisture.

CR Influence on Soil Biological Properties

Addition or retention of CR increases organic 

 

matter or SOC which acts as substrate for micro-
organisms in soils. CR stimulates microbial activity 
that helps in mineralization of nutrient for plant 
uptake. Incorporation of crop residues in the soil 
increases soil temperature and aeration, creating 
favorable conditions for micro-organisms and greater 
contact between them which also leads to higher 
decomposition rates of SOC. However, in tropical 
and subtropical areas with high temperatures and 
rainfall, no-till and surface crop residue have been 
observed to increase SOC content in surface soils 
compared to incorporation of CR. Thus CR indirectly 
influences microbial biodiversity in soil by increas-
ing SOC content of soil.

Conventional farming cannot meet the long 
term objectives like (i) producing enough food for 
the increasing population, (ii) minimizing agricul-
ture induced degradation of natural resources, and 
(c) maintaining environmental quality and ecosys-
tem services. Physical, chemical, and biological 
properties related to soil health generally improve 
with surface residue retention, although, in some 
environments, negative effects on crop performance 
have also been observed. Studies comparing the 
benefits from combinations of minimum tillage and 
residue retention suggest that complete or partial 
retention of residue, whether incorporated or left on 

the surface, is more advantageous than its complete 
removal or its incorporation with intensive tillage 
practices. Various benefits of residue retention such 
as increased top soil aggregation and protection 
from erosion, soil loss and surface compaction are 
increased when the residues are retained on the 
surface rather than incorporated. Therefore in 
regions with high risk of soil erosion and humid 
tropical areas with high decomposition rates it is 
particularly important to promote surface retention 
of residue. CRs offer sustainable and ecologically 
sound alternatives for meeting the nutrient 
requirements of crops, and improving soil and 
environmental quality.
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and Maharashtra (6.82 M t) burn maximum amount 
of crop residues. Oil seed residues were burnt in 
Rajasthan and Gujarat while burning of fibre crop 
residue was dominant in Gujarat (28.6 M t) followed 
by West Bengal (24.4 M t), Maharashtra and Punjab 
(Jain et al., 2014).

Retention or incorporation of crop residue on 
the soil has multiple benefits on soil health and 
quality. However, small landholders in developing 
countries are faced with a trade-off in managing crop 
residue. Residues may be removed completely for 
use as biofuel or livestock feeding or grazed in-situ by 
livestock. Farmers may also burn off crop residue to 
''clear'' the field for tillage and planting. Some of the 
important benefits of CR are explained as:

CR Influence on Soil Chemical Properties

Crop residue retention is an important factor 
directly influencing soil organic carbon (SOC) levels. 
Residue can increase and maintain SOC, however, its 
effect may be controlled by soil type, climate and 
management factors. SOC is considered an impor-

tant indicator of soil quality and agricultural sustain-
ability because it improves soil aggregate stability 
and soil water retention, and provides a reservoir of 
soil nutrients. CR are reservoirs of nutrients, rice straw 
contains nearly 5-8 kg N, 0.7-1.2 kg P, 12-17 kg K, 0.5-
1 kg S, 3-4 kg Ca, 1-3 kg Mg, and 40-70 kg Si per ton of 
straw on a dry weight basis. One ton of wheat residue 
contains 4-5 kg N, 0.7-0.9 kg P, and 9-11 kg K. The 
amount of NPK contained in rice and wheat residues 

6produced (197 M t) is about 4.1 × 10 M t in India 
(Singh and Sidhu, 2014). Thus CRs play an impor-
tant role in the cycling of nutrients despite the 
dominant role of chemical fertilizers in crop produc-
tion. Other soil properties like pH, cation exchange 
capacity is also influenced by CR management. 
Residues high in ash alkalinity and nitrogen such as 
some legume residues will have a greater effect on 
pH compared to residue with lower content such as 
wheat. Soil residue retention increases SOM content 
and thus increases the soil's pH dependent CEC.

CR Influence on Soil Physical Properties

Application of CR as mulches is known to 
improve physical properties like hydraulic conduc-
tivity and reduce bulk density by modifying soil 
structure and aggregate stability. Some of physical 
properties like reduces wind and water erosions, 
increases water infiltration and moisture retention, 
and reduces surface sediment and water runoff. CR 
retention can improve soil structure through various 
mechanisms: (1) increasing soil aggregation through 
adding organic matter to the top soil, (2) protecting 
soil aggregates from rain drop impact, and (3) protecting 
soil from compaction caused by raindrop impact. 
Physical property like soil aggregates improves by 
SOC contributed by CR retention and aggregate 
stability thus influence soil porosity, movement of 
water, gas, and nutrients through the soil system, 
and root development. Soil moisture content 
directly influenced by surface residue cover, in terms 
of yield increase, in rainfed climates where crop 
production is limited by soil moisture.

CR Influence on Soil Biological Properties

Addition or retention of CR increases organic 

 

matter or SOC which acts as substrate for micro-
organisms in soils. CR stimulates microbial activity 
that helps in mineralization of nutrient for plant 
uptake. Incorporation of crop residues in the soil 
increases soil temperature and aeration, creating 
favorable conditions for micro-organisms and greater 
contact between them which also leads to higher 
decomposition rates of SOC. However, in tropical 
and subtropical areas with high temperatures and 
rainfall, no-till and surface crop residue have been 
observed to increase SOC content in surface soils 
compared to incorporation of CR. Thus CR indirectly 
influences microbial biodiversity in soil by increas-
ing SOC content of soil.

Conventional farming cannot meet the long 
term objectives like (i) producing enough food for 
the increasing population, (ii) minimizing agricul-
ture induced degradation of natural resources, and 
(c) maintaining environmental quality and ecosys-
tem services. Physical, chemical, and biological 
properties related to soil health generally improve 
with surface residue retention, although, in some 
environments, negative effects on crop performance 
have also been observed. Studies comparing the 
benefits from combinations of minimum tillage and 
residue retention suggest that complete or partial 
retention of residue, whether incorporated or left on 

the surface, is more advantageous than its complete 
removal or its incorporation with intensive tillage 
practices. Various benefits of residue retention such 
as increased top soil aggregation and protection 
from erosion, soil loss and surface compaction are 
increased when the residues are retained on the 
surface rather than incorporated. Therefore in 
regions with high risk of soil erosion and humid 
tropical areas with high decomposition rates it is 
particularly important to promote surface retention 
of residue. CRs offer sustainable and ecologically 
sound alternatives for meeting the nutrient 
requirements of crops, and improving soil and 
environmental quality.
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INTRODUCTION

In rainfed areas, watershed development is to 
conserve rainwater and minimize land degradation, and 
thereby helps in increasing crop productivity (Kerr et 
al., 2000). Positive and favorable impacts of watershed 
progarmmes have been extensively reported (Rao et 
al.,2000; Reddy et al., 2004; Hope, 2007; Singh et al., 
2016). Watershed management not only increases 
farm-income but also maintains natural resources, 
which are indispensable for sustainability. Particularly 
in the rainfed areas, after implementation of watershed 
activities, it has been observed that farmers tend to 
go for additional investments, specifically in irrigation 
infrastructures (farm ponds, micro-irrigation, bore-
wells etc.) to get the potential economic benefits since 
they perceive that there is an increased availability of 
groundwater. For instance, it was observed in 
Netranahalli watershed in the Chitradurga district of 
Karnataka state, that there was an increase of 320% 
in the number of bore wells since continuous poor 
rainfall years forced farmers to go in for drilling of 
new tube wells, with a large number of failures 
(Raizada et al., 2018). Further, farmers also tend to 
use improved varieties, fertilizers and other inputs, 
which entails the need of credit. Presently, in the 
wake of increasing climatic variability, sustainability 
has a central place in the planning. Sustainable 
livelihood requires balanced performance of three 
dimensions of sustain-ability viz., economic, 
environmental and social (Kumar et al., 2014). In this 

study, we emphasize economic viability of water-
shed, and what it requires to make a watershed 
economically sustainable. For economic viability of 
watershed, continuous support in terms of invest-
ment and credit flow are imperative, and needs to be 
ensured through effective institutional arrange-
ment. Along with credit support, the use of 
improved practices and technical know-how also 
need to be imparted through capacity building and 
training. Keeping in view the necessity of credit 
support and investment for economic viability of 
watersheds, the objective of the study is, therefore, 
to examine farm and organizational investment in 
response to watershed progarmmes using the data 
on the flow of credit in treated watersheds. 

Study Area

Following stratified simple random sampling, in 
proportion to the number of households in the 
watershed, around 54 to 84 farmers were inter-
viewed in each watershed. Thus a total of 700 farmers 
were interviewed from twelve watersheds of six 
districts (Chitradurga, Hassan, Tumkur, Belgaum, 
Kodagu and Chikmagalur) of Karnataka. Details of 
watersheds are given in Table 1. The farmers were 
interviewed with help of pre-tested and semi-
structured questionnaire covering the information 
of investment made (capital formation) on the 
irrigation systems, micro-irrigation-drip irrigation 
for vegetable, and orchard, bore-wells, farm ponds 
etc. Information was also collected about the change 
in the quantum of loan (crop, short, medium and 
loan term) availed by the farmers after watershed 
interventions. The PIA (project implementing agency) 
staff and field functionaries were also inquired 
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about efforts made by them to link farmers with line 
departments-forestry, animal husbandry, horticul-
ture, banks, other financial institutions, and agricul-
ture department to attract funds from different 
schemes of respective departments for maximizing 
the overall benefits of watershed management.

Four M's approach to sustain economic viability at 
watershed level

Alongwith measures and man-power (capacity 
building), there is need to support farmers with 
adequate credit (money) and access to market which 
help sustaining economic viability (Fig. 1). These two 
additional M’s lead to maximization of farmers' well-
being which is the ultimate aim of watershed 
progarmmes. During watershed implementation, some 
of PIAs made efforts to link the farmers with banks 
and other allied institutions; efforts led to more 
frequent and effective interactions of farmers with 
line departments. After watershed implementation, 
a change in attitude (from reluctance to readiness) of 
line-departments was observed, which resulted in 
increased supply of inputs (improved seeds, fertilizers, 
forestry and horticulture plantations) and services 
(animal health camps, demonstrations of improved 
packages of practices, integrated nutrient manage-
ment and integrated farming systems, crop loans) in 
the watershed areas (Fig. 2).

Before watershed implementation, it was 
observed that the banks and other financial 
institutions were reluctant to disburse loan to 
farmers because of high risk of rainfed crop 

production. With the strong linkages established by 
the PIA with banks through SHGs, JLGs, farmers 
club, youth club etc. lead to increase in the quantum 
of loan in the treated areas, particularly in the form 
of crop loans. In watershed area, PIA facilitated 
capacity building through training, exposure visit 
and demonstrations, which also increased demand 
of inputs, and eventually, needs for credit support. 
Moreover, line departments, including banks, were 
found to be giving priority and preferences to the 
treated areas because of established linkages with 
farmers, and also these institutions accepted the fact 
that treated areas are less risky and the repayment 
capacity of farmers was considerably higher than the 
farmers of un-treated areas.

Capital formation and private flow of investment 
in watersheds

In case of some of the watersheds, namely, 
Sukkaligaahatti, Gandasi, Bukkasagara and Attibylu, 
capital fromations was in the range of ` 9149 to 

13777/farm, and credit flow was in the range of 
21918 to 36184/ha, and thus the average capital 
formation and flow of private investment was 
around ̀  9733/farm and ̀  27197/ha, respectively.

Relatively higher level of investments in above 
mentioned watersheds is attributed to increased 
efforts made to link farmers with allied institutions 
by forming formal (self help groups and joint 
liability groups) and informal groups (farmers' club 
and youth clubs). Farmers were also linked with 
markets (backward and forward linkages) by farm 
producer organizations and other groups. In other 
watersheds (HK. Nala, Sugur, Wadral, Harohalli, 
Khumbi-II, Balare), the capital formation and credit 
flow was noticeably less, and was on average to the 
tune of ` 2577/farm and ` 7956/ha, respectively in 
other watersheds (Fig. 3).

CONCLUSIONS

It can be suggested that if all the four M's 

` (measures, manpower, money and market) are ade-
quately supported by establishing strong linkages 
with allied-institutions (banks, agriculture, forestry, 
horticulture, veterinary, KVK etc.), which eventually 
will lead to higher level of investment that provides 
the base for achieving sustainable livelihoods in 
fragile regions. At present, when efforts are being 
made for financial inclusion (through digital India), 
therefore there is a need to explicitly include provision 
for linking farmers of watersheds with financial 
institutions and markets in watershed implementa-
tion guidelines, for which policy decision needs to be 
executed.
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Table 1: Watershed covered in NABARD consultancy project

District Taluka NGO-Name Watershed Area  treated (ha)

Belgaum Saudatti SPRED Hirekumbi-II 990.87
Chikkodi READS Wadral 883.48

Chitradurga Hiriyur SANKALP Sugurws 1060.17
Hosadurga NISARGA Herurkerenala 1283.70

Chikkamagalur Kadur HDS Sukkaligarahatti 827.45
Kadur BHOOMI Bukkasagara 834.2

Hassan Channarayapatna NRDS Baladare 1100
Arsikere ORDER Gandasi 864.03

Shimoga Shikaripura CHAITANYA RDS Attibylu 962.88
Theerthahalli PRAZWALA Shedgaru 796.41

Madikere (Kodagu) Virajpet SPOORTHY Lakshmanthirtha 1355.45
Somwarapet ODP Harohalli 1464.80
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Fig. 2: Mode of influencing investments in watersheds

Fig. 3: Capital formation and private flow of investment in 
watersheds

Fig. 1: Pillars of watershed economic viability
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the overall benefits of watershed management.
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INTRODUCTION

Natural resource management is the burning 
issue in the current scenario as many parts of the 
country are facing water scarcity. The current 
lifestyle has a great impact on the usage of water. In 
recent years, the depletion of water resources has 
become a major thrust area for the government and 
local organisations. Losses in ecosystem services in 
the countries may be the result of this depletion 
(Nellemann and Corcoran, 2010). In addition to 
water scarcity, the problem of access to safe and 
potable water supplies is also very critical.

Deforestation and degradation affect 8.5% of 
the world's forest with 30% of the earth's surface 
already cropped (Nelson, 2005). Water is the most 
important natural resource and it is diminishing day 
by day because our natural water sources are not 
given due concern and proper management. They 
require maintenance in rainy season specially 
because debris, which is coming from the high hills, 
destroys the sources. The depletion of natural 
resources is caused by direct drivers of change 
(Nelson, 2005) such as forest and indirect drivers of 
change like demography, economy, society, politics 
and technology. In the hills of Uttarakhand, women 
are the main pillar around which the whole 
agriculture revolves as they have deep and intrinsic 
knowledge of different farming activities (Aggarwal, 
2008). Generally women know about their environ-
ment, natural resources surrounding them and their 

usage. Domestic and agricultural works are lead by 
the women only, so they are the one who are more 
affected with adverse changes / degradation in the 
environment. As a result of deforestation and drying 
of natural water resources, there has been an 
extreme loss of groundwater, which has enhanced 
the women workload. This women centered study 
has stressed upon the role of women in managing 
the water resources.

METHODOLOGY

For collecting information from the respon-
dents, the semi structured interview schedule was 
developed. Four villages from Kalsi block of Dehradun 
district were selected. From each village 25 respon-
dents were interviewed. Thus, total sample was 100 
respondents. The interview with respondents was 
taken personally at household level. The Research 
design was exploratory in nature. The data were 
collected through survey and In-depth discussion / 
focused group discussion. The secondary data were 
collected through reports, literature published by 
various government / non-government agencies and 
other sources.

The information on various aspects like type and 
number of water sources available in the village, 
different uses of water sources, association and 
ownership of water sources, status of water sources 
and the means of overcoming water shortage were 
collected.

RESULTS

Status of Water Sources in the Villages

It is quite common from the findings that under 
traditional water sources, about 93% respondents 
reported that they have chasma / naula as water 
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source followed by 51% who have gadhera (stream). 
About 6% respondents apprised spring / dhara as 
natural water source under traditional water sources. 
It was reported that women associated availability of 
water to the status of forest and by improving the 
situation of forest they can tackle the problem of 
water scarcity in the region 

With regard to conventional water sources, 
availability of water tank was reported by 98% 
respondents followed by 67% respondents who 
informed that pipeline is also available in the villages 
(Table 1). Further, hand-pumps and ponds were not 
present In the study area.

Causes of  Drying of Natural Water Sources

About 2-3 water sources in all the four villages 
have dried up. The focused group discussion was 
carried out among the village women who reported 
various reasons for these unfortunate circumstances. 
The respondents (95%) identified landslide as one of 
the prominent reasons for drying up of natural water 
sources as the springs / streams may have been covered 
with the debris of landslide. It was followed by 88% 
respondents who reported hot weather as cause of 

(Bhatt, 2010).

drying of natural sources followed by reduced 
rainfall (76%) and reduction in forest trees (51%) 
(Table 2). In the hills, natural water sources like 
spring/naula/stream have been deteriorated and 
many of them have been dried up (Bisht, 2010). 
Since the water in the natural springs is recharged 
through rainwater and if the number of rainy days 
are reduced, the recharging of these natural resources 
is adversely affected (Bhatt, 2010).

Impacts of Drying of Natural Water Sources

The natural sources of selected villages are 
diminishing year by year due to reasons as discussed 
above. These sources are not only the basis of livelihood 
of rural people but also add to the forest eco-system. 
There are a number of impacts of drying of these 
sources. It is clear from the Table 3 that all (100%) 
the respondents reported there is no water for 
irrigation as a result of drying of natural water 
sources. It was further reported by 88% respondents 
that now-a-days more time is required to collect the 
water as compared to the previous time. This excess 
time could be utilized in some productive work in the 
farming. About 84% respondents apprised that there 
is less moisture in the soil as a result of drying of 
water sources. Nearly 76% respondents told that 
their household work is affected due to drying of 
natural water sources.

Means of Overcoming Water Shortage

In order to overcome the shortage of water, the 

rural people have apprised about various measures 
to reduce the water scarcity. Majority of the people 
(91%) reported afforestation / densification as a most 
popular means of overcoming water shortage 
followed by digging of ponds to collect rain water 
(Table 4).

CONCLUSIONS

It is clear from the findings that Chasma / naula 
was the most common traditional water source 
available in the villages followed by gadhera / 
stream. Under conventional water sources, water 
tank was available in all the villages followed by 
pipelines. As told by the respondents, the natural 
sources are drying up gradually, about 2-3 sources in 
every village have dried up out of 6-7 sources which is 
a major concern of thought. The most accepted 
causes of drying of natural sources were landslide 

followed by hot weather and reduced rainfall. The 
very first and foremost impact is that there was no 
water for irrigation purpose in the villages. 
Additionally people are telling that they are now 
taking more time in collecting the water from the 
source / pipeline as water level is reduced in the 
sources. As apprised by the respondents, the impor-
tant means of overcoming water shortage was 
plantation of trees.

REFERENCES
Aggarwal, R. 2008. Small farms, women and traditional knowledge-

experiences from Kumaon hills. Indian Journal of Traditional 
Knowledge, 65(5): 69-80.

Bhatt, M. 2010. Perceptions of local communities on climate change 
in the head waters of the Ganges river, reflections of climate 
change leaders for the Himalayas case studies detailed. 
Publication lead India, New Delhi, pp 132-142.

Bisht, R. 2010. Impact of climate change on natural springs: a case 
study from three villages of Nainital district, Uttarakhand. 
Reflections of climate change leaders from the Himalayas 
case studies detailed. Publ. Lead India New Delhi, pp 83-90.

Nelson, G.C. 2005. Drivers of ecosystem change: Summary Chapter 
in current state and trends assessment Millennium ecosystem 
Assessment', pp 74-76.

Nellemann, C. and Corcoran, E. 2010. Dead planet, living planet-
biodiversity and ecosystem restoration for sustainable 
development: a rapid response assessment. United Nations 
Environment Program, GRID-Arendal.

qqq

Table 2: Causes of drying of natural water sources         N=100

S.No. Category Number Percent

   1. Land slide 95 95
   2. Hot weather 88 88
   3. Reduction in forest trees 51 51
   4. Reduced rainfall 76 76

Table 4: Means of overcoming water shortage                 N=100

S.No.                   Category Number Percent

   1. Check dam 22 22
   2. Guhl / tank / naula recharge / ponds 26 26
   3. Trenches / recharge pit 33 33
   4. Afforestation / densification 91 91
   5. Kachha pond / stand post 36 36

Table 3: Impacts of drying of natural water sources           N=100

S.No. Category Number Percent

   1. Loss of soil moisture 84 84
   2. Shortage of water 65 65
   3. More time consumed in 88 88

water collection activity
   4. Unavailability of water for 100 100

irrigation purposes
   5. Affect on household chores 76 76

Table 1: Status of water sources in villages

Traditional water resources Number Use

   Chasma / Naula 93 (0.93) Drinking, Domestic
   Gadhera / Stream 51 (0.51) Drinking, Domestic
   Dhara / Spring 6 (0.06) Drinking, Domestic

Conventional water resources

   Water tank 98 (0.98) Domestic
   Pipeline 67 (0.67) Drinking
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every village have dried up out of 6-7 sources which is 
a major concern of thought. The most accepted 
causes of drying of natural sources were landslide 

followed by hot weather and reduced rainfall. The 
very first and foremost impact is that there was no 
water for irrigation purpose in the villages. 
Additionally people are telling that they are now 
taking more time in collecting the water from the 
source / pipeline as water level is reduced in the 
sources. As apprised by the respondents, the impor-
tant means of overcoming water shortage was 
plantation of trees.
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INTRODUCTION

In India, 120.72 M ha including 104.2 M ha 
arable areas is affected by different kinds of 
degradation. Of that, 37 M ha is severely eroded with 
potential soil loss (20-40 t/ha/yr), of which 22 M ha 
area is affected by very severe soil loss (40-80 t/ha/yr) 
and 13 M ha is under extremely severe soil loss (>80 
t/ha/yr). These forms of land degradation resulting 
in huge loss of natural resources which not only 
reduces crop productivity but also depletes the live 
storage capacity of major hydro-electric reservoirs. 
To tackle these problems effectively and also to 
ensure effective utilization of natural resources, the 
concept of integrated watershed management has 
increasingly been adopted in the country for 
sustainable development and livelihood security. 
Effective implementation of watershed manage-
ment approach needs an integration of all the 
components including engineering, soil science, 
forestry, agronomy, livestock and social sciences. It is 
also continuously being realized that there is 
shortage of trained human resource which is 
prerequisite for effective planning, execution, 
monitoring and evaluation of any watershed 
programme. There is an urgent need to enhance the 
capacity and competency of the officials those are 
working in the field of soil and water conservation 
and watershed management. In this context, different 
central / state departments / agencies, NGOs and ICAR 
Institutes are engaged to train the farmers, field level 

functionaries and officers through various capacity 
building programmes in the field of soil and water 
conservation and watershed management across the 
country. 

ICAR-Indian Institute of Soil and Water 
Conservation, Dehradun is engaged in organizing 
long and short duration capacity building programmes 
following exposure visit as one of the effective 
training methodologies, to promote knowledge sharing 
and extend the focus on learning beyond formal 
events such as classrooms / workshops sessions. 
Exposure / onsite visit is a tool that is used to facilitate 
learning between two or more parties from each 
other. Exposure visits is a very important training 
methodology as it enables the participants from a 
different setting to interact with and learn from each 
other, allowing them to view practical / reallife 
situations of successful and sustainable projects.

Exposure visits result in better appreciation of 
various development programs in the field of soil 
and water conservation and watershed manage-
ment. Through exposure visits people from different 
countries, states, regions, districts etc. are made 
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acquainted with the successful soil and water 
conservation and watershed management programs 
including agriculture and allied activities. The 
exposure visits contribute to change in view and 
perception of the people when they are facilitated to 
learn via actual viewing and interactions with expert 
institutions across the country. The visitors would be 
able to apply their ascribed knowledge from exposure 
visits in their own context especially towards changing 

their overall views in the development context. 
Exposure visits promote issues of good practices.

There are many benefits from exposure visits 
like exchange of information with different groups, 
lessons learnt can be adopted in one's own context, 
promotes knowledge sharing, suggests best practice 
and recommended steps to maximize impact of 
technologies, exposing participants to a variety of 
new approaches and technologies to demonstrate 

concrete and practical results, developing technical 
skills or offering training on a particular skill or 
strategy, providing motivation or a spark of inspira-
tion to encourage participants to try new 
approaches, helps to develop positive attitudes, 
encouraging critical thinking by the participants, 
developing trust and confidence that encourages 
future exchanges, connecting groups and creating 
networks for ongoing engagement or learning 
around an issue, developing advocacy messages, 
promoting or encouraging new leaders to help push 
forward an agenda and influencing decision makers 
and capacity development. Exposure visits are part 
of theoretical framework of capacity development, 

knowledge transfer and learning. To achieve these, 
following key principles should be followed by 
facilitator during exposure visits:

Exposure visits should be participant centered. 
They should be carefully crafted, with the 
involvement of participants and with the purpose 
of enhancing capacity to deal with reallife 
problems of the participants. Exposure visits 
require the active engagement of participants.
The success of exposure visits depends on striking 
a good balance between internal motivation and 
external conditions. Participants are most inter-
ested in those learning domains that have immedi-
ate relevance in their context. The learning effect 

•

•
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Nutritional kitchen garden under FFP Improved composting intervention under FFP

of exposure visits is enhanced by extensive personal 
contact, regular interaction and building trust.

ICAR-Indian Institute of Soil and Water 
Conservation, Dehradun organized different types 
of exposure visits like study tour for officer trainees 
of four months certificate course, visits to successful 
cases of participatory water management at 
different locations, practicals conducted in real field 
situation and visits to pioneer research institutes etc. 
all these types of exposure visits are linked to a 
particular learning objective. Adequate time and 
resources are allocated for the planning, implemen-
tation and follow up for exposure visits. The 
important points that should be kept in mind related 
to preparation, implementation and follow up are:

Preparation: Facilitator / resource person should be 

and to create an environment that encourages 
unrestrained exchange of information among the 
participants from different organizations.

Follow Up: For follow up of the impact, a detailed 
list of potential indicators synthesized from the 
literature and from interviews should be developed. 
Resources may be collected through phone / mail or 
by sending very small questionnaire.

• Seasonal (kharif, rabi and timings best suited for 
the project beneficiaries are also equally impor-
tant.

Implementation: The role of facilitators / resource 
person in organizing exposure visit is very important 
because he can systematize learning from the site. 
Important role of the facilitator is to motivate 
participants to focus fully on learning new things 

well aware about the activities undertaken and its 
relevance for the participants in terms of problem 
solving and learning. Assessment on need, existing 
knowledge and learning expectations of the partici-
pants before start of the exposure visit is very much 
required. Background information should be 
provided to the participants like Why, Who, What, 
Where and How. At starting point, though there may 
be many factors relevant to the visit i.e. cultural, 
agro-ecosystem, caste dynamics, legal issues, 
political dominance, institutional arrangements, 
etc., one can start from the rapport building.

Duration of the overall visit, including follow up 
activities. Facilitator should try to make the visit 
so impressive that, participants on their return 
can influence others also to do so.

•

Water Resource Development intervention at Paw-Wala-Soda village

Gabion protection wall, Katta crate and spur structures for torrent control at Sabhawala village

Mine spoil rehabilitation interventions at Sahashtradhara, Dehradun

Geojute for landslide control at Sainji IFS at Sainji

Spring water harvesting through silpoulin tanks and development of jack fruit based 
alternate land use systems under Farmer FIRST programme
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Exposure visits are organized so that people 
living in one area can visit other area to observe and 
learn from the successful and sustainable develop-
mental activities. Also the purpose of exposure visits 
is to learn from the experience sharing through 
direct interaction. Thus, this strategy works on the 
principles of differential learning. The Institute has 
developed a number of resource conserving 
technologies through its R&D activities and 
successfully demonstrated these technologies at 
different sites in real field situations for manage-

 

ment of arable and non arable lands. These sites are 
ideal and serving as live models which have potential 
to check land degradation, minimize soil erosion, 
preserve soil fertility, sustain productivity, conserve 
in-situ rain water, harvest and recycle inevitable 
runoff and mitigate droughts to ensure livelihood 
security of the society. Thus, the exposure of these 
sites could be involved in the organization of 
capacity building programmes targeting to NRM 
agenda in the country. The brief details of these sites 
are given below:

Napier grass soding on field bunds for erosion control and fodder management.
● Livestock management interventions urea treatment of dry fodder, use of urea molasses 

mineral block (UMMB) and mineral mixture and vaccination of animals against foot and mouth 
disease (FMD), haemorrhagic septicaemia (HS) and black quarter (BQ) diseases.

● Backyard poultry units for income and employment generation.
● Crop diversification.
● In-situ mulching of sunhemp in maize-wheat crop sequence for resource conservation.
● Construction of dugout wells and lifting of seepage water through centrifugal pumps (village 

Soda-Sarauli).
● Overall impact of project.

   3. TDET-MoRD project at Pasauli/ ● Planning of project interventions through PRA.
Langha village in Vikasnagar ● MoU to define role and responsibilities of implementing agency and block of beneficiaries.
District Dehradun ● Participatory implementation of water resource development intervention.

● Construction of inlet chamber at the source, installation of gravity fed GI pipe line to divert 
water to the distribution chamber.

● Installation of PVC pipe line and riser posts for providing irrigation water to the individual 
fields.

● MoU between implementing agency, villagers of neighbor villages and beneficiary farmers to 
manage probable conflicts related to water sharing between the villages located along tract of 
the stream / nala.

● Mechanism of proportional contribution / participation of beneficiary farmers and sharing of 
irrigation water / benefits among farmers.

● Formation of Water User's Society and its bye-laws.
● Handing over of irrigation water system to WUS.
● Record, registers, bank account and transparency maintained by the WUS.
● Horticultural based alternate land use systems through profile modification for better 

establishment in degraded lands to ensure maximum profitability.
● Risk management through crop diversification and entrepreneurship development.
● Usefulness of conservation bench terracing.
● Soding of napier grass on field bunds for erosion control and fodder production.
● Drainage line treatment.
● Contour trenching and plantation in catchment area of water source spring to ensure continued 

availability of water in inlet chamber.
● Improved animals health and production through use of urea treated fodder, UMMB, and 

mineral mixture and vaccination against FMD, HS and BQ diseases.
● Overall impact of project.

   4. Water resource development and ● Participatory planning for implementation and post project management of water resource
management at Paw-Wala-Soda, management intervention.
Block-Raipur, District-Dehradun ● Installation of GI pipe line, PVC pipe line, risers for water distribution. 

● Formation of Water User Society and it's by-laws.
● MoU among stakeholders regarding modus operandi and modus vivendi and successful 

implementation of the project.
● Contributions of project implementing agency, funding agencies and beneficiary farmers.
● Transparency in planning, implementation and post project maintenance.
● Mechanism for equitable distribution of benefits and conflict management. 
● Elements/factors for success and sustainability.
● Impact in terms of crop diversification, production enhancement, income and employment 

generation.
● Upscalling of the approach and inter-institutional networking and convergence. 
● Overall impact of project.

   5. Torrent control project at ● Protection of torrent banks through vegetative measures.
Sabhawala, Block-Sahaspur, ● Construction of gabion retaining walls.
District-Dehradun ● Construction of gabion spurs.

●

viz., 

S.No.              Project sites Activities / components

   1. Operational Research Project at Bench terracing and construction of in-ward sloping terraces.
Fakot, Block-Narendra Nagar, ● Renovation of terraces for conversion of out-ward sloping to in-ward sloping.
District-Tehri-Garhwal ● Gully/Nala plugging.

● Construction of cemented water channels/ghuls 
● Construction of cemented and LDPE lined tanks for harvesting of water from springs, for 

irrigation.
● Construction of retaining walls.
● Run-off and soil loss reduction through catchment area treatment.
● Horticultural based alternate land use systems in degraded lands, profile modification, 

mulching, in-situ grafting and half-moon basin techniques.
● Crop diversification and popularization of high value crops of vegetables and flowers.
● Management of degraded waste lands through silvi-pastoral systems, plantation of grasses and 

multipurpose trees for fodder and fuel production.
● Use of LDPE rubber mix pipe of 25 mm dia for irrigation of downstream fields through gravity.
● Poly-houses for rising of nursery of vegetable crops.
● Community led social fencing in common lands for resource conservation.
● Gully plugs (dry stones and gabion check dams)
● Trail erosion control (stone check dams and diversion drains)
● Land slide control works through mechanical and vegetative measures.
● Overall impact of project.

   2. IVLP Programme at Kalimati, ● Need based interventions planned through PRA exercise.
Bhopalpani, Badasi and Soda- ● MoU for participatory implementation of water resource development intervention.
Sarauli villages of Raipur Block ● Participatory implementation of water resource development intervention.
of District Dehradun ● Lifting of harvested water and its transportation to agricultural fields through irrigation channel 

(village Kalimati).
● Cutoff wall for diverting of sub-surface flow into water harvesting tank (Village Bhopalpani).
● Transportation of irrigation water through gravity fed PVC pipe line.
● Proportional contribution and participation of farmers benefit sharing and conflict 

management. 
● Water Users' Society as an Institutional arrangement for management of irrigation water system 

and community land of the catchment area.
● Mechanism of maintaining transparency.
● Protection of vegetation in catchment area through social fencing to maintain sub-surface flow 

for sustainable availability of irrigation water.
● Horticulture based alternate land use systems for productive utilization of degraded lands.
● Profile modification and in-situ grafting techniques for higher survival and productivity of fruit 

orchards.

●
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water to the distribution chamber.

● Installation of PVC pipe line and riser posts for providing irrigation water to the individual 
fields.

● MoU between implementing agency, villagers of neighbor villages and beneficiary farmers to 
manage probable conflicts related to water sharing between the villages located along tract of 
the stream / nala.

● Mechanism of proportional contribution / participation of beneficiary farmers and sharing of 
irrigation water / benefits among farmers.

● Formation of Water User's Society and its bye-laws.
● Handing over of irrigation water system to WUS.
● Record, registers, bank account and transparency maintained by the WUS.
● Horticultural based alternate land use systems through profile modification for better 

establishment in degraded lands to ensure maximum profitability.
● Risk management through crop diversification and entrepreneurship development.
● Usefulness of conservation bench terracing.
● Soding of napier grass on field bunds for erosion control and fodder production.
● Drainage line treatment.
● Contour trenching and plantation in catchment area of water source spring to ensure continued 

availability of water in inlet chamber.
● Improved animals health and production through use of urea treated fodder, UMMB, and 

mineral mixture and vaccination against FMD, HS and BQ diseases.
● Overall impact of project.

   4. Water resource development and ● Participatory planning for implementation and post project management of water resource
management at Paw-Wala-Soda, management intervention.
Block-Raipur, District-Dehradun ● Installation of GI pipe line, PVC pipe line, risers for water distribution. 

● Formation of Water User Society and it's by-laws.
● MoU among stakeholders regarding modus operandi and modus vivendi and successful 

implementation of the project.
● Contributions of project implementing agency, funding agencies and beneficiary farmers.
● Transparency in planning, implementation and post project maintenance.
● Mechanism for equitable distribution of benefits and conflict management. 
● Elements/factors for success and sustainability.
● Impact in terms of crop diversification, production enhancement, income and employment 

generation.
● Upscalling of the approach and inter-institutional networking and convergence. 
● Overall impact of project.

   5. Torrent control project at ● Protection of torrent banks through vegetative measures.
Sabhawala, Block-Sahaspur, ● Construction of gabion retaining walls.
District-Dehradun ● Construction of gabion spurs.

●

viz., 

S.No.              Project sites Activities / components

   1. Operational Research Project at Bench terracing and construction of in-ward sloping terraces.
Fakot, Block-Narendra Nagar, ● Renovation of terraces for conversion of out-ward sloping to in-ward sloping.
District-Tehri-Garhwal ● Gully/Nala plugging.

● Construction of cemented water channels/ghuls 
● Construction of cemented and LDPE lined tanks for harvesting of water from springs, for 

irrigation.
● Construction of retaining walls.
● Run-off and soil loss reduction through catchment area treatment.
● Horticultural based alternate land use systems in degraded lands, profile modification, 

mulching, in-situ grafting and half-moon basin techniques.
● Crop diversification and popularization of high value crops of vegetables and flowers.
● Management of degraded waste lands through silvi-pastoral systems, plantation of grasses and 

multipurpose trees for fodder and fuel production.
● Use of LDPE rubber mix pipe of 25 mm dia for irrigation of downstream fields through gravity.
● Poly-houses for rising of nursery of vegetable crops.
● Community led social fencing in common lands for resource conservation.
● Gully plugs (dry stones and gabion check dams)
● Trail erosion control (stone check dams and diversion drains)
● Land slide control works through mechanical and vegetative measures.
● Overall impact of project.

   2. IVLP Programme at Kalimati, ● Need based interventions planned through PRA exercise.
Bhopalpani, Badasi and Soda- ● MoU for participatory implementation of water resource development intervention.
Sarauli villages of Raipur Block ● Participatory implementation of water resource development intervention.
of District Dehradun ● Lifting of harvested water and its transportation to agricultural fields through irrigation channel 

(village Kalimati).
● Cutoff wall for diverting of sub-surface flow into water harvesting tank (Village Bhopalpani).
● Transportation of irrigation water through gravity fed PVC pipe line.
● Proportional contribution and participation of farmers benefit sharing and conflict 

management. 
● Water Users' Society as an Institutional arrangement for management of irrigation water system 

and community land of the catchment area.
● Mechanism of maintaining transparency.
● Protection of vegetation in catchment area through social fencing to maintain sub-surface flow 

for sustainable availability of irrigation water.
● Horticulture based alternate land use systems for productive utilization of degraded lands.
● Profile modification and in-situ grafting techniques for higher survival and productivity of fruit 

orchards.

●
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Construction of Katta-crate spurs.
● Construction of earthern embankment.
● Earthern embankment with poly coir.
● Utilisation of degraded lands through promotion of horticultural based alternate land use 

systems.
● Plantation of hybrid napier on field bunds for resource conservation and fodder production.
● Promotion of rural agri-preneurship through establishment of sericulture units.
● Overall impact of project.

   6. Minespoil rehabilitation project ● Gabion cross barriers/ check dams.
at Sahashtradhara, ● Silt detention basins.
District-Deharadun ● Log-wood crib structures.

● Loose bolder check dams.
● Toe retaining and side walls for stream lining of flow and blank protection.
● Vegetative measures and plantation of fast growing species of trees, bushes and grasses.
● Contour trenching for quick establishment of vegetation.
● Geo-jute application techniques for stabilization of highly degraded land slide patches.
● Runoff gauzing station for hydrological monitoring.
● Bio-engineering measures. 
● Overall impact of project.

   7. Sainji Watershed (Near Mussoorie), ● River training, gully plug structures and SWC measures.
Block-Thatyur, ● Contour trenching
District - Tehri Garhwal ● Field bunding

● HDPE pipe line for irrigation.
● Water storage tanks and its impacts on crop production and diversification.
● Terrace protection walls and risers.
● Horticulture and agro-forestry plantations.
● Multi-slot divisor-runoff and soil loss measuring devices.
● Meteorological measurement units.
● Measurement of attributes related to river flow. 
● Integrated farming system with poultry, piggery, fish farming and agriculture crops. 
● Overall impact of project.

   8. Farmers FIRST Programme, ● Activities planned through participatory agro-ecosystem analysis.
villages adopted in Raipur Block ● Crop diversification through agronomical interventions.
of District Dehradun ● Utilisation of degraded lands through establishment of horticultural based alternate land use 

system.
● Profile modification technique for better survival of fruit plants. 
● Fruit and vegetable based nutritional kitchen gardens.
● Improved composting units.
● Animal health care interventions.
● Income and employment generation through Backyard Poultry Units.
● Napier plantation on field bunds for resource conservation and fodder production.
● Spring water harvesting through silpaulin tanks and its utilization for establishment of fruit 

orchards in degraded lands.
● Gravity fed drip irrigation systems.
● Enhancement of farm income through cultivation of medicinal crops like Tulsi, Giloy and 

Kaunch in degraded lands. 
● Overall impact of project.

●
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Land holding size decides the categorization of 
farmers be it small, marginal, progressive or landless. 
The adoption of advanced technologies depends not 
only on the socio-economic condition of fruit growers 
but also on the holding capability. Therefore, success 
of technological dissemination relies on the eagerness 
of the farmers to grow diversified crops in a scientific 
manner. The willingness of farming communities 
ultimately pays off with better remuneration. In this 
direction, farmers of the mango growing belt in 
Malihabad, Lucknow, Uttar Pradesh were sensitized 
and motivated about the production of different 
vegetables, flowers, rearing of goats, poultry etc. 
apart from main cash crop. This diversified crops 
grown on small size of land will helps to the farmers 
in earning profit by selling in local markets (Photos 1 
and 2).

It has been observed that farmers use their 
small land or large farm to introduce high value 
vegetables viz., cauliflower, tomato, pointed gourd, 
cabbage, beans, capsicum etc. for earning more 
income. Cultivation of early varieties of cauliflower 
was thus motivated to small and marginal farmers. 
Now-a-days, progressive farmers were also interested 
and started cultivation of early season vegetables, 
okra, cucurbits vegetables, tomatoes for their better 
wellbeing. Cultivation of banana was one of the 
important cash crop and profitable for farmers as it 
is easily consumed round the year in the nearby 
market. Flowers particularly marigold, chrysanthe-
mum, roses, gerbera, gladiolus etc. were introduced 

and farmers showed keen interest to grow as cash 
crops approaches for dissemination of technologies 
to farmers for enhancing their income (Table 1). The 
flowers were harvested and marketed easily in the local 
market as fresh flower as well as cut flowers. The cost 
of cultivation of gladiolus was ` 80,000 with net 
income of ̀  2,04,000 with benefit:cost (B:C) ratio of 
2.55:1 during second years at farmers field. The 
cost of vegetable crops like cabbage, tomato, cauliflower 
were ̀  75,000/ha and net income of ̀  2,33,000 with 
B:C ratio 3.06:1.

Crop Diversification in Fruit Belts - Sole Way to Enhance Farmers’ Income
Naresh Babu , Tarun Adak, Subhash Chandra and Arvind Kumar*

Soil and Water Conservation Bulletin
No. 5, pp 89–94, 2020

Photo 1. Motivation for cauliflower cultivation in non traditional 
area enhanced farmers' income under crop diversifica-
tion

Photo 2. Flower cultivation through crop diversification fetched 
good remuneration to growers in non-traditional area



Rural youth, women and men farmers and 
students were trained to develop specific knowledge in 
rejuvenation technology, drip fertigation, nutrition, soil 
related problem solving approach through analysis 
etc. (Photos 3 to 5). In terms of monetary value, 
skilled trainer may earn and contribute significantly 
by providing infrastructure to them. Such trained 
personnel would be useful in protected cultivation to 
grow more crops per unit land. The B:C ratio should 
allow young entrepreneurs to supply the fresh 
vegetables to the local market as and when required. 

This is very essential keeping in view point of climate 
change effects and weather vagaries impacting on 
the fruits, vegetables and flower cultivation. Thus, 
controlled environment is a key issue to mitigate 
such adverse impact on horticultural produce and 
trainings in this aspect were imparted to stake-
holders (Table 2).

Rural youth were trained about soil sample 
collection, preparation and laboratory analysis. This 
was done keeping in view of providing knowledge 
and opportunity to serve farmers for nutrient 

recommendations (Photo 6 and 7). For sole cropping 
in mango cultivation and earning, 100 soil samples 
were collected from mango orchard tree basins and 
after analysis it was concluded that soils were low in 

biological activity. Enzymatic activity like dehydrogenase 
activity and fluorescein diacetate activity was lower 

-1 -1range of 0.03 to 4.05 µg TPF g h  and 42.5 to 463.10 
-1 -1µg fluorescein g h , respectively. Distributions of 

S.No.                               Programme Name of villages Date/year Participants 

  1. Peach production technology dissemination Moiddinpur, Saidpur, April 27, 2019 30
to farmers Nabinagar and Kushmora

  2. Motivated small and marginal farmers for goat Naizabari and Kanar June 10 and July 2, 2019 20
rearing for improving income

  3. Demonstration and problem solving approaches Sasvan, July 10 &18, 2019 30
in papaya cultivation. Importance of soil nutrition Mall and Kanar
was also discussed with methods of soil sample 
collection etc.

  4. Motivation to fruit growers for training on mango Kanar July 26, 2019 10
pulp extraction and preparation of squash

  5. Sensitization of farmers for site selection, Kanar, Amethiya August 2 & 14, 2019 50
demonstration of Kinnow and plantation of Salempur, Golakuan
other fruit plants and Tikaitgang

  6. Training on extraction of mango pulp and Kanar July 29, 2019 50 farmers including
preparation of squash at ICAR-CISH  men and women

  7. Inclusion of vermi-compost unit in mango orchard Kanar November 25, 2019 150
for promotion of organic and adoption of GAP in
mango and other crops for enhancing quality of fruits

  8. Scientific cultivation of high value vegetables like Amethiya, and January 01, 2020 50
cucumber, green pea, onion, tomato cauliflower, Salempur, Kanar December 10,  2019
cabbage and flower crops like marigold and gladiolus.

Table 1: Approaches for dissemination of technologies for enhancing farmers’ income 

Photo 5. Rural youth, men and women farmers and students were trained for skill development 

S.No.                               Programme Name of villages Date/year Participants 

  1. Organized Kisan Gosthi on nutrient management, insect pest Gulabkhera and Kanar March 4 and 45
and diseases and their management in mango and guava November 25, 2019

  2. Created awareness among villagers about importance of Kanar and Habibpur November 26, 2019 70 women
children education and cultivation of winter season and men
vegetables for nutrition of family  

  3. Created awareness about harmful effects and eradication Dugauli, Tikaitganj August 20 to 21, 2018 105
of parthenium Rasoolpur and Amethiya December 22, 2018 50

  4. Created awareness among farmers about cleanliness and Amlauli and Kurasar 
sanitation activities like using kitchen waste water for villages of Mall block
irrigation of crops, street cleaning, drainage channels,
cleaning and maintenance of ponds for irrigation of crops 
during lean period. Demonstrated wastes utilization 
parthenium, weeds and  other agricultural wastes for 
compost preparation

  5. Farmers' Fair for motivation and adoption of diversified Kanar, Habibpur, Khalispur, February 28, 2019 750
fruits and vegetables production Amethiya, Salempur, 

Rehamankhera, Allupur, 
Rasoolpur, Naibasti, Mandauli,

Meethe Nagar, Talukedari,
Nezabhari, Golakuan and Tiketgang

  6. Motivated safe disposal of bio-degradable / non-bio- M. Nagar, Rahmat Nagar December 28, 2019 80 persons
degradable wastes by involving  farming community and Mau villages from M. Nagar,

Rahmat Nagar 
and Mau

Table 2: Awareness programmes among the villagers for improving income through crop diversification and other problem solving 
approaches

Photo 4. Field demonstration to farmers for precision farming 
technology for enhancing income through guava 
cultivation

Photo 3. Rejuvenation technology dissemination to farmers of 
other states for benefit to fruit growers
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Photo 8. Improved technology dissemination for crop 
diversification to non-fruit growers

enzymatic activities were graphically presented to 
indicate the variations among the orchards (Fig. 1). 
The soils had wide distribution of K (58.0 to 216.4 

leaf webber and other important insects were 
demonstrated. Bagging of fruits for proper ripening 
and standard protocol for safe ripening were 

community. Large numbers of field demonstrations 
were performed in Naibasti village under MGMG 
programme. Successful management for control of 

ppm) and P (10.6 to 38.6 ppm) across these mango 
orchards (Fig. 2) while Zn (0.18 to 1.38 ppm) and Cu 
(1.04 to 4.66 ppm) contents were indicative of 
proper micro-nutrient management (Fig. 3). In case of 
Fe (4.74 to 11.68 ppm) and Mn (4.4 to 60.2 ppm) had 
wide distribution and of course above critical levels of 
nutrition (Fig. 4). Thus, proper nutritional analysis is 
needed to improve the soil health through organic 
and inorganic applications. This may fetch a good 
crop as like in Photo 7.

Field Demonstration of Technologies

Field demonstration is one of the ways to 
showcase the technologies for their benefits and 
adoption to the farmers (Photos 8 and 9). 
Demonstration of technology enhances the visibility 
and increases the confidence level of farming 

-1 Fig. 1. Scattered diagram of dehydrogenase activity (µg TPF g
-1 -1 h ) and fluorescein diacetate activity (µg fluorescein g
-1h ) in hundred mango orchard soils

Fig. 2. Scattered diagram of K and P (ppm) in hundred mango 
orchard soils

Fig. 3. Scattered diagram of Zn and Cu (ppm) in hundred 
mango orchard soils

Fig. 4. Scattered diagram of Fe (ppm) in hundred mango orchard soilsMn and 

Photo 7. Mango tree laden with fruits need moisture and 
nutritional management for further growth and 
development

Photo 6. Enhancing confidence among students in laboratory 
for skill development and acquiring knowledge on 
tree nutrition
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demonstrated. Bagging technology had improved 
the quality of the fruit with improved yield record in 
Langra @ 3.5 to 4.0 q/plant; farmers get selling price 
between ` 35 to 40/kg. Awareness programme for 
control of fruit fly including fruit fly trap were 
demonstrated at farmers field and distributed among 
the farmers. In general, 20-30% fruit damage was 
caused by fruit fly, taking an average yield in 
Dashehari of 100 kg/tree with price rate of ` 30/kg 
henceforth, ̀  900 loss/tree is expected. Fruit fly trap 
thus saved almost on an average basis of ` 9000 to 
10,000/ha basis.

Kisan Gosthies

Several Kisan gosthies were orgainzed for creating 
awareness among the stakeholders including farmers, 
rural youth, farm women, policy planners etc. in 
order to improve the production, market intelli-
gence and ultimately profit / income generation of 
the orchardists (Photo 10). Awareness programs for 
on-farm conservation of old and elite mango 
germplasms, production, protection and post harvest 
technologies, benefit of GI for Dashehari mango, 
value addition of products were conducted at farmers' 
field. Income generation through crop diversifica-
tion was given the main focus in order to enhance 
farmers’ income. 

qqq

Photo 9. Demonstration of fruit fly trap and its benefits to 
fruit growers

Photo 10. Training on value addition of mango
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“Save Soil Campaign” 

“Upon this handful of soil our survival depends. Husband it and it will grow our food, our fuel, and our shelter and 
surround us with beauty. Abuse it and the soil will collapse and die, taking humanity with it”

From Atharvavedas (Sanskrit Scripture) – 1500 BC

“I pledge to intensify our endeavours to protect and improve soil resources that surround us in order to restore and 
maintain a sound ecological balance in land, air, and water. I commit myself to promoting public awareness and 
education on the “Save Soil Campaign” as well as the public reporting of the environmental impact of various activities 
being taking place on the thin layer of SOIL. I believe it is our responsibility to take care of soil and land resources so that it 
remains available in good condition to my children and grand children (for generations). I also pledge to continue 
promoting the benefits of soil conservation for the sake of human's well being”.

Facts and Popular quotes about the importance of soil resources

q It can take more than 1,000 years to form a centimeter of topsoil 

q In a handful of fertile soil, there are more individual organisms than the total number of human beings that 
have ever existed 

q There are over 100,000 different types of soil in the world 

q Five tonnes of animal life can live on one hectare of soil 

q SOIL is “Soul of infinite life”

q Listen to soil, if you have ears - Jesus

q Take good care of me or else, when I get hold of you, I shall never let your soul go - Kipsigis proverb cites soil as 
saying to man 

q We know more about the movement of celestial bodies than about the soil underfoot - Leonardo da Vinci 

q Soil is a storehouse of Carbon to mitigate Climate change

q A land without a Farmer becomes barren

q Agriculture connects Farmer, Land and Nature

q Soil sustains all life on the Earth

q Farmers are the Human factors in soil Management

q Farmers first in soil and water conservation: Beginning the Journey towards a new vision

q Farmers heal the land
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