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FOREWORD

In the new millennium, watershed management has emerged as a new paradigm
for planning, development and niariagement of land, water and vegetation
resources through development of efficient farming system. Soil and waler
conservation program and sustainable land use planning on watershed basis in
different agro-climatic regions of the coun try have already proved more beneficial,
economical and ecologically protective for enhancing crop production because it
relates with development of all types of land and ecosystem: Development of soil
and water conservation plan on watershed basis requires gathering of precise
information on a number of parameters of both static and dynamic nature
comprising of geology, geomorphology, hydrology, seils, land use/land cover,
soil erosion, drainage pattern, climatic etc. Survey technigues and manual methods
for integrated survey over large area may be critical in making information
available to the planners on time; With the introduction of mddern tools like remote
sensing both from aerial and space platforms, a better means of data acquisition
system of different existing natural resources and hydrologic parameters is now
available. The geographic information system (GIS), which has been designed to
restore, manipulate, retrieve and display spatial and non-spatial data, is an
important toal in analyzing existing natural resources such as land use /land cover,
soils, topographical and hydrological conditions ete. To carry out resource
monitoring and assessment of area of interest, information derived throu gh remote
sensing and GIS is faster and accurate,

Thus the remote sensing along with GIS application aid to collect, analysis and
interpret data rapidly on large scale and is very much helpful for soil and water
conservation planning on watershed basis. Keeping the urgent needs of modern
tools for watershed management, this bulletin has immense value for different
target groups. :

[ appreciate the efforts of Dr. Gouranga Kar and his team to document this
research bulletin where different modern tools of watershed management have
been presented. I hope this bulletin will be very much useful for extension
workers, planners and researchers who are engaged in watershed management
at grass root level to. improve productivity of rainfed area.

(Ashwani Kumar)
DIRECTOR




Preface

In recent years, modern tools like remote sensing technology, GIS has made great
achievements and contributed significantly in the management of natural resources,
disaster management, environment monitoring etc. Remarkable development in space
technology currently offers satellite which provides better spatial, spectral and temporal
resolutions (more frequent revisits), stereo viewing and on board recording facilities.
Presently, Indian Remote Sensing Satellite IRS-ID provides multispectral data with 23
m resolution and panchromatic data with 5.0 m resolution and IRS P6 with 5.8 m
multispectral -resolution. Thus high-resolution satellite data not only improve
identification of different features but also helps in mapping cadastral level detailed
information on 1:12,500 scale. The merge data of LISS III and PAN are helpful in
interpreting various features like soil, hydrogeomorphology, drainage, plantations,

cropping pattern, forest etc. of a watershed.

Keeping the importance of modern tools along with traditional technologies for
watershed management, the research bulletin on “Blending of advance and traditional
technologies for watershed management” has been published by WTCER,
Bhubnaeswar which documented some case studies in a tribal dominated watershed
using modern tools like GIS, GPS, remote sensing technique. The action plan on
alternative land and water resources development was developed keeping the existing
landuse/land cover as a base which was validated in some parts of the watershed
and was found profitable and sustainable. We hope the bulletin will be useful for
researchers, planners, extensions workers who are working at the grassroot level for

watershed management.

We are grateful to Director General, ICAR and secretary, DARE, Deputy Director General
(NRM), ICAR, Additional Director General (IWM), ICAR for their constant
encouragement to carry out this important study for the welfare of tribal farmers. We
are thankful to authorities of NRDMS, DST, Govt. of India providing financial support to
carryout the study.

(AUTHORS)
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1.0 WATERSHED MANAGEMENT — AN INTEGRATED APPROACH

Watershed management has been defined as an integration of technologies within the
natural boundaries of a drainage area for optimum development of land, water and
plant resources to meet the basic minimum needs of the people in a sustainable matter.
Watershed management, in its broadest sense, refers to the prudent use of its land and
water resources. Management of a watershed may involve proper land use planning,
construction of rainwater harvesting structures, construction of reservoirs on the streams,
irrigation projects, soil conservation, forest management and afforestation. In the rainfed
farming area, the watershed management must strive to conserve all the precipitation,
which it receives in order to raise its productivity.

Watershed characterization requires generation and gathering of precise information
on a number of parameters of both static and dynamic in nature comprising of geology,
geomorphology, hydrology, soils, land use/land cover, soil erosion, climate etc. In
any watershed, resources are in general interdependent. At any instant of time, the
watershed has a wide spectrum of characteristics viz., (a) watershed topography: it
consists of mountain, hills, plains, gullies, vallies and so on. Each is characterized by
variable slope and area, from one location in the watershed to another location.
(b) land mass of the watershed (land use, soil types, and underlying geology)
(c) meteorological factors (rain, radiation, evaporation, wind, temperature etc.) (d)
socio-economic factors (per capita income, per capita availability etc.) But all these
natural resources are interdependent and integrated in such a way that use of one
resource may influence the other resources. As for example, the meteorological factors
and land characteristics of the watershed will have a pronounced effect on the type of
vegetation that grows there and its distribution over the surface of watershed. The
vegetation may vary from desert with minimal growth, grasses, forest to dense bush
vegetation associated with tropical rain forests. The vegetation will in turn affect the
surface runoff, through the removal/storage of soil moisture. Topographical,
meteorological, geological and vegetation characteristics interact to affect the
development of drainage network of the river. Topographical and geologic conditions
determine the formation of lakes, water falls, the possible site for reservoirs. Soils,
vegetation, wind and rainfall characteristics determine the rate at which surface erosion
takes place. Thus, it is seen that watershed management need integrated approach
where all the factors are interdependent and an integrated survey is required for
planning optimum utilization of watershed resources for enhancing its productivity.
Manual survey and methods alone in integrated survey are time consuming and tedious
and information may not available to the planners on time. With the introduction of
modern tools like remote sensing (both from aerial and space platforms), geographic
information system (GIS) and global positioning system (GPS), better means of data
acquisition system are now available to use for watershed management. These advance
tools along with traditional technologies will be useful for development of action plan
on alternative land and water resources.




Flowchart - 1 : Flow chart for watershed management
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Watershed management solutions must:

®  Deal with rural poverty.

e Develop programmes that protect and rehabilitate degraded areas, particularly
those that pose hazards to human life and welfare.

® Develop awareness for soil and water conservation.

e Develop community based organizations that assist the rural poor to implement
soil and water conservation measures and to improve their livelihood.

2.0 REMOTE SENSING AND GIS FOR WATERSHED MANAGEMENT

Remote sensing refers to the acquisition of information about an object / phenomena,
without these being any physical contact. Generally, the information were acquired
remotely by scientific devices called “sensors” which are generally mounted on
platforms like aircrafts or satellites and can thus obtain a synoptic view over a vary
large area. The most widely used remote sensing techniques are based on the detection/
sensing of electromagnetic radiations, which are reflected/scattered or emitted by
objects. The reflections or emission of radiations at different wavelengths by objects
depends on the physical structure of the objects and their condition. The whole edifice
of remote sensing is built on the premise that all objects have characteristic spectral
signatures. By analyzing these spectral signatures, it is possible to detect, identify and
classify various objects/phenomena. The remotely sensed data thus furnish
information, which in turn, leads to better knowledge of the earth’s environment and
its resources and will be useful for watershed management.

In recent years, remote sensing technology has made great achievements and
contributed significantly in management of natural resources, disaster management,
environment monitoring etc. Remarkable developments in space technology currently
offers satellite which provide better spatial, spectral and temporal resolutions, (more
frequent revisits) stereo viewing and on board recording facilities. Presently, the Indian
Remote Sensing Satellites (IRS-IC, IRS-ID) provide multispectral data with 23 m
resolution and panchromatic data with 5.0 m resolution. The Resourcesat (IRS P6) is
supplying multispectral data with 5.8 m resolution. Thus high-resolution satellite data
not only improve identification of different features but also helps in mapping cadastral
level detailed information on 1:12,500 scale. The merge data of LISS III and PAN are
helpful in interpreting various features like soil, hydrogeomorphology, drainage,
plantations, cropping pattern, forest etc. Frequent coverage of the same area due to
the repetitive nature of the satellite provides us ample scope to monitor the activities
in the watershed with frequent intervals for generating action plan on alternative land
and water resources, for applying mid course correction and for assessing long term
effectiveness of the program implemented and monitoring. Now the availability of
high-resolution data from RESOURCESAT, CARTOSAT has further opened up new
vistas in the area of watershed management.
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Geographical Information System (GIS) is a data base system in which most of the
data are spatially indexed and upon which a set of procedures are operated in order to
answer queries about spatial entities in the data base. GIS can be used for integrated

study of resource management because of its capacity to design, organise an error free
digital data base for natural resources in the form of separate layers.

In general there are three basic notations viz., points, lines, polygons are used in
geographic information system for representing the spatial location of geographic
phenomena inside the watershed. As for example, a road is represented by line or arc
comprising a starting XY co-ordinates and an end XY co-ordinates, A pond could be
represented by an area or polygon entit ¥ consisting of a sel of co-ordinates whereas, a
well could be represented by a point entity consisting of a single XY co-ordinate pair,
These are mostly commonly defined on maps using X, Y Cartesian co-ordinates such
as longitudes, latitudes. The Cartesian co-ordinates are then transferrod to X Y co-
ordinates of GIS file, With the availability of high resolution satellite data, GIS, GPS
(global positioning system) and computer based models, the natural resources appraisal
becomes easier, laster, accurate which increases the scope of applicability of satellite
remote sensing data and GIS for regional level planning to improve productivity of
watershed.

3.0 BLENDING OF MODERN AND TRADITIONAL TECHNOLOGIES FOR
WATERSHED MANAGEMENT -

Presently, the satellite data along with conventional data could be effectively utilized
in GIS environment for watershed development on sustainable basis. Different aspects
of watershed management possible through modern tools (remote sensing, GIS and
GPS) along with tradtional technologies are :

Watershed characterization and prioritization
Inwnlnr}r and assessment of natural resources viz., soil, land cover, geology.
Identification, inventorying and assessment of stressed and non stressed crops,

Assessment of areas suitable for soil and water conservations, identification of
sites of water harvesting structures.

Land use planning and precision farming.

Ground water targeting: Locating sites where the prospects of ground water are
high.

®  Determination of the quantity and quality of water available and that which is
actually used for irrigating crops.

@  Distinguishing of lands irrigated by surface water bodies or through ground water
withdrawals, locating water bodies and monitoring changes in water-spread area

®  Assessment of withdrawals from surface water bodies as well as from ground-
water aquifers.

®  Water logging and salinity problems in irrigated lands.
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®  Energy balance study, evapotranspiration and scheduling of irrigation.

®  Identification of existing erosion prone areas and estimation of sediment yield
index.

®  Estimation of runoff, soil loss due to water and wind €rosion.

®  Snow mapping: Estimating area extent and forecasting runoff.

¢ Flood mapping: Mapping inundated and flood-prone areas, and damage
assessment.

e Morphometric and drainage network analysis and precision farming,

P Tivic Flaavaguent N et
] T ::- ::J':l‘::‘ll Fiuesi LMl
! r:..'\. Liiistng| ::-‘F.t:tlmmi \:::dll::u‘e::r
© Typic Ustorthent II-::'| FEeniflel Lnhanted
(a) Soil map of Dhenkanal (b) Landuse map of (c) Distribution of rock in
District Dhenkanal district Dhenkanal district

Fig. 1: Natural resources of the study district (Dhenkanal), Orissa, India

4.0 IMPROVING TRADITIONAL WATERSHED MANAGEMENT WITH
MODERN TOOLS AND TECHNOLOGIES- A CASE STUDY IN A
TRIBAL DOMINATED WATERSHED

4.1 The study watershed

A tribal dominated area, called Bahasuni watershed of Dhenkanal district, Orissa was
taken as study area. Study area lies between 20°35/ to 20°39/ N latitude and 85'32/ to
85'35" E latitude and falls under Survey of India (301) toposheet No, 73 It The total
area of the watershed is 12.6 sq.km. The climate of the area was characterized by hot
and sub-humid climate with mean monthly maximum temperature of 46"C in May
and mean monthly minimum temperature of 2.0°C in December. (Table-1). The area is
part of Saptasajya hills of Dhenkanal district, Orissa and according to NARP (1979)
classification, the area comes under the mid-central table land agro climatic zone of
Orissa. The watershed is dominated by two tribal villages viz., Majhi Sahi and Bana
Sahi with their typical tribal farming system. Physiographically, the area rises from
east to west and has average elevation of 300 meters from mean sea level. The zone is
undulating and has folded topography, surrounded by hillocks. The highest flood
level at the outlet was 85 m above mean sea level (msl). Highest and lowest relief were

5
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Table 1 : Mean monthly major weather parameters of study area.

W Maxi- | Mini- | Morn- After- Rain Wind Av, Atm. —|
mum | mum ing noon | (mm) | Speed |Vapour| Press.
Temp.| Temp. rhumidil:,' humidity {l/hr) |Pressure| (mb)
(Cc) ("c) (o) (") (mb)

?muary 30.9 O/ 5 47 15.5 4.8 14.05 999
February 36.5 10.0 70 38 §17:2 5.8 14.3 996
March 38.7 12 66 33 25.4 6.6 15.3 994
April 446 | 206 64 34 37.5 8.1 19.7 | 990
May 46.2 21445 65 39 64.8 9.6 24.3 986
Jun . 42.0 23.6 73 60 263.6 9.3 27.9 983
July 35.7 24.6 82 7 369.1 -] 82 30.1 983
August 88.0 [ 234 83 79 281.6 ) 30.4 985
September 33.6 | 234 83 77 220.6 6.3 29,9 988
October 338 18.6 #0 67 93.6 5.5 25.7 993
November | 322 15889 74 53 2572, 4.5 18.2 997
December 29.4 9.0 73 48 4.5 5.0 14.4 999

Fig. 2 : Overview of watershed in the IRS-P6 satellite imagery
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Dhenkanal

Location of the

Fig. 3 : Spatial location of the study watershed

study area




440 m and 82 m above msl, respectively. The drainage network and contours were
extracted from SOI toposheet which depicts the dendritic nature of drainage of
watershed. The watershed has undulated topography with steep slopes and dense
and degraded forest and vegetation. The main sources of water are 4-5 small surface
water bodies (ponds/tanks), situated inside the watershed. The rock type of the
watershed is low grade metamorphic rock with slates, which are highly fractured and
foliated. The watershed boundary was delineated after super imposing the ridge line
demarcated on SOI toposhet with the IRS-P6 satellite imagery (Fig.-2). The spatial
location of watershed area is given in Fig- 3.

4.2. Land use classification of the watershed using remote sensing data

Based on spectral signature and
radiometric resolution, different
categories of land use were
identified on the image using
supervised classification with
GEOMETICA V 9.0 image pro-
cessing software. Supervised
classification is carried out in [} _ 3

stratified manner for both rabi & & ; N

(dry) and kharif (rainy) seasons |V PV _

of IRS-P6, LISS-IV MX (October, K i sl By U
2004, January 2005), satellite im- Photo-1 : Varification of IRS-P6 satellite imagery
agery using maximum likeli- with ground truth

hood classifier together with ex-

tensive ground truth observation. The classification proceeds through selection of the
training sets based on pattern recognition and a prior knowledge of the land use data
for classification. The location of a specific land use/cover type for training sets collec-
tion was gathered through ground truthing at the same time as the remotely-sensed
data, so that the data corresponds-as much as possible. Ground truthing refers to the
acquisition of knowledge about the study area from fieldwork analysis, aerial photog-
raphy, or personal experience. Global positioning system (GPS) receivers were also
used to conduct ground truth studies and collect training sites.

In brief following steps were followed for land use analysis
L. Data acquisition, loading, and geo-referencing.

2. Ground truth and training site collection.

3. Stratified classification of the two season’s data.

4

Refinement after classification of images and adjusted classification based on ground
information collected.




5. Aggregation of land use system in rabi (dry/winter season) and kharif (rainy sea-
son).

6. Evaluation and final output.

The detailed procedure for determining landuse classification is given in flowchart-2.

Basic data I Secondary data |
| y

(IRS-P, LISS-1V)
Topographical maps

imagery on
1:12,500 scale (Survey of India)

X Preparation of base maps
W’%ﬁ%gé&nﬂ Training site collaction
[ ‘Classification (supervised) | h e —
v Mﬁyﬂfnﬁﬂ,ﬁﬁ forest
Ground verification of doutRiul areas and buuminﬁu wmmmm
medification of thematic i:lﬂ.’aus

3

Transfer of kharif and rabi season
landuse/land .cover details on ta
asingle map

A 4

Ared estimation of esch lad use/ fand.
il kel )

b, 5
Area pomparlson with-existing
am:l'llaw dnl:a

Flowchart-2 : Methodology for mapping landuse/ land cover using supervised
classification of satellite data.

4.3 Descriptions of satellite data

Satellite : IRS-P, (RESOURCESAT)

Sensor . LISS-IV (MX)

No. of bands : Three

Resolution : 5.8 m (multispectral)

Revisit : 5 days

Type : Precision geocoded (multispectral)
Scale : 1:12,500

Date of scene  : 15-10-2004, 07-01-2005
Launch vehicle : PSLV-C5
Path/ Row . 84-88/20-24
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Advantage of landuse classification using remote sensing data

Delineation of land use/ land cover and their study on the spatial distribution
covering large area is possible using remote sensing data because it provides a
large synoptic coverage on single imagery.

e It provides a reliable, near real time base line information.

e [t is relatively fast and economical for gross estimates as compared to any other
method of surveying.

e It provides data in four different bands of the Electromagnetic Spectrum (EMS).
Availability of such data in black and white and False Colour Composite (FCC)
bands make it very useful for delineating the land use /land cover classes distinctly.

e It provides both analog and digital data. Such data is available for both visual
and digital analysis for extraction of thematic information.

e It provides repetitive coverage of the same area and multidate data is useful for
monitoring land use /land cover changes.

e The different spectral and spatial resolution data are available for mapping of
natural resources and merging it with other satellite sensor data for better feature
detection and discrimination.

Some of the limitations of satellite data

®  Only broad land use categories up to level II are identified because of limited
spatial (ground) resolution of the imagery.

@ Similar spectral response from different objects cause spectral confusion and
misinterpretation.

e Homogeneous object is required for accurate landuse study, which may not exist
in mixed cropping system.

The land use categories of the watershed classified with supervised clasiffication of

IRS-P6 data, GPS survey and extensive ground truthing are given in Table-2 and the

study revealed that altogether 12 classes of land use i.e. water body, upland agriculture,

low land agriculture, current fallow, residual hills, built-up area, dense forest, plantation,

degraded forest, ravine land, etc. were found in the watershed. The brief description of

existing land use is given below.

1. Built up land: The built up land includes human settlements, building which is
being converted for non-agricultural use.

2. Agricultural land: It is defined as the land primarily used for agriculture and for
production of food, fibre, other commercial and horticultural crops. It includes both
rainfed and irrigated land. In the study watershed agricultural land is predominantly
rainfed, dominated by rice (both upland and lowland rice), which covers only 12.7
ha in the watershed (9.84% of total watershed area).

3. Plantations: It is described as an area under agricultural plantation crops which
requires some agricultural management techniques. It includes rubber, casuarinas,

10
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Table-2: The existing land use pattern in the watershed derived using IRS-P6 satellite
data alongwith groundtruth observation.

SI.NO | Landuse/land cover Area (ha) % of Total area
01 Water body 12 0.90
02 ‘Upland agriculture 78 6.07
03 Lowland agriculture 49 3.77
04 Forest plantation 175 13.60
05 Built-up area 23 0.20
06 Barren rocky 15 1870
07 Current fallow 154 12.00
08 Grazing land 225 17.51
09 Dense forest 289 22.46
10 Degradea forest 242 18.79
11 Gullied or ravenous land 19 1.50
12 Plantations 12.02 0.15
Total area 1285.7

cashew, eucalyptus and other horticultural crops. In this watershed 12 ha area is
under cashew and rubber plantation .

4. Current fallow: This land includes agricultural land, which is taken up for
cultivation but is temporarily uncropped for some years because of some land
reclamation is required on such land. In the watershed, 154 ha area is under current
fallow.

Py w

Photo-2 : Typical upland agricultural land in the Photo-3 : Cashew plantation in the watershed
watershed
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5. Reserve forest: It is an area within the notified boundary consists of trees and
other vegetation capable of production timber and other forest produce. Type of

forest is demarketed on the basis of
density of forest. Generally, in
forest area, where the vegetation is
over 40% is called dense forest,
between 20-40%, it is designated as
open forest and below 20%, it is
called degraded or under utilized
forest. Within the watershed
boundary, 288 ha comes under
notified dense forest and 174 ha is
under degraded forest.

watershed area

o "~
- - v Ll kb

Photo-5 : De

6. Grazingland: These are marginal
agricultural lands, which have been
left barren, because of poor physical
properties of soils and undulating
terrain. The land is full with grass
generally used as grazing purpose.
With proper water and soil
management practices, these land
can be brought under social
forestry/ silvi-pasture. In the
watershed such area represent 225
ha of land.

nse forest inside the watershed

Photo-7: Large area under grazing land within. the
watershed

7. Water body: Five small waterbodies of 11 ha area is available inside the watershed.

12




8. Ravinous and gullied land: In the watershed 19 ha area is under ravenous land,
which requires suitable soil conservation measures.

=4 i e R i_ ) i
Photo-8 : Village pond is the main waterbody Photo-9 : Ravenous land within the watershed
available inside the watershed

5.0 DRAINAGE NETWORK AND MORPHOMETRIC ANALYSIS OF
WATERSHED USING GIS

The drainage and contours lines of the watershed were digitized from Survey of India
toposheet of 1:50,000 scale and updated with satellite data. These were used as input
to ARC/INFO GIS software. Thereafter, different morphometric parameters of
watershed were computed in GIS environment after editing errors, building topology
of drainage network. The GIS coverage was projected through polyconic projection
and spheroid everest geoid system. After projection, the transformation was done to
change the coordinates using a projective transformation function. Different
morphometric parameters like linear aspects of basin, basin size, basin shape, basin
relief and basin texture were determined and are presented in Table-3.

Important morphometric parameters of the watershed and their significance in
water resources development

(i) Drainage Pattern

The drainage pattern are good indicators of land form and bedrock type and also
suggest soil characteristics and site drainage conditions. Study reveals that
predominant drainage pattern of the watershed is dendritic, indicating existence of
rocks with uniform resistance to erosion (Fig.-4). ‘Dendritic’ pattern is the irregular
branching of channels (“tree like”) in many directions, common in massive hard
rock terrains especially in granite and gneiss rock and flat lying areas. This pattern is
developed where rocks are devoid of marked structural control suggesting uniform

resistance to erosion in the watershed.

13




Table-3 : Morphometric parameters of the watershed derived using GIS tool.

Total watershed area
Watershed perimeter
Basin length

Total length of streams of all order
Drainage density
Stream frequency
Fineness ratio

Form factor
Circulatory ratio
Elongation ratio
Bifurcation ratio
Total relief

Relief ratio

Relative relief
Ruggedness number

Hypsometric integral (H)

Sl. No. | Parameter Value

14 No. of stream of order 1 38
No. of stream of order 2 13
No. of stream of order 3 08
No. of stream of order 4 01
I\{Ieci;ln length of order 1 874 m
Mean length of order 2 484 m
Mean length of order 3 1142 Bm.
Mean length of order 4 1784 m

12850000 m?
16.41 km
4.99 km
34076.2 m
2.7 km/km?
0.032 /km?
2.07

0.498

0.579

0.398

3.05

358 m
0.0716
0.0218

0.716

0.45
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Drainage map of Baﬂasuni watershed

(ii) Linear aspects of drainage net

work
Stream order, stream length and N \
bifurcation ratio are the main linear A '

aspects of channel system of
watershed. The smallest fingertip
tributaries in the watershed are
designated as first order, where two
first-order channels join, a channel
segment of order 2 is formed, where
two of order 2 join, a segment of order
3 is formed and is so on. Study reveals
that in the selected watershed there
were 38 first order, 13 second order, 8

third order and 1 fourth order 70000 0 70000 140000 Kilometers Pt
= =

Shound.shp

channels. Mean length of a stream-

channel segment of a particular order Hig~4; Drainage pattem of thie watershed

- reveals the characteristic size of components of drainage network and its contributing
basin surfaces. It was found that mean length of first order channel was 874 m, length
of second order was 484 m, while length of third and fourth order were 1142 m and
1784 m, respectively. Bifurcation ratio of the watershed was 3.05, which was moderate
one, indicates geologic structures do not distort the drainage pattern of watershed.
Generally when geometrical similarity was not maintained by drainage channels,
minimum possible value of 2.0 may occur. High bifurcation ratio was observed in
regions of steeply dipping rock strata. The more the value of bifurcation ratio, the
more will be the number of lower order streams as a result the higher will be sediment
yield. The basin was elongated in north to south direction with medium bifurcation
ratio, suggests that the basin experiences neither extended steep flows nor sharp peak

flows but a moderate one.

(iii) Basin size

Watershed area, perimeter and basin length are the three parameters that determines
basin size. With increase in the basin length and basin area, the sediment yield increases.
The factors controlling the basin length are resistance, weathering and permeability of
rocks formation apart from the climate and vegetation. The watershed, area, perimeter
and basin stream length were computed as 12.85 sq. km., 16.41 km and 4.99 km,
respectively.
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_ (iv) Basin Shape
The circulatory ratio and elongation ratio are the main basin th].‘u.-' parameters, whicl

determines intensity of erosion or occurrence of flood in the basin, which has a
maximum value of 1. The circulatory ratio was calculated as (.56 for the present
watershed, Lesser value indicates elongated shape of the basin. In the present case,
the value is 0.56, thereby indicating that the shape of the basin is fairly elongated and
suggests that the area is not prone to floods, An elongation ratio of 0.398 indicates a
strong relief having wide variety of climatic and geologic type features,

(v) Basin relief features

Total relief of the basin is the difference in the elevations of the highest point (upper
reach) and lowest point (basin outlet). The total relief of the watershed was 358 m and
the relief ratio was 0.71 m /km, Relief ratio is an indica tor of intensily of erosion. Relative
relief is the ratio of the relief of the basin to the perimeter of the basin, which is 2.1 m/
km? for the study area. This is an indicator of potential energy available in the drainage
basins for the soil erosion process.

(vi) Basin texture

Main factors that determine basin texture are drainage density, fineness ratio and stream
frequency. The drainage density of the basin affects runoff, the higher the drainage
density greater will be runoff and vice versa, Lower drainage density indicates the
presence of permeable formation in the sub-surface, which favoured regions of highly
resistant or highly permeable subsoil materials, under dense vegetation cover. High
drainage density is favoured in regions of weak or impermeable subsurface materials,
sparse vegetation and mountainous relief. In the study area drainage density was
computed as 2.7 km per square kilometer area, which is relatively low. It indicates low
relief of the watershed with permeable strata and moderate runoff. The fineness ratio
and stream frequency were computed as 2.07 and 0.032/ km* respectively. The higher
the stream frequency, the greater is the surface runoff, consequently the more sediment

vield,
(vii) Hypsometric integral

Hypsometric' (area-altitude) analysis is the relationship of horizontal cross-sectional
area of drainage basin to elevation, which is used to determine the geomorphic stages
of watershed. The watershed is said to be in equilibrium, if the hypsometric integral is
greater than (.60 and monadnocks become conspicuous when integral drops below
0.35. In the present watershed, hypsometric integral was computed as 0.45. Since
hypsometric integral value ranged between 0.35 to 0.60, the watershed is said to be in
equilibrium stage and less susceptible to erosion,
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6.0 SUSTAINABLE LAND USE PLANNING ON WATERSHED BASIS
USING ADVANCE TOOLS ALONG WITH TRADITIONAL
TECHNOLOGIES

Most of eastern India (Assam, West Bengal, Orissa, Jharkhand, eastern U. P and
Chhartisgarh) is bestowed with good quality of natural resources basic to agriculture
(soils, hydrology, topography etc.) and plenty of rainfall (1000 to 2000 mm), but poor
management of these resources has lead to a situation where people of this ‘resource
rich’ region are ‘resource poor’. The land use and Cropping systems in most of these
regions are in-appropriate, exploitive and unscientifically planned, resulting in very
low productivity and cropping intensity. In such a situation, site-specific, sustainable
land use and cropping system plans based on potential and prospects of existing natural
resources, especially soil hydro-physical properties and topography, may improve
productivity and profitability.

With recent developments in technologies for determining a location in a field, storing
and retrieving soil fertility data and monitoring yields, farming at an even finer scale
is now possible. In this context, application of geospatial and precision tech nologies is
important to the productivity, profitability and sustainability of agriculture as well as
the protection of agricultural soils from depleting soil fertility. In particular the
evolution of geographic information system (GIS), the global positioning system (GPS)
and remote sensing (RS) technologies has enabled the collection and analysis of soil
fertility parameters in watershed.

With the availability of high-resolution satellite data (IRS-ID, RESOURCESAT-1)and
GIS analytical capabilities, variable parameters that can affect agricultural production
like soil fertility variability along with physical parameters of soils, crop variability
(e.g. density, height, nutrient stress, water stress, and chlorophyll), anomalous factors
(e.g. weed, insect and disease inféstation, wind), and variations in management
practices (e.g. tillage, crop seeding rate, fertilizer and pesticide application, irrigation
patterns and frequency) can be evaluated, and precision farming can be planned. Land
specific cropping system will increase the cropping intensity and productivity of the
watershed for predicting water retention.

Development of pedotransfer functions

Water retention and available water capacity are the main determining factors for
growing second crops after rainy season rice in the region. These parameters may
directly be determined using laboratory methods (by measuring soil water content
overarange of matric pressure heads) or indirectly by relating water retention functions
(pedo-transfer functions) to some easily measured soil physico-chemical parameters
such as soil texture, pven-d ry bulk n:[enﬁity, organic carbon, cation exchange capacity
etc. Estimation of soil hydraulic properties by pedotransfer functions can be an
alternative to troublesome and expensive measurements.
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In this study land specific
cropping system was
developed based on
potential and prospects of
existing soil hydro-physical
properties, slope and land
use/cover of a tribal
dominated watershed and
pedotransfer functions were
developed to predict
available water capacity.

The detailed methodology
starting from data collection,
analysis, action plan development and implementation of precision farming in the
study watershed are given in four following sequential steps.

Step-1: Appraisal of spatial distribution of soil hydro-physical proper-
ties, topography and existing land use using remote sensing and GIS

For determining spatial soil hydro-physical properties, grid profile sampling (250m
x 250m) was done in the watershed during field campaigns and spatial distribution
of the same was performed throughout the watershed using GIS. (Flow Chart-3).
Water retention at field capacity, wilting point and available water capacity was
estimated by using pressure plate apparatus. The processed soil samples (< 2 mm
size) were analyzed for their mechanical composition (soil texture analysis) follow-
ing international pipette method. The spatial coverage of soil texture was prepared
from IRS-P6 (LISS-1V) satellite imagery based on the basic elements of image char-
acteristics like tone, texture, shape, size, pattern, association etc. along with exten-
sive ground truth observations and textural analysis (International Pipette method).
The organic carbon content of the soils was determined by following standard pro-
cedures. The organic carbon, soil water constants and soil texture, oven-dry bulk
density, cation exchange capacity (CEC) and calcium carbonate of 0.15, 0.15-0.30,
0.30-0.60, 0.60-0.90 and 0.90-1.2 m soil depth of the watershed was used to develop
pedotransfer function. Soil oven-dry bulk density was estimated on undisturbed
samples collected with metal cores of 4.2 cm diameter and 5.8 cm height.

The slope map was prepared from contours of Survey of India Toposheet. The slope
percentage was calculated as,

Vertical drop hioa

Horizontal distance in between the contours
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After preparing individual thematic maps of available water capacity, soil texture, or-
ganic carbon, land use, and slope from different sources, these were scanned and on-
screen digitized using Raster to Vector (R2 V) software to form ARC INFO GIS cover-
age. The digitized map i.e. vector layer of different thematic coverage was then cleaned
and checked for errors like dangles and pseudonodes ete. After removing errors, the
layer was built for topology using commands in the PC ARC/INFO 4.0 GIS package.
Each coverage was projected using ‘Polyconic Projection’ and ‘Spheroid Everest’ geoid
system for area estimation of different classes for a particular theme Arc View (Version
3.8.1) GIS software was used for spatial analysis through query building tools after
integrating all individual thematic coverage into composite land development unit
(CLDU) map.

Spatial variability of different natural resources as studied using remote
sensing and GIS alongwith traditional technologies are given below.

6.1 Existing land use categories of the watershed

The land use categories of the watershed
were analyzed using IRS-P6 data, GPS EARdUKS mup Gt Babesydiiagisted
survey and extensive ground truthing.
The area under each land use classes are
given in Table-2 and spatial distribution
of same are given in Fig-5. Study re-
vealed that altogether 12 classes of land
use i.e. water body, upland rice, low land
rice, fallow, residual hills, built-up area,
reserve forest, plantations, degraded for-
ests, ravine land, were existed in the wa-
tershed. The watershed is dominated by
forest, grazing land, current fallow. Only
6% of the watershed area is covered by
arable land with 78 ha and 49 ha area Cananr
g Fixica 0 70000 140000 Kilometers
under upland and lowland agricultural HE——— Degtaded o

Ravinous land
B8 Plantations

—
Fig-5 : Landuse map of the watershed
derived from IR6-P, satellite data

field, respectively. Five small ponds were
also available inside the watershed.

6.2 Spatial variability of soil texture

The soil texture of 0 to 0.30 m depth was geo-spatially mapped and are presented in
Fig. 6. The data (Table-4) indicate that sandy loam was the main soil texture at 0 to
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0.30 m depth, covering an area of 628 ha, followed
by sandy (298 ha) and sandy clay loam texture (185
ha). Coarse textured soils were mainly found in
unbunded upland topography, whereas, the heavy
textured soils occurred in lowland valley fill areas
of the watershed. The clay soil was found in low-
land rice areas which represents 25 ha area in the
watershed, where residual soil moisture can be ex-
pected after harvest of rainy season rice. The area
under different categories of soil texture was com-
puted using ARC/INFO software and are pre-
sented in Table-4.

Table-4: Variation of soil texture in the watershed:

B Ny hae
S ey
i Saredy ooy ey

Fig-6 : Distribution of soil texture
inside the watershed

Soil texture Area (ha) % of total area
Clay 25.1 1.95

Clay loam 37.2 2.903
Loam 25.6 1.999
Loamy sand 90.7 7.076
Sandy loam 628.1 55.301
Sandy 2077 23.472
Sandy clay loam 184.5 7.589
Total 1285 100.29

6.3 Spatial distribution of available water
capacity of soils

The available water capacity in different parts of
watershed was grouped into 6 classes: 0.10-0.12, 0.12-
0.14, 0.14-0.16, 0.16-0.18, 0.18-0.20 and > 0.20 m’ m=.
Spatial distribution of available water capacity is
presented in Fig-7 and the areas under each soil
texture category are given in Table-5. Study revealed
that most of the area was dominated by water storage
capacity of 0.14-0.16 m® m?, followed by category of
0.16-0.18 m’/m*and 0.12-0.14 m’ m=.

Fig-7 : Variation of available water capacity (m*/m?)
within the watershed
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Table-5: Variation of available water capacity (m*m?®) in the watershed:

Category Area (ha) % of total area
0.108-0.128 86.6 6.754
0.128-0.148 266.2 20.765
0.148-0.168 439.7 34.067
0.168-0.188 380.4 29.674
0.188-0.208 3.9 0.3079
0.208-0.268 111.8 8.7258
Total 1285 100.2937

6.4 Spatial distribution of soil or-
ganic carbon

Organic carbon content was low in differ-
ent parts of watershed and was mainly re-
sponsible for low fertility status of soil. The
geo-spatial distribution of the organic car-
bon (%) for upper soil profile (0 to 0.30 m)
is depicted in Fig. 8. It ranged between
0.25 to 0.85 % in different parts of the wa-
tershed, indicating low organic carbon
content status. Organic carbon was very
low in the light textured (0.3 — 0.4%) up-
land and hence, monoculture rice based ag-
riculture, should be avoided. Integrated nu-
trient management including inclusion of

25 - 036
X5 - haf
45 - BET
L5 - DTS
) 0.76 - DLiE

Fig 8 : Distribution of organic carbon (%)

inside the watershed

Table-6: Variation of organic carbon (%) in the watershed:

Organic Carbon (%) Area (ha) % of total
0.25-0.35 193:8 15.07
0.35-0.45 348.6 26.96
0.45-0.65 586.3 45.73
0.65-0.75 138.2 L)X
0.75-0.85 20.3 1.58
Total 1285 100
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legumes in the cropping system during rainy season and addition of organic matter
@ 2 t/ha. are advocated to sustain the soil fertility of such soils with higher and assured
net economic return. In medium to heavy textured soils with lowland topography, ma-
jority of the area was having organic carbon content of 0.65 to 0.75 %. The area under
different organic matter status was classified in different parts of the watershed and are

presented in Table-6.

Distsibution of slope (%) In Bahasuni watershed .

6.5 Slope coverage

The slope map was prepared from contour
map of Survey of Toposheet and are presented
in Fig. 9. Study reveals that majority of slope
was under very gentle slope (1-3%) with the
area being 612 ha (Table-7). The gentle slope
(3-5 %) was existed the area of 420 ha where
soil was light to medium textured with
unbunded to bunded field. Higher slope (> 35
%) was found in residual hills or degraded for-

-
a ol b Poo00 140000 Kiomelmidk  paE WD - 18
est area. ; b e R

Fig-9 : Slope map of the watershed

Table-7: Category of slope in-the watershed area

Slope (%) Category. Area (ha) % of total area
0-1 Nearly level 29.74 D

1-3 Very gentle 329.6 DOV,

3-5 Gentle 159.9 12.24

5-10 Moderate 2194 W7D

10-15 " Moderate steep 233.9 18.250

15-40 Steep 316.1 24.657

Total 1285 100

6.6 Pedotransfer functions for prediction of soil water constants and
available water capacity

Since direct measurement of water retention characteristics over large area are
expensive, burdensome and tedious, in this investigation some of the easily measured
soil physical and chemical properties were determined in rainfed rice area and
pedotransfer functions were derived through regression equations to predict water
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Table-8 : Correlation matrix of different soil hydro-physical parameters.

Sand |Silt |Clay [ Bulk |Orga- [ Ca |CEC| # 0 0
(%) | (%) (%) |Density| nic | Co3 | (me/ | (F.C) | (PWP) [(AWC)
(Mg/m?) | carbon | (%) [100g) | (m® (m* | (m’

(%) !m’) /m? | /m?)

Sand(%) 1
Silt (%) -0.83* 1
Clay (%) |-0.46* [ 0.51* | 1
Bulk 0.63* |-0.60* |-0.62% 1
Density
(Mg/m?)
Organic
Carbon 0.12 OAY [R0.13 053" 1
(%)

CaCo3 | -053* | 0.49* [0.53*] -0.59* | 0.11 | 1
(%)

EEE
, (me/100g)| -0.68* | 0.51* | 0.85%| -0.61* | 0.12 {0.53* 1

8(F.C)
(mPm?) |-0.80* | 0.63* |0.83*| -0.59* | 0.13 | 0.54* |0.76* | 1

6(PWP)
(m*m?) |-0.72* | 0.59* [0.90*] -0.59* | 0.14 |056* |0.79* | 0.89*| 1

B(AWC)
mm?) |-0.73* | 0.75* |0.60%| -0.64* | 0.196 |0.58* |0.63* | 0.90* | 0.78* | 1

*P <0.05

(CEC, cation exchange capacity ; PWP, permanent wilting point ; FC, field capacity,
AWCs= available water capacity)
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e-9: Linear regressions (y = bx+a) for predicting soil water constants and

Tabl

available water.
y=Output (FC/PWP/AWC)
' x= Inputs (soil physical & physico-chemical properties), a=constant, b=slope

o b R!

Sand Silt Clay Bulk "Organic Ca CEC
(%) (%ol (%) Density carbon Co3 (me/100g)
Mg/m?®) (%) (%)
For field capacity (6, m*/ m’)

1.51 0013 -0.103 = -0023 0.049 -0.003 0.019 0.012 0.81
-5.314 0.053 0.095 0032 0113 -0.003  0.019 = 0.79
-0.314 0111 0.115 0119 0312 40.063 = = 0.87
-9.308 0.093 0132 | 0103 -0.192 - b - = 0.78
-4.210 0.049 0.053 (.06 = = = . 0.78
{1.708 -(.018 0.114 & = = - . 0.81
0494 -0.014 = = = - - - 0.82
0,501 -0016 0012 = = - - {L.007  0.864

For wilting point (8, m*/ m")

8.795 0009 0098 -0.094 f.049 0019 0019 0.003 0.76
6,83 0063 <071  D0712 0023 0019 0.017 - (.83
3:59 -0.035  -0.039  -0.039 -0.089 | -0.023 = - 0.83
5.31 -0.057  -(0.049 0.047 -0.041 = - - 0.8
5.99 0069  -0.069  -0.049 5 - - - {1.88
0.45 0009 00065 = = - - . 0.73
0.39 - (LOD6 = = - - - = 0.76
0.38 -0.004 0006 - - - - 0.002 0.79

For available water (8, m* m?®)

-7.91 0.084 0.089 0.083 0.0043  0.015 0.005 0.004 0.69
-11.41 0.129 0.132 0.129 -0.087 -0.017 0006 2 0.71
-12.79 0.133 0.151 -0.143 -0.119  -0.014 = = 0.69
-13.89 0.157 0.149 -0.157  -0.141 - = - 0.63
-10.32 0.113 0.119 0.107 - - = . 0.68
0.29 -0.013 0.004 - - = - B 0.64
0.31 -0.012 - = = = - - 0.63
0.13 -0.003  0.004 = = - - 0.003 0.60
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content at field capacity, permanent wilting point and available water capacity. The
correlation matrix for different hydro-physical properties viz., sand, silt, clay, bulk
density, organic carbon, calcium carbonate and cation exchange capacity on water
content at field capacity, wilting point and available water was computed for rainfed
rice area of the watershed and results are presented in Table 8. Study revealed that
moisture retention at field capacity, wilting point and available water in these soils
was influenced by two sets of factors influencing in opposite direction with one set of
factors viz, silt, clay, organic carbon, calcium carbonate and cation exchange capacity
influencing positively, while sand and bulk density influencing negatively. The
available water content was also influenced by the same set of factors and in a similar
manner.

The results revealed that water content at field capacity and wilting point had a
close relationship with clay (r = 0.83* and 0.90%, respectively) and cation exchange
capacity (r = 0.76** and 0.79**, for field capacity and wilting point, respectively).
These were significantly but negatively associated with sand and bulk density
indicating that with increase in value of either sand or bulk density or with decrease
in magnitude of clay or silt or cation exchange capacity, water content, q (m*/ m®) of
these soils at field capacity and wilting point, decreases. Coarse fraction (sand) had
a close relationship with bulk density (r =0.63**), whereas negative association existed
between coarse faction and finer fraction i.e. silt (r = 0.60**) and clay (r = 0.62**) of
these soils. Available water showed positive correlation coefficient values with silt,
clay, calcium carbonate and cation exchange capacity and negative values with sand
and bulk density. Stepwise regression equations were developed to predict field

‘ capacity, wilting point and available water capacity from measured soil physico-
chemical properties and is presented in Table 9.

. 6.7 Estimation of soil loss from different landuse systems of the water-
shed

The Universal Soil Loss Equation (USLE) was used for the assessment and prediction
of soil erosion due to water runoff. The methodology for estimating the amount of soil
loss (E) using USLE (Wischmeier and Smith, 1978), are:

E=RKLSCP

Where, E is the mean annual soil loss (t hayr), R is the rainfall erosivity factor, Kis
soil erodibility, L is slope length, S is the steepness of the slope, C is crop manage-
ment and P is the erosion control practices. The USLE was analysed in ARC/INFO
GIS environment as per the methodology mentioned in the Flowchart-3. Annual ero-
sion index (R) was calculated by summing erosion values for all the months in a year
(1970-2003).




Soil erodibility (K factor) is the function of physical characteristics of soil and its man-
agement, including both land and crop management. The erodibility index (K) for each
soil structural group within the watershed was calculated using the emperical equa-
tion of Wischmeier and Smith (1978):

K= (2.1 M') 10* (12-a) + 3.25(b-2) + 2.5(c-3)
Where M= particle size parameter, (% silt + % very fine stand) or (100- % clay)

a=% organic matter.

b=soil structure class (1 for very fine granular; 2 for fine granular; 3 for medium to
coarse granular; and 4 for blocky, platy or massive)

c=so0il permeability class (1 for rapid; 2 for moderate to rapid; 3 for moderate; 4 for
slow to moderate; 5 for slow; and 6 for very slow)

Three major soil structural groups were identified in the watershed viz., fine granular,
sub-blocky and medium course granular. The computed K factor for these three groups
are 0.0893, 0.07072 and 0.07991, respectively.

The slope length (L) for different types of land use was determined, using GIS tool
along with information from the field survey. Data on aspect, land use and slope maps
were overlaid to map the slope legth. L and S were treated as a combined factor to find
the LS index. Altogether 15 contour lines of 20 m interval were identified and the high-
est being 480 m.

The C factor was taken as 0 to 1 depending upon the type of landuse system prevalent
in the watershed. Taking the example of fallow degraded land, dense forest, crop land,
the C factor was taken as 1.0, 0.001, 0.35, respectively.

Table-10: Soil erosion class within the watershed

Annual soil loss rate Severity of Class Area (ha) % of total
(t ha' yr")

0-1 Very slight 181.1 14.1
1-5 Slight 376.1 29.3
5-10 Moderate 452.1 35.2
10-25 Severe 753 5.8
25-50 Moderately severe 117.3 9.1
50-100 Very severe 494 3.8
100-200 Extremely severe 28.6 2011,
200-400 Very severe 5.7 0.59
Total 1285 100
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Flow chart-3: Steps for estimating soil erosion from different parts of the watershed
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soil loss in terms of t ha' year' was estimated from different land use

The annual

systems of the watershed as per the methodology deseribed in flowchart-3. Based on
category of annual soil loss, the watershed has been divided into 8 categories and are
presented in Table 10. Spatial distribution of the same are depicted in Fig. 10. Generally

upto soil loss rate of 10 t ha™ year! is no soil conservations are required for optimum

land productivity. —

In this watershed, the annual soil losses ranged
from only 0-1 t ha? year! to as much as 100-
400 t ha' year'. Most of the area beléngs to
the moderate (35.8%) and slight category

(29.3%) of erosion hazard severity. Some very

slight erosion (14.13%) was observed mainly
in rainfed lowland and upland paddy fields.
Moderate erosion was mostly seen in up land
areas. About 20% of the watershed had a se-

vere to very severe erosion hazard. Such areas

were found in ravenous and degraded land

B 10-25
and foothills covered in dry forest. This sheds i 50 - 100
. . . : 100 - 200
its leaves during the dry season, allowing rain 200 - 400

to splash directly on the soil surface and de-  Fig-10 : Annual soil loss (mt/ha/yr) in
p Y g ]

tach soil particles Bahasuni watershed

Step- II: Development of action plan on sustainable soil use and crop-
ping system in the watershed using remote sensing and GIS

Decision rules were developed in GIS environment to develop sustainable alternative
landuse plan based on potential and prospects of existing soil and natural resources.
The existing soil properties along with slope and landuse pattern were entered in
ARCINFO GIS environment to form Polygon Attribute Table (PAT). The criteria for
developing alternative, sustainable landuse system are given in Table-11. The
methodology for preparing digital database of soil hydro-physical properties and
development of action plan are presented in Flowchart-4.

Based on potential and prospects of existing soil hydro-physical properties, land use/
cover and slope, action plan on alternative sustainable land use and cropping system
was developed using GIS tools. The area under alternative, sustainable land use sys-
tems are given in Table-12. The watershed area was dominated by forest and grazing
land in different land topography and in some areas current fallow, residual hills or
degraded forest were found. In the action plan map site specific land use planning
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Table-11 Action plan development on alternative landuse system based on existingt

natural resources

Present land Texture | Organic | Available | Slope Proposed
use system matter [ water capacity| range land use system
range (%) | range (m’m?) | (%)
Current fallow | Sandy 0.29 0.009-0.122 | 3 -5 %, | Horticulture
5—10 %| (cashew, lemon, mango)
Rainfed rice Sandy 0.29-0.63 | 0.12-0139 | 1-3 %, | Crop
loam 3-5% | diversification
(field crops)
Rainfed rice Sandy 0.42-0.45 | 0.14-0.16 1-3 Vegetable crops
(bunded) loam ]
Current fallow | Sandy 0.35-0.65 | 0.128-0.140 [ 1 -3 % | Crop
loam diversification
(field crops)
Rainfed rice Sandy 0.45-0.48 | 0.130-0.141 | 1-3% Double cropping
(mono cropped) | loam to with irrigation
clay loam
Degraded forest [ Sandy 0.40-0.68 | 0.118-0.135 | 1 -3 %, | Agroforestry
loam, loam 3~-5%
Degraded forest | Loam 0.62 0.111-0.123 | 3~5 %, t Hortipasture
5-10%
Rubber plantation| Sandy loamj 0.45 0.129-0.139 | 3-5 % | Plantation
Residual hills | Sandy, 0.29-0.45 | 0.106-0.145 | 3 -5% | Forestry
sand loam
Residual hills Sandy loam| 0.38-0.52 | 0.119-0.199 | > 35 Forestry
Residual hills Sandy loam| 0.38-0.42 | 0.119-0.123 | 3 -5 % | Agroforestry
Rice (100days) - | Sandy loam| 0.38-0.45 | 0.109-0.123 | 1 -3 %, | Maize (90 days)-
fallow 3-5% | horsegram
Rice (100days) — | Clay 0.65-0.68 | 0.220-0.257 | 3—-5% | Maize (90 days)-
fallow loam horsegram
Rice (125 days) - [ Loamy 0.52-0.68 | 0.194-0.239 | 1 -3 %, | Rice (120 days)-
fallow sand 3-59% | linseed/safflower
Rice (125 days) - | Clay 0.45-0.68 | 0.257-0.285 | 1 -3 %, | Rice (120 days)-
fallow loam 3 -59% | linseed/safflower
Rice (125 days) - | Clay 0.70-0.75 | 0.257-0.306 | 0 —1 %, | Rice (120 days)-
fallow 1-3 % | linseed/safflower
Rice (145 days) - | Clay 0.52-0.68 | 0.227-0.257 | 1 -3 % | Rice (150 days)-
fallow loam pea/ blackgram
Rice (145 days) - | Sandy 0.50-0.52 | 0.173-0.195 | 3—5 %, | Rice (150 days)-
fallow loam 1-3% | pea/blackgram
Rural settlement| _ » 4 . Rural settlement
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Flow chart- 4: Flow chart of preparing digital database of soil hydro-physical

properties
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was suggested. In light textured araple, upland, rice was discouraged owing to its low
and unstable productivity and crop diversification with low water requiring crops such
as maize, groundnut, blackgram, cowpea, pigeonpea, were suggested through sole or
intercropping. Double cropping on such soils was suggested through maize-horsegram /
sesamum rotation. Idea of crop diversification in light textured upland rainfed rice
soils is to emphasize that these crops can provide an assured income in soils with low
water retention capacity and even with low rainfall because water requirement of these
crops are less than that of rice.

Table-12 : Alternative land resources development of watershed (Proposed)

Alternative landuse Proposed area (ha) % of total
Agro-forestry 62.8 4.89
Crop diversification 221.8 17.26
(Horticulture, field crops)

Forestry 91.4 HAHl
Horti-pasture Po5:7 17.56
Plantation crops 15.2 1.18
Rice-based double crops 54.1 4.21
Silvipasture 527.3 42:12
Soil conservation 345 2.68
Rural settlement 26.7 2.06
Water body 25.6 1.90

[ Total 1285

On the other hand in the rainfed rice ecosystem with moderate available water ca-
pacity and medium textured soil, rice of 120 days was suggested during rainy sea-
son. The low water requiring crops like blackgram, linseed, safflower, were suggested
during dry season (winter) utilizing carry-over residual soil moisture after harvest-
ing of rice. In the rainfed medium and heavy textured rice land where irrigation
facilities exist, double cropping with vegetables like gourd, bean, tomato, carrot, rad-
ish, polato, oilseeds like groundnut, sunflower, flowers like :11.e|:'igcﬂd, tuberose, were
suggested to grow based on existing natural resources and socio-economic demand.
In the lowland valley fill area with heavy textured soil and higher available water
capacity rainfed rice based cropping system was suggested through rice (145 days)-
pea/blackgram/lathyrus rotation. Agro-forestry, horti-pasture, horticultural plan-
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tation like cashew orchard, pomegranate,
ber, plantation were also suggested to grow
in upland degraded forest areas where ar-
able crop cultivation was not possible. The
grazing land can be converted into agro-for-
estry, or horti-pasture development depend-
ing upon the slope and available water ca-
pacity. The spatial distribution of developed
action plan on attentive suggested landuse

[ Sbound.shp
Scommon.shp
Agroforestry

arren Rocky

rof Uive edirmban

plan are given in Fig. 11.

LLLE

Harli- patiine
Plantation crop

S Rice basnd duijbée o

E Rumal saiimani

Silvipasture
Taneo a OO0 140080 Kilometers

Step -III: Blending of modern and tra-
ditional technologies for water and
soil conservation. measures.

Soll conservation
Water body

Realizing the importance of conservation of

water.and soils in the watershed, various soil L

Fig. 11 - Spatial distribution of developed

and water conservation measures were . .
action plan on alternative land use

adopted after indentifying areas in the action

plan map using remote sensing and GIS.

These water and soil conservation measures directed towards improved use and man-
agement of land and water resources in order to increase and slabilize agricultural
production and check soil erosion.

(i) Summer tillage

The practice of summer tillage (off season tillage) with pre-momsoon showers (during
May) was introduced in agricultural land to recharge the soil profile. It also facilitated
to sow the crops immediately after onset of southwest monsoon. Off season tillage
increases water content of soils and reduce runoff and also reduced pest and weed
infestation. In the Bahasuni Watershed, Dherkanal 4 ha area was demonstrated by
performing summer tillage. '

(ii) In-situ rain water conservation / performing ritge and furrow methods of sowing

In upland, water holding capacity is very low and water does not accumulate due to
unbunded situation. To conserve the rainwater, ridge and furrow method of sowing was
designed and crop diversification and rice substitution were recommended. Farmers
were advised to make ridge and furrow at 20 days after sowing for upland nonpaddy
profitable crops like maize, groundnut by performing earthing up operation. The furrow
can be utilized for in-situ water conservation during light shower. The same furrow can
be used for draining out of stagnant water during heavy downpour.
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Photo-11 : Summer tillage operation znszde the Photo 12 deege and furrow methods ofsowlng of
watershed maize after substituting upland rice

(iii) Tapping of spring water from ridgeline of watershed for agricultural diversifi-
cation

A cement tank cum under ground pipe line system at the cost Rs. 10,000/ ha was
developed to tap perennial spring water from hill top (ridge line of watershed) at

Photo-13 : Farmers are using spring water as Photo-14 : Collectzon ofsprmg water in to a cement
irrigation through developed system tank from ridge line of watershed

Photo-15 : Farmers are cultzvutmg carrot wzth spring Photo 16 : C:zbbage cultivation with spring water
water
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Majhisahi village, Dhenkanal. Now the farmers are growing high value crops like
vegetables, flower (marigold) and short duration fruits (papaya, banana) with that
water and earning 35,000 per hectare. Irrigated areas of the village were increased
from 1.2 ha to 8.5 ha of that village comprises of 20 tribal families. Water from
spring is available @ 30 liter per minute in lean periods to 170 liter per minutes

during monsoon months.

(iv) Construction and renovation of runoff recycling pondiand development of irri-
gation system by installing underground pipeline

After construction and renovation of runoff recyling pondy 2.35 ha-m rainwater
storage capacity was created in the tribal village Banasahi, Dhenkanal (Bahasuni
watershed) and underground pipe line of 1.1 km (PVC pipe: 110 mm, 4kgf)
with very low maintenance was installed for irrigating the crops through which
water can flow using gravity. Due to installation of pipe line the conveyance
efficiency was increased upto 95%. Due to creation of water resources and in-

stallation of pipeline irrigation system, the irrigated area of the Banasahi vil-
lage increased from 2 ha to 18 ha in 2005-06. Net return from second crops
ranged between Rs. 13,808 to 22,810 per hectare.

Photo-17 : Visit of Director, WTCER D, Astropani Photo-18 : Bumper sunflower with hayoested
Kumar to runoff recycling pond of wlershed ratiwinter

(v) Construction of cross bundh to collect runoff in watershed

A cross bund of 120 m length was constructed in Majhisahi village with top and

bottom width of 3 m and 23 m, respectively (Photo-19). The runoff water was tapped

from the hill with the help of this cross bundh. To strengthen this bundh, stone
| patching was done towards waterside (photo-20). Now, in dry season/ winter,
' farmers utilize this harvested water for irrigation. The cost of construction of
| croffbundh was Rs.35/m3.
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Photo- 19 : Construction of cross bundh Photo- 20 : Stone patching on the wall of cross bundh

(vi) Construction of bunds around the field

| In the areas just below the pond, due to continuous seepage waterlogging condi-
tion arises. As a result, crops other than rice can not be grown in that land. Due to
lack of proper bunding farmers are not able to grow even rice in that land. Field
bund (dyke height 20 cm) was constructed around the field and now farmers are

| growing rice in that land. This bunding helps conservation of rainwater, maximi-
zation of infiltration, checking of soil erosion (photo-21).

‘ (vii) Diversion channel

Diversion channel (single/double) were made parallel to contours to collect runoff

‘ water and to reduce soil erosion from the watershed. Catchment area above diver-
sion channels were planted with vegetation to check erosion. The diversion channels
were made with bottom width 0.45 and top width of 0.60 m (photo-22).

(viii) Earthen drainage channels to remove excess water

' Generally, due to excess runoff in rainy season, water comes out of the field in
haphazard way. Farmers also generally are not concerned about the systematic
disposal of water through a particular outlet. As a result, field of adjacent farmers

Photo- 21 : Construction of bund arou
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is deteriorated. The earthen drainage channels were made to remove excess water
from the fields of the watershed (photo-23).

(ix) Brick made irrigation channels for increased conveyance efficiency

A rectangular irrigation channel in Kadalipal watershed with 0.75 m height and
0.45 m bottom width was constructed in 220 m length to collect irrigation water
from the water harvesting pond. The conveyance efficiency was increased up to
90% after this intervention (photo-24).

Photo- 23 : Earthen drainage channel

(x) Loose bolder structure (LBS)

Small loose boulder structures were
constructed at suitable places of the
watershed, which will act as a barrier
of soil and water retention. It reduced
impact of runoff water and prevented
formation of gully, because LBS re-
duced the velocity of water to a non-
erosion level. L N

- . . Photo- 25 : Losse bolder structure in the watershed to
(xi) Conjunctive use of ground water and check runaff and soil loss

rainwater

Small dug wells (4 m diameter) in the corner of the crop field of the watershed was
constructed where, water table is shallow. The water from the dug well is collected
to provide supplemental irrigations during dry spells of kharif crop (mainly rice)
and for growing rabi crops during winter/ dry season. From his small dugout
pond, farmers lift the water through indigenous waterlifting devices like 'Tenda'
to irrigate small command areas, mainly for growing vegetable crops (Photo 27).
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(i)

Photo- 26 : Construction of dug well in the

e !
of  Photo- 27 : Farmers are using “Tenda’ for irrigating
rabi (winter) crops from the well

- sk fg - | R

T

corner

the field

Step-1V : Implementation of developed action plan on cropping systems
in different rainfed arable land of the watershed.

Since the watershed was dominated by rainfed rice area where productivity and
cropping intensity were low, the action plan on alternative cropping system prepared
by using remote sensing and GIS was implemented at some locations in the rainfed
rice area of the watershed.

Crop diversification in light textured rice soils

The productivity from rainfed upland fluctuates drastically from year to year
due to vagaries of southwest monsoon, occurrence of dry spells during growing
season and existance of light textured with low water holding capacity and se-
vere nutrient deficiencies, acidic soils. Traditionally farmers of the region grow
rice in rainfed light textured upland simply to cover the fallow during rainy
season, neither they get net positive return nor they expect any yield certainty
from such land. For obtaining food, yield certainty and net positive economic
return rather, they heavily depend on medium and lowland rainfed rice ecosys-
tem which covers about 48% of total rice area of the region. Under this situation
in upland crop diversification and rice substitution were suggested with low
duty crops like maize, blackgram, cowpea, greengram, groundnut, pigeonpea
ete. This may be the best option at the hands of farmers for drought mitigation
and increased productivity of such land. Idea of crop diversification in rainfed
upland rice area is to emphasize that these Crops can provide assured and higher
return even with low rainfall and in soils with low water holding capacity be-
Cause water requirements of these crops are less than that of rice. Further, ab-
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sence of flooding does broaden the scope of growing diversified crops in upland

ecosystem.

To explore the possibility of crop diversification in rainfed light textured rice
soils, groundnut (Arachis hypogea L.), pigeonpea (Cajanas cajan L.), blackgram
(Vigna mungo L.), groundnut+pigeonpea (4:1), groundnut+blackgram (4:1) were
tested in 4 ha of land comprising 10 farmers of the watershed considering one
farmer as one replication. The crop rows were made across the slope and excess
water disposed off through grass waterways to avoid breaching of ridges. Excess
runoff was collected in farm pond for supplemental irrigation during dry spells.
Rice of 90 days duration (cv. Vandana) was grown as control. Double cropping
was also implemented through maize-horsegram/ sesamum rotation.

F .y Lol
- . L

Photo-28 : Crop diversification with low water Photo-29 : Director, WI'CER, Dr. Ashwani Kumar
visits crop diversification site ‘

requiring crops

i 18 u
Photo-31 : Pigeonpea was grown as

-3 e
Photo-30 : Introduction of elephant foot
intercropping with rice at Banasahi, Dhenkanal

(Amorphophallus) in upland of watershed

Study revealed that through crop diversification in light textured rice soils, productivity
and profitability were enhanced by 3-4 times than that of sole rice. Productivity of
different crops/crop combinations grown on light textured soils was converted into
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rice equivalent yield for better comparison. Study revealed that (average of two years’
of pooled data (Fig. 12 a), highest rice equivalent yield (6839 kg ha') was obtained
from groundnut+pigeonpea followed by sole groundnut (5940 kg ha') and sole
pigeonpea (5315 kg ha) while sole rice produced only 1930 kg/ha. Higher net economic
return per annum was also obtained from groundnut+pigeonpea followed by sole
groundnut and sole pigeonpea (Fig. 12b). From double crops in rainfed upland 7500
kgha' equivlent yield was produced rice through maize (cob) horsegram cropping

system.
8000 | 25000
6000 200004
R g
< 8 )
2 D 14
{] 1=
38 g
x 2000 - 5
R Z:

(Pooled data of 2004-05 & 2005-06) (Pooled data of 2004-05 & 2005-06)

Fig-12(a) : Rice equivalent yield from Fig-12(b) : Net return from rice/ substituted
diversified crops crops

(ii) Crop diversification with vegetables in heavy textured rainfed upland soils
during kharif (rainy season)

After substituting rice in rainfed bunded upland, profitable vegetable \Cl‘OpS like
cucumber, tomato, bean, cowpea, okra, ridge gourd, bitter gourd were grown.
The package of practices followed for growing vegetable crops are given in Table
17(b). Highest rice equivalent (6702 kgha) was obtained from bean followed by
cucumber (6500 kgha') and okra (6215 kgha'). Whereas rice yield of only 2650
kgha' was obtained from the same Jand. Highest net return was obtained from
bean (Rs.20050 ha') followed by cucumber (Rs.19000 ha') and okra (Rs.18860/
ha). On the other hand, sole rice yielded net return of Rs.4600 ha', Rainfed
vegetable cultivation after subsituting rice in bunded upland was found highly
profitable and sustainable [Fig. 13 (a) and 13 (b)].

(iii) Cropping systems in rainfed medium textured rainfed rice ecosystem

As per the action plan map in medium textured soils, instead of local varieties,
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Fig-13(a) : Rice equivalent yield of diversified Fig-13(b) : Net return from diversified
vegetable crops in upland vegetable crops in rainfed upland

«

Photo-32 : Spine gourd is a profitable crop in
rainfed upland

Photo-35 : Bean, a highly profitable crop in
rainfed upland

improved rice variety ‘Lalat’ of 120 days duration was grown in rainy season
with improved management. Seedlings of 3 weeks age were transplanted with
15x10 cm spacing and at 3-5 cm depth. During winter season (dry season,
November to March), low water requiring crop safflower (Carthamous tinctorious
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L. cv. ‘Bhima’), linseed (Linum
usitattisimum cv. ’‘Sekhar’) and
greengram (Vigna auress L.) were
advocated and tested in farmers’ field
of 2 ha of land utilizing carry-over
residual soil moisture and winter
rainfall after rice.

The productivity of double crops
(rice-linseed /safflower / greengram)
was converted into rice equivalent
yield and compared with that of sole
rice to visualize the enhancement of yield after introduction of new cropping
system. Sole rice of 120 days duration was grown as a control under both
improved and farmers’ management practices. Rice equivalent yield of 5028,
5861 and 5307 kgha' were obtained from rice-linseed, rice-safflower and rice-
greengram, respectively (from 2004-05 and 2005-06 years’ pooled data), whereas
sole rice produced only 3540 and 2870 kgha' yield under improved and farmers’
management, respectively (Fig. 14a). Study revealed that productivity, cropping
intensity and profitability of medium textured rainfed rice area can be improved
through crop management technologies utilizing residual soil moisture after
rice (Fig. 14b),

Photo-36 : Linseed after rice in rainfed
medium land
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Fig-14(a) : Rice equivalent yield of different Fig-14(b) : Net return of different cropping
cropping systems in medium land systems in rainfed medium land

SF = Safflower, LS = Linseed, GG = Greengram
(iv) Cropping systems in heavy textured rice soils (lowland)

Under the rainfed rice area with higher available water capacity and heavy
textured soil, improved rice variety ‘Gayatri’ of 150 days duration was suggested
and implemented in 5 ha of such land during rainy season involving 15 farmers
of the watershed. On the same land, blackgram (Vigna mungo L.) pea (Pisum
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sativum L.) and gram (Cicer arietinum L.) were grown during dry season utilizing
carry-over residual soil moisture after harvest of rainy season rice.

The productivity of double crops (rice-pea/blackgram/gram) was converted into
rice equivalent yield for comparison purpose. Rice equivalent yields of 6458, 6378
and 5089 kgha' were obtained from rice-pea, rice-blackgram and rice-gram,
respectively (from two years” pooled data), whereas sole rice produced 3240 and
4050 kgha'' yield with farmers’ and improved management respectively (Fig. 15a).
The net returns increased in the order : sole rice (farmers management), sole rice
(improved management), rice-gram, rice-blackgram and rice-pea (Fig. 15b).

30000
25000 {2}

Net return (Rs/ha)

Fig-15(a) : Rice equivalent yield of different Fig-15(b) : Net return of different cropping
cropping systems in rainfed lowland systems in rainfed lowland

R = Rice, P =Pea, B = Blackgram, GR = Gram

(v) Double cropping with irrigation from created water resources

Double cropping was introduced in the watershed areas nearby waterbody and
where irrigation facilities exist. After rice, diversified crops like bean, winter

supplemental irrigations,
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maize, tomato, sun flower, cucumber, pumpkin, watermelon, radish, sweet
potato were grown with the help of irrigation water from created water

resources.

In the study watershed most of rainwater goes as runoff and it is not accessed
and utilized for productive purpose. After harvesting excess runoff water in tank /
pond, it was recycled for growing vegetable crops. The winter vegetable crops
like eucumber, cabbage, cauliflower, carrot, radish, tomato, bean, sweet potato
were grown as per standard package of practices. Four supplemental irrigations
were applied to cucumber, cabbage, cauliflower, carrot, tomato and three irrigation
were givven to radish, bean and sweet potato. (60mm irrigation was applied
with each irrigation). Study revelated that with four irrigations, the highest rice
equivalent yield of 8527 kgha' was obtained from cucumber followed by bean
(7220 kgha') and tomato (6962 kgha). Highest net return of Rs.24078 ha! was
achived from cucumber followed by from bean (Rs. 18875 ha')and tomato (Rs.17750
ha'). [Fig.16(a) and 16 (b)] during winter season.

(Pooled data of 2004-05 & 2005-06) (Pooled data of 2004-05 & 2005-06)

Fig-16(a) : Rice equivalent yield (kgha’) from Fig-16(b) : Net return (Rsha™) from diversified
diversified crops with supplemental irrigation vegetable crops with supplemental irrigation

Photo-39 : Bumper tomato crop with 4 Photo-40 : Bean provides quick return with 3
irrigations supplemental irrigations




il - ERESA

Photo-42 : Growing of cabbage with 4 supplemental
irrigations

Photo-41 : Profitable sweet potato cultivater after
rice which requires less water

Other agronomic interventions
(1) Maintenance of sowing attributes and selection of crops/ varieties

Selection of crops for diversification and rice substitution in rainfed upland areas is
of paramount importance for yield and rainwater utilization. The crops must be of
short duration; low duty or deep rooted which can extract soil moisture from deeper
soil layers during dry spell. The diversified upland field crops were introduced are
given in Table 13(a) . The advance sowing attributes like seed treatment, line sow-
ing, proper spacing, fertilizer dose were also followed to demonstrate in the water-
shed.

Table 13 (a) : Package of practices adopted for crop diversification in rainfed upland
rice area.

Crop Varieties Spacing Seed rate Fertilizer dose
(cmxcm) (Kg ha) (N:P:K)
Maiza Navjyot 6030 15 80:40:40
Groundnut Smruti 3010 80 (Kemel)| 20:40:40+250kg
zypsum ha’!
Pigeonpea UPAS-120 60-75% 15-20 20:40:40
20-25 :
Blackgram T-9 3015 20 20:40:0
Greengram K-851 30% 10 25 20:40:0
Horsegram Madhu 25%10 20 20:40:0
Sesarmun Gujrat-1 2010 5 80:15:15
Rice Vandarn 20%.5 80 40:20:20 + 2tha' FYM
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In the kharif and rabi season several vegetable crops like cucumber. pump

lkin, carrot,

sweet potato, tapioca, bean were introduced. Package of growing these crops are given

in Table 13(b).

Table 13 (b) : Package of practices

rabi season

for growing vegetable crops during kharif and

Crop Suitable Seed Spacing Manure Fertilizer dose
varieties rate  flem x ecm require- (kg/ha)
(kg/ha) ment N P K
(t/ha)
Kparif
Okra Utkal Gourav, | 10.0 45x45 20 80 40 40
Arka Anamika,
Bean Arka Vijay 8-10 | 120x120 2 20 50 50
Cowpea Pusa Barsati | 10-12 | 30x60 12 20 60 50
Cucumber Sabitri 2-25 [150x150| 12-15 | 40-50 85 20
Bitter gourd |Pusa Domausmi, 5 120x120 | 12-15 | 40-50 35 20
Arka harit
Pumpkin Guamala, 6-7 200x200| 12-15 | 40-50 a5 20
Baidabati
Ridge gourd | Pusa Nasdar 5 100x100 [ 12-15 | 40-50 | 35 20
Kabi
Okra Utkal Gourav, | 10.0 45x45 20 A0 40 40
Bean Arka Vijay 8-10 | 120x120 172 20 50 50
Chilli NP46-A, 1.5 45x60 20 100 60 50
Cucumber Sabitri 2-2.5 |150x150 | 12-15 | 40-50 85 20
Tomato BT-2, BT-10 0.5 45x60 20 75 40 40
Radish Pusa Chetki 8-10 30-45 x 2 20 50 50
15-30
Cauliflower Pusa 0.38 45x60 50 220 85 270
(late) Snowball-16 -0.40
Cabbage Golden Acre 0.5 45x60 50 220 100 220
Pea (late) Rachna 80-90 | 25x20 20 55 20 40
Watermelon Sugarbaby, 2-2.5 1400x100| 30-35 |75-80 | 50 50
Carrot Pusa Meghali | 5-6 15x10 30 40 225 125
Bitter gourd |Pusa Domausmi,| 5 120x120 [ 12-15 | 40-50 | 35 20
Arka harit
Pumpkin Guamala, 67 1200x200| 12-15 | 40-50 35 20
Baidabati
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(2) Intercropping/ mixed cropping:

To obtain more benefit from land, intercropping/mixed cropping was introduced in
the watershed. The leguminous crop (pigeonpea) was intercropped with non-legumi-
nous crops (rice) to restore fertility status of soils. The low water requiring crops were
intercropped with moderate water requiring crops, which had different growth habits

(maize & cowpea).

-

Photo-43 : Maize + cowpea intercropping in upland Photo-44 : Rice + pigempea intercropping

(3) Introduction of kharif and rabi vegetables with wooden support:

To avoid moist soils or stagnant water during heavy downpour, wooden support was
provided to grow crops like cowpea, ridge gourd, bitter gourd, spine gourd, bean etc.
The fruit quality was also improved with that system.

e 3

Photo 46 : Growing of bilter ground with wooden
support

Photo-45 : Growing of cowpea with wooden support

(4) Integrated weed management

In the upland, rice substituted crop, proper weed management must be accomplished.
Timely weed control increases the yield. Pre-emergence application of Simazine/
Altrazin @ 1 kg ha'' for maize. Pendamethaline @ 1 kg ha'! in case of groundnut,
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Thiobencarb @ 1 kg ha~! for pigeonpea, Butachlore @ 1 kg ha for rice followed by one
hand weeding at 25-30 days after sowing to control the weed.

Sl —

(5) Integrated pest management

Farmers were trained to apply different
botanical pesticides like Neem cake,
Neem seed powder with inorganic chemi-
cals for pest control in vegetables. As apart
of organic farming tomato and merigold

were grown as intercropping. It has been
found that due to presence of chemicals
in merigold, pest infestation in tomato
was reduced.

(6) Introduction of high yielding variet-

ies of rice:

Tribal farmers of the watershed were cul-
tivating mainly local rice varieties, We -
have collected high yielding breeder
seeds of rice from CRRI, Cuttack for dif-
ferent land topography like Vandana and
Anjali for upland, Lalat and Naveen for
T medium land {120 days), CR-1009, CR-
Photo-48 : Tamato + marigold crop as intercrop 1018 for lowland (145 days) and intro-
duced in the watershed for higher yield.

(C) Horticultural intervention

In the watershed, 400 banana plants, 1000 cashewnut plants, 100 Acacig mengium, 100

Phate-500 ¢ Introdiced marigold crap priooides
higher nicome to farniers
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drumstick were planted. Besides, this 50 rubber plants were also introduced in the
watershed with the help of Samajik Seba Sadan (NGO) and Central Rubber Board,
Dhenkanal. The mango, Fapaya, lurmeric, ginger, lemon were also supplied to grow
to the backyards of farmers. In the watershed marigold was found to grow suitable in
upland areas and crop was grown in 1 ha area with the help of irrigation from created
water resources inside the watershed (Photo 0,

(D) Interventions for enhancing water productivity of runoff recycling pond

After studying water balance of pond, to enhance the water productivity, the water
was used as both consumptive and non consum ptive ways, The low water require-
ment vegetables, oilseeds, pulses were grown in the field with supplemental irriga-
tion, spices like ginger, turmeric were grown in shaded area, short term fruit like
banana on pond bund and pisciculture with the remaining water of the pond. The
fishes like catla, rohu and mrigal were reared in the ratio of 30%, 40%, 30% with seed
rate @ 5500/ ha (fry of 15-20 mm size) of the pond, where water remains 4-5 feet deep
upto May.

7.0 DEVELOPMENT OF SOFTWARE FOR CROP WATER BALANCE
STUDY IN THE WATERSHED

The amount of water supplied to a crop is dependent on several factors. These fac-
tors constitute the various components of the water balance equation. The root zone
is represented by means of a container in which the water content may fluctuate
from time to time. To express the water content at root zone it makes the adding and
subtracting of losses and gains directly as the various parameters of the soil water
budget are usually expressed in terms of profile stored water depth, rainfall, irriga-
tion and capillary rise of ground water towards the root zone add water to the root
zone and soil evaporation, crop transpiration (combined known as evapotranspira-
tion), runoff and percolation losses remove water from the root zone. So the simple
form of water balance equation can be written as:

AR = (Peff+V + 1 + G)-(ETo + DP + RO)

Vz: water stored in the deeper layer of thickness (z) explored by the root after equiva-
lent root growth or depletion(mm),

I :irrigation applied (mm), Peff: effective rainfall (mm)

Ge : ground water contribution (flux) (mm),

ETo : actual evapotranspiration (mm)

DP : deep percolation losses (mm),

RO : runoff (mm)
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Development of software for computing soil water balance

In recent times, simulation modeling has become one of the most powerful tools for
analyzing the interaction in the soil-plant-atmosphere system. With the advent of
computer use in agriculture science, the importance of crop growth modeling using
several meteorological, soil and plant physiological parameters has increased. Most
of the crop yield simulation models, GROWIT (1983), SPAW (1984), O’leary (1985),
Campbell and Diaz (1988), SOYGRO (1988), CERES-maize (1989), CERES-Wheat (1989)
etc., use the information generated in a water balance model to estimate crop dry

matter or yield.

The software package “WATERBAL” was developed by using Visual Basic 6.0 as pro-
gramming language for user interface and MS Access as backend for storing of data in
the database. This software consists of three modules:

(A) Input Module: This is the first module and it consists of four sub-modules such
as:

(i) Daily climate data: (temperature, humidity, sunshine hour and windspeed)

(ii) Rainfall: daily rainfall

(iii) Crop data: (crop name, date of sowing, maximum rooting depth, crop duration,
duration of four development stages)

(iv) Soil data (number of soil layer, depth of each layer, bulk density, field capacity,
permanent wilting point, soil moisture content with different days after sowing)

(B) Calculation Methods: This module consists of 4 sub-modules such as:
(i) ETo estimation method (Using Penman-Monteith method)

(ii) Runoff calculation (land use/cover, treatment/ practice, state, hydrological soil
class)

(iii) Effective rainfall (fixed percentage, dependable rain, empirical formula and USDA

s0il conservation service method)
(iv) Irrigation scheduling
(C) Output Module: This module consists of three sub-modules such as
(i) ETo for specific period
(ii) Effective rainfall with actual rainfall for a specific method

(iii) Daily water balance from the date of sowing to date of last observation with all
the water balance components.
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Block diagram of the developed software
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8.0 TECHNOLOGY DISSEMINATION AND CAPACITY BUILDING
PROGRAMME ORGANIZED FOR WATERSHED MANAGEMENT

8.1 Tranning & field day organised

e A training programme on “Agricultural diversification options for drought
mitigation” was organized on 11-12* October, 2004 where 100 tribal farmers
and 12 NGOs were participated. In that training programme, different
drought mitigation strategies were discussed. The resources persons for
taining were eminent scientists from local ICAR institutes, agricultural
universities, different departments of state government of Orissa .Some
success stories were also briefed in that training programme. A training
manual entitled “ Drought mitigation through agricultural diversification
in eastern India” was also prepared on that occasion and distributed to
participants. Dr. G.Kar, Principal investigater of the project was the course
co-ordinator for the training course.

{5 A1 Nl
ini\--'-mhu

=

mitigation in rainfed rice area”

® A national level training course on “Blending of modern and traditional
technologies for watershed management” was organized at WTCER,
Bhubaneswar from 5-11" September, 2005. This training was attended by 30
participants (scentists/ engineers/ planners) from different parts of the
country. The training was designed to create awareness about usefulness of
modern tools like remote sensing, Global Positioning System (GPS),
Geographic Information System (GIS) by scientists, officers, planners,
extension workers who are working at grassroot level for watershed
management. A training manual on “Blending of modern and traditional
technologies for watershed management “ was also published on that
occasion. Dr. G. Kar, principal investigator of the project was the course
director of that training course.
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Photo 52 . Sczentzsts Oﬁfzcers extension offzczals
from different parts of the country participated the
training programme, on “Blending of modern and
traditional technologies for watershed management’

Blend old &new tech to tackie water crisis

Photo 53 : Vzce Chancellor of OUAT Bhubaneswar
Dr.B. Senapati releasing training manual in the
inaugural programme of the training
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Changlng crops answer to dry spells

Express News, Ssmncz -

Bhublnmvnr ‘Sept 5: A blend of tratitional and
modem witershed technologies along with crop
diversification can be the answer to the pro-
blems caused by extreme weather mnditions for
farmers, water technology experts foel,

with the threat of
a drought looming
large “over /10 dis-
tricts in the State, 3
the suggestions.
seem to have come
at an. appropriate 7
tirne. L

Though major
portions of Eastern
India recelve an ave-
rage rainfall ranging
from 1,000 mm “to
2,000 mm, the je-

PRSI, AP

glon has-one of the ‘F"'m' fﬂﬂh vaiue
lowest farm  pro- "‘Hﬁ"m?’
ductivity, said ex- | ‘and.cereals can
perts.  here on Do hﬂﬂﬂt ‘-"Fﬂnna
Monday,

At 8 moetorganis-.

ed by Water Technology Centrg Eastarn Il.egiun
{WTCER), a bﬂd}" under Indian Council of Apd-
cultural Research (ICAR), the expens deliberated
an "Blending modem and raditional technolog-
ies for watershed mannaement" ‘to- tackle dry
spell conditions. -

Of the 21, 1 million hectare rain- tcd rice area in
eastern rogion, atcording to-WTCER, about 20

_ers. This will showcase the use of modern tools

percent is mln-—ied upland tice land. Productivity
is very low and unstable due to erratic rainfall
and dry spells: during‘the fanmng season. But

farmers t y prow rice on such land.
The experts feit that crop diversification with
low-water requiring und high-value crops such as
oil-segds, pulses and cerepls can be some of the
: . " “options  for [ .the

armers,

. The water techno-
' logy experts alsa felt
-« that low-water re-
guiring dry land fruit

. crops can also play a

Eutm'.l India’ rﬂcHI\‘M gnn-d rlintull b].l;l Aarm; " major role in mitiga-
“praductivity Is'the lowest j

L e e BT T L L]

" ﬂmpiﬁlwulﬂmtun with low-
plants can boost productiv

ting drought in rain-
fed arpas.

Besides = mitigat-
© Ing’ drought, the
.. crops will also meet
2 the nutritional ne-

B T T LLLT LT T LR TR PO e i

ater raqulrlng

Ceds.
' In  fact,  the |
WTCER has come |

cput with a training |
course on watershed

. management for the
oﬂicem scientlsts, extension workers and plann-

such as GIS, GPS, remole sensing apd simulation
muodels along with traditional knowledge.

During the next five days, case studies in alte:
mative land ‘and water resources planning, crop
diversification and exposure to the modern tools
will be explaiped (othe trainges. i

The Indian Express on 6.9.2005
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¢ An on-farm training of tribal

women was organized from 11 to
12" December 2005 for adoption
of improved package of practices

-ON-FARM TRAINING TO TRIBAL WOMER 0P 1
' BHUASUNI WATERSHED, DHENKANAL &

: BY
IWATER TECHNOLOGY CENTRE FOREASTERNR!

'Beglon (WTCER) for

for vegetable cultivation during
winter season. In that training
programme tribal women from all
the 75 households of Majhisahi
and Banasahi villages of Bahasuni
watershed were parcipated.

e

TCAR) BHUBANESWA
R P e

Photo-54 : On-farm tr

4

aining of tribal women

e

stormatoes find takers

WTCER 'Nscienti‘s’t-s take up village for research programme

Exenzss News Service minisiratlon for adopting the village
for_thelr support and research pro-

grgmane, In fiel, for the Jast ‘seven

Dhenkanal, Sept 26: The tomaloes.

of Majhl Sahi finallyhave some tak-  moy they have been working on
ers, The vll_I'La ) ‘been fn ' the villoge, .he

the limelight for cull . According o the scientisis, they
for eight months in MNad first taken soll samples from the

been inken over by il [willage for examination. This ‘apart,
Water Technology Con mm—
devolopment, &
Popularly relermed 10 as
lage, Mujhi Sahi had found a
mention in this paper last year after
ithe ‘crossbandh’ on which the farm- }
‘ers depended for irrigation, - y
jed. The ‘bandh' was - the. spuree of - Fit
livelihood for the villigers as: they, IR _ i
cultivated vegetables with the. holp they had taken satellite images af the

of the "handh’ water. Ik
L After this paper reporied on the '
plight of the farmers of the village,
Dhenkanal  Sub-Collector * Syrath
Chondras Mallick anid, Chalrman,
MADA (Modified Arga Development
Agency) sanctioned more than' Rs,
1.5 lakh in phases forrenovatlon of
the ‘bandh’, ¢ AT e |
<While the ‘bandh' gapienovated,
the tomato village caught the aten-
tion, of a group of scleniisty of -
WICER. They immediately ' heid
discussions’ with the distrizer ad-

village with the help of (he Indian

Space Research Organisation. -
Since the scigntists were convine-

exl about the brigh pmsgfclx‘lhe vil-

Lage had instore for its farmers, they

started stpplying new. and  hybrid
varie(lies of seeds of other vegetables
including papava and brinjal, 1o the
fammiors, Thiy have also suppiled the

-farmers with saplings of china teak
‘and: fish -seeds for the bandh and

ponds.on:an experimental basis,
For this; they have started Impar-
Ing on-the-spot tralning 1o thie farm.

ers.

One of the scientists, G, Kar, dis-
closed that if their "experiment’ pro-
ves successful, they would also adopt
the neacby villages for development
purpose. He snid they have planned
to conserve the water of Saptasajva
Bill for farming activides throughout
the year while a watershed man-

) - agement programme would be taken

up during winter season,

WICER director Ashwini Kunmr

will also visivthe village soon to inter-
act-with the farmers, he pointed oyt
“Our objective i¢' o encolrge the
pour Earmers take up soll and watcr
conseivation measares afid improve
thefr tivelihood,” he remarked,
* Meanwhite. the farmers and other
villagers: have resented the indiffer-
et attitude of “the “district ad-
ministration towards improving. the
condition of the road to the village.
In absence of a concrete road, the
farmers have been-facing difficulties
in selling’ their vegelables owtside,
Their repeated pléas 1o the ad-
ministration-in thig regard have fall-
en on.deaf ears, they alleged.

However, Dhenkanul Sub-Collect-
or told this paper that he will soon
apprise the administration of the
matier, ’

The Indian Express on 27.9.2005
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Cash crops brmg bonanza to them

Mess News Service

Phenkanal, Sept 21: Nelther
gnmly rains nor drosighl can
op them [rom achieving
byiper harvesl. The lnrmees
¢ Kadalipal and other villages
‘nf Komokshyanagar sub-divi-
have  learnt  sclentific
iethods . of - growing  orops
& i cxtreme climaltic con-
‘IIJuns antl reap prolits (oo,
I 1958, the scientsts ol Wa-
‘er*['e'chno!ogy' Centre for Ii-

tern Region (WTCER) camie

iﬂn\'n':'lﬂ aned proviced 'on the
pol Lralning w-the farnmees,
Sominars were alse conducted
.:r Tioere Ui skills.
Under - the new  matlod,
‘«-hmi is a blend of modern

it ional pechniques,
Eh,gnc entists s

ng  ©rons i il
lw-}'ltcll ks avourmabde Lo groe
ndnul, maize, cowpea and
ther amps:  Moreover, e
.r.usmlrl soil feriiliiy crops are
prown throgh inter-crapp-

astod grow-
sl

Fafmers in their malze field In Dhenkenal--Expressphoto

multi-crop fsmmbng (o wpland
aregn. Thanks 1o the ' new
techniquses, the Momers now
prefier cash ::ﬁp; over pacddy

. cultivation,

Gati. Krushna Samal and
Pramod - Kumar Nayak, two
farmershave suceassiully appl-
fed the technology amd are re--
aping profits. Samal, who
ipvested s 2500 1w grow mi-
e on four acees carned ¥

10,000 within™ three - months
whiiln Nayak. invested around
Hs 5000 for the maize crop
mnil eormed Ry 2u 000" despite
Spomdlic raln, MOur incwme
has doubled in the lase six
years, thanks to the scient-
*s15,” sald the two farmers,

ﬁﬂ. ‘And_ while-‘the farmers are

"ploughing  prafitn. from  (he
modern kuow-how, 1 14 the
ey lenders wha are morg

happy. The lenders have start-
ed charging exorbitant inter-
est. The farmers pay Rs 5 as

interest agalnst Rs 100 and Rs

50 ‘against Rs 1000. Half of

il their profits often go to the

money lenders. “They charge

B more interest if the repayment
gets delayed, the farmers said.

~Meanwhile, WICER direct-

I - or, Indian Council of Agricult-

ure Research, Ashwini Kumar
visited Kadalipal village and

“interacted with the farmers.
| The farmers songhl supply, of

quality seeds.

Assuring that he would to
conlact  National  Seeds
Corporation, he said seeds
will be supplied after 2 meet-
Iing; with the corporation. On
the otherhand, Collector Usha
Padhee said she would work
out a solution afler a discus-
sion with the agriculture ex-
perts and banks.

WTCER scientist G.Kar, safd
the organisation plans to ad-
opt more villages (o promote
the status of farmers.

lflm erop Hversilication and
S

The Indian Express on 22.9.2004

®  An on-farm training of
tribal
organized from 17" to
18" December 2005 at
Majhisahi village of
Bahasuni watershed of
Dhenkanal, Orissa.
that training
programme, different
improved package of
practices for vegetable
cultivation were taught.

Was

youth

I

A meeting was also
organized to appraise
tribal youth regarding rainwater harvesting, multiple use of harvested water for
enhancing water productivity at Majhisahi village which was attended by 50 tribal
youths.

Photo 55 : On-farm training of tr rlml youth

®  Anawareness programme cum field day was organized on 20.01.2006 at Dhenkanal
on the theme”Agricultural diversification and value addition in watershed” where
500 farmers, 50 NGOs, state government extension officials were participated. District
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Magistrate and Collector, Dhenkanal, Smt. Usha Padhee, was the chief guest on the
occasion. Former Vice chancellor, OUAT, Dr. 1.C. Mahapatra, Director, WTCER, Dr.
Ashwani Kumar, Shri Surath Mallick, Sub collector, Dhenkanal are among the
.prominent speakers on that awareness programme. An exihibition of modern farm
implements, improved cultivars, pesticides, biofertilizers, planting materials was
organized by WTCER, Bhubaneswar on the occasion of awareness programme, where
farmers showed much enthusiasm to interact with different agencies. Arrangement
was also made for exposure visit of 200 farmers to different experimental sites of
WTCER at Dhenkanal district.

8.2 Formation of water users association

Group of 20 tribal farmers each in Majhisahi
and Banasahi whose lands fall in the com-
mand area was selected for creation of wa-
ter users association. The members were
responsible to settle conflicts, maintain the
created assets like cross bundh, runoff re-
cycling pond, underground pipline system

and to use water judiciously and efficiently. Iy : J-'

They will also collect nominal water cess i _
for maintenance of the irrigation system  photo-56: Lighting up lamp by Chief Guest, Mrs.

created by the project, Usha Padhee, Collector, Dhenkanal in the inaugurdl

programme Of awareness programme

Photo-57: Director, WI'CER, Dr. Ashwani
Kumar briefing about activities of watershed participated in the training cum awareness
management carriedout by WTCER in an programme on 20.1.2006 at Dhenkanal
exhibition organised at the site

8.3 Establishment close interaction and linkage with NGO’s and govern-

ment organizations

Besides creation of alternative land and water resources in the watershed, for tech-
nology dissemination and capacity building, strong linkage was established with
many Governments and non-Government organizations (NGOs).
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o  The WTCER, Bhubaneswar has setup linkage with OUAT, Bhubaneswar for un-
dertaking trials on integrated nutrient management in vegetable production in
the watershed.

«  The WTCER center also established close interaction with local District and Block
authorities, forest departments for undertaking different development programme
on soil and water conservations through food for work programme. The condition
of approach road was very bad at the time of starting of the project, as a result
farmers were facing problem to bring their agricultural produce to the market. Now
after request to local district and block administration, they have made good ap-
proach road from the watershed to the local market.

» A meeting was also conveyed by Agricultural Production Commissioner (APC),
Government of Orissa on 12.04.2006 for discussing possible adoption of dry land
farming and crop diversification technologies of watershed management by the
state Government. The APC wishes to disseminate the technologies of alternative
land and water resources development of watershed through Orissa State Water-
shed Mission vid. the proceedings F No.FG-11 40/2006/6362/ Ag., dated 6.5.2006 .
The technologies of crop diversification for watershed management were submit-
ted to Principal Secretary of Agriculture and Director of Agriculture, Government
of Orissa.

«  After implementing successfully the dryland crop diversification and soil and water
conservation technologies in two watersheds of Dhenkanal viz., Kadalipal and
Bahasuni, large number of farmers and NGOs have come forward to adopt the tech-
nology. To cater the seed requirements of non paddy crops in the Orissa state, the
WTCER, Bhubaneswar has set up strong linkage with National Seed Corporation
(NSC), Bhubaneswar for crop diversification and seed multiplication programme with
buy back guarantee. The NSC, Bhubaneswar has made an agreement with WICER
for the same vid. Letter No.PRODN.2/NSC BBSR/06.07 Dt 7.6.06 and already initi-
ated seed multiplication programme of groundnut and maize in 150 acres of land
with the adopted farmers of WTCER in kharif 2006 at Dhenakanal and Balasore dis-
trict, Orissa with buy back guarantee. It is expected that this mechanism will solve the
problems of non-availability of seeds of non-paddy crops in the state.

. The institute identified a local NGO, Samajik Seva Sadan who is working on social
aspects of tribal farmers at Dhenkanal.

«  With the help of central Rubber Board Regional Station, Dhenkanal, 50 rubber
plants were also planted as per the action plan map prepared by WTCER,
Bhubaneswar.

- Through the project, the WTCER also established link with APICOL, Government
of Orissa for demonstrating production of value added products from crop diver-
sification.
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9.0 TECHNOLOGICAL IMPACT, MEDIA COVERAGE AND EEED BACK

Alter two years of sincere and dedicated works in the walershed, a survey was made
in rabi 2005 and kharif 2006 to study the socio-economic, scientific and technological
impact of different interventions. After effective dissemination of different watershed
management technologies, the recommendations to Improve productivity, profitability
and cropping intensity of rainfed rice area have been widely accepted by wider
categories of farming community, state agricultural officials and NGOs. The technologies
have ability to enhance production, profitability and sustainability as can be assessed
from media reports, feedback from farmers etc.

(i) Increased cropping intensity after creating water resources in the watershed

Alter creating irrigation facilities by tapping perennial spring water from hill top
at Majhisahi village, Dhenkanal, now the farmers are growing high value crops
like vegetables, flower (marigold) and short duration fruits with that water and
earning Rs.35,000 per hectare. A farmer, Rupee Baske of Majhisahi village did
crop diversification in rahi 2005 with vegetables, flowers in 1 ha areas with the
help of spring water and earned income as follows (Table-14). Other farmers
have also come forward to adopt the same. Now irrigated areas of the village
have been increased from 1.2 ha to 8.5 ha comprising of 20 tribal families due to
installation of spring water collection system in the village.

Table-14: Adoption of diversified crops by Shri Rupee Baske

Crops Area Production Rate Gross Return
(acre) (quintal) (Rs./quintal) (Rs.)
Marigold 0.24 8 500 4000
Cucumber 0.50 30 400 12000
Tomato 0.50 40 250 10000
Bean 0.26 10 600 6000
Couliflower 0.26 12 500 6000
Carrot 0.24 10 550 5500
Cowpea 0.26 10 400 4000
Raddish 0.26 10 400 4000
Total 2.52 130 3600 51500

Total area = 2.52 acre @ 1 ha., Cost of cultivation for 2.52 acre = Rs. 16,500/ -
Net Return = Rs. 35,000/-, Cost : Benefit Ratio = Rs. 2.19
*  Due to construction and renovation of runoff recycling pond and installation of
underground pipe line of 1.1 km (PVC pipe: 110 mm, 4kgf) the availability of
surface water got enhanced. The conveyance efficiency was increased upto 95%,
as a result irrigated area of the Banasahi village of Bahasuni walershed increased
from 2 ha .0 18 ha in 2005-06. Net return from second crops ranged between 13,808
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to 22,810 per hectare. Highest net return was obtained from cob of winter maize
(Rs. 30,000/ ha) with 3 supplemental irrigations.

After out interventions farmers are g
rice ecologies. The cropping intensi
creased from 105 % and 107% to 177 % and 171 %,
villages of the study watershed, respectably of Dh

06. (Table-15).

Photo-59 : Maize crop with 3 supplemental

Table-15 : Increase of cropping intensity (
rainfed lowland rice fallow study village

irrigations

rowing double/ triple crops in different rainfed
ty (whole village was surveyed) has been in-
in Majhisahiand and Banasahi

enkanal district, Orissa in 2005-

| Am e i rarn

il

[ al P

%) due to introduction of second crops in
s (Based on survey in rabi 2005-06)

Water-
shed
villages

Area
under
crop (ha)

Double
cropped
area before
project (ha)

Double

cropping
area after

project (ha)

(%) before

Cropping [Cropping

intensity

project

intensity
(%) after
project

Adopted crops
with limited
irrigation
scheduling

and or with
residual moisture

Magjhisahi

Banasahi

23

g4

8.5

108.1

1773

170.8

Groundnut, pea,
blackgram,
wheat, potato,
suriflower,
winter maize,
vegetables;
marigold

Groundnut, pea,
blackgram,
wheat,
sunflower,
vegetables,
banana
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Photo-61 : Farmers are now self sufficient to Photo-62 : Farmers are happily growing vegetables
purchase vegetable seeds from market by substituting rice in upland

(ii) Shifting from traditional crop (rice) to sustainable productive system through

crop diversification in rainfed upland.

The enhanced and stable productivity and profitability through crop diversifi-
cation changed the outlook of all section of farmers (large, marginal, small,
tribal, women) to shift from traditional cropping system (rice-fallow) to sus-
tainable productive cropping system viz., groundnut + pigeonpea, maize-
horsegrm/sesamum, sole groundnut, sole blackgram which is reflected from
the increased trend of adoption of non paddy crops (Table-16).

Table-16: Increased trend of adoption of rainfed crop diversification technology in
rainfed upland rice area (Surveyed in kharif 2004 and 2005)

Village Small and marginal farmers
Kharif 2004
Total No. of Farmers Adoption Area
farmers adopted (%) {ha)
Majhisahi 35 28 B0 5
Banasahi 40 il 77.5 1
: Kharif 2005
Majhisahi 35 30 85.7 [
Jiral 40) 35 87.5 8

(iii) Enhanced and stable productivity and income at household level

Through adoption of crop diversification and improved rainwater management tech-
nologies, the productivity and net economic return in rainfed rice area were enhanced
and stabilized (Table-17).

(iv) Reduction of household property sale for food security

Due to yield and income stabilization, the property sale (land, livestock and other
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Table-17. Increased and stable

productivity through crop diversification rainfed rice

upland.
Before adoption (2003) After adoption (2005)
Villages |Crops | Productivity | Net return Crops Productivity | Net return
(kg ha) (Rs ha) (rice equi- (Rs ha?)
valent yield)
(kg ha?)
Majhisahi | Only
rice 1014 Ml Gnut 4550 11700
G.nut+PP 5980 17420 -
BG 3720 8380
M(c)+HG 7568 02772
Rice+PP 2880 5020
Banasahi | Only 1200 Nil Gnut 4890 13060
Rice Gnut+PP 5460 15340
M(c)+HG 6540 19660

*Gnut= Groundnut, PP=

green Gram
The productivity and net return after adoption were analysed based on survey in 2005-06.

pigeon pea, M (c)= Maize (cob), HG= Horse gram, BG= Black gram, GG=

assets) at household level has been reduced (Table-18). Non farm activities were also
reduced because of farm works. (Results based on survey of 35 tribal families).

Table-18: Average income (Rupees) per household before and‘after adoption.

Sources income

Before project, 2003 (Rs.)

After project (2005-06) (Rs.)

N 00 N N G o N

1.
(a) Rice

(b) Non-rice crop

. Farm labour

. Non-farm activities

. Other sources

. Total income

. Sale of livestock

. Sale of land

. Sale of other assets

. Mortgage/ borrowings
10. Total (asset sale+

Crop

borrowing)

9560
7956
1609
1185
8880
1480
21105
1485
740
1010
2280

5515

45470

6065
39405
EJ
540
1010
47020
850

850

The data is based on survey of outp

(2005-06).
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(v) Enhancing rainwater use efficiency of upland

More crop per drop’ i.e. higher rainwater use efficiency was obtained with non-rice
crops from farmers field as compared with that of sole rice. Study found that water
use efficiency (in terms of rice equivalent yield) was much higher with maize cob,
gruundnu1'+;~|igmmpt'u. sole groundnut with the values being 7.3, 5.0, 6.3 kg ha' mm’
1, respectively, while the water use
efficiency of sole rice was ‘2.4 kg ha
'mm™.

(vi) Enhancing of water productiv-

ity of pond

As a case study a water harvesting
pond of 2100m” of Majhisahi village
of the study watershed was taken.
From the pond Rs. 53,000 was ob-

...r':-"'l

tained from field crops vegetables, B n St
and fishes, therefore, water produc- Photo- 63 : Farmers of Majhisahi are harvesting
tivity of the pond was achieved upto fish in harvested rainwater.

Rs.25/ m3.

(vii) Generating income in lean period and fastest return from rice substituted crops
in rainfed upland

Rice substituted crops mainly from maize cob, fastest return per unit area per
unit time was obtained that too in lean period (August-September), when farm-
ors faced financial crisis. The average net return from maize cob was Rs. 23391
per ha in 70 days ie. Rs, 314 /ha/ per day net return was achieved, Whereas sole
rice returned only Rs.50.1 ha' day'. The per ha per day nel return was Rs.137.9,
Rs.80.1 and Rs, 277 from groundnul, pigeonpea and fish, respectively in normal
rain fall year.

(viii) Introduction of high yielding varieties and enhancement of productivity of
rainfed lowland rice

Due to improved management with high yielding varieties, the productivity of rice in
cainfed lowland was enhanced from 1.3-2.7 tha' to 3.5-4.3 tha in different study vil-
lages of the watershed (Table-19).

(ix) Checked labour migration.

The effective rainwater utilization through crop diversification and runoff recycling
ensured double cropping in different rainfed rice ecologies which kept the whole farm
family busy for longer period, as a result desperate labour migration from the watershed
got reduced.

o4
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Table-19: Improvement of rice yield through adoption of improved practices.
(Average result of result of kharif 2004 & 2005).

Village |Area under{ Average Area % of Average | Varieties
medium | productivity | adopted | adoption| productivity| adopted
and (t/ha) before | (ha) after project| after
lowland execution execution | project
(ha) of the project (t ha) execution
Majhisahi 15 1.4-1.9 10 72.7 3.5-3.9 [ Lalat, Parijat,
Swarna
Gayatri,
Savitri
Banasahi 19 1.3-1.8 14 85.1 4.1 Lalat, Swarna,
Ramachandi
Gayatri,
Savitri,
T-1242,
CR-1030

(x) Inclusion of legumes in the cropping system improved soil physical conditions

Crop diversification with legumes in kharif and introduction of legumes in rice based
cropping system improved physical conditions of soils. The soil porosity was enhanced
from 31.6% in 2003 to 37.5% in 2006 after substituting rice with legumes (sole/intercrops).
The hydraulic conductivity and available water capacity were enhanced by 46 and 22
%, respectively, after replacing rice in rainfed rice upland (Table-20).

Table-20: improvement of soil physical parameters after changing the cropping pat-

tern in rice upland.

Physical parameters Existing crops

Year 2003 Year 2006

Rice Groundnut | Groundnut | Groundnut

+ Greengram | + Pigeonpeal + Blackgram

Soil porosity (%) 30.3 34.5 36.8 85.2
Available water capacity (m*/m?)| 0.141 0.168 0.170 0.162
Hydraulic conductivity (cm hrt) | 1.20 1.45 1.50 0.148
Bulk density (mg m™) 1.55 1.51 1.50 1.52
gk 6.1 6.2 6.0 6.1
Electrical conductivity (dS m™) 0.12 0.10 {1, 0.13
Water stable aggregates (%) 18.8 2201, 21.8 20.9




(xi) Shifting from traditional cropping system to sustainable productive cropping
system in different rainfed rice ecologies

Due to above mentioned impacts; the cropping system of the study villages has
been changed from traditional cropping system to sustainable cropping system

(Table-21).

Table-21 : Changed cropping system in the study villages (surveyed in 2005-06)

Village Before project After project
Upland | Medium | Low | Upland Medium land Low land
land land
Majhisahi [ Rice Rice, Rice Maize, Rice, Sunflower, | Rice,
tomato horsegram, Vegetables blackgram,
Groundnut | (cucumber,water lathyrus
+Pigeonpea,| melon, potato, and
groundnut, winted vegetables
thaize with limited| (cucumber,
irrigation). tomato)
Fish in village
pond, Papaya,
Banana on pond
bund.
Banasahi Rice [ice Rice Maize, Rice, groundnut, | Rice,
horsegram, | greengram blackgram,
Groundnut lathyrus
+Pigeonpea, and
vegetables

10.0 STRATEGIES ON LONG TERM SUSTAINABLE LANDUSE
PLANNING IN THE BAHASUNI WATERSHED

(i) Agro-forestry

Agroforestry system aims at growing woody perennials along with agricultural crops
on the same unit of land either in some form of spatial mixture or temporal sequence.
It is defined as “Sustainable land management system which increases the yield of
land, combines the production of crops and forest trees and /or animals simultaneously
or sequentially on the same unit of land and applies management practices that are
compatible with the cultural practices of the local population. The area of 62.8 ha has
been recommended for agro-forestry in the watershed area. The forest species manly
to be grown are Acacia auriculiformis, Albizzia lebbeck, Azadiracta indica, Dalbergia sisoo,
Eucalyptus spp., and Leucaena leucocephala. Zizyphus mauritiana, Phoenix spp, etc.which
can be grown on field bunds, boundaries, and marginal lands.
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English Translation

Agricultural diversification
is the only solution for food

scarcity: says Collector

Dhenkanal: Food is the only problem of ever-
growing population. Number of agricultural
dependant people has enhanced by four
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vast population told, district collector, Mrs.
Usha Padhee. Addressing a training-cum-
awareness programme on “Agricultural di-
versification and value addition”, organized
by Water Technology Centre for Eastern Re-
gion, she told that almost all the farmers of
the district depends on rainfall for agricul-
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rice cultivation is hampered.
has already come forward to

tural operations. But due to erratic rainfall,

If the farmers adopt low water requiring crops, their economic condition will be improved. WTCER
provide technical support. On this occasion, WTCER director, Dr. Ashwani Kumar told that now
varieties and technology are available to face the adverse climatic conditions like flood, drought and cyclone. But due to lack
of awareness, the farmers are not aware of modern technofogies. Crop diversification is the only option to mitigate drought.
in this programme, Dr. Gouranga Kar, Princ
rainfall in Orissa, any crop can be grown. Farmers may adopt other cash crops replacing rice in upland and diversified crops
by harvesting the rainwater in lowland. Dr. Kar told that farmers of Kamakhyanagar, Parjang and Bhuban block of Dhenkanal
district, have been benefited by adopting agricultural diversification strategy. Besides this, WTCER is conducting agricultural
research project in Majhi Sahi and Bana Sahi. WTCER is ready to deliver technical support to the farmers, if they need so.
Among others, former vice-chancellor of OUAT Dr I.C. Mahapatra, Deputy Director of Agriculture Mr. P.K, Dash and sub-
collector Mr. S.C. Mallick were present in this training-cum-awareness programme. Hundreds of farmers discussed their
problems on that occasion, i

pal Investigater of the project advised {hat wilh the normal raintall of 1000-1400 mm
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English
Translation

Tomato village
of Dhenkanal
“Majhisahi”
Majhisahi, a village con-
sisting of 50 tribal fami-
lies is situated just at a
distance of 10 km from
Dhenkanal town. It is now
at far distance from mod-
ern facilities like electric-
ity, proper communication
facilities. Their children
have never seen televi-
sion or motorbike. Still
then, through their dedi-
cated effort, they now be-
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ing tomato by cleaning the

nearby jungle. The women also helped them a lot. Gradually they show interest in agriculture. Few years back they started
cultivation of banana, maize, caulifiower, cabbage, ladies finger, onion, cucumber etc. Initially, they started cultivation in rabi
season. But now, they are growing different crops through out the year. Now, they have completely substituted rice with different
vegetables. WTCER, a central Government organization has started a project there. This organization has supplied water pumps,
seeds etc. The cross bund prepared by the villagers was reconstructed. According to the villagers, WTCER has trained them
about modern agro-techniques. But it is a matter of sadness that due to improper road, they are facing a lot of problem in marketing
of their produce. They either take their produce on head to nearest market . Looking at the success of the village, people of nearest
village, Banasahi has started vegetable cultivation. Anyway, now Majhisahi has become an example for others. They have
shown that everything is possible through dedicated work.
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The Indian Express on 10.2.2006

Tomato farmers have multi-crop reasons to cheer

By Brrancil e

Saftl, ence
¢ of the
me 1

Dhenkanal, Feb 9 Mahi
known & the
disugict, & back i news. This
st for tomaioes bul for
vegetables and crops
£75 CAN W GO ¢
of Waier Techn
Fastemn Rey |

Majhi Sahx had grabbed attentios
fast vear aftee the eross buadh in the
village collapsed pasing probleass for
thie fanmers, for whot the bundh was
the ‘seurce ot geiting water aud thus
growing tomatoes, the only vegesable
cuftivaled there.

Fallawing repores published . this
paper. the adnunisration cane ta e
rescie of farmers and wnder (he i
Riative of Sub-Collector Surath Cha
ndea Mallick, the bundh was repaied
and renovated with Modified Area

s the eflors
Conee o

heard of1h

and &
W

tak
Sabivitlage.

A prescrs. ey ace Farmers of Majhi Sahi engaged in cultivation work -
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taypartng

v good thing 1o ave
happenad ther, WICH
e and de-
cided to take {l vp on an
basis w find

st whether other crops |
adsobe grown there,
owing seres of ox- fowel
CYsnent,
£k disoovered thatehe
soil way suitable for culti-
ion of moltiple crops. Jn
a5 now decided 1o
Majhi Sabi a5 a
itlage i the State.
scientists have also
up the nearby Bana

conedi
enlists,

guidance

will also be strenghened
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A Y| this month 1o provide water
i+ ;
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W the
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which &5 favourable o
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for fish production in the vie
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ying Tom the distict Ag {
and Horicaliure depagtments
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sy gramised an awareness pro
granizle on “agriouiivral diversifics
tion and value addiion i rainfé
areas’. WICER, Bhubanesway, Dire
or Ashwini Kumar said cop d
versificadon with fow water requirent
ent but high value crops mav be og
of the options with fammers i
imprave productiviey of upland rai
ed ecosysten,
Later, Calleetor Usha Padhee
agurted an exhibivon of differe
endenn teenologies.
Hirectn, | ard a team of 0
fcigis frorn. Ministry of Sclence a
Technoiogy Have now deciided o v
mhth 15 take stock
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LSS programme:

The Pioneer on 21.1.2006

Awareness
camp to boost
land productivity

Ploneer News Servive
Diirikarial

THE WATER Technology
Centre for Bastern Region,
functioning as a branch of
of

tndian Council
Agriculture
amil Research,
on Friday or-
ganised a
training and
Awidre nEs
programme on
uprleuiare al

cullural projests executed
at Kamakhya Nagar,
Parjang and Bhuban
blocks. He clabmed that
‘earlier villagers of Arnapur
and Kadalipal were mi-
grating for greener pas-
tures as they could not earn
enough to main-
tain their fami-
lies, "Now after
implementing
the scientifie
mathod of di-
varsification of
crops, thay earn

Iisisnkanal at least Rs
Inaugurating 50,000 to Rs 1
the progr- takh from
e il ik ol ground nut,
Gopabandu SEERANITE malze, turineric
Town Hall, dis- “5 113“1#‘3 i and bidi,” he
trict collector Sl [LLI sald,
lishnd ;’adhee .u[uur]d_nu N Taking part in the
urged farmers maire o discussion , the
to adopt scien- K mah&‘ Blo’s divector of
tific mathod of WICER Dr Aswind
cultivation as the popula- Kumar ssid the Green
ton is growing whereas  Hevahudion Dk belpod i ine

cultivable land fs constant
and water sources are di-
minishing.

sSpeaking on the occa-
ston, principal investigator
Dr Gournga Kar explained
the achievement of agri-

ereas fimal gralns in asured
waler supply reglons, o of
142 milliven hectares of cul-
tivable land in India 67 per

cent are under the
influence  of rain-fad
agriculture.
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The Orissa Bhaskar (Oriya) on 15.9.05
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English Translation

Centre gives emphasis.on
watershed management

Bhwhaneswar, Managing:Director of AFICOL,
Or. Ak, Behera said thal central govamment
i glving more emphasis on watershed man-
agement for rural develnomant, In the casing
ceremony of the six-day national level train-
ing programme on “Blending of modern and
traditional technologies for watershed man-
agement” organized by Water Technology
Center for Eastern Region, Dr. Behera informed
that watershed development is also baing
given impastance in tha recently started “Na-
fional Empleyment Guarantea Schame”
(MEGE), He said lhat, Wheugh blanding of med-
em and traditional technologies for watershed
development, it is possible to fulfill the ambi-

ducted by WTCER is the first step in thiz ragarnd. [

_ tion of farmers. The training programme con-
Behera sdvisod tho sclentisls and orfyanizations engaged In walorshed

development programmes to malivate the Incal people fo aclively participate in this, WTGER Diractor, Dr. Ashwani Kumar
informed the participants that, as the central govermment is giving emphasis on watershed management, the center will organize
such kind of training programmes regularly. Among others, Dr. R. singh (principal scientist, WTCER) and scientist Dr, G. Kar
(Course Director of the training programma} gave Ihelr views on the issue. This programme was conducted from 8% to 19"
September 2005. Policy makers and professionals from different parts of the country participated in this training programme.
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English Translation

Watershed projects will
be a success with
people participation

On the occasion of watershed training
programme Dr. B. Senapati (VC-
OQUAT) told that the watershed devel-
opment projects are running with a
noble cause. It is also functioning in
many places in Orissa. But it seems
as if we are at far away from the goal.
In future, in order to increase the agri-
culture production, we have to give
importance on proper utilization of natu-
ral resources, technological advance-
ment and improvement of agro-mar-
keting structure. So we must give im-
portance on use of modern tools like
GPS, GIS and remote sensing tech-
niques. On this occasion, chief guest,
Dr. I.C. Mahapatra, who is a renowned
agro-consultant, informed that the cen-
tral government is giving emphasis on

walershed devefopment since last four decades, Bul this lails due 1o the pofical intarference in thi village and lack of Inlasest of
the vilagers. Arousd 70 to 80% of land in Ordssa s acidic in nalure, Becarsa rainwater washes away many soil nutrients like
sodium, potassium and calcium etc. This problem can only be solved through proper rainwater management and watershed
development projects. So, he emphasized on people participation for success of any watershed development project. Director of
the institute Dr. Ashawani Kumar explained the causes of failure of different watershed development programmes of the state and
also the remedy. He briefed success story of two such projects carried out by the institute. As approximate 70% of Orissa belong
to upland, so the food security of the increasing population can only be meet through crop diversification and relay cropping. Dr.
Gouranga Kar, scientist (S.5.) and Dr. R. Singh (Principal Scientist) were among the experts present on the occasion. Many
scientists and officers from different parts of the country participated in the training programme.
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(ii) Horticulture and Hortipasture

It is the combination of agricultural field crops with the growing of some fruit or
flowering crops to increase the income of the farmers and stabilize the soil loss due to
erosion. The area of 225.7 ha are recommended for practice of hortipasture in the
watershed area. Orchards crops like mango, sapota, ber etc. can be tried depending
upon the soil suitability.

(iii) Inter-cropping and intensive agriculture
The following criteria should be taken into account while practicing inter-cropping.

{a) The leguminous crop should be inter-cropped with non-leguminous crops, to
restore fertility status of the soil.

(b} The deep rooted crops should be cultivated along with shallow rooted crops.

(c) The low water requirement crops are to be inter-cropped with moderate water
requirement crops and both crops should have different growth habits.

Attempts should also be made to identify and introduce as much high yielding varieties
a possible and package of practices in order to improve the productivity. Suitable
contingent crop like ‘cover crop’, ‘catch crop’ like cowpea, horsegram may be
recommended to combat aberrant weather situations.

(iv) Silvipasture

Sivipasture is the practice of growing of forest species with grass cultivation. The grasses
and legumes vary in their root characters, which contributes ultimately get reflected
on the soil aggregate stability and infiltration rate. These characters alter soil and water
loss and also impart stabilization of soil structure and reduce erosion. Silvipasture
development coupled with appropriate soil and water conservation measures may
greatly improve the site and also the land productivity. The recommended tree species
arve Teak, Sal, Albizzin lebbeck, Acacia nelotica, Lencaena lewcocephala etc. along with grasses
like Cenchrus ciliaris, Stylosanthes hamata, (legume grass). In addition to that, sail
conservation measures like contour terraces, stone walling on contour line, gully
plugging ete. can be adopted on moderately slope areas to improve soil physical and
physico-chemical properties, to augment the water holding capacity of the soil and to
reduce soil erosion. The area of 527.3 ha is recommended for silvipasture in the study
watershed area because most of the area of the watershed is upland degraded forest
and grazing land .

(v) Horticulture

It is the practice of growing fruit crops and flowering plants (floriculture) according to
land suitability and irrigability of the area. The fruit crops recommended for the area
are mango, guava, banana, sweet orange, sapota, aonla, ber etc. The floricultural crops
like Marigold, Roses, Chrysanthemum, Jasmines etc. may be propagated in some area
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to increase per capita income of farmers. The areas of 6562.8 ha are recommended for
growing dryland horticultural crops.

(vi) Soil and water conservation practices:

Realizing the importance of in situ conservation of soil and moisture for better
productivity, various soil moisture measures should be adopted in moderate to steep
sloppy areas. Vegetative measures with Khus, Agave etc. can be introduced to check
soil erosion. Farm ponds can be constructed wherever feasible in order to harvest

, rainwater and may be used for multipurpose activities like irrigation, aquaculture etc.
The graded bunds, smoothing, land leveling, boulder checks etc. may be recommended
in second or third order drainage of the watershed. These soil and moisture
conservation measures will direct towards improved use and management of land
and water resources in order to increase, stabilize agricultural production and arrest
soil erosion.
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Qe6agele 09,5.d.a.21Q. Qd gl G00 ga ORed 629 QIRAS!
eRglgl geg JRoIRal QIal 2i6a QAU eRRidl AERA AITAE 9Q°
QRIAER SIEIFEe J6ad QOge ealnelyg | @R JRARQl QIFQIQ
2iafieea 98 Qe Q@ 6261 Q°69 266 ACIFS 9Q° ALETER AKS
Q ¢t 2IgeE 968 | 1R, gag 2eANIER 2R SILIER 69l gRIR
| QR A9QI6a 1)l A8A Qg Gng. QAR 642 AR 9AQ HFYRIR AN
QIR FAAIQY | INEQ QIEaIa6a, YOIRIR SIS §a edea IR
aGiaes a1, GaIRIGlR SYE TR CIERE S NRSIR 6IARAIPET |
99,.6.0.9.218. LGS SRAU ERER QI Qidg gL AR,
qQela a8 B6I8 @8 ¥e° 69I@ UIRAS AIda gMadedic @8 QISIAITER
@8, A I8 9S° g8 ARG sl 62IRAIQE |

[After 2-3 years of watershed project management activities by WTCER,
| Bhubaneswar at Majhisahi and Banasahi villages of Bahasuni watershed, we the
farmers of those villages are highly benefited. Our agricultural income was
enhanced, socio-economic conditions were improved through improved vegetable
cultivation. Earlier we were not able to grow even one crop in our agricultural land,
. now growing 2-3 crops in the same land. After learning from the project, farmers are
| now emphasizing non paddy crops like maize, groundnut, vegetables in upland and
~ getting higher return (Rs. 10,000-25,000/ha). The water resources created by
WTCER, Bhubaneswar in the watershed like spring water collection system, |
construction of cross bundh and runoff recycling pond have help the farmers of the
. watershed to meet water requirements for agriculture, fisheries and domestic
- purposes.]
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