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Soil and Water Conservation Measures for
Checking Land Degradation in India

V N Sharda
vnsharda2 @ gmail.com

South Asia is home to one of the oldest civilizations of the world. The sub-region includes
the countries with Afghanistan, Bangladesh, Bhutan, India, Maldives, Nepal, Pakistan,
and Sri Lanka. It has a 1.5 billion strong population growing at the rate of 1.8% per
annum but has only 4.8 per cent of the world’s total land area. South Asia’s topography
includes an amazing variety of mountains, plateaus, dry regions, intervening structural
basins and beaches. It varies from world’s highest point, Mount Everest to the world’s
lowest, the sea beach. The entire coastline runs to about 10, 000 km from Pakistan to
Bangladesh, with wetlands occupying an area of 1,34,161 sq km. The region is
characterized by a tropical monsoon climate. Two monsoon systems operate in the region:
the southwest or summer monsoon (June-September) and the northeast or winter monsoon
(December-April). This region also features large year-to-year variations in the rainfall
frequently causing severe floods/droughts over large areas. Some of the world’s largest
river systems are in the South Asia. The River Indus originates in China and flows to
Pakistan. The Ganga-Brahmaputtra river systems originate partly in Bhutan, China and
Nepal and flow to Bangladesh and India. The Indus is one of the world’s greatest river
systems, measuring 3,180 km, from its source to the sea. The Ganga stretches for about
2,525 km and the Brahmaputtra — the third great Himalayan River, stretches for about
2,900 km flowing through Tibet, India and Bangladesh. Soil and water are the principlal
natural resources of South Asian region and ultimate source of people’s livelihood.
However, sustainability of these resources is a major concern due to land degradation in
general and soil erosion in particular. Irrespective of slopes, the soils are used intensively,
and severe erosion is common on hill slopes cultivated for upland crops. The soil erosion
and landslides are considered as the most critical environmental hazards in the region.

Land and Land Use

South Asian economies are mainly based on agriculture and, therefore, land constitutes
an important resource. The region displays an extraordinary diversity of landforms due
to climatic regimes, latitudes, altitudes and topography. Land, in South Asia, is under
immense pressure as agriculture, urban areas and industrial areas all compete for the
same resource. The demand for land has increased, along with the intensity of land use,
causing widespread environmental damage and the degradation of land quality. Land
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degradation is a major problem in all South Asian countries especially due to water
erosion resulting from steep topography coupled with high intensity rainfall. Modern
methods of agriculture have further contributed to land degradation, with practices such
as overuse of fertilizers and pesticides, excessive irrigation of saline lands and shifting
cultivation.

Due to high density of population compared to available land resources, large proportion
of total land resource is under agricultural use. Over 22% of the world’s agricultural
population lives on just under 5% of its land area; whilst about 50% of the total land area
is under agricultural use, a far higher proportion than for the world as a whole. India
occupies 46% of the land area of the region but supports 71% of its population. High
agricultural population densities result in lower availability of per capita land. The
availability of per capita crop land is 0.31 ha, 0.13 ha of pasture land or a total of 0.44 ha
of agricultural land. With the possible exception of Bhutan, for which data are uncertain,
Bangladesh has the highest agricultural population density, with 0.12 ha of per capita
agricultural land. A comparative picture of land use of the World vis-a-vis the South Asia
is presented in Fig. 1.

Figure 2: Comparison of land use

World South Asia

D Arable land and permanent cropland D Permanent Pasture
[] otheriand [ Forestand woodland
Source: FAQ 1999 Photograph: Kashfia Rahman

Source: UNEP, 2009

Fig.1. Major land utilization patterns in the World and South Asia

Land Degradation

Land degradation and soil erosion in the region are largely attributed to faulty land use
practices, rapid rates of deforestation, poor irrigation and drainage practices, inadequate
soil conservation measures, steep slopes and excessive grazing. Estimates indicate that
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in South Asia, 42 per cent of the land is affected by one or the other forms of land
degradation. Half the region’s dry lands face the threat of desertification, with as much
as 63 million hectares of rainfed cropland and 16 million hectares of irrigated land having
been lost due to it, especially in India and Pakistan; with higher land degradation in
India. Other countries have also been badly affected. It is estimated that nearly one-third
of the land in Sri Lanka has been subjected to soil erosion. One-fourth of Pakistan’s total
land area is facing serious threats of water and wind erosion. In parts of Bangladesh and
northern India, soils have become acidified and salinized. The steep terrain of Nepal is
susceptible to soil erosion and landslides. As per Global Assessment of Soil Degradation
(GLASOD) estimates, six per cent of Afghanistan’s land is very severely affected and
ten per cent is severely affected due to anthropogenic activities. An area of about 75 per
cent is affected by loss of top soil due to both water and wind, the former being more
serious. Extensive erosion of riverbanks, leading to siltation and the loss of valuable
farmland, is also increasing due to the loss of tree roots that hold the soil in place.

According to the GLASOD assessment, a total of 83 M ha is affected by water erosion in
the region, of which 25 % area is under crops and pastures. It comprises of 33 M ha of
land with light erosion, 36 M ha with moderate erosion and 13 M ha with strong erosion.
The dry zone is most affected with 39% of the area under crops and pastures, compared
to 18% in the humid zone. The countries most seriously affected are India and Iran in
absolute area and Iran, Sri Lanka and Nepal relative to crops and pastures. Examples
where erosion has reached a severe degree, leading to abandonment of land, include
parts of the hill areas of Sri Lanka (Stocking, 1992; Sri Lanka, Natural Resources, Energy
and Science Authority, 1991, p.120), and the Pothwar Plateau of the Punjab region of
Pakistan (Nizami and Shafiq, 1990). For current erosion under inappropriate land use,
there are many estimates in excess of 100 t/ha per year, including parts of India, Nepal
and Sri Lanka (Das et al., 1991; Stocking, 1992). Most affected are the populated mountain
regions of the Himalaya-Hindu Kush, the mountainous rim of Iran, and the areas under
predominantly rainfed agriculture of the Deccan of India (with the Western Ghats most
seriously affected) and Sri Lanka. Also affected are strips where the Gangetic river system
has cut into terraces, whilst ravines are widespread along the rivers Yamuna and Chambal.
Table 1 shows major land degradation problems in South Asian countries. For India, the
earlier estimates are in the range of 69-127 M ha, which is 2-4 times the GLASOD
estimate. The Figure of 4 M ha under gullies or ravines has frequently been quoted, and
is one third of the GLASOD value for strong degradation. The estimates of Sehgal and
Abrol (1992) are based on the criteria and guidelines of the GLASOD methodology. The
value is over twice the original GLASOD estimate.
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Table 1 : Major land degradation problems in South Asia

Country Land degradation problems

Bangladesh Soil erosion, salinity, acidity of soils, river bank erosion, waterlogging,
decreasing soil fertility.

Bhutan Soil erosion, river bank erosion.

India Soil erosion particularly sheet and gully erosion, waterlogging, soil

salinity, alkalinity, decreasing soil fertility, spread of weeds, chemical
degradation due to pesticides and fertilizers not assessed, land
subsidence, mine spoils debris dumps and loss of land due to mining.

Maldives Salinity due to salt water intrusion, coastal erosion.

Nepal Soil erosion, deterioration of soil quality, waterlogging along canal
systems, quarrying has led to denudation of hill slopes, excessive
erosion and debris accumulation in rivers.

Pakistan Soil salinity, waterlogging, soil erosion.

Sri Lanka Soil erosion, waterlogging, pesticide accumulation in the soil,
groundwater and surface water bodies, land degradation due to
extraction of raw materials for the ceramic and cement industry,
industrial pollutants discharged onto agricultural land, gemming, sand
mining, brick and tile clay extraction.

Land Degradation and Soil Erosion in India

The land degradation results from natural hazards, direct causes and underlying causes.
Natural degradation hazards are the environmental conditions which lead to high
susceptibility to erosion such as steep slopes, high intensity rains, high speed winds etc.
The direct causes include deforestation, overcutting of vegetation, shifting cultivation,
overgrazing, non-adoption of soil conservation measures, extension of cultivation into
fragile or marginal lands, improper crop rotation and faulty management practices which
lead to unsuitable land use management practices. Underlying causes are the basic reasons
resulting into land degradation due to direct causes such as land shortage, land tenure
and open access to sources, economic pressure, poverty and population increase.

The land degradation has both on-site and off-site effects. On-site effects are the lowering
of productive capacity of the land mainly due to loss of nutrients, causing either reduced
outputs or need for increased inputs. Off-site effects of water erosion occur through
changes in the water regime include decline in water quality, sedimentation of river bodies
and reservoirs, loss of biodiversity and natural disasters like floods and droughts.
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Harmonization of Databases of Land Degradation

Harmonized data base on wastelands/land degradation indicated that 120.72 M ha in the
country is affected by various forms of land degradation (Fig.2). Out of 120.72 M ha
degraded area, water erosion alone accounts for 68.4% (82.57 M ha) followed by chemical
degradation (24.68 Mha), wind erosion (12.40 Mha) and physical degradation (1.07 Mha)
(Maji, 2007). The area under physical degradation only accounts for waterlogging due to
permanent surface inundation (0.88 M ha) and does not include sub-surface waterlogging.
Similarly, barren rocky/stony wastes (6.46 Mha) which are the sources for runoff water
and building materials and snow covered/ice caps which are the best sources of water
were not considered as wastelands/degraded lands. For acid soils on arable lands (10.81
Mha), areas under paddy growing and plantation crops were also included.

India
Land Degradation

Legend
== Excluswe\v Water Eroslcn[ 10)

n under openforest
[JEx E | Iy al:ld snlls(pH<5 5)

1 Acid solls under water erosion

[ Acid soils under open forest
[ Exclusively open forest

[ Eroded sodic soils umav'?pan forest
— Excluswe\y saline soils

[ Saline sois under =l Iﬁem
[l s

[—
I Wa\srlugged&marshy’ (permanent)
[ Brarren rockeyiStonywaste
[ Snow covered & Glacial area

[ Area not surveyed

[ Ctrer 4

CeverEn/at: GIS SECHW, NESSELLP, N

Fig. 2. Wastelands/land degradation map of India

Estimation of Soil Erosion and Potential Erosion Rates

It is estimated that about 5334 million tonnes of soil is lost annually which works out to
16.35 tonnes/ha (Dhruva Narayana and Ram Babu, 1983), of which 29% is lost
permanently into the sea, 10% gets deposited in the reservoirs decreasing their capacity
by 1-2% every year and the remaining 61% is displaced from one place to another or re-
distributed. Among different land resource regions, highest erosion rate occurs in the
Black soil region (23.7-112.5 t/ha) followed by Shiwalik region (80 t/ha), North-Eastern
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region with Shifting Cultivation (27-40 t/ha) and the least in North Himalayan Forest
region (2.1 t/ha). The CSWCRTI, Dehradun in collaboration with NBSS&LUP, Nagpur
estimated potential soil erosion rates for different States of the country using 10 x 10 km
grid size data for the parameters of Universal Soil Loss Equation. Permissible soil loss in
India varies from 2.5 to 12.5 t ha''yr' depending upon soil quality and depth (Mandal et
al., 2009). Since about 70% of land area has soil loss tolerance limit of 10 t ha'yr™, it has
been used for computation of degraded lands in the country covering 120.72 m ha. The
analysis has revealed that about 39% area in the country is having erosion rates of more
than permissible rate of 10 t/ha/yr, thereby resulting in reduced agricultural productivity.
About 11% area in the country falls in very severe category with erosion rates of more
than 40 t/ha/yr. Some of the States in the North-West and North-East Himalayas are
worst affected with more than 1/3™ of their geographical area falling in very severe (> 40
t/ha/yr) category.

Loss of Crop Productivity

Studies in the lower Himalayan region revealed that removal of 1 cm top soil reduced 76
kg/ha of maize grain yield and 236 kg/ha of maize straw yield (Khybri et al., 1988).
Maize grain yield, on an average, decreased from 37 g/ha to 13 g/ha with 30 cm removal
of top soil (65% reduction over control). Similarly, in the Shiwalik region of Punjab,
grain yield reduction of 103 kg/ha has been recorded in maize crop with every cm removal
of top soil (Sur et al., 1998). Vittal et al. (1990) reported that in Alfisols, yield losses were
138, 84 and 51 kg/ha/cm of top soil removal for sorghum, pearlmillet and casterbean,
respectively. Yadav et al. (1993) observed that loss in crop productivity on soils having
different degrees of erosion by water (slight, moderate and strong) is within 10, 10-35
and 60-75% from the model yields, respectively. Further, sorghum suffered the most
followed by soybean and pigeonpea with cotton being least affected.

An effort to systematically assess the impact of water erosion on productivity was made
recently by CSWCRTI, Dehradun (Sharda et al., 2010). Their analysis reveals that at
national level, water erosion resulted in an annual production loss of 13.4 Mt in cereal,
oilseed and pulse crops equivalent to approximately $ 162 billion considering MSP of
2008-2009. Crop-wise losses are depicted in Fig. 3. Degree of severity of water erosion
is very much linked to the loss of agricultural productivity. The trend analysis on the
basis of very limited data available on loss of productivity/crop yields vis-a-vis the erosion
class indicated that the productivity may decline by 5-50% under major soil groups of
the country (Sehgal and Abrol, 1994). The effect on loss of productivity is more pronounced
in red soils followed by black soils and alluvium derived soils.
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6.4% loss in case of gram;
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Fig.3. Losses for cereal, oilseed and pulse crops due to water erosion

Strategies for Combating Land Degradation

Broadly, two-pronged strategy is needed to prevent land degradation and bring erosion
by water and wind within permissible limits for sustained productivity. Firstly, there is a
need to properly assess the degree, type, extent and severity of soil erosion and its effect
on production and nutrient losses. Secondly, to check and reverse the process of land
degradation, appropriate technologies and conservation measures should be evolved
through strong research support.

The research efforts in the past 4-5 decades have identified a number of resource
conservation techniques which reduce the risk of soil degradation, preserve the productive
potential, decrease the level of inputs required and sustain agricultural productivity in
the long run. These measures include land shaping or mechanical measures, agronomic
manipulations, vegetative barriers, alternate land use systems and run-off harvesting and
recycling techniques. The agronomical measures are generally recommended on mildly
sloping lands with the objective of maximizing in-sifu rainwater conservation to ensure
protection against erosion and achieve higher productivity. They include contour farming,
intercropping, strip cropping, mixed cropping, cover management, mulching, crop
geometry, tillage practices and diversified cropping systems. Mechanical measures are
adopted to support the agronomical measures on steeper slopes or where the run-off is
high by reducing the length and/or degree of slope to dissipate the energy of flowing
water. They include land levelling, bunding, terracing, conservation bench terracing and
contour trenching. These measures increase the time of concentration and thereby provide
enhanced opportunity for infiltration of rainwater. The performance of different
conservation measures were evaluated at 2-8% slopes in Doon Valley region of India
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(Table 2). It is evident from the table that contour bunding was found economical and
efficient in controlling 50-60% runoff and soil loss. Compared to contour farming, graded
bund reduced runoff by 52-56 and soil loss by 65-72% while bench terracing reduced
runoff by 85-92% and soil loss by 90-92%.

Table 2 : Runoff (mm), soil loss (t/ha) and crop yields (kg/ha) on different slopes
and conservation measures in Doon Valley

Land shaping 2 % slope 4 % slope 8 % slope
measures Runoff | Soil loss Runoff Soil loss | Runoff | Soil loss
Contour cultivation | 63.9 16.18 144.3 25.75 327.2 54.67
Graded bunding 27.8 4.28 67.9 7.24 156.1 19.40
Contour bunding 15.8 2.87 39.8 4.56 89.6 10.02
Bench terracing 9.3 1.53 16.2 2.15 27.2 3.01
Maize Wheat Maize Wheat | Maize | Wheat
Contour cultivation| 2185 2165 2218 2070 1758 1750
Graded bunding 2007 2060 1936 2010 1576 1875
Contour bunding 1850 2350 1781 2335 1361 2085
Bench terracing 1528 2680 1594 2590 1432 2315

Effect of Tillage and Crop Residue

Tillage is a conservation practice which makes the soil surface more permeable to increase
infiltration of rain water into the soil and conserve runoff, soil and nutrients resulting in
higher crop yields. Soil erosion can be controlled to a great extent by adopting conservation
tillage, which refers to any tillage practice that reduces loss of soil and water relative to
conventional tillage. Singh et al. (2006) reported that minimum tillage along with crop
residue as mulch conserved rain water by 40% and 11% and soil by 69% and 28% over
cultivated fallow and conventional tillage, respectively in maize at 4% slope. The highest
net return of Rs. 8350 per hectare and B:C ratio of 1.48 was obtained with minimum
tillage + crop residue treatment (Table 3).
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Table 3 : Effect of tillage and crop residue on erosion losses and yield of crops
(mean of 8 years)

Treatments Runoff | Soil loss | Grain yield Net B:C

(% of | (t/halyr) (kg/ha) return ratio
rainfall) Maize | Toria | (Rs./ha)

T, -Conventional tillage 23.3 19.83 2407 | 667 7194 1.40

T,- T + crop residue 20.0 16.30 2704 | 772 8108 1.43

T,- Minimum tillage 24.2 15.46 2279 | 631 8030 1.52

T,- T +crop residue 20.6 14.32 2593 | 730 9350 1.57

T,- Cultivated fallow 35.7 45.50 - - - -

Agroforestry: Growing multipurpose trees or shrubs in agricultural fields not only satisfies
fuel and fodder needs of the farmer, but also has a great potential for erosion control
through the tree canopy, litter and root effects. Tree rows may also act as a barrier to
surface flow. The plantation of Leucaena and Eucalyptus in maize field in paired rows at
4.5 x 1.5 m spacing reduced soil loss by more than 70% (Narain et al, 1988). Eucalyptus
rows were more effective than Leucaena when both are managed as trees (Table 4).
Although trees had adverse effect on the crop yields but tree products compensated the
loss thus making the system economically viable.

Table 4 : Runoff and soil loss under agroforestry systems

Landuse Runoff (%) | Soil loss (t/ha) % reduction in
Runoff Soil loss

Maize 18.3 17.7 - -

Maize+Subabul 8.9 5.0 51.9 71.8
Maize+Eucalyptus 3.6 0.91 80.3 94.9
Chrysopogon fulvus 1.6 0.33 91.3 98.8
Grass+Subabul 0.6 0.13 96.7 99.3
Subabul 0.4 0.04 97.8 99.8
Grass+Eucalyptus 0.1 0.02 99.5 99.9
Eucalyptus 0.1 0.01 99.5 99.9

Conservation Bench Terrace (CBT) System

The CBT system consists of a terrace ridge to impound run-off water on a level bench
and a donor watershed which is left in its natural slope and produces run-off which
spreads on the level bench. The contributing area is either kept fallow or under a drainage

9
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loving crop like maize, whereas the lower reaches of the field are levelled to grow crops
like rice in high rainfall regions. The CBT system has been successfully demonstrated in
arid, semi-arid and sub-humid regions in India on mildly sloping lands for erosion control,
water conservation and improvement of crop productivity. In India, at Dehradun, the
CBT system constructed at 2 % slope with 3:1 ratio of donor area to recipient area and 20
cm depth of impoundment at the end, significantly reduced run-off and soil loss by over
80 and 90%, respectively, compared to the conventional system of maize-wheat rotation.
Similarly, in the north-eastern hill region, the CBT on 55% slope with Y% upper area
under maize, and 34 lower area under rice on bench terraces, resulted in maximum reduction
in run-off and soil loss, and produced optimum yields of both the crops. Thus CBT
system provides a viable alternative to conventional system for conserving in-situ
rainwater, minimizing soil erosion and enhancing crop productivity.

Grasses: Grasses are perhaps the best friends of soil conservation. Low and evenly
distributed canopy and fibrous root systems with high soil binding capacity make grasses
highly effective in controlling soil erosion. Chrysopogon grass alone could reduce the
runoff and soil loss by 91.3 and 98.1 percent, respectively (Narain et al 1988), but when
grown with trees reduced the runoff and soil loss completely (Table 4).

At 9 to 11 percent slopes at Dehradun, efficacy of various grasses for erosion control was
more than 98% (Narain et al 1994) hence their selection shall be based on the production
potential of these grasses under given edaphic conditions and local preferences. Pueraria
hirsuta and Chrysopogon fulvus have shown the highest production at Dehradun (Table
5).

Table 5 : Runoff and soil loss under different grass species

Land | Conservation measure| Runoff | Soil loss | % reduction in Yield
Slope (%) (t/ha) | Runoff | Soil loss | (kg/ha)
9% Bare & ploughed 59.6 155.95 - - -
Bare fallow 71.1 92.42 19.3 40.75 -
Cynodon dectylon 27.1 2.10| 545 98.70 4355
Natural grasses 21.2 1.02| 644 99.3 -
11% | Cultivated fallow 16.2 18.45 - - -
Pueraria hirsuta 1.80 0.11| 88.89 99.40 15950
Dicahthium annulatum 1.90 0.23 | 88.27 98.75 12870
Chrysopogon fulvus 2.50 0.30 | 84.57 98.40 19170
Eulaliopsis binata 5.20 029 ] 67.1 98.43 11290
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Grasses as Vegetative Barriers: Vegetative barriers include contour rows of perennial
grasses, hedges, wind breaks and shelter belts etc. As a live bund of perennial grasses,
use of Guatamala grass (Tripsicum lamms) on lateritic soils of Ootacamund was an
excellent example for formation of Puertoricon or California type terraces through
vegetative barriers. Khus (Vetveria zizaniodes) has been recommended widely by the
World Bank in India and South East Asian countries for growing as live bunds. In Doon
Valley on 4% slope Bhardwaj (1991) reported that live bunds of Guenia grass, bhabar
grass and khus grass reduced the runoff by more than 18% and soil loss by more than
78% compared to cultivated fallow which produced 52 per cent of rainfall as runoff and
45 t/ha soil loss. The suitability of vegetative barriers in different agro-ecological regions
of India is presented in Table 6 (Sharda and Juyal, 2009).

Table 6 : Vegetative barriers reported superior at different locations in India

Location Crop Barrier

Dehradun Corn Panicum maximum

Akola Sorghum, Cotton Leucaena and Vetiver, Leucaena
Anantapur Groundnut Vetiver on account

Bijapur Safflower Rubble check and Leucaena

Indore Soybean Cymbopogon margini*

Bengaluru Finger millet Combination of graded bund and Vetiver
Hyderabad Sorghum/Castor Cenchrus ciliaris*

Bellary (Karnataka) Sorghum Agave sislana and Vetiver plus Bhabar
Ballowal (Hoshiarpur) | Maize Saccarum munja

Sirsa (Ambala) Black gram Mixed barrier of Vetiver plus Bhabar
Boli (Yamunanagar) Bajra and Wheat Mixed barrier of Vetiver plus Bhabar
Bhawanipatnam (Orissa)| Paddy Vetiver*

Bhubaneshwar (Orissa) | Cowpea (green pod) | Cynodon dactylon™

Udhagamandalam Potato Napier grass

(Tamil Nadu)

*Barriers with small bund of cross-section — 0.1 sq m

Slopping Agricultural Land Technology (SALT): SALT is basically a method of
growing crops between rows of shrubs and trees such as Gliricidia and Leucanea. The
three-tier system developed by the ICAR Research Complex for NEH region for sloppy
hills (lower 1/3rd bench terraced for agriculture, middle 1/3rd for horti-pasture with
grasses on contour bunds and remaining 1/3rd for agroforestry with contour bunds) with
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flexibility according to specific needs. The short-term fallow periods (3-5 years) of weedy
species are not only resulting in poor soil fertility build up but also posing a major threat
to the cropping phase due to build up of weed seed pool accompanied by low yield of
crops taken. Rapid restoration and maintenance of soil productivity can be achieved by
improved fallow with woody and herbaceous legumes with primary purpose of fixing N
as a part of short fallow (2-3 years) to increase the accumulation of large quantities of N
and to provide a residual effect on two or three subsequent crops. The main legumes of
the genus Sesbania, Tephrosia, Leucaena, Mucuna, Centrosema, Pueraria, Crotolaria,
Cajanus, Indigofera and Mimosa can be successfully used for the short fallow to rejuvenate
the soil fertility lost during cropping.

Impacts of Integrated Watershed Management Programs in India

Over the past three decades, India has addressed the challenges of land degradation and
enhancing productivity of rainfed areas head-on and has made major investments in the
area of watershed management through an appropriate combination of technical
innovations, participatory approaches and an enabling policy environment. There is ample
evidence of positive impacts of watershed programs in terms of reduction in soil and
water losses and improved agricultural productivity in normal rainfall years in regions
that were bypassed in the conventional green-revolution era. Several reviews on the
performance of watershed development projects (Hanumantha Rao, 2000; Joshi et. al.,
2000, 2004; Kerr et al., 2000, 2004; Palanisami et al., 2002; Joy et al., 2005) in India
have diagnosed various limitations of watershed programs. Participatory integrated
watershed management (IWSM) approach being adopted in the recent past has shown
encouraging results over the previously adopted commodity based or sectoral approaches.
Operational Research Project on Watershed Management at Fakot in outer Himalayas
which was implemented by Central Soil & Water Conservation Research and Training
Institute (CSWCRTI) during 1975-86 is a successful example of this participatory
approach. Similar trends in production increase and environmental benefits have been
observed in other watersheds developed under NWDPRA, DPAP, RVP and other bilateral
projects implemented during 1990s.

The IWSM programs were quite effective in conserving natural resources of land, water
and vegetation for sustained productivity. Run-off reduction in the range of 1.5 to 2.5
and soil loss in the range of 1.2 to 4.8 times was realized in the experimental watersheds
(Table 7).
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Table 7 : Impact of integrated watershed management practices on runoff and soil

loss

Watershed (State) Runoff as % of rainfall Soil loss (t ha')

Pre- Post- Pre- Post-

treatment | treatment | treatment treatment

Fakot (Uttarakhand) 42.0 14.2 11.9 2.5
Behdala (Himachal Pradesh) 30.0 15.0 12.0 8.0
Una (Himachal Pradesh) 30.0 20.0 12.0 10.0
G.R. Halli (Karnataka) 14.0 1.3 3.5 1.0
Joladarasi (Karnataka) 20.0 7.0 12.0 2.3

Generally, the impact of integrated watershed management (IWSM) projects is analyzed
through tangible benefits accrued out of the program in terms of productivity components.
The environmental externalities and intangible benefits are rarely accounted for. Even
by considering tangible benefits, IWSM programmes were found to be economically
sound with benefit: cost ratio varying from 1.10:1 to 2.94:1. Data in Table 8 presents
benefit-cost ratio of some of the projects in western Himalayan and Shiwalik region.

Table 8 : Economic evaluation of watershed management programmes in Western
Himalayas and Shiwaliks region

Watershed Benefit-cost ratio Project life (years) Discount rate (%)
Fakot 1.92 25 10
Relmajra 1.20 20 12
Sukhomajri 2.06 25 12
Nada 1.07 30 15
Bunga 2.05 30 12
Maili 1.10 50 15
Chohal 1.12 50 15

Integrated Watershed Management Programmes are being implemented all over the
country on a massive scale since 1991 after the tremendous success of model watershed
projects developed by CSWCRTI, Dehradun and other organizations. The programme is
funded by Ministries of Rural Development, Agriculture, Environment and Forests besides
many externally aided projects from foreign agencies. A review of more than 300 integrated
watershed management projects indicated that in majority of the watersheds, total crop
production increased by 50 to 123 percent with some of them registering up to 5 fold
increase (Joshi et al., 2004). Water harvesting technologies increased the irrigated area
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by 50 to 156 percent and consequently cropping intensity increased by 64 percent on an
average. Apart from increasing production, IWSM projects were quite beneficial in
generating employment opportunities varying from 11 to 960 mandays. A spectacular
increase in ground water level varying from 0.2 to 2 m has been reported in the watersheds
successfully implemented by CSWCRTI, Dehradun and ICRISAT, Hyderabad. Table 9
presents the area covered and the expenditure incurred to develop degraded lands under
various watershed development programmes since inception up to Tenth Five Year Plan
(Sharda et al., 2008). Up to March, 2007, an area of 56.54 million ha has been treated at
a cost of about Rs. 19,471 crores under various Central and State sponsored schemes.
Perusal of progress of Watershed Development Programmes in each state indicates that
some of the States have accomplished more than 80% of the targets while many are still
lagging behind which needs to be expedited.

Table 9 : Degraded lands developed under various watershed development
programs since inception up to the Tenth Five Year Plan (March, 2007)

(Area in Lakh ha and expenditure in Rs. Crore)

SI. No. | Ministry/Scheme and Year of start Area | Expenditure
(A) Ministry of Agriculture (Deptt. of Agri. &
Cooperation)
NWDPRA (1990-91) 88.46%* 2787.43
RVP and FPR (1962 and 1981) 59.92 2050.31
WDPSCA (1974-75) 3.92 294.15
RAS (1985-86) 7.36 118.51
WDF (1999-2000) 0.98 46.13
EAPs 14.58 2244.11
Sub-Total 175.22 7540.64

(B) Ministry of Rural Development
(Deptt. of Land Resources)

DPAP (1973-74) 137.19 2443.01

DDP (1977-78) 78.73 1837.79

IWDP (1988-89) 107.22 2268.53

EAPs 5.82 846.10

Sub-Total 328.96 7395.43
) Ministry of Environment and Forests

NAEP (1989-90) 9.59 2031.42
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SI. No. | Ministry/Scheme and Year of start Area | Expenditure
(D) Planning Commission
HADP (1974-75) 0.29 127.74
WGDP (1974-75) 8.06 503.49
Sub-Total 8.35 631.23
(E) Other Watershed Schemes
Operating in Different States 43.28 1871.84
Total (A+B+C+D+E) 522.12 19470.57

Source: Sharda et al. (2008)

GOVERNMENT INITIATIVES FOR LAND MANAGEMENT

National Level Mechanisms

For effective coordination and management of land resources of the country, a National
Land Use and Wasteland Development Council (NLWDC) was constituted under the
Chairmanship of Prime Minister in 1985-86 with its Secretariat located in the Department
of Land Resources, Ministry of Rural Development. For effective coordination, the
following Boards/Authority have been constituted:

(@

(ii)

(iii)

(iv)

National Land Use and Conservation Board (NLCB): It is located in the Ministry
of Agriculture, Deptt. of Agriculture and Cooperation, to serve as policy planning,
coordinating and monitoring agency at national level for issues concerning health
and management of land resources.

National Rainfed Area Authority (NRAA): This authority was created in
November, 2006. It is a multi-disciplinary organization of renowned professionals.
Formulation and advocacy of policies, perspective planning, capacity building,
monitoring, evaluation etc. are the major mandates

National Wastelands Development Board (NWDB): It is located in the Department
of Land Resources, Ministry of Rural Development for addressing matters related
to wastelands in the country.

National Afforestation and Eco-development Board (NAEB): It is located in the
Ministry of Environment and Forests to take care of the matters related to the land
belonging to forests.

Under India’s Federal structure, land is a state subject and there is so far no National
legislation. The NLCB is considering the enactment of a composite Land Resources
Management Act encompassing various aspects of land use. National Land Use Policy
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outlines have already been prepared which take into account environmental, social,
demographic, economic and legal issues. The policy has been circulated to all concerned
for its adoption and implementation. For effective management of forest resources, the
Central Government has brought the subject under concurrent list and enacted the Forest
(Conservation) Act (1980), in which all cases of diversion of forest lands are required to
be approved by the Central Government.

State Level Mechanisms

The State Land Use Boards (SLUBs) were established in 1970’s to implement the policies
and guidelines issued by the NLCB and to ensure that scarce land resources are put to
optimal use. Since land is a state subject, all states are required to enact suitable laws and
prepare a policy for land use. However, only few states, namely, UP and Kerala have
prepared Draft Land Use Policy so far. SLUBs are not functioning properly in most of
the states and need to be revitalized for effective land use planning. A holistic approach
to understand the livelihoods of rural people especially in marginal agro-climatic zones
can provide the basis for sustainable rural poverty alleviation and natural resources
management simultaneously. The strategy of Land Use Policy should cover elements of
food security, rural development, viability of rural areas, environmental and social aspects.

Local Level Mechanisms

At the local level, Panchayats, Watershed Committees, Self Help Groups, User Groups,
NGOs, State Implementing agencies etc. are fully involved in decision-making for
planning, implementation, post care maintenance activities etc. of land resources. In the
Common Guidelines for Watershed Development Projects implemented by Govt. of India
for all Ministries/Departments since April, 2008, institutional arrangements required at
project level and at village level have been duly emphasized with active participation of
the local community.

At the district level, the concerned development departments take decision on land
management issues in consultation with people’s representatives. The role of women has
been fully recognized in integrated planning and management of land resources.

Conclusion

Four countries of the humid zone - Bangladesh, Nepal, Sri Lanka and the greater part of
India are severely affected by water erosion on their rainfed lands, soil fertility decline,
and deforestation. In parts of the hill and mountain areas of Nepal, deforestation and
water erosion have reached an alarming proportion. Bhutan, because of its lower population
density, has not yet suffered from severe land degradation, but deforestation, often the
initial cause of degradation, is taking place. Institutional structures to combat land
degradation exist in all countries of the region. These offer much potential, both for
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research and implementation of appropriate measures. Some countries possess an unduly
complex structure, sometimes with poorly defined or overlapping responsibilities. There
is a need to recognize land resources, productivity and degradation as a distinctive field,
and clarify responsibilities for research, survey, monitoring and implementation. Many
of the proposed actions will initially require discussion on a regional, and in some cases
international basis in order to secure uniformity of methods. They will subsequently
require modifications in detail to meet the needs and conditions of different countries. If
integrated action is not taken, to combat both the direct and indirect causes of land
degradation: resources will be destroyed, in some cases irreversibly; there will be further
considerable economic losses at the national level; and the people, mainly the poor, will
suffer. A pre-requisite for effective action is recognition, by national governments, of the
severity of land degradation and its effects upon the people and the national economies.
It is not sufficient to pay lip service to ‘environment’ nor to write reports. There must be
allocation of staff, budget and resources. Some of the issues which need to be addressed
to check land degradation and as a policy framework are summarised below:

Clarify institutional responsibilities: It may be necessary to establish a high-level
advisory committee on land degradation policy. This body should then seek, through
collaboration with the Ministries and Departments concerned, to clarify responsibilities
in areas of research, planning and implementation. It is desirable that countries should
identify one nodal institution for land degradation affairs as a whole, together with others
with defined responsibilities for particular types of degradation and aspects of research,
planning and implementation.

Identify priorities: In all countries there are critical aspects, where land degradation and
its consequences have already reached serious proportions or threaten to do so. In some
cases these will be specific land regional areas, such as those with particularly severe
erosion or salinization. In others, a priority may arise in the existence of a problem of
moderate degree but occurring over a large area, such as soil fertility decline.

Plan and implement national programs: It is at this point that the international, regional
and national activities will be put into practice.

Implementation of measures to combat the direct causes of degradation: Much activity
of this nature is already being undertaken, but the scale of activity needs to be expanded.
Increased funding will be required. Measures of this type include: watershed management
and soil conservation projects and extension work; methods for improving soil organic
matter status; application of integrated plant nutrition systems; salinity control and
reclamation projects; reafforestation; further development of agroforestry, including
applications for soil conservation; and control of desertification, including sand dune
fixation and improved rangeland management.
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The eastern region of the India is bestowed with plenty of rainfall. The mean annual
rainfall varies from 1008 mm in Eastern Uttar Pradesh to 3126 mm in Sub-Himalayan
West Bengal. Bulk of this rain (about 80%) occurs during monsoon. During this period,
about 50% of the annual rainfall comes from few intense storms (Pisharoty, 1990). Water
received from such intense storms is subjected to high runoff losses (Pal et al., 1994).
Added to this, is the erratic nature of the onset, distribution and the withdrawal of rains,
which increases the probability of water stress at various crop growth stages of rice
(Bhuiyan and Goonasekera, 1988). The spatial heterogeneity and temporal variability of
rainfall create a situation where enormous amount of water causes surface flooding at
one point of time and scarcity of water during dry spells. High runoff also erodes the
topsoil and nutrients, thereby threatening sustainability of agriculture. Further, poor water
resource development to provide assured irrigation to crops during dry season has restricted
the cropping intensity of the region around 143%. About half of the rice acreage in eastern
region is under rain-fed system, whose productivity is significantly lower than that of the
irrigated system. The region is prone to frequent occurrence of natural calamities such as
flood, drought and cyclone, which repeatedly damages the crop and weakens the financial
backbone of the farming community. These are the main bane in achieving the production
potential. Thus, conservation of rainwater at various plausible sites to create a better
water regime in the cropped field through its efficient utilization can improve the overall
productivity of the rain-fed ecosystem.

Rain water conservation/harvesting is an age old technique being practiced by our ancestors
since ages. This practice of rainwater harvesting can be felt from the existence of farm
ponds in every village of our country. The importance of rainwater harvesting has increased
very much with ever increasing demand of water from different competing sectors like
agriculture, domestic and industry. Further, the importance of rainwater harvesting is
gaining importance as in certain pockets there is depletion of groundwater level due to its
over-exploitation. Significant amount of rainfall is lost as surface runoff during monsoon
causing substantial loss of soil. Due to this, sedimentation of reservoirs is taking place at
a faster rate. Rainwater harvesting not only reduces runoff and soil loss but also facilitates
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groundwater recharge. It also prevents early sedimentation of the reservoirs. The rainwater
harvesting and groundwater recharge enables the farmers to provide supplementary
irrigation to crops grown during monsoon season and also to go for the second crop
during dry season. Therefore, it is desirable to harvest as much of rainwater to avoid
irrigation water scarcity.

In-situ and ex-situ Rain Water Conservation

Runoft collection is generally distinguished as in-siftu management, when the water is
collected within the area of harvesting, and ex-sifu when it is diverted outside of the
harvesting area. The storage is of crucial importance. In case of in-situ rainwater
conservation the soil acts as the storage, whereas for ex-sifu rainwater conservation the
reservoir can be natural or artificial, where natural generally means groundwater recharge,
and artificial means surface/subsurface tanks and small dams. The differentiation between
the two is often minor, as water collection structures are generally placed in a systematic
relation with each other; hence, the runoff from certain structures may be a source of
recharge for others.

Components of Rain Water Harvesting System

A rain water harvesting system has three components
e The catchments;

e The collection system; and

e The utilization system.

Research Undertaken at WTCER/ DWM

Over the years, several methods have been developed for conservation of rainwater.
Some of the important methods of rainwater conservation in the high rainfall region on
which research has been carried out at WTCER/ DWM in the recent past and which have
made significant impact in the field are as follows:

1. In-situ rainwater conservation in the rice field
2. Two-stage rainwater conservation in the rice field
3. Tank cum well system in the plateau region

Some of the features of the above mentioned techniques are described below :

In-Situ Rainwater Conservation in the Rice Field

One of the important techniques of in-situ conservation of rainwater in the bunded rice
field is through strengthening of field bunds. In spite of heavy rainfall in rainy season,
the rain-fed rice suffers from water deficit during the dry spells. This warrants for
strengthening of bund height around the rice field. When the level of water in the rice
plots exceeds the level of its weir, spilling of excess water takes place and is termed as
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runoff or rainfall excess. Little systematic information is available on rainfall excess
values from rice fields with various weir heights in the high rainfall region.

An experimental study was conducted at WTCER, Bhubaneswar for three consecutive
years to determine the optimum weir height around the rice fields in the rain-fed flat
lands of medium textured soil (Plate 1). The amount of runoff obtained from the
experimental study (rice plots with various weir heights) as well as from the water balance
simulation model (Mishra et al., 1998 and Mishra, 1999) is presented in Table 1. The
data show that much as 57% and 99.5% of the rainwater can be stored in plots with a weir
height of 6 cm and 30 cm respectively. An exponential relationship between the observed
runoff values and weir height is obtained:

RO = 121.75 1818, R2=0.967 (D

Where, RO is the runoff as a percentage of rainfall and H is the weir height in centimeters.
By differentiating Eq. (1) with respect to H, we obtain the slope of the curve at different
points:

d(RO)/dH = 122.04 811 ..(2)

The slope of the curve, i.e. d(RO)/dH at weir heights of 6, 10, 14, 18, 22, 26 and 30 cm
were obtained as —7.44, -3.61, -1.75, -0.85, -0.41, -0.2 and —-0.1% cm' respectively. The
d(RO)/dH achieves —1., -0.5 and —0.25% cm values at 17.1, 20.9 and 24.7 cm weir
heights respectively. Thus, up to 17.1 cm weir heights, the rate of change of runoff with
regard to weir height is found to be less than the —1.0% cm™. In other words at up to 17.1

Plate 1 : Experimental plot for determining optimum weir height for in-situ rainwater conservation
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cm, for each 1 cm increase in weir height there was a more than 1% reduction in runoff.
Therefore, the zone up to the weir height of 17 cm is more conservative than the zone
above that height. Hence, 17 cm weir height may be considered as a critical lower limit.
For maximum conservation of rainwater resources one may take d(RO)/dH = -0.25 %
cm’. Hence, a weir height of 24.75 or say 25 cm may be considered a more appropriate
height for conservation of natural resources, for at this weir height about 98.68% of the
rainwater is retained in the field itself.

It is observed that about 55% of the rainfall was stored in the 6 cm weir height plots, 97%
in 22 cm weir height plots and 99.5% in 30 cm weir height plots. Hence, 30 cm weir
height plots conserve almost all the rainfall.

Table 1 : Observed and computed amount of rainfall conserved in rice fields with
various weir heights

Weir height | Amount of rainfall conserved as percentage of total seasonal rainfall (%)
(cm) Three years of experimental study | Water balance model simulation
using 32 years climatic data
6 56.75 54.90
10 72.07 74.74
14 93.87 87.03
18 95.07 93.69
22 98.38 97.25
26 98.59 99.05
30 99.43 99.52

Temporal Distribution of Runoff

Fortnightly distribution of model computed runoff (mean of 32 years) is shown in Table
2, when the irrigation application depth was kept at 6 cm. The mean values of runoff
indicate that these are the expected runoff values at a 50% probability level. The figures
in parentheses represent the percentage of total seasonal runoff which is expected to
occur during that specific fortnight. About 50-60% of the runoff takes place during the
second half of July and the month of August. The distribution during the first three
fortnights is more or less the same, i.e. about 20% of the total seasonal runoff. Thereafter,
a gradual reduction in runoff is noticed. The least runoff occurs in the month of November.
At higher weir height plots (26 cm and 30 cm weir heights), negligible amount of runoff
has been observed (Mishra, 1999).
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Table 2 : Temporal distribution of runoff in mm (mean of 32 years)

Weir Runoff distribution
height | July 2™ | August | August | Sept. Sept. October | October | Nov.
(cm) half Isthalf | 2¥half | 1*thalf | 2™half | 1% half |2"half | 1* half
6 87 84 71 56 44 30 28 12
(21.12) | (20.39) | (17.23) | (13.59) | (10.68) | (7.28) (6.80) (2.91)
10 46 47 40 33 21 15 15 6
(20.54) | (20.98) | (17.86) | (14.73) | (9.37) (6.70) (7.14) (2.68)
14 24 22 24 18 11 4 8 3
(21.05) | (19.30) | (21.05) | (15.79) | (9.65) (3.51) (7.02) (2.63)
18 12 9 13 10 6 1 4 2
(21.05) | (15.79) | (22.81) | (17.54) | (10.53) | (1.75) (7.01) (3.51)
22 6 3 4 6 2 0 3 1
(24.00) | (12.00) | (16.00) | (24.00) | (8.00) (0.00) (12.00) | (4.00)
26 3 3 0 3 0 0 2 0
(37.50) | (0.00) (0.00) (37.50) | (0.00) (0.00) (25.00) | (0.00)
30 2 0 0 2 0 0 0 0
(50.00) | (0.00) (0.00) (50.00) | (0.00) (0.00) (0.00) (0.00)

Note : Figures in parenthesis show the percentage of total runoff during rainy season

Loss of Sediments in Runoff Water

In the experimental fields, loss of sediments in runoff water was monitored by collecting
samples of runoff water for each spilling of rainwater. As much as 347.78 kg/ha of sediment
was lost from rice plots with 6 cm weir heights and 3.31 kg/ha was lost from rice plots
with 30 cm weir heights. Therefore, the amount of sediment which was lost in one cropping
season from 6 cm weir height plots would take almost 106 cropping seasons from 30 cm
weir height plots. Hence, this analysis emphasizes that the determination of optimum
weir height should be based on both the rainwater conservation and soil conservation.
Sediment loss, when plotted against weir height, yielded an exponential relationship,
which is as follows (Mishra et al., 1998) :

-0.166H

S=8107¢""" R =0.945 ..(3)

Where, S is loss of sediments (kg/ha) and H is weir height (cm).
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Loss of Nutrient in Runoff Water

Loss of nutrient such as total Kjeldahl Nitrogen (TKN) and available K were monitored
in the runoff water. Chemical fertilizers N(60):P(30):K(30) kg/ha were applied to the
crop at three split doses. As much as 4.23 kg TKN and 2.20 kg of available K were found
to be lost through runoff water from 6 cm weir height plots in one cropping season. A
very negligible amount of TKN and K was lost from 30 cm weir height plots.

TKN was lost 33-fold more from 6 cm weir plots than from 22 cm weir height plots.
Similarly for K, the amount lost from 6 cm weir height plots, was 50-fold more the
amount lost from 30 cm weir height plots. A decreasing trend of these losses is observed
with the increase in weir height. However, it is expected that with the increase in weir
height ponding depth, the loss of TKN and K will increase in leaching water. Loss of
nutrient in the leaching water was beyond the scope of the present investigation and
hence was not studied.

Like sediment loss, loss of nutrient in runoff water correlated with weir heights according
to the following exponential relationships (Mishra et al., 1998):

-0.23H

TKN =2525¢ " R> = 0.904 (@)

K=481¢ ™" R'=0.904 )
Where, TKN is total Kjeldahl nitrogen loss in kg/ha, K is available K loss in kg/ha, and
H is weir height in cm.

Supplemental Irrigation Requirement

In the experimental plots, supplemental irrigations were given during dry spells and
depth of irrigation in each application was kept at 6 cm. On an average, four irrigations
were applied for 6 cm weir height plots. Three irrigations were required for 10 and 14 cm
weir height plots. Weir height plots of 18 cm and higher required only two irrigations per
crop growth period. Computed values from the simulation model revealed that 6 cm weir
height plots required four irrigations and higher weir height plots required three irrigations
per crop growth period.

The model computed irrigation water requirements (average of 32 years) for 6 cm, 10
cm, 14 cm, 18 cm, 22 cm, 26 cm and 30 cm weir height plots were 27.7,22.8, 21.1, 20.5,
20.4, 20.1 and 20.1 cm, respectively. Practically, no difference in irrigation water
requirement was seen for 18-30 cm weir height plots.

Inference

In the rain-fed agro-ecosystem, provision of surplus weir (Plate 2) at a height of about
25-cm is recommended optimum for in-situ conservation of rainwater in leveled rice
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land in medium textured soil of the study region. This height is sufficient to conserve
about 98% of rainwater, thereby minimizing significant loss of nutrients and sediment in
runoff water. Further, this reduces the supplemental irrigation requirement of rice crop
during dry spells. Large scale adoption of this measure will reduce the problems of water-
logging in low lying tracts by increasing groundwater recharge.

Plate 2 : Brick masonry weir in the downstream side of the rice plot

Two-Stage Rainwater Conservation in Rice Field

In order to increase the productivity from unit volume of rainwater, a two-stage rainwater
conservation technique was conceptualized and tested, in which part of the rainwater
was conserved in rice field up to the weir crest level and the remaining in a refuge for
rearing of fish. The research effort was focused here on conservation of rainwater and
adoption of integrated rice-based farming system in medium lands. The rainwater
immediately falling over the rice field is conserved through strengthening of bund height
around rice field and providing a surplus weir at the down stream bund of the rice field at
an optimal height. The excess rainwater spilling over the weir is further harvested through
provision of a small farm pond constructed in the rice field at its downstream portion.
The harvested water in the farm pond is utilized for providing supplemental irrigation in
dry spells to monsoon rice, rearing of a short duration fish culture of about four to six
months, cultivation of a light duty crops in winter season and growing of horticultural
crops on the embankment of the farm pond.

The results of the study presented here was carried out in five farmers’ fields, located in
the medium lands at Sadeiberini village of Dhenkanal district, Orissa (Lat. 20°58' N and
Long. 83°51’ E) for three consecutive years (2001-02 to 2003-04) after successful testing
of the technology in the research farm. In the medium lands, each rice plot was provided
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with a brick masonry broad-crested rectangular weir at the partition dike between the on-
farm refuge and the rice field. The length of the weir was kept at about 1 to 1.5 m. Three
weir heights of 15 cm, 20 cm and 25 cm were considered as treatments with two
replications each (total six plots) for in-sifu conservation of rainwater in the rice fields.
In this process a portion of rainwater was conserved in the rice field up to the weir crest
level (weir height). The excess rainwater above the crest level was allowed to spill over
the weir for further conservation in the farm pond (Plate 3). Though the design area of
the farm pond was kept as 10% area of the rice field, farmers initially did not spare much
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Plate 3 : Two-stage rainwater conservation in the rice field

area for farm pond. Therefore, at the downstream end of each plot, farm pond was
constructed, approximately occupying 5-8% of the individual plot size to harvest the
excess rainwater during heavy downpour. The average depth of the farm pond was kept
at 1.75 m with a side slope of 1:1. The top width of the embankment of the farm pond
was kept as Im. The excess water from the farm pond was drained out through a hume
pipe (fixed at weir crest level) with fine-meshed net to prevent escape of fish (Mishra et
al., 2003). Schematic diagram of the farm pond with rice field and surplus weir is shown
in Fig. 1.

During the rainy season, ‘Saruchinamali’ (farmer’s choice, a traditional local variety),
‘Jagannath’ and ‘Moti’ (high yielding) cultivars of rice were grown. Transplanting of the
rice was carried out during 3" to 4™ week of July with a spacing of 20 x 10 cm. Chemical
fertilizer @ 80:40:40 (N: P: K) kg/ha was applied in three split doses along with bio-
fertilizer (Azosprillum). On the embankment of farm pond, horticultural crops such as
Banana, Papaya, Drumstick, French bean etc. were grown (Plate 4). During winter season
farmers grew crops such as winter rice (‘Lalat’ and ‘MW-10’), ladies finger (Hibiscus
esculentus L.), greengram (Phaseolus radiatus L.), blackgram (P. mungo L) and water
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Fig. 1 : Schematic diagram of two-stage rainwater conservation through on-farm refuge and surplus
weir in the rice field of rain-fed medium lands

Plate 4 : Horticultural crops grown on the embankment of the farm pond
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melon etc. using the harvested rainwater from farm ponds. Fish and prawn were reared in
the farm ponds seven days after first manuring and fertilization. Early fingerlings (<1.5
gm size) of Catla catla, Labeo rohita, Cirrhinus mrigala and Cyprinus carpio were stocked
with a species composition of 30:30:20:20, respectively. Stocking density of 20,000
fingerlings/ha was maintained in all the treatments and rearing continued for about 180
days (3" week of August — 3 week of February).

Rainwater Conservation and Management

In 2001, rainfall of 1535 mm and 1420 mm were received during the entire year and
rainy season, respectively. In this year, an unusual rainfall during July amounting to 719
mm (2.2 times more than that of 20 years average value) had occurred. In spite of heavy
rainfall during July and subsequent scanty rainfall during August and September, water
levels in the farm ponds were observed to be sufficiently high till end of February 2002
(Table 3). In the year 2002, rainfall of 728 mm and 543 mm was received during the
entire year and rainy season, respectively. Similarly, in 2003 rainfall of 1572.5 mm and
1451.5 mm was received during the entire year and rainy season, respectively. Twenty
years average annual rainfall and rainy season’s rainfall are 1415 and 1226 mm,
respectively. Thus, the first and third years experiment were excess rainfall years and the
second year was a drought year. Amongst these two excess rainfall years, the monsoon
rain was well distributed in 2003 and was poorly distributed in 2001. However, in all
these extreme cases, the water levels in the farm ponds were observed to be good enough
(>1 m most of the period) till end of February. This enabled the farmers to successfully

Table 3 : Average depth of standing water (m) in the farm ponds in different years

Weir
height, | Year August |September | October | November [December | January | February
cm

15 2001-02 | 1.70 1.70 1.71 1.69 1.66 1.62 1.63
2002-03 1.10 1.08 1.07 1.05 1.02 1.03 1.02
2003-04 | 1.21 1.20 1.20 1.19 1.16 1.17 1.15
Average | 1.34 1.33 1.33 1.31 1.28 1.27 1.27

20 2001-02 | 1.58 1.43 1.45 1.31 1.24 1.17 1.18
2002-03 | 1.28 1.24 1.09 0.89 0.79 0.74 0.65
2003-04 | 1.62 1.57 1.54 1.53 1.43 1.40 1.36
Average | 1.49 1.41 1.36 1.24 1.15 1.10 1.06

25 2001-02 | 1.62 1.61 1.59 1.54 1.47 1.39 1.38
2002-03 1.22 1.16 1.05 0.93 0.87 0.81 0.74
2003-04 | 1.60 1.59 1.58 1.56 1.48 1.40 1.38
Average 1.48 1.45 1.41 1.34 1.27 1.20 1.17
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rear the fish for a period of about six months. After the harvest of fish in February, about
one meter depth of water was available in the farm pond (farm ponds occupying 5 to 8%
area of each field) which provided about 7 cm depth of irrigation water to rest of the area
for winter crops. Out of the three experimental years, 2002-03 was a drought year. In this
drought year farmers could grow paddy during monsoon using the stored water from the
farm ponds as life saving irrigations. They could also successfully carryout fish culture
in the farm ponds. The stored water depths in all the farm ponds were lower in comparison
to other two experimental years.

Crop Growth and Yield in Monsoon Season

Treatment wise and variety-wise average yield and yield attributes of rainy season’s rice
crop is presented in Table 4. Highest grain yield of 5.3 t/ha was obtained in 20 cm weir
height plots. Highest panicle/m? was observed in 15 cm weir height plots followed by 20
cm weir height. Similarly, highest filled grains per panicle were obtained in 25 cm weir
height followed by 20 cm. The variation of both the yield attributes at different weir
heights were found to be statistically not significant. Perusal of individual years yield
data infers that due to sufficient rainfall in first and third years of experiment, maximum
yield of rice was recorded in 20 cm weir height plot. However, in the second year (drought
year) highest yield was recorded in 25 cm weir height plot. This clearly indicates the
effect of in-situ conservation of rainwater as a function of weir height on crop growth
and yield. Among varieties, Jagannath recorded the highest grain yield (5.91 t/ha) followed
by Moti (4.7 t/ha) and Saruchinamali (4.12 t/ha). This was primarily due to highest number
panicles/m? and filled grains/panicle. Thus, from highest grain yield point of view, 20 cm
weir height may be considered as the optimum height for the study site to have two-stage
rainwater conservation.

Table 4 : Average yield attributes & yield of monsoon season rice (2001-02 to

2003-04)
Weir height Panicles/m? No of filled Grain yield (t/ha)
(treatment) grains/panicle
15 cm 272.1 140.8 4.59
20 cm 267.6 143.9 5.30
25 cm 257.9 150.3 4.83
CD (0.05) NS NS 0.556
Rice variety
Saruchinamali 238.4 131.2 4.12
Moti 272.3 147.4 4.7
Jagannath 286.8 156.4 5.91
CD (0.05) NS NS 0.382
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Crops in the Winter Season

In the first year (2001-02 winter) two rice varieties i.e. MW-10 and Lalat were grown
and recorded yield of 2.34 t/ha and 2.70 t/ha, respectively. Ladies finger was also grown
in the same year which resulted in productivity of 1.85 t/ha. In the second year rice
variety MW-10 recorded 3.5 t/ha grain yield. In this year, ratooning was practiced in
Savitri and Durga varieties of rice. Savitri resulted in good productivity (2.73 t/ha). Pulses
such as black gram and green gram were cultivated in second year, which registered pod
yield of 0.34 t/ha and 0.45 t/ha respectively. In the third year rice varieties MW-10 and
Lalat yielded of 1.23 t/ha and 1.3 t/ha respectively. Black gram and green gram were also
grown in the third year which resulted in better yield compared to that of previous year.

Horticulture on the Embankment

On the embankment of the farm ponds, dwarf variety of papaya, banana and drumstick
were grown at a spacing of 1 to 1.5 m. Irrigation to these plants was given using the
harvested rainwater from the farm ponds. Among these three horticultural plants, banana
performed the best in terms of yield and survival. These plants (specifically drumstick)
were subjected to severe damage by cattle grazing in winter and summer because of
adjacent fallow fields of other farmers in that locality. The yield of banana and papaya
was recorded as 1600 kg/ha and 200 bunch/ha respectively.

Cropping Intensity

Before intervention, monsoon season’s rice was the only crop grown in the study site.
The harvested rainwater from the farm pond was utilized for growing a second crop
which has resulted in increasing the cropping intensity of the site from 100% to 131%,
176% and 200% in the 1%, 2™ and 3™ year of experiment, respectively. In the very first
year of experiment, the farmers were not much interested to go for a second crop. Benefits
accrued from the second crop gradually developed interest among the farmers to bring
more area under cultivation during winter. That is how, in the third year of the experiment
the entire area was brought under second crop.

Growth Performance and Yield of Fish

Irrespective of stocking density, faster growth rate was recorded for C. carpio followed
by Catla catla and C. mrigala during 180 days of culture. Average daily growth rate
decreased with increase in weir height that reduces water availability in the farm pond.
Overall survival rate (inclusive of all species) was high in farm ponds with 15 cm weir
height, while species-wise, no such trend was marked among the treatments. Fish catch
of 1693.6 kg/ha/180 days was obtained in 15 cm weir height farm ponds which was
significantly higher (p<0.05) than the yield of 20 cm and 25 cm weir height farm ponds.
However, there was no significant variation between yields of farm ponds of 20 cm
(1265.3 kg/ha/180 days) and 25 cm weir height (1279.4 kg/ha/180 days) (Table 5).
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Table 5 : Fish Catch (kg/ha) from farm ponds in different years

Weir height I* year 2 year 39 year Pooled
15 cm 1232.40 1988.80 1859.60 1693.60
20 cm 1004.8 1553.00 1238.10 1265.30
25 cm 1109.90 1478.35 1250.00 1279.40
Rice Equivalent Yield

For the base year 2004, considering the sale price of rice as Rs. 4.00/kg and fish as Rs.
40.00/kg, the rice equivalent yield (REY) for all three treatments was calculated (Table
6). The highest rice equivalent yield was recorded in 20 cm weir height plots (5.74 t/ha)
followed by 25 cm weir height plots (5.44 t/ha). The bench mark survey of study site
revealed that before interventions the average yield of rice was 1.8 t/ha. Thus, there is a
3.2 fold increase in the land productivity due to efficient and multiple uses of conserved
rainwater and scientific crop management practices.

Table 6 : Rice equivalent yield

Weir Rice area |Farm pond | Total area | Rice yield | Fish catch REY,
height (m?) area (m?) (m?) (t/ha) (kg/ha) (t/ha)
15 cm 3202.4 171 33734 4.6 1694 5.23
20 cm 4595.2 294 4889.2 53 1265 5.74
25 cm 2217.2 184 2401.2 4.83 1279 5.44

Water Productivity

The total water utilized per hectare (average of three treatments) was estimated at 8204.5
m?. Considering the selling price of rice, fish, banana, papaya, black gram, green gram
and ladies finger as Rs. 4, 40, 50/bunch, 4, 15, 15 and 7/kg, respectively (in the base year
2004), the net return from mono-crop rice, rice + fish, rice + fish + embankment
horticulture and rice + fish + embankment horticulture + winter crop was calculated. The
economic index of gross water productivity was computed as 2.76, 2.94, 4.94 and 5.87
Rs/m? for mono-crop rice, rice + fish, rice + fish + embankment horticulture, and rice +
fish + embankment horticulture + winter crops, respectively. Similarly, the economic
index of net water productivity for different farming systems was computed as 2.06,
2.17, 3.07, and 3.76 Rs/m? for mono-crop rice, rice + fish, rice + fish + embankment
horticulture and rice + fish + embankment horticulture + winter crops, respectively. The
percentage increase in net water productivity for rice + fish, rice + fish + embankment
horticulture and rice + fish + embankment horticulture + winter crop over mono-cropped
rice was 5.34%, 49.03% and 82.52%, respectively. Thus, the highest water productivity
in rice + fish + embankment horticulture + winter crop combination indicates the most
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efficient and multiple use of conserved rainwater which has almost doubled water
productivity over mono-cropped rice.

Economics

The highest gross returns of Rs. 46,238.00 and net returns of Rs. 29,617.00 were recorded
with 20 cm weir height followed by 25 cm weir height (Table 7). The highest benefit-
cost ratio of 2.78 was obtained with 20 cm weir height followed by 2.70 with 25 cm weir
height. The cost difference between different weir heights was not significant; hence it
was not taken into consideration. The gross returns were calculated by adding the returns
generated from monsoon season’s rice, fish and winter crops. The returns from banana
and papaya were also included.

Table 7 : Benefit-cost ratio of the farming system (three year’s average)

Weir Gross returns | Cost of cultivation Net returns B:C ratio
height (Rs./ha) (Rs./ha) (Rs./ha)

15 cm 43,992 16,621 27,371 2.65
20 cm 46,238 16,621 29,617 2.78
25 cm 44,829 16,621 28,208 2.70

Lessons Learnt

In the rain-fed medium land, in-situ and ex-situ conservation of rainwater through provision
of optimum weir height and farm pond respectively observed to be a viable solution in
harvesting the rainwater in diked rice fields. Individual farmers can have this intervention
constructed in their own field with very little training. This is suitable for small and
marginal farmers. Efficient and multiple use management of harvested water have been
successfully demonstrated in the farmers’ field. Supplemental irrigation to monsoon rice
during dry spells, short-duration pisciculture in the farm ponds, horticulture on the farm
pond embankment and cultivation of a light duty winter crops have been successfully
tried in the farmers field. This has resulted in significant increase in crop yield, cropping
intensity and net return. The dual production system (rice and fish) in monsoon, perennial
horticulture and light duty winter crops generated additional income, employment
opportunity and nutritional security. In addition, this also minimizes the risks due to
natural calamities. The system is eco-friendly and promotes synergism between different
components.

The technology can be successfully implemented in large areas. Selection of the
appropriate area (medium and shallow low land) for its implementation is extremely
important. Sporadic application of this technology will lead to problems like cattle grazing
in winter season and poaching of fish from farm ponds. Hence it is recommended to
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adopt this technology in relatively large patches to avoid these problems. Further, if high
duty crops are to be grown in winter, then more area needs to be put under farm pond.

Strategies for Upscaling

Individual farmers can implement this technique of rainwater harvesting in their own
field. In the state of Orissa, this technology has been given to the Watershed mission,
Govt. of Orissa which is implementing it in large scale through various watershed
development schemes. This has become one of the very popular water conservation
measures in the watershed development schemes. Other states having similar areas can
implement it through various watershed development schemes also.

Tank-cum Well System in the Plateau Region

Rainwater harvesting in high rainfall areas of eastern India has got great potential of
creating water resource for supplemental irrigation during rainy season and irrigation to
light duty crops during dry season. Considering the topography of plateau region, tank
cum well system has been designed and developed at Water Technology Centre for Eastern
Region, Bhubaneswar (Srivastava et. al., 2003). In this system, a series of tanks and
wells are constructed in a watershed (Fig.2). The tanks are constructed primarily to store
runoff water (Plate 5). The tanks aim at providing

supplemental irrigation to transplanted rice in -

rainy season and irrigation to low duty crops y " % %
grown in winter in the entire command or heavy /gD ' /° \
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situated in these areas, it is not possible that \\ | /’

individual farmers will construct this system on A%

their own and therefore government need to take

I ) : Fig. 2 : Schematic diagram of a series of
initiative and construct this system under various tanks and wells in a watershed

watershed development programmes.
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Plate 5 : A tank with horticultural crops in the plateau region

Plate 6 : A well serving as source of irrigation water for growing winter vegetables

Site Selection

This system is suitable for undulating topography with slope varying between 2 to 10%.
The area should have a well defined valley where the runoff flows either as overland
flow or channel flow. As far as possible, severely gullied area should be avoided. Normally,
the water harvesting tanks are constructed in patches and thus, the irrigated areas are
isolated plots of land. As majority of the area is rain-fed, the cattle menace becomes a
major deterrent for growing second crop in patches. The care of such isolated areas is
very difficult and whole purpose of construction of the water harvesting systems is lost.
Therefore in this system, it is essential to have tanks and wells in series (Srivastava and
Verma, 2003).
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Design Considerations

The tank size is a function of the seepage rate of the site. The design parameters will
depend upon seepage rates. To estimate seepage rate, a pit of 1 x 1 x 2m should be
excavated. The rough estimate of rate of seepage loss can be made by feeling of bottom
soil. If soil is clayey, the seepage loss can be expected to be less than 6 mm per day else
it will be more than 6 mm per day. If it is very sandy the seepage loss will be more than
10 mm per day. If seepage loss is more than 10 mm per day, the lining of the tank is
essential. However before deciding for lined tank, the possibility of alternative sites needs
to be explored. One or two inlet pipes are required to be put on the sides of the tanks from
where the water inflow is expected. Hume pipes of 30-45 cm diameter are cheaper and
can be fabricated on the site itself for this purpose. The construction of spillway may or
may not be necessary as per the site conditions. If the pond has to be constructed on a
waterway, then spillway is essential else the excess water will flow through fields at its
earlier course after attaining full storage level. The tanks are inverted trapezoid in shape.
The side slopes should be minimum 1:1. The depth of the tank may vary between 2.5 to
3.5 m. Shallow tanks should be avoided as it entails high evaporation losses. The individual
tank capacity should be sufficiently large with minimum being 2000 m®. Excessive berm
should not be left. The embankment should be turfed with grass to avoid erosion. There
should be top width of the tank of 1-2 m so that some horticultural crops can be taken up
using the harvested water.

Dug wells have been found suitable for this purpose. The open dug wells should be
located in the drainage line downstream of the tank where seepage from the tank,
percolation loss from paddy fields and seepage from sloping lands on both sides of the
drainage line concentrate. In no case, compromise should be made in case of the site of
the well. The wells should be placed about 150 to 300 m down stream of the tank for best
results depending upon the slope of the site. If the tank is quite big and the recharge to the
ground water is more than 15000 m?, more than one dugwell can be constructed with a
spacing of 200-300 m. By thumb rule, one well can be constructed for capturing 10000
m?® recharge. It has been found that while pumping by a 3.5 hp pump with a discharge of
9 Ips, about 80% of the water comes from stored water in the well and the remaining 20%
comes from recharge during pumping period. Due to this, wells should be large and 6 m
diameter. The depth of the wells may be kept around 8 m. These wells should be fortified
by stone masonry against collapse. However to facilitate entry of the water, side gaps
between two stones should not be filled up by mortar. The wells need to have about 75cm
high parapet above the ground surface to avoid falling of cattle or children.

For irrigation purpose, underground pipelines may be laid connecting both tank and well.
The feeder can be connected to the flexible delivery pipe of the pump which pumps
water from tank as well as well. The feeder can be two or more depending upon the site
of different tanks and wells.

37



Techniques of Water Conservation & Rainwater Harvesting for Drought Management

Multiple Use of Harvested Rainwater

In order to increase the productivity of harvested rainwater it is recommended to have
short duration fish culture in the tank. Duck rearing can also be taken up as a remunerative
option. It has been observed that these two activities contribute quite significantly to the
income of the farmer. Further the farmer can utilize the embankment for horticultural
crops viz. papaya, vegetables or growing pulse crop like pigeon pea. The benefit from
these activities compensate more than the expected returns from the piece of land where
the tank is constructed. Thus, the farmer whose land will be used for tank benefiting
others also will not feel deprived of but will be happy to get more returns.

Management of Water Resource

It is easy to physically create the system than to maintain and manage for its long term
use. Thus, management of created water resource is extremely important. The development
of water resources will require involvement of several farmers whose land will be used
for construction of tanks, wells and laying of pipelines. Similarly, a group of farmers will
be benefited from the created water resource. Thus, the participatory approach of stake
holders is essential for proper management. The water resource user association should
be formed for a group of manageable water resources and all the resources should be
handed over to this body after execution. These groups need to be trained about efficient
utilization of the water for irrigation and crop raising. A proper handling of this matter
will ensure (i) equity both among land owners as well as landless persons, (ii) withdrawal
syndromes do not affect the working of the system, (iii) equitable distribution and conflict
resolution among different users as well as different usage of water like fishery and
duckery.

Inference

There exists a huge potential of creating water resource through a network of tanks and
wells. This potential can be utilized only if suitable interventions are devised both at
research, administrative and social management levels. Research efforts are required to
develop methodologies for designing the network, tillage practices, irrigation methods,
cropping systems compatible to the agro-climatic conditions and socio-economic
conditions. Administrative procedure needs to be fine tuned to shoulder the responsibility
with a changed mindset and accountability of final outcome. Social management
institutions/methodologies need to be developed for long term maintenance and
management of structures.

Micro-Catchment Rainwater Harvesting

Micro-catchment water harvesting is defined as a method of collecting surface runoff
from a contributing area over a flow distance of less than 100 m and storing it for
consumptive use in the root zone of an adjacent infiltration basin (Fig. 3). The main idea
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Fig. 3. Definition sketch of micro-catchment rainwater harvesting

behind micro-catchment water harvesting is that water is collected and stored in the soil
during relatively wet period for use during dry period.

Micro-catchment water harvesting can be used to capture rainwater to improve soil-
moisture and vegetation. After transplantation, rainwater harvesting can be used to speed
up tree/crop establishment, deep root development and to reduce mortality rate. Water
harvesting could increase crop productivity and diversity, decrease soil erosion and
rehabilitate degraded lands. A higher runoff efficiency of micro catchments can capture
a large proportion of the rainfall as run-on and concentrate this additional water for
establishment of crops / trees. Deciding the micro-catchment area to cultivated area is of
paramount importance. Micro-catchment area is a function of active root depth, soil
water holding capacity of the soil, runoff coefficient, cultivated area, rainfall and actual
evaportranspiration.

This technique of water harvesting has done considerable attention of the researchers for
the arid and semi-arid region. Very little work has been done for humid and high rainfall
areas where almost 75 to 80% of the rainfall occurs during monsoon season of four
months duration and the crop suffers from severe water deficit problem in the remaining
eight months period of the year. Thus there is an urgent need to scientifically address the
micro-catchments water harvesting practice for horticultural and tree crops grown in
humid and high rainfall areas. To address some of the above mentioned issues presently
research is in progress on micro-catchment rainwater harvesting for horticulture crops at
DWM research farm.
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Conclusion

Rainwater conservation of is an age old practice. Different techniques have been developed
for different climatic conditions and crops grown. As the demand for irrigation water is
increasing day by day, conservation of rainwater is gaining more and more importance
with effective utilization of the conserved water. The productivity of conserved rainwater
can be increased through multiple uses. With the adoption of proper package of practices,
the farming community can be greatly benefited through location-specific conservation
measures.
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Soil and water are two essential natural resources for sustaining life and environment.
Since advent of human race on the earth these resources are being used for various
purposes. The prosperity of mankind on the earth depends to a great extent on these
resources and their management. In nature, soil and water resources are often in a fine
balance however, with unprecedented increase in human and livestock population; demand
for food and fodder have increased tremendously and these resources have been exploited
indiscriminately. Though nature has its own process of resource build-up but the present
rate of exploitation is much faster than the natural process of resource build-up, thus
leading to imbalances in the nature. The imbalances in natural resources had resulted in
reduction in productivity of land to sustain human development. Available natural
resources of a region form a vital part of ecosystem.

Arid ecosystem is among the world’s most fragile ecosystems made more so by periodic
droughts and increasing over-exploitation of meager resources. Arid environments are
extremely diverse in terms of their land forms, soils, fauna, flora, water balances and
human activities. Because of this diversity, no practical definition of arid environments
can be derived. However, the one binding element to all arid regions is aridity. Aridity is
usually expressed as ratio of mean annual precipitation (P) to the mean annual potential
evapotranspiration (EPT) where potential evapotranspiration is calculated by method of
Penman, taking into account atmospheric humidity, solar radiation, and wind. UNEP
(1997) has recognized four main classes of aridity: hyper-arid (P/EPT < 0.03), arid (0.03
< P/EPT < 0.20), semi-arid (0.20 < P/EPT < 0.50), and dry subhumid (0.50 < P/EPT <
0.65). The term ““arid zone” is used here to collectively represent the hyper-arid, arid,
semi-arid, and sub-humid zones. Of the total land area of the world, the hyper-arid zone
covers 4.2 percent, the arid zone 14.6 percent, and the semi-arid zone 12.2 percent (FAO,
1989). Therefore, almost one-third of the total area of the world is arid land and is inhabited
by about one billion people, a large proportion of them are being the poorest in the world
(Malagnoux et al., 2007).
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Arid Zone Climate

The arid region of India is spread in 38.7 million hectare (M ha) area out of which 31.7
M ha is under hot arid zone and 7 M ha under cold arid zone. The hot arid region occupies
major part of north-western India (28.57 M ha) between 22°30' and 32°05' N latitudes
and from 68°05' to 75°45" E longitudes, covering western part of Rajasthan (19.6 m ha,
69%), north-western Gujarat (6.22 M ha, 21%) and 2.75 M ha in south-western part of
Haryana and Punjab (Faroda et al., 1999). The climate of Indian hot arid zone is
characterized by an abundance of solar energy from cloud-less sky, high diurnal and
seasonal temperature variations and annual and inter-annual irregular rainfall with long
dry seasons associated with strong winds. Annual rainfall is approximately in the range
100-500 mm, with a coefficient of variation varying from 40 to 70% (Rao and Singh,
1998). The rainfall results largely from convective cloud mechanisms and is characterized
by a relatively high intensity, short duration and limited aerial extent. The distribution of
rainfall in space is very much influenced by the local terrain. With low ground level and
little topographic relief, it is common to see rain evaporating before reaching the ground.
The incoming radiation ranges from 15.12 to 26.50 MJ m? day™' with very little cloud for
most of the year. The annual potential evapotranspiration ranges from 1400 — 2000 mm
year'leading to a permanent negative water balance (Rao, 2009).
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Fig. 1 : Distribution of Arid areas of India

The soils in arid regions, as a result of these climatic conditions, are characterized by
large variations in soil moisture, ground-water storage and high infiltration rates. A
dominant feature of these soils is their susceptibility to erosion and degradation by wind,
water and human activities. There are frequent dust and sand storms. The surface water
resources are meager and directly resulted from rainfall and dry up during the rainless
season. Groundwater is deep and often brackish. During the twentieth century, the region
has experienced agricultural drought once in three years to every alternate year in one or
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the other part of the region. The overall probability of drought is 47%. The weather
condition, even in average years, for most part of the year remains too dry and inhospitable
for successful growth of crops. Under such conditions of uncertainty, conventional
cropping is risky and is essentially for sustenance only (Goyal and Vittal, 2009).

Challenges for Arid Lands

Everywhere in the world where people changes a natural ecosystem, the land degrades.
The major challenge before arid lands is desertification. The UNCCD defines
desertification as “land degradation in arid, semi-arid and dry sub-humid areas resulting
from various factors, including climatic variations and human activities”. The most
commonly cited forms of unsustainable land use are over-cultivation, overgrazing,
deforestation, and ill-considered irrigation practices. Soils are being mined of nutrients
at an alarming rate (Smaling, 1997; Van der Pol, 1992). Periodic droughts debilitate and
destabilize poor societies, and contribute to land degradation by reducing vegetative
cover and water supplies, triggering a desperate exploitation of the remaining resources
in order to survive. The major physical manifestation of desertification in hot arid zone
of India is wind erosion/deposition, followed by water erosion, as well as water logging
and salinity (Ghose et al., 1977). Wind erosion is a major problem in arid sandy tract of
north-western India, especially in west Rajasthan. About 76 % area of western Rajasthan
is affected by wind erosion, encompassing all major land uses, followed by vegetation

Y

Fig. 2 : Wind erosion is a severe problem in western Rajasthan

degradation (3%), water erosion (2%), salinization (2%) and about 0.10% area by mined
spoiled degradation (Kar, er al,, 2009). Despite the present state of land degradation,
Indian hot arid region supports 22 million human and 29 million livestock population
over 19.6 M ha geographical area. The human: animal ratio ranges from 1:1.3 to 1:5 in
hyper arid regions against a national average of 1: 0.5. (Narain and Goyal, 2009). Acute
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human and biotic pressure has put tremendous pressure on the fragile water and land
resources of this region. Desertification, manifested in different forms of degradation
has been a challenging issue to the arid zone of India.

The Central Arid Zone Research Institute, Jodhpur was established in 1959 to combat
desertification and evolve sustainable land management technologies. Over five decades
of research the Institute has evolved technologies of soil and water conservation for the
management and sustainable development of the arid lands.

Soil and Water Conservation Measures for Management of Arid Lands

There are always strong links between measures for soil conservation and measures for
water conservation, and this applies equally to arid lands. Many measures are directed
primarily to one or the other, but most contain an element of both. Reduction of surface
run-off by structures or by changes in land management will also help to reduce erosion.
Similarly, reducing erosion will usually involve preventing splash erosion, or formation
of crusts, or breakdown of structure, all of which will increase infiltration, and so help
the water conservation (Hudson, 1987). Measures for soil and water conservation can be
divided into two main categories i.e. physical/engineering measures and biological
measures. While the physical measures are the first line of defense and are very necessary
to prevent immediate damage, biological measures are the offensive attack made from a
position of good defensive strength. Physical measures consist of construction of
mechanical barriers across the direction of flow of water to retard/retain the runoff and
thereby reduce soil and water losses. Biological measures like vegetative barrier,
windbreak/shelter belt, stubble mulching is very effective for moisture conservation and
controlling soil erosion due to wind and water. A proper combination of both mechanical
and biological measures is prerequisite for resource conservation and sustained crop
production. Conservation measures can also be classified on the basis of their utility for
particular land use i.e. arable and non- arable lands. The basic objectives of any
conservation measures for arid regions are;

¢ Increasing the time of concentration for rainwater and thereby allowing more runoff
to be absorbed and held in soil profile;

e Intercepting a long slope into several short slopes so as to maintain less than a critical
velocity for runoff water

® Protection against damage owing to excessive runoff and conserving moisture.

Conservation Measures for Arable Lands

Arable lands are those lands which can be used for growing crops. The arable lands
include net sown area and current and other fallow lands. Land capibility classes I-IV
comes under arable lands. On short term basis these lands have very little limitations for
crop production, however, on long term basis these lands need some management practices
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for conservation of soil and water. About 63.67% area of western arid Rajasthan comes
under arable land. These lands suffer from varying levels of soil depth, slope, drainage
and erosion limitations, however with proper soil and water conservation measures these
lands can be used for crop production on sustainable basis.

Contour Farming

Contour farming is beneficial on all slopes where line sown is adopted. All ridges and
rows of plants are placed across the slope to form continual series of miniature barriers to
water and offer maximum opportunity for infiltration.
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Contour operations reduce the power of the water to erode, suspend and carry away soil
particles and increase the moisture storage. Increased uniform moisture storage can boost
up the yield above 10%. Contour farming alone cannot control runoff volume from higher
sloppy lands which may need bunding and grass waterways in natural drainage. For
small fields with uniform slopes, one contour guideline is enough and where slopes are
irregular two to three guidelines may be enough for farming operation. Contour farming
is most effective on moderate slopes of 2 to 7%. Contour farming is reported to reduce
soil loss upto 60 % in comparison to up and down farming on 1% slope (Smith and
Wischmeier, 1962).

Contour Bunding

Contour bunds are narrow base trapezoidal earthen embankment on contour, 1.5 to 2 m
wide, constructed across the slope to act as barriers to runoff, to form water storage area
on their upslope side and to break up a long slope into short segments. Contour bunds are
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recommended upto 6% slope and rainfall of upto 600 mm. Contour bunds are not suitable
for shallow soils having depth less than 7.5 cm. Spacing between contour bunds is usually
expressed in terms of vertical interval (VI), which is the difference in elevation between
two similar points on two consecutive bunds. The principle involved in fixing the spacing
between two bunds is to keep the velocity of water below critical value in order to avoid
scour. Vertical interval is generally expressed as a function of percent slope (s)

VI = 0.305(£+b)
a

Where VI = vertical interval between consecutive bunds in m
s = land slope in percent
‘a’ and ‘b’ are constants specific to particular region

For soils having good infiltration rates value of ‘a’ and ‘b’ are 3 and 2 respectively. For
soils with low infiltration rate the value of ‘a’ and ‘b’ may be taken as 4 and 2 respectively.
The horizontal interval (HI) is related to vertical interval (VI) by following equation

%4
HI = (— x1 OO)

N

Depth of impounding in calculated on the basis of maximum rainfall of 24 hours for 10
years recurrence interval as follows

RexVI
50

Where ‘h’ is height of impounding (m) Re is 24 hours maximum rainfall (cm) for 10
years recurrence interval. Total height of bund H can be found out by adding 20- 25%
freeboard to height of impoundment. For light red loam and sandy loam soils, the side
slope of both the sides is taken as 1.5: 1 whereas for sandy soils it is taken as 2:1. The line
of seepage should not cross the bottom of the bund while deciding the other dimension of
the bund. On average, contour bunds had 27 percent higher soil moisture and 14 to 181
percent higher fodder yield than flat surfaces on grasslands of western Rajasthan (Wasi-
Ullah et al., 1972).

Contour Vegetative Barriers

Contour vegetative barriers are hedgerows of perennial grasses or shrubs planted at a
regular interval on contours for conserving soil and water in sloping lands. Suitable grass
species are grown along contours at suitable vertical interval to intercept part of runoff
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and to control erosion in agricultural fields having flat to slight undulating topography.
The contour vegetative barrier moderates the velocity of overland flow and traps silt at
low cost, and augment production of food, fuel and fodder or fibre from lands by growing
suitable vegetation species. In recent years, contour vegetative barriers have found
acceptability among the farmers as these are cheaper than mechanical measures and are
protective while being productive. Contour vegetative barriers can be easily established
across a wide spectrum of soil-climatic conditions. Selection of species depends upon
purpose of barrier, site-specific conditions, particularly soil and climatic variables. The
spacing between plant-to-plant and row-to-row is governed by vegetation species to be
planted as barrier. In general the plant-to-plant spacing of 20 to 30 cm at predetermined
or 50 to 100 cm vertical interval between the barriers has been found effective for soil
and water conservation. Generally, paired row of barrier planted in staggered form across
the slope proves more effective.

Generally, dominant grass or shrub species of the region should be preferred for vegetative
barrier. Among grasses Cenchrus ciliaris, Cenchrus setigerus, Saccharum bengalense,
Vetiveria zizanioides, Lasiurus sindicus, Panicum antidotale and Panicum turgidum can
be effectively used for soil and water conservation in arid areas. Shrubs like Leptadenia
pyrotechnica, Ipomoea carnea and Euphorbia antisyphylitica can also provide good
protection against water and wind erosion. Contour vegetative barriers of Cymbopogan
Jjwarancusa, Cenchrus ciliaris and Cenchrus setigerus transplanted at 0.30 m apart on
contours at 0.6 to 1.0 m vertical interval in sandy loam soil of Jodhpur (Rajasthan) have
performed well and formed effective barriers in reducing soil erosion and increasing soil
moisture storage. In a study conducted during 1992-1994 at 19 farmers fields near Jodhpur
rooted slips of local eight species of perennial grasses (Cenchrus ciliaris, Cenchrus
setigerus, Cymbopogon jwarancusa, Lasiurus sindicus, Panicum antidotale, Panicum
turgidum, Saccharum bengalense and Vetiveria zizanioides) and seedling of six species
of shrubs (Agave americana, Aloe barbadensis, Barleria prionitis, Euphorbia
antisyphylitica, Ipomoea carnea and Leptadenia pyrotechnica) were transplanted at 1 m
vertical interval on contours across the slope. Results indicated that perennial grass species
performed the best and formed effective barrier against soil erosion. Runoff volume and
specific peak discharge were reduced by 28 to 97% and 22 to 96% respectively (Sharma
et al., 1999; Tiwari and Kurothe, 2006). In another study conducted at Kalyanpur (Distt.
Barmer) during 1998, vegetative barrier of Lasiurus sindicus, Saccharum munja and
Cassia angustifolia were established at horizontal interval of 30 m. The moisture data
revealed 36.5%, 72% and 54.2% higher moisture storage as compared to control in Cassia
angustifolia, Lasiurus sindicus and Saccharum munja respectively (Gupta and Rathore,
2002).
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Graded Bunds

Graded bunds are used to dispose off safely the excess water from the agricultural fields
to avoid water stagnation. Graded bunds are suitable in areas where annual rainfall is 500
mm and if the soils are highly impermeable. Graded bunds usually have wide and shallow
channels and earthen bund laid along a predetermined longitudinal slope. As graded
bunds are essentially means for the safe disposal of excess water from cropped lands,
suitable outlets are required to be constructed on graded bund. Draining of excess water
from one plot to another through outlets provided in the bund requires special attention
since considerable amount of soil may be lost through these outlets. Provision should be
made to arrest the silt and allow only clear water to flow away. The vegetated watercourse
strengthens the system. In areas with high rainfall where the volume of water to be disposed
from one plot to the next lower level plot is large and the vertical interval between the
plots is reasonably high, a site specific outlet design like a pipe outlet, drop structure etc.
must be provided for safe disposal of the excess water. Graded bund is reported to reduce
the run-off from 20 to 4.8 per cent and soil loss from 24 to 4.12 t ha' yr'. Besides other
benefits intercropping on contour resulted in 48 per cent higher grain yield (Singh et al.,
1997).

Grass Waterways

Grass waterways are developed for safe disposal of excess water from agricultural fields.
These may be natural or man made courses protected against erosion by suitable grass
cover. Grass waterways are also used for channalising and regulating runoff flows for
water harvesting purposes. The best location for waterways is a natural depression or
along valley line. These may also be constructed along field boundaries for safe disposal
of excess rainfall from agricultural fields. Vegetative waterways may be located in all
classes of lands except hard rocks, where construction may be difficult. The cross section
of waterways may be trapezoidal, triangular or parabolic with shallow depth and flat side
slope to facilitate easy movement of man, animal and machinery. The depth of waterways
may be kept within 20 to 50 cm and side slope more than 4:1. The channel should have
free board of 15 cm. The channel cross-section and bed slope should be such that the
computed velocity is within permissible limit (Singh et al., 1990). Cost of construction
of grass waterways depends upon type of soil, channel cross-section, length of channel
and grass plantation technique.

Shelterbelts

In arid zones, the harsh conditions of climate and the shortage of water are intensified by
the strong winds. Living conditions and agricultural production can often be improved
by planting trees and shrubs in protective shelterbelts which reduce wind velocity and
provide shade. Shelterbelts are barriers of trees or shrubs that are planted to reduce wind
velocities and, as a result, reduce evapotranspiration and prevent wind erosion; they
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frequently provide direct benefits to agricultural crops, resulting in higher yields, and
provide shelter to livestock, grazing lands, and farms. Shelterbelt when planted across
and on the margins of agricultural fields effectively protects crops and controls sand
drifting (Ganguli and Kaul, 1969). The effectiveness of shelterbelt in reducing wind
velocity depends on wind velocity itself, direction, shape, width, tree height and density
etc.

Trees for shelterbelt are planted at right angles to the prevailing wind direction. If the
wind direction changes frequently a checkerboard pattern of plantings is required.
Otherwise only parallel lines are needed. From 2-5 rows of fast growing trees of different
heights should be planted to prevent any possible breaks in single rows, which would
create a tunneling action with high and dangerous wind velocities. The shape of shelterbelt
should be pyramidal in structure, i.e., tallest trees should be in centre followed by flank
rows of medium height trees and lateral rows should be of bushy plants or shrubs.
Windbreaks should be partly permeable to prevent turbulence. A permeability of 30-40%
is considered the optimum. The distance between shelterbelts should be about 20 times
the expected height of trees after 5-7 years of growth. No cutting for firewood should be
permitted in shelterbelts. In an experiment a three rows shelterbelt in which P. juliflora
shrubby thicket was used as outer rows with central row of Albizzia lebbek reduced wind
speed from 12% at 10H (height) distance from shelterbelt to 33% at 2H distance during
summer season (Gupta et al., 1984). The following trees/shrub species are recommended
for shelterbelt plantation in arid areas.

Flank rows :  Prosopis juliflora, Zizyphus nummularia, Acacia bevinosa, calligonum
polygonoides
Lateral rows : Cassia siamea, Tamarix articulata, Acacia tortilis, Parkinsonia aculeata

Central rows : Azadiranchta indica, Albizza lebbek, Acacia nilotica, Ailanthus excela,
Hardwickia binnata, Eucalyptus cameldulensis

i s i Feck,

Fig. 4 : Shelterbelt plantation for wind erosion control, CAZRI farm - Jodhpur
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Conservation Measures for Non —Arable Lands

Non-arable lands are those lands, which do not fulfill their life sustaining potential. These
can result from inherent / imposed disabilities such as by location, environment, chemical
and physical properties of the soil or financial or management constraints. In arid zone of
western Rajasthan alone, about 7 million hectares area is classified as wasteland. The
area under wasteland is further increasing because of over-exploitation and improper
land use, to meet increasing demand for food, fodder and fuel. Also, cultivable area is
decreasing because of increasing urbanization, mining and other economic activities. So
there is need to develop these wastelands appropriately for sustained and improved fodder
production. The adoption of dryland conservation technologies can significantly increase
productivity and profitability in these areas (Halvin and Schlegel, 1997).

Contour Furrowing

Contour furrowing is the most effective measure to reduce runoff and soil loss, increase
in yield and commonly adopted in grasslands and forestlands. However, in very sandy
soils or soils with heavy clay pan area, their benefit is limited. Contour furrows varying
from 30-60 cm wide and 10-25 cm deep can be used. The shape varies from “V” to
square, rectangular, or parabolic. The cross section and depth of furrows mainly depend
on soil and equipment used for making them. Furrows spaced 8-10 m apart give a better
distribution of runoff water and higher yield of fodder. The effectiveness of contour
furrows to hold water depends upon the degree of slope smoothness of the surface and
accuracy in following contours and its life depends upon stability of soil and water storage
capacity of the furrow, which can be estimated by following equation.

0= WxD
~ 100HI
Where, Q = Depth of runoff water stored in cm from unit area

W = width of furrow, (cm)
D = depth of furrow, (cm)
HI = horizontal spacing, (m)

Construction of contour trenches is always started from the ridge and progressively
extended towards the valley. In a study conducted in arid part of Iran it is found that
contour furrow and pitting has significantly helped in controlling soil erosion, increasing
water penetration and soil moisture content and promoted propagation of Hammada
saliconica species, a desirable plant species for both soil conservation and livestock
grazing in the region (Jahantigh and Pessarakli, 2009).

Contour Trenches

A contour trench is a useful practice in forestry areas. This practice can be adopted in
area which is unsuitable for cultivation but suitable for forestry. Normal standard size of
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a trench is 60 cm x 30 cm x 60 cm depth with an unexcavated portion 1.5 m after every
50-75 cm. Length spacing or vertical interval depends on the slope of land. Spacing may
vary from 30-60 m. After the trenches are excavated to correct size, they are refill partially,
and stocking the remaining excavated material as a small bund on the down stream side.
The storage capacity of trench is estimated by the following equation.

B WxD
¢ 100HI| 1+ S
L

Where, Q = depth of runoff from area in cm
W = width of trench in cm
d = depth of trench in cm
HI = horizontal interval in meters
X = gap between the trenches in m
L = length of trench in m

Mane et al., (2009) reported effectiveness of continuous contour trench for runoff control
and recommended as best soil conservation practice on area having 7 to 8 per cent slope
in Konkan region of India.

Gradonies

Gradonies are steeply inward-sloping narrow bench terraces constructed on contours.
Usually, gradonies are suitable for afforestation in uniformly steep sloping lands. Based
on the steepness of slope, vertical interval is kept from 1.0 to 1.5 m. The width of gradonies
also varies from 1.0 to 1.5 m. The material dug from the inner side is heaped on the outer
edge in order to make a berm of about 20 to 30 cm high with an inward slope of 7.5:1. In
the middle of the gradonies, pits of 50 cm x 50 cm x 50 cm are made at spacing of about
3 m. On an average 1000 trees are planted within the gradonies and interspaces in one
hectare area (Mahnot and Singh, 1993).
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Fig - 5. Cross section of a Gradoni

51



Techniques of Water Conservation & Rainwater Harvesting for Drought Management

Gully Control Measures

About 4 million hectares in India are affected by gullies and ravines that threaten another
4-6 million hectares of productive tablelands. On marginal farmland, gully erosion is
major source of soil and associated nitrogen and phosphorous losses (Sharpley et al.,
1996). However, with proper management, the gullies can be utilized to store runoff for
groundwater recharge and human and livestock consumption. In western countries,
construction of gully control works was initiated as far back as 1900. However, in India,
such works have been taken up on an extensive scale since 1960 in Gujarat, Maharashtra,
Madhya Pradesh and Rajasthan.

Anicut / Check Dams

Check dams are masonry overflow barriers (weirs) constructed across seasonal streams.
A check dam as such has a relatively limited storage capacity but a large volume of water
can still be pumped from such storage as the stream continues to flow and the check dam
serves the purpose of an ideal intake structure. A check dam, by storing the base flow,
maintains a supply of water for recharge as well as for direct use beyond the monsoon
period (Goyal and Narain, 2006). It creates flooding of upstream area, which requires
surplusing arrangements at suitable intervals to drain water. Check dam should be avoided
in isolation. The number of check dams primarily depends upon the slope of the gully
and the quantity of runoff. It may not be advisable to construct check dams on bigger
streams with high gradient and where runoff is very high. The bigger streams should be
treated with drainage line treatment like gabionic structures and boulder checks with
masonry work to curtail the runoff.

Fig - 6. Check-dam at Beriganga research farm of CAZRI - Jodhpur
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Gabionic Check Dams

Gabionic check dams are useful in a locality where stones are readily available and their
irregular shape makes them unsuitable for making loose stone cheek dams. If the expected
water velocity is very high, gabion is recommended in place of loose rock dams. A gabion
is rectangular shaped cage made of galvanized wire, which is filled with locally available
boulders, rocks or stones. The gabion may be conveyed flat and are folded to shape at the
construction site. Usually, gabions are 1 m wide and 0.75-12 m high with varying lengths
ranging between 2-10 m. The gabionic check dams are constructed by connecting several
gabions in horizontal and vertical direction. The gabionic check dams are very stable and
semi-permanent in nature. These structures are flexible; they may even change shape
automatically according to the streambed, even when the bed shape changes due to erosion,
without losing stability.

Loose Stone/Dry Stone Masonry Check Dams (LSCD)

These structures are effective for checking runoff velocity in steep and broad gullies.
These are suitable at upper reaches of the catchment. They have a relatively longer life
and, usually require less maintenance. The bed of the gully is excavated to a uniform
depth of about 0.3m. Stones are then hand packed from the foundation level. Flat stones
of size 20-30 cm are the best for construction and laid in such a way that all the stones are

£3N

Fig - 7. A series of loose stone check-dams (LSCD) at gully in Jhanwar Watershed (Jodhpur)

keyed together. Large size stones are placed at the center of the dam and gaps between
stones may be filled with small piece stones. The dam should go up to 0.3 to 0.6 meter
into the stable portion of the sides of the gully to prevent end cutting. In the center of the
dam, sufficient spillway is provided to allow maximum runoff to discharge. LSCD
constructed at 1 m V.L. in Jhanwar watershed area on 17 gullies proved to be very effective
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in controlling further extension of gullies (Goyal, et al., 2007). Vangani et al., (1998)
reported sediment deposition of 3.86 t ha' yr' against loose stone check dam in Osian-
Bigmi watershed (Distt. Jodhpur).

Brushwood Check Dams

These check dams are constructed by using locally available brushwood and supported
by wooden stakes and used in the small gully heads not deeper than 1 m. These check
dams are of two types; single row post brush dam and double row post brush dam.
Brushwood check dams are constructed in areas where wooden posts, brushwood etc.,
are available in plenty. These check dams can only be used in the small gully heads not
deeper than Im. Single row post brush dam is made of single row of wood stakes to
which long branches of trees are tied length-wise along gully with their butt ends facing
upstream while in double row post brush dam, the straw and brushwood are laid across
the gully between two rows of wooden posts, the distance between the rows being not
more than 0.9 m. The longest branches are laid at the bottom and the shorter length
branches are laid above it till the required dam height (0.3 to 0.7 m) is obtained.

Rainwater Harvesting for Arid Lands

Since primary source of water in arid zone is rainwater, so for any improvement in
availability of water, catchment conditions become crucial. Catchment is the base for
harvesting rainwater in form of runoff. Runoff is highly dependent on catchment’s shape,
size, slope, and type etc. beside rainfall characteristics. Goyal and Issac (2009) has
estimated runoff coefficients for different catchments characteristics for hot arid zone of
India. Some general modifications can greatly help in enhancing the runoff percentage
from catchments.

Techniques for Enhancing Runoff from Catchments

1. Simple earth smoothing and compaction helps increasing runoff from catchment areas.
Success is generally greater on loam or clay loam soils. Care must be taken to reduce
the slope and/or the length of slope to lessen runoff velocity and thereby reducing
runoff.

2. Small amounts of sodium salts - particularly NaCl, NaHCO, applied to desert soils
where vegetation has been removed- causes dispersion of the surface soil, reducing
infiltration and increases runoff. However, this type of treatment requires a minimum
amount of expanding clays in the soil.

3. Removal of stones and boulder and unproductive vegetation from catchment helps in
uninterrupted flow, enhances runoff to collection site.

4. Land shaping into roads and collection of water in channels.
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5. Sandy soils have low water holding capacity. Spreading of clay blanket to the soil
surface reduces the infiltration and consequently accelerates runoff.

6.. Chemical treatments like wax, asphalt, bitumen and bentonite prevent downward
movement of water, which augments runoff.

Rainwater Harvesting through Tanka

Tankas (small tanks) are underground tanks, found traditionally in most part of western
Rajasthan. They are generally built in the main house or in the courtyard. 7anka is a
circular hole made in the ground, lined with fine polished lime for collection of rainwater
primarily from rooftop of individual house. The water collected in small Tankas is generally
used for drinking purposes, however bigger tanka can be used for providing supplemental/
life saving irrigation to horticultural plants. During subnormal rainfall when tanka did
not get adequate rainwater, water is hauled in camel/bullock cart from nearby wells/
nadis to fill the household fankas. For rainwater management, CAZRI has designed
underground fanka of 10 m? to 600 m? capacities for different rainfall and catchment
conditions. These fankas were successfully constructed in Jhanwar, Sar, Baorali-Bambore
(Distt. Jodhpur) and Kalyanpur (Distt. Barmer) villages. Harvested water of these tankas
was used to provide life saving irrigation to plants. The benefit-cost ratio of tanka ranged

-

Fig. 8 : Improved tanka of 21 m? capacity at Baorali village (Distt. Jodhpur)

from 1.25 to 1.40 under different uses (Goyal et al., 1995, 1997; Goyal & Sharma, 2000).
The improved design of tanka has provision for inlet and outlet with silttrap for control
of silt inflow with runoff. The catchment of a fanka is made by spreading the excavated
material around the structure. With a view to inducing the runoff, the catchment may be
treated either with asphalt or sodium carbonate spray on soil surface. A uniform slope of
2-3 per cent towards tanka is provided for harvesting maximum possible runoff. The
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improved design of tankas have a lifespan of more than 20 years. The improved fanka
design developed at CAZRI has wide acceptability in the region, which has been widely
replicated in large numbers under Rajeev Gandhi National Drinking Water Mission.

Rainwater Harvesting through Nadi

Nadis are village ponds used to store runoff water from adjoining natural catchments
during the rainy season. In arid Rajasthan nadi system of water harvesting is the oldest
practice and still the principal source of water supplies for human and livestock
consumption. Across Rajasthan, most nadis have a capacity of 1,200 to 15,000 m?. Water
availability in nadi ranged from 2-12 months after the rains. Since nadis received runoff
from sandy and eroded rocky basins, large amounts of sediments used to deposit regularly
in them, resulting in quick siltation. High evaporation and seepage losses through porous
sides and bottom, heavy sedimentation due to biotic interference in the catchment and
contamination are major bottlenecks. Evaporation losses ranged from 55 to 80% of the
total losses in various environments. Seepage losses are greatest during the rainy season
(July-September) when nadi is completely filled. To overcome these problems CAZRI
has developed design for improved Nadis with LDPE lining on sides and bottom keeping
surface to volume ratio 0.28 and provision of silt trap at inlet (Khan, 1989).

Fig. 9 : Improved nadi with inlet and outlet

The site selection of nadi is based on availability of natural catchment and its runoff
potential. The location of the nadi had a strong bearing on its storage capacity due to
catchment and runoff characteristics. Nadis are 1.5 to 4.0 meters deep in dune areas and
those in sandy plains varied from 3 to 12 meters. In addition, planting suitable tree species
around the nadi creates an oasis in the desert and improves the local environment.
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Rainwater Harvesting through Khadin for Crop Production

Khadin is a unique practice of water harvesting, moisture conservation and utilization in
hyper arid region of Rajasthan. This system was designed & developed by the Paliwal
Brahmins of Jaisalmer (Rajasthan) in the 15" century. This system has great similarity
with the irrigation methods of the people of Iraq around 4500 BC and later of the Nabateans
in the Middle East. A similar system is also reported to have been practiced 4,000 years
ago in the Negev desert, and in southwestern Colorado 500 years ago. The main feature
of khadin is a very long (100-300 m) earthen embankment built across the lower hill
slopes lying below gravelly uplands. Sluices and spillways allow excess water to drain
off. The khadin system is based on the principle of harvesting rainwater on farmland and
subsequent use of this water-saturated land for crop production. The ratio of farmland
and catchment areas is regulated to be about 1:10 so that a suitable moisture supply is
uniformly maintained. It is suitable for deep soil surrounded by some natural rock outcrops
constituting catchment area. CAZRI has developed Khadin of 20 ha areas in Baorali-
Bambore watershed with surplussing arrangements. Before construction of Khadin,
uncontrolled runoff from upper catchment used to wash away seeds, fertilizers, and
standing crops besides loss of valuable water. After construction of Khadin, farmer could
take excellent Kharif and Rabi crops (Narain and Goyal, 2005). Collecting water in a
khadin aids the continuous recharge of groundwater aquifers. Studies of groundwater
recharge through khadins in different morphological settings suggest that 11 to 48 per
cent of the stored water contributed to groundwater in a single season. This replenishment
of aquifers means that subsurface water can be extracted through bore wells dug
downstream from the khadin. The average water-level rise in wells bored into sandstone
and deep alluvium was 0.8 metres and 2.2 metres, respectively (Khan, 1996).
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Rainwater Harvesting through Micro-Catchment for Tree Establishment

Micro-catchment technique is particularly suitable for establishment of trees. In this
technique a circular catchment of 1 to 1.5 meter radius is constructed around the tree.
The catchment is compacted by roller or any other heavy machine. A slope of 5-10% is
provided in catchment towards tree for directing flow of water. The catchment can also
be lined with locally available materials such as polythene sheets, lime mortar, stone
pieces, grass etc. for higher runoff generation. It is reported that the plants with micro-
catchment have better chances of establishment in rainfed conditions as compared to
conventional plantation technique (Ojasvi et al., 1999). In another study Sharma et al.
(1986) suggested that conversion of canopy area into runoff catchment may be just
sufficient for improving its soil moisture profile.

Fig. 11 : Circular micro-catchment for tree establishment

Agronomic Practices

All operations carried out in the field, from land preparation to crop harvesting, with the
aim of increasing the crop yield are included under agronomical practices. Certain simple
agronomical practices like optimum tillage, administration of organic manure, suitable
cropping pattern, and strip cropping have been found to be effective in retaining soil
fertility as well as giving satisfactory crop yield.

Tillage Operation

Tillage (Ploughing) is the practice of breaking and working the soil to the desired depth
prior to sowing. Tillage makes soil loose and hence prone to erosion. Timing and depth
of tillage are the two important factors, which need special attention. Tillage should be
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done immediately before the crop season to take advantage of one or two early showers
for land preparation. In arid region, land tilled into ridges and furrows across the wind
direction has been found to reduce the effects of wind erosion during the summer months.
However excessive tillage before the monsoon lowers the percentage of clods and
accelerated the wind erosion (Gupta, 1993). Therefore proper tillage is very important to
take advantage of moisture conservation during rain and at same time should avoid soil
erosion by wind.

Crop Management

Row crops that are widely spaced are generally erosion-permitting. To reduce the erosion,
the plants should be spaced in such away as to obstruct the flow of water downhill by
crop itself. A proper combination of row to row and plant to plant spacing goes in long in
reducing the soil erosion besides enhancement in yield. For same plant population increase
in raw spacing and corresponding decrease in plant to plant spacing help in creating mini
barrier to control erosion by water and wind without adversely affecting the yield. Weeds
consume water at much faster rate than crop because of smaller life cycle. Elimination of
weeds at proper time greatly reduces the competitions for water for the crop. Crops of
moth and gaur when kept weed free till maturity produces higher seed yield where as
weed infestation after 30 to 40 days of sowing, resulted significant reduction in yield
(Singh, 1984). Optimum plant population is important aspect of crop production in arid
areas. Higher plant density enhances evapo-transpiration losses relative to non-growth
parameter of plant. Higher plant densities do not allow deep percolation of soil moisture
as observed in vegetables grown under drip irrigation (Singh, 1978). In arid region,
particularly rainfed condition, larger canopy growth may be disadvantageous as it may
exhaust the available soil moisture from root zone during drought (Singh, 1977). So in
such areas, one has to be more cautious in deciding optimal plant population and row
spacing for sustainable crop production. Crop rotation is another practice to maintain the
fertility of soil. Crop rotation not only helps to increase the crop productivity and soil
fertility, but also improves the water and nutrients use efficiency by reducing weeds,
providing conductive micro-climate for plant growth and development.

Strip Cropping

Strip cropping for wind erosion control consists of alternate plantation of erosion
susceptible and erosion resistant crop against prevailing wind direction preferably across
the slope. In this system soil eroded from one strip is retained by the next strip and the
overall fertility of the land is maintained. Narrow strips are more effective in reducing
wind erosion in lighter soils. The width of the strip varies from 6 m in sand to 30 m in
sandy loam. Establishment of strips of perennials like Lasiurus sindicus and Ricinus
communis at right angle to the prevailing wind direction at CAZRI Farm - Jodhpur,
reduced the impact and threshold velocity of wind to the minimum and checked the
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erosion. Consequently, crop grown in between the protective strips recorded increased
production (Mishra, 1971). Reduction in sand drift due to protective strips of grass at
Bikaner and Hingoli (Jodhpur) was also reported by Singh (1989). In another study the
productivity and quality of fodder was increased by strip cropping of C. ciliaris or L.
sindicus with L. purpureus in association with C. mopane or H. binata under silivi-
pastoral system in arid zone (Patidar et al., 2008). Another advantage of strip cropping is
that it helps in the prevention of pest attack on the crops. Since pests are mostly crop-
specific, one particular strip affected by one particular pest remains confined within that
strip itself and does not spread to the next strip, thus preventing the spreading of the
diseases to the entire field.

Mulching

Mulching of open land surface is achieved by spreading stubble, trash or any other
vegetation. The objectives of mulching are to minimize splash influence of rain drops on
base surface; reduce evaporation; increase absorption of the rainfall; obstruct surface
flow thereby retarding erosion and allow microbiological changes to occur at optimum
temperature. Sometimes, spreading of organic residues, instead of mixing can help in
reduction of soil and water loss to a considerable extent. Polythelylene mulches have
also been utilized for water harvesting and control of seepage. Trash farming, in which
crop remains are cut, chopped and partly mixed in ground and partly left on land surface,
is also a form of mulching. Studies conducted at CAZRI have shown that use of organic
mulches reduced the maximum soil temperature at 10 cm depth by 1 to 6°C with suppressed
weed growth and increase in soil moisture status. Similarly application of grass mulch at
the rate of 6 t ha'! resulted in reduced mean maximum soil temperature, reduced
evapotranspiration and consequently increase of 40% yield of green gram (Gupta, 1978,
1980).

Fig. 12 : Grass mulch for evaporation control

60



(SAARC Training Program)

Conclusion

Worldwide arid zones have witnessed increase in human and livestock population like
any other region as a result of natural increase. The increased population pressure has
stressed the limited natural resources of this fragile eco-system. Since good lands are
already under intense cultivation so focus has shifted towards arid zone all over the
world for the crop production. The scientific approach towards understanding the problems
of arid region and adoption of proper soil and water conservation technology can greatly
help in achieving the goal of meeting the aspiration of its dwellers on sustainable basis.

A successful application of any soil and water conservation measures for improving
production requires an integrated approach. In arid areas, conditions vary too much soil,
climate, social factors and the list is endless so no two areas are identical, and therefore
proper selection of technology for area-specific is must. While designing any structure
for area-specific its cost-effectiveness should be kept in mind. It is generally cheap to
repair a structure rather than designing a robust costly structure for extreme events of
100 years. All the technologies discussed above are essentially site-specific and different
components need to be integrated as a holistic approach to maximize production on
sustainable basis. These technologies are time tested and are of proven soundness for
extreme conditions such as of arid.
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Optimal Sizing of Rainwater Conservation Structure for
Drought Mitigation in Rainfed Agriculture
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In the eastern region of India, supposed to be the rice bowl of the country, the reign of
‘Rainfed’ has extended over 67% of its net sown area. The mean annual rainfall (1500
mm) received in the region is plentiful and seems to be more than enough to harvest two
crops in succession, had it been precipitated uniformly and not drained out from the crop
fields unnecessarily. Onset of monsoonal rain, its withdrawal and the pattern of rainfall
are quite unpredictable, irregular and erratic in nature resulting in part or complete failure
of crops either due to droughts or inundation likely to occur in every alternate year. On
an average, two long dry spells during the main crop season are most likely to occur
every year out of which the first one coincides with transplanting or biasi operation and
the second one during the critical stage of the crop growth (Panigrahi et al., 2001). Rice
is the major crop in the region, grown in rainy season in all topo-sequences including
uplands. The average yield of rice in the region is 1350 kg/ha while the all India average
is 1746 kg/ha (Anonymous, 1998). A second crop is hardly practiced due to quick loss of
residual moisture after the withdrawal of monsoon. Hence, production of oilseeds and
pulses and above all, most of the food grains from the region is at par with the other
regions of the country.

The major hurdle of enhancing agricultural production in the region is its vast rainfed
uplands. Out of 44 Mha of total rice area in India, upland rice occupies 7 Mha. of which
75% (5.2 Mha) is from eastern India only. Rice, an unsuitable pawn in the race, is grown
widely in this topo-sequence resulting in an unstable and very low yield (< 1 t ha') as
reported by Kar et al. (2004). Most of the land holders in upland situation are marginal
and small farmers, poor in resources. They constitute 58% of the farming community
where as only 21% of land area is under their occupation (Verma et al, 2004). The soil in
this topo-sequence is mostly light textured, highly permeable and have very low water
holding capacity accompanied with low nutrient status. Growing rice, a very high water
requiring crop, in this ecosystem is definitely not a profitable proposition. A diversification
in the existing cropping pattern in rainy season in addition to an assured provision of
water for growing a second crop is required to meet the ever increasing demand for
cereals, pulses, oilseeds, fibre, fodder and fuel etc. Rejuvenating degraded soil health,
which becomes alarming day by day, is also another important factor for enhancing and
sustaining production and productivity from the topo-sequence.
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Since rice is the staple food of the people in the region, they cannot afford to replace rice
completely. Though crop diversification will be a remunerative venture as compared to
rice, this has not been acceptable to farmers without provision of supplemental irrigation
as well as instant drainage provision. On-farm reservoir technology developed for upland
ecosystem seems to be a full proof technology for enhancing production and productivity
of the land by enabling the beneficiary to grow a light duty second crop in the same field
after harvest of rice crop. In addition to food grains, pisciculture is also another aspect of
crop diversification that can be practiced successfully in this harvested water to make the
investment paid back quickly (Laxmi et al., 2005). But as the country has become self
sufficient in rice production, so situations like distress sale of rice is coming up frequently.
On the other hand, a rice crop at the upstream (u/s) of the water harvesting structure
obstructs a large amount of runoff to maintain its ponding requirement and also requires
equally enough water as supplemental irrigation during its critical growth stage (Rathore
et al., 1996). This may be the reason why the reservoir lacks adequate storage before the
second crop is sown. So, an assured and optimum return from a second crop from the
OFR treated land becomes a chance factor. In this context, a partial crop diversification
with high value non-rice crops at the u/s of a rainwater harvesting structure (OFR) and a
rice crop at its downstream (d/s) with better management practices under favourable
conditions of water availability during rainy season seems to be a suitable alternative to
solve the production crisis of rainfed uplands in eastern India.

Objectives
e To predict the hydrological events like onset and withdrawal of monsoon, time and
length of dry spells occurring in the region

e To evaluate the feasibility of rainwater harvesting structure for various cropping
patterns by simulating the water harvesting potential of the crop fields in the upland
situation.

e To simulate the various sizes of the OFRs under different cropping scenarios using
water balance model.

e To assess the optimum size of OFR based on economic analysis of the system.
e To assess the feasibility of aquaculture in the OFR.

e To develop a Decision Support System to compute optimum OFR sizes for various
land holdings, soil types and climatic conditions.

Theoritical Considerations and Methodology

Behaviour of Hydrological Events in the Region

Fore hand information about effective onset of monsoon and its withdrawal is the basic
tool that helps in deciding the time of sowing of the crops, varieties to be chosen and also
gives clues to the type of cropping pattern to be adopted for the region. Though it is
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difficult to predict the time of arrival and recession of the south-west monsoon accurately,
the methods used by some researchers namely Ashok Raj (1979) and Verma and Sarma
(1990) to predict the events are quite effective in arriving at some conclusion about the
probability of the occurrence of the events. The method of minimum moisture content in
the seeding zone required for effective germination of seeds and continuity of rainfall
event in subsequent days/weeks are used to predict the date of effective onset of monsoon.
In case of date of withdrawal of monsoon, the last week’s rainfall amount and its pattern
was taken into consideration. When the rainfall event either disappears or happens in a
very less quantity (< 2.5mm d') and the event continues for more than 10 days at a
stretch it is assumed as a long dry spell for rice. When such a dry spell coincides with the
period of some important field operations like biasi / transplanting or critical stage of the
crop growth, the yield is affected severely. So, the arrival time and length of such dry
spells need to be predicted before hand to enable the farmers to make arrangements for
meeting such eventualities.

Water Harvesting Potential (WHP) of the Crop Fields

Water harvesting potential indicates the rainfall adequacy to meet the supplemental
irrigation (SI) requirement of crops and also establishes the feasibility of the OFR system
in the problem area.

WHP = SI / Runoff (1)

WHP very less than 1 suggests the infeasibility of the OFR system in the area (Guerra et
al., 1990; Oweis et al., 1999). When it is greater than 1, a green signal is indicated to go
for the OFR system. When it is nearer to 1, the deficiency is met by the direct rainfall
collected in the OFR.

Water balance model of the crop fields in upland situation with rice and non-rice crops is
developed with the assumption that the total runoff generated from the crop field has to
be diverted to an imaginary common reservoir outside the farm area and the SI requirement
of the crops will be met from it. It is assumed that the OFR is of unlimited capacity that
can accommodate all the runoff generated from both rice and non-rice crop fields.

Two types of models are used in the study such as (i) single layer or static model (Fig. 1);
(ii) double layer or dynamic model (Fig. 2). The static model assumes that the maximum
root zone depth of the crop is a single layer. All the water balance parameters are computed
accordingly. Whereas in the dynamic model the root zone is divided into two layers
called active and passive layer based on the position of the root system (Hajilal et al.,
1998) on the day in question. All the water balance parameters except deep percolation
are assumed to occur within the active layer and deep percolation from the passive layer
of the soil. Each day the active layer moves below along with the root and the day it
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reaches the maximum root zone depth of the crop, the passive layer vanishes and the
total root zone depth is occupied by the active layer.

Static Water Balance Model for WHP
SMC, = SMC, ,+ R+SI— SR, - AET, — DP, )

where, i is the time index taken as 1 day in the study (i =1 means date of sowing and so
on);SMC, | is the soil moisture on the previous day; R is the rainfall; SI. is the supplemental
irrigation; SR is the surface runoff; AET, is the actual evapotranspiration; and DP, is the
seepage and deep percolation from the root zone of the crop.

Fig.1 : Schematic presentation of water balance parameters of rice field and the OFR
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Fig. 2 : Water balance components of two layered root zone
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Dynamic Water Balance Model for WHP

Active Layer

SMC* ;i .RD.].I. = SMCaji—lRDjFl +R, + SMC? i .&Dﬁ + Slﬁ —AET";i —SR,.—P. (3)

Jt Jt

Passive Layer
SMC " (RD ,, —RD )= SMC " ;(RD ,, —~RD ,)+ P, - DP, )

where, i = time index taken as 1 day in the study (i =1 means date of sowing and so on);
j = type of crop; SMCe‘ji = soil moisture content in the active layer of the crop; SMCPji_ =
soil moisture content in the passive layer; RD,= Root zone depth of crop; aRDji =
Incremental root growth of crop (cm); R, = Rainfall; AETaji = Actual evapotranspiration
from active layer of crop; SRji = Surface runoff from the crop field; SIji = supplemental
irrigation to the crop; P, = percolation from the active layer to passive layer; and DP, =
Deep percolation from passive layer to down.

Root Depth

Two types of root growth models are available to predict the position of the root system
with time. 1) Linear root growth model (Bhirud et al.1990), ii) sigmoidal root growth
model (Borg and Grimes, 1986). The linear root growth model has been used in the study
as the sigmoidal model lacks validity for all types of crops taken under the study.

RD, = RDs+(RD,, — RDs) "

(&)

Jjm

where, RDs is the depth at which the seed is sown; RDjm is the maximum depth of root
zone of crop; [ is the days to attain maximum depth; and t, = day of simulation after
sowing.

Surface Runoff

The surface runoff from crop fields is computed based on SCS-CN method. Under Indian
condition SR, is estimated as:

o[ (R —03s,] ifR >038, ©)
R +075,

Ji
=0 ifR <03 S,

The parameter S is related to the curve number (CN) as :

S =254(100—1) (7
i CN
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where, Sji is the maximum storage capacity of the root zone depth of crop; CN is the
curve number with respect to CN, for the soil cover, hydrologic soil group and crop type
etc. CN, and CN, values are computed as suggested by Sharpley and Williams (1990).

A 5 cm ponding has been allowed in the rice field during 10 days after germination to 10
days before harvest and in this period the runoff will be calculated as:

SR, = SMC, + R, — (SAT +5) when SMC. > SAT +5
=0 if SMC, = SAT+5 &)

Actual Evapotranspiration

Reference crop evapotranspiration (ET ) and crop coefficient are the basic parameters
required for calculation of actual evapotranspiration (AET). Penman-Monteith equation
(Allen et al, 1998) is accepted universally for computation of ET_and hence the same is
used in the study. But when a simulation starts from the day of sowing of the crop in
rainy season to the date of sowing of the second crop in post-monsoon period, another
two conditions are encountered such as germination period and turn-in period. During
these periods, only evaporation from the soil is considered.

AET During Crop Growth Stage

Under crop growth stage two kinds of situations are encountered such as, i) adequate soil
moisture condition and ii) deficit soil moisture condition based on management allowed
depletion (MAD) level of the crop (Doorenbos and Kassam, 1979).

Adequate Soil Moisture Condition
AET, = PET, = K¢, xETo, ~ When (SMC,~ WP) = (1 - p) (FC~ WP)  (9)

Deficit Soil Moisture Condition

(SMC-WP)

_(SMC-WP) Cun ~ o ) 1
(p)(FCwp) | PET,=  When (SMC, - WP) <(1 -p) (FC-WP)  (10)

AETl:[

where, PET is the potential Evapotranspiration; FC = SMC at field capacity; WP = SMC
at wilting point; p = fraction of available soil moisture depletion; and Kc, = crop coefficient.

Supplemental Irrigation

SI will be applied only in the critical stage of the crop growth and the event will take
place at the end of the previous day.
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SI for Rice Crop

SI=0 if SMC _, = 0.8 (SAT)
=50 if SMC,_ < 0.8 (SAT) (11)

SI for Non-Rice Crop
SI; = FC*w.RD; —=SMC*.RD;; if SMC*,. RD, < WP*, RD_+ (1-p) (FC*; - WP*)RD,
=0 if SMC*,. RD, = WP* _RD,+ (1-p) (FC, - WP*)RD, (12)

Seepage and Percolation from Crop Fields

Two kinds of situations are encountered in the crop fields as far as percolation and seepage
are concerned. 1) Saturated condition when there is standing water in the field and
ii) unsaturated condition when the SMC goes down below saturation moisture content.
Percolation takes place from the field in both saturated and unsaturated conditions. When
it goes down below the root zone depth of the crop, it is assumed to be deep percolation.
Seepage that occurs only in ponded condition is assumed to be inseparable from
percolation. In unsaturated condition the seepage loss from the field is assumed to be
zero.

Percolation under Saturated/Ponded Condition

Empirical equations are developed based on field observations for computing seepage
and percolation loss from the field (Panigrahi, 2001).

SP, = -16.45 + 0.145 (SMB)) (13)
SMB, = (Depth of ponding+SAT-AET)) (14)
Where, SP, is the seepage and percolation rate (mm); and SMB is the soil moisture balance

in the effective root zone depth (mm).

Percolation under Unsaturated Condition

The matric suction under unsaturated condition was computed using Van Genuchten
equation (Simunek et al, 1998) which is expressed as

6,—6

9(’1) = 0’ + [ 1+S‘a]’l "r ]m When h<0 (15)
K(h)= K S [1-(1-S_"™™]? Where m=1-1/n and n>1 (16)
S, =6(h)-6/6-6 (17)
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Where 0(h) is soil moisture content, GS 18 saturation moisture content, Gr is residual moisture
content, h is matric suction head, 4 is the parameter in water retention function, n is the
exponent in the soil water retention function,] is the hydraulic conductivity function and
its value is 0.5 for most soil types; and K(h) is the unsaturated hydraulic conductivity; S,
is the fraction of soil moisture with respect to saturation moisture content.

SPi = (h,-h,) / [L (1/K (h,) + (1/K (h,)] (18)

Where, K(h)) and K(h,) are unsaturated hydraulic conductivity at two points; L is the
vertical distance between the two points.

Optimum Size of Lined and Unlined OFR
Optimum size of OFR is derived in two steps as suggested by Sharma and Helweg (1982).

Step I :  Simulation of minimum and maximum size of OFR using water balance model
through out the study period.

Step II : Economic analysis based on net return from the supplemental irrigation will
decide the optimum size of OFR.

e  Water yield from the fields to the OFR
e Water requirement by the crops
e Water balance model of OFR

¢ Crop yield with response to soil moisture status under irrigated and rainfed conditions
in both rainy season and post-monsoon period.

e Economic analysis of the system
Water Balance Model for OFR

FV,=FV,  +VR, +VSRP, ~VE, —VSP, - VSI, (19)

where, FV, = Final volume of storage in the OFR; FV, = volume of storage in the OFR
on (i-1)" day; VR, = Volume of rainfall on the OFR; VSRP. = Volume of surface runoff to
OFR; VE, = Volume of evaporation from OFR; VSP, = Volume of seepage and percolation
loss from OFR; and VSI. = Volume of supplemental irrigation from OFR.
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Volume of Evaporation from OFR

Evaporation from the Open OFR

Doorenbos and Pruitt (1977) suggest using pan evaporation data to estimate evaporation
rate from open water bodies up to Sm depth.

VE, = 0.74x Epan, x WSA, (20)
where, Epan, = evaporation from class A pan evaporimeter on i-th day (mm); and WSA,
= water spread area of OFR on i-th day (m?).

Evaporation from the OFR with Polyethylene Cover
As suggested by Agrawal et al. (2004)
VE= 0.5 (0.74xEpan, xWSA ) 21

Evaporation from the OFR with Biological Shading

The evaporation from the underlying surface (soil / water) is influenced by radiation
interception capacity of the canopy cover (Fig. 3). As suggested by Gallardo et al. (1996)
and Wardana et al., (1996)

RI.
VE. =0.74x Epan. xWSA, x| 1 ——
' pan, A, [ 100) (22)

Where, RI. is the percentage of total daily radiation energy intercepted by crop canopy.

RI, = 0.63+1.373(G,)-0.0039(G, )’ (23)

Where, G, is the per cent canopy cover on i day with respect to maximum ground cover
of the crop.

Fig.3 : Biological cover of bottle gourd (Lagenaria sisce) over the OFR
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Volume of Seepage Loss from OFR

Cross laminated polyethylene sheet of 120 gsm has been used for lining purpose in the
OFRs. So, the seepage loss from lined OFR is assumed to be zero. But in case of unlined
OFR, an empirical equation was developed based on field observation (NATP Project
Report, 2004). The equation is expressed as:

SP. = 0.135(1-exp(-0.304d) (24)

Where, Sp_ is the seepage and percolation loss from the OFR (m); and d is the depth of
water level in the OFR (m).

Prediction of Crop Yield

Yield of the crops during simulation period are predicted with the help of regression
models and dated water production functions using AET values at different growth stages
of the crops grown under irrigated and rainfed situations.

Rice Crop

A multilinear regression model developed for eastern region of India by Panigrahi et al
(2001) will be used to predict rice yield under the study.

Y, =—13.06+0.05AET, +0.07AET, +0.75AET, +0.45AET, (25)

where, Y, = actual yield of rice, 1000 kg/ ha; AET,, AET,, AET, and AET , are actual
evapotranspiration of rice crop during crop establishment (1), crop development (2), mid
season (3) and late season (4) stages respectively, in cm.

Non-Rice Crops

An additive model of dated water production function is used in the study to predict the
actual yield of maize, blackgram and mustard grown in rainy season and winter seasons.
The equation is as:

Y s AET (26)
« _1_VY K Al
Y Z Vs (1 PET)S

P s=1

where, s = growth stage index of the crop; Y, = actual yield with available moisture, kg/
ha; Y = potential yield that can be obtained with adequate moisture through out the crop
period, (kg/ha); Ky = stagewise yield response factor; AET = actual evapotranspiration,
(mm); PET = potential evapotranspiration, (mm); and ns = no. of growth stages
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Economic Analysis of OFR System

Net present value (NPV), Benefit cost ratio (BCR), Internal Rate of Return (IRR) and
Pay Back Period (PBP) economic indicator such as are used in the study to derive the
economic feasibility of the OFR system in upland situation (Yuan et al, 2003; Mishra et
al., 1998; and Selvarajan et al., 1984).

NPV >0 the project is economically viable

NPV <0 the project is not economically viable

NPV =0 this project adds no monetary value. Decision should be based on
other criteria

NPV:I()+i(Ct —CO,)(l-{—f)_ (27)

=1 (l + r)l

where, I = Initial investment; C = cash inflow at time t; Co, = cash outflow at time t; f =
inflation rate (%); r = rate of interest or discount rate (%); and t = time interval assumed
to be 1 year under study.

Conclusion

At 50% probability of exceedance (PE), power transformation gives onset and
withdrawal date of monsoon in the region as June 16 and October 3, respectively
(Table 1). Thus the monsoon is effective in the region for 110 days. So, short duration
rice of 100-110 days should be grown under rainfed farming system (Panigrahi and
Panda, 2001).

At least two long dry spells, both are of 13 days duration, are likely to occur every
year in the region during rainy season out of which one comes on July, 18 and the
other on August, 22 at 50% PE (NATP Project Report, 2004). Hence, the biasi operation
in case of direct sown paddy and transplanting operation in case of transplanted rice
are to be completed before July, 18 to achieve an effective physiological growth of
rice crop. The second dry spell coincides with the critical growth stage of rice crop
which hints upon the creation of water source to provide supplemental irrigation.

Simulation of ponding and soil moisture status of rainfed uplands reveal that there is
a need for drainage of ponded water during early crop establishment and later part of
late season stage and supplemental irrigation during critical growth stage of rice
crop (Fig. 4). Moreover, after harvest of rice, the residual soil moisture at the time of
sowing of light duty crop in the post- monsoon period is found inadequate for
germination of seeds in 45% of the years and thus, requires pre-sowing irrigation
(Panigrahi and Panda, 2001) (Fig. 5). When the rice crop is completely substituted
by maize crop in rainy season and soil moisture status is simulated, it is found that in
none of the years during 1977 to 2006, the crop needs any supplemental irrigation. It
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indicates that a plenty of harvested water will be available to meet the full irrigation
demand of winter crops.

Table 1 : Occurrence of OEM, WM and duration of CDS during the rainy season
Year OEM WM Number Occurrence and duration of CDS
of CDS  First CDS Second CDS Third CDS
1969 June 11 September 30 1 June 21 (10) - -
1970  June 14 October 3 2 July 30 (11) September 7 (12) -
1971  June 1 October 22 3 June 12 (10) June 29 (13) September 17 (13)
1972 June 22 September 27 2 July 27 (11) August 17 (10) -
1973 July 6  October 17 2 August 8 (19) September 4 (10) -
1974 July 15 October 9 2 Aug 17 (12) September 12 (16) -
1975  June 18 October 8 2 July 19 (17) September 15 (10) -
1976 June 26 September 22 1 August 6 (10) - -
1977 Jun 13 September 18 0 - - -
1978  Jun 25 October 5 1 September 3 (11) - -
1979  Jun22 September 19 1 August 9 (13) - —
1980  Jun1l  September 19 1 August 12 (11) - -
1981  Jun 13 October 1 2 June 26 (10) August 25 (14) -
1982 Jun25 September 17 1 July 3 (16) - -
1983  Jul 25 October 12 1 September 8 (21) - -
1984  Jun4  September 13 1 June 26 (12) - -
1985 Jun3  October 17 3 June 18 (11) July 18 (14) September 12 (13)
1986 Jun 23 October 8 3 July 9 (12) August 15 (14) September 13 (10)
1987  May 25 September 26 2 June 10 (12) August 5 (12) -
1988  Jun 16 October 3 1 August 19 (10) - -
1989  Jun 14 September 28 2 August 5 (11) September 2 (14) -
1990  May 21 October 9 2 June 3 (12) September 8 (10) -
1991  Jun2  October 7 3 June 14 (19) July 24 (12) September 15 (10)
1992 Jun8  September 30 3 June 26 (10) August 19 (15) September 12 (13)
1993 Jun 17 October 20 2 July 28 (13) September 10 (10) -
1994 Jun21 October 10 1 September 19 (15) - -
1995  Jun 19 October 15 2 July 4 (11) September 9 (10) -
1996  May 31 September 30 2 June 10 (11) September 1 (15) -
1997  Jun 10  October 2 0 - - -
1998  Jun 21 October 3 2 July 5 (13) August 13 (22) -
1999  Junel5 September 25 1 July 14(15) - -
2000  June 5 September 23 2 July 1 (9) September 22(25) -
2001  June 4 October 12 1 September 19(9) - -
Mean,u Jun 14  October 2 2 July 18 (13) August 22 (13) September 14 (12)
St.Dev.,
o (days) 13 9 - 30 ((3) 21 ((3) 2((2))

(Source: NATP Project Report, Dept. of Agricultural and Food Engg., IIT, Kharagpur)
Note: Figures in parentheses represent duration of CDS in days.
Figures in double parentheses represent standard deviation, s of CDS in days
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e Study on water harvesting potential reveals that at 50% PE level, 95% of the
supplemental irrigation requirement of rainfed upland rice during the critical growth
stage can be met from the surface runoff generated from the rice lands (Fig. 6). The
rest can be met from the direct rainfall collected in the OFR (Oweis et al. 1999). The
average seasonal surface runoff from the rice field and irrigation requirement of rice
crop is 116.51 mm and 110.38 mm, respectively (NATP Project Report, 2004) (Fig.
7). So, the irrigation requirement can be supplemented by recycling the harvested
runoff from the OFR and thus, there is a scope for rainwater harvesting in the OFR.
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On the other hand, the water harvesting potential under partial crop substitution (Non-
rice:rice::2:1) is more than 4 times the irrigation demand of rainy season crops. It
widens the scope of full irrigation practice during the critical growth stage of rice
crop as well as at least two irrigations to the second crop in winter season.
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Fig. 7 : Seasonal irrigation requirement of rice and runoff generated from the rice field

e Economic analysis indicates that 12% of farm area is optimum for construction of
OFR that can meet on an average 93 and 33 mm of supplemental irrigation to rice
crop during the critical growth stage in wet season and pre-sowing irrigation / SI
demand to mustard in post-monsoon period (Fig. 8). The average increase in yield of
rice grains and mustard seeds due to supplemental irrigation from the said size of
OFR are found to be 29.2 and 22.3% more over the average yield of corresponding
crops under rainfed condition (Panigrahi and Panda, 2003).
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Fig. 8 : Variation of net profit from various sizes of OFR at different probability of exceedance

e The study reveals that the unlined OFR is also equally capable to meet the SI
requirement of rice and pre-sowing irrigation to mustard after rice except few
inadequacies like larger size, quick depletion of harvested water after recession of
South-West monsoon as compared to lined OFR. Second irrigation to the second
crop after rice is hardly possible in case of unlined OFR. For a 1:1 side slope, a return
period of 5 years requires 15% of the farm area for unlined OFR (Pandey et al., 2006)
and the size of the OFR becomes larger with increase in side slope.

® The value of the benefit-cost ratio (BCR), IRR and PBP of the optimum size (12%)
of OFR were found to be 1.22, 16.1% and 13 years (Panigrahi et al., 2004). BCR
value of more than 1 indicates that on every rupee investment made on OFR irrigation
system gave a dividend of Rs.1.22 which is justified.

e  When fish is integrated with both OFR system (lined and unlined) in rainfed uplands
along with rice-mustard cropping sequence, the net return to the beneficiary increased
leading to a remarkable increase in benefit-cost ratio of the system as a whole. The
BCR value of lined and unlined OFRs occupying 10% of farm area becomes 1.65
and 2.70, respectively (Sethi et al., 2005). Pay back period of unlined OFR is found
to be 13 years and that of lined OFR 1is 20 years.

e Average evaporation rate from the open and creeper cover OFR is 2.73 and 2.28 mm/
day, respectively, during September to February. Percent reduction in water surface
temperature and increase in relative humidity due to the presence of the creeper cover
over the OFR as compared to open OFR is 9 and 5.8%, respectively. Seasonal reduction
in evaporation loss due to creeper cover as compared to the open water body is 32 to
35%. Thus the canopy cover of bottle gourd is recommended as an evaporation
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mitigation measure for the small scale water harvesting structures in eastern region
of India (Sahoo et al., 2010).

A user friendly software using Visual Basic 6.0 programme has been developed to
find out the optimal size of the OFR in terms of percentage of the farm area in rainfed
farming system (Roy et al., 2009) (Fig. 9). Its menu driven system is flexible enough
to simulate the OFR sizes for various combinations of OFR geometry, field sizes and
cropping patterns. The user has to specify the crops to be grown, irrigation management
practices, types of OFR (lined or unlined), side slope and depth of OFR and the farm
area.

Experimental verification of the aforementioned study both in the lined and unlined
OFRs (with and without fish in the OFR) is carried out in the agricultural farm of
Indian Institute of Technology, Kharagpur since 1998 under various national and
international research projects (Fig. 10 and 11).

The OFR technology is rapidly disseminated to farmers’ field in the States of West
Bengal, Orissa and Jharkhand by NGOs and farmers themselves (Fig. 12).
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Fig. 9 : Menu Driven System for optimum size of the OFR
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Fig. 11 : Field experimental study on fish growth in the OFR
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Fig. 12 : Adoption of the OFR Technology in farmers’ field
(Jetia Pahar village, Mallarpur block, Birbhum district, West Bengal)
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Machinery for Soil and Water Conservation,
Land Development and Drainage

Ramadhar Singh
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Land development and land shaping is grading the land to a planned grade for efficient
and uniform utilization of irrigation water and safe disposal of excess water within
stipulated period. Land development is a skilled operation and any project should not be
executed on guesswork. Land development is the costliest preparation in farming. It
involves jungle clearance, soil opening with deep tillage equipment, moving soil from
high to low spots, making farm roads, field bunding and levelling .etc. These operations
require use of self propelled and heavy equipment such as crawler tractors with heavy
duty ploughs and dozers, high horsepower tractors with dozing and hoeing attachment,.
crapers, ditchers, chisel ploughs, sub-soilers, terracers, levellers etc. In India, human and
animal labor, machinery and often a combination of both are used for excavation, as well
as maintenance of drainage systems. Small field drains are usually constructed with the
help of manual labor. However, machines are used for construction of bigger intermediate
and main drains. These machines include draglines, backhoes, excavators, and dredgers.
They have many advantages over manual and animal labor, as they are quick with much
larger output. Machines are especially suited to drainage projects in humid areas, as
these areas are generally wet, making it difficult for manual and animal labor to work in
them.

In recent years availability of machinery and equipment for drainage projects has been
on the increase both in India and other countries. Special machines have been developed
for variety of jobs. For sub-surface drainage (SSD) system machines are now available
which can excavate the trench, place drain pipes as well as filter material and backfill the
trench in one pass. Grade control has been made precise with the introduction of laser-
guided equipment. Special equipment is also available for coastal areas for dragging and
removal of sand bars and weed control in ditches. Selection of proper equipment, its
correct size and combination of various construction equipment will give maximum
efficiency and economy. Factors which determine proper selection of equipment are nature
of land development work, soils and topography of the area, size of the pond, time
available, capacity of machine and skill of operator and availability of various earth
moving equipment suitable for construction. Here soil and water conservation machinery
used in context of Conservation Agriculture are discussed. Conservation Agriculture
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represents a practical concept to achieve improved soil health and better soil-crop-nutrient-
water management leading to ecologically and economically sustainable agriculture.
Interventions such as mechanical soil tillage are reduced to an absolute minimum and the
use of external inputs such as agro-chemicals and nutrients of mineral or organic origin
are applied at an optimum level and in a way and quantity that does not interfere with, or,
disrupt, the biological process.

Criteria for Land Development
Soil profile:Depth of cut can only be decided by knowing topsoil, sub-soil hardpan, etc.

Land slope: Considering the land slope, field may be divided into small strips considering
soil type the uniform grade of 0.05 to 0.25 % for heavy soils, 0.2 to 0.4 % for medium
s0il 0.25 to 0.65 % for light soil may be given. Accordingly earthwork has to be estimated.

Rainfall characteristics: 1t will influence the minimum and maximum grade of the field
and should therefore meet the drainage requirement, which is influenced by the amount
of rainfall, intensity - frequency and seasonal occurrence.

Cropping Pattern: Where high value crops are proposed to be grown, the leveling should
be done with case and precision, however, for low value crop a rough leveling will work
which involves low investment.

Irrigation Methods: Depending on irrigation method to be used, the amount of earth
work will vary. Sprinkler and drip methods may require only removing of bumps and
filling up of lower spots. Border, furrow, basin methods will have different length, strips.

Other Considerations: View of farmer without sacrificing technical feasibility.

Land Leveling Design Methods : Grid survey at 10 x 10, 15 x 15, or 30 x 30m has to be
carried out and field may be prepared for land development.

Land Development Equipment/ Machinery

Various equipment are in use for land development, excavation of pond, earth moving,
construction and maintenance of drainage works. These machines can be classified
according to function and earth-moving action involved as shown inTable 1. With regard
to their function, earth moving, excavation and drainage machinery may either cut and
carry soil, or cut, spread and push the spoil. With regard to type of earth-moving action,
it may either to be continuous or intermittent type.
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Table 1 : Classification of earth-moving equipment for construction and
maintenance of drainage works.

Function Earth-moving action
Continuous Intermittent

Excavation Wheel excavator Dragline
(Trench type) (Scraper-bucket excavator)
Plough-type ditcher! Backhoe
Template excavator Shovel
Blade grader' Scraper
Elevating grader' Bulldozer
Hydraulic dredge Pull back blade
Rotary ditcher!

Spoil spreading Blade grader? Bulldozer?
Tillage machines' Scraper
Terracing machines! Pull back blade?

'Continuous except for turning at the ends.
’Either continuous or intermittent, depending on the method of operation.
(Source: Schwab et al 1993)

Continuous-action machines generally have a higher output than intermittent-motion
equipment. Intermittent-action machines are generally used for open channel construction.
Continuous-action machines for spreading the spoil include the bulldozer and the blade
grader. The bulldozer is perhaps the most widely used machine for spreading soil banks,
but scrapers may be satisfactory for small channels. Such machines as the dragline,
clamshell, and large back hoe, however, may deposit the spoil so that very little, if any
spreading is required.

Scrapers

A bucket scraper, also called carry all scraper consists
essentially of a bowl or bucket mounted rubber tyred
wheels with a blade and apron across its front and of
the bucket for cutting and scooping the earth to load,
when the scraper is pulled, the bowl is lowered and the
apron is partly lifted. In hauling position the apron is
closed and the bowl is lifted clear of the ground. It is [
operated hydraulically. With this earth can be excavated, loaded, hauled and spread.
Scrapers are not generally suited for the excavation of large open drainage channels near
the water table due to marshy condition. A carryall scraper that is pulled behind a tractor.
Small scrapers unit of 1.5 to 6.0 m® are available which can be pulled by farm tractors of
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40 to 120 hp. Most larger units of 6 to 19 m® capacity are equipped with their own power
units and operate on pneumatic tired tractors which have more speed and maneuverability
than the crawler tractors. Self propelled motorized scrapers are used for large quantity of
earth movement over long distances (500 to 600 m). In India, hydraulically operated
scrapers in two models TW 01 and TW 02 with brand name ‘Hydroscrape’ of 2 to 3 cu.m.
capacity are manufactured by Bora Brothers Industries, Bhopal. These scrapers can be
operated with 50 to 100 HP tractors. For operation, the hydraulic scraper is attached to
the tractor of 50 hp or more, hydraulic system connected and apron is raised. With the
forward movement of the tractor, the blade penetrates in to the soil and fill bucket bowl
gets filled. The apron is closed after the bucket is filled and the scraper is moved to the
point of unloading. For unloading, the bucket is tilted hydraulically.

Dozer Crawler Tractor with Dozer Blade and Ripper

Bulldozers are primarily used for cutting hard soil,
spreading spoil banks and back filling trenches. They
can be either crawler or wheel machines depending upon
the requirements of traction, speed, and
maneuverability.For efficient operation, the movement
of earth by a bulldozer should be limited to a distance
of not more than 30 m. In India, various crawler tractors
such as Bharat D-6, catter piller D4E and Hanomang
K-7 etc. are used for excavation work, backfilling or : :
spreading operations. Bulldozers are attached with dozing blade in the front and ripper
(with shank) on the rear which are hydraulic operated. In India, Bharat Earth Movers
Limited, Bangalore manufactures wheel dozers of 130, 300, 460 hp sizes.

Motor Graders and other Blade Graders (Land Planes)

A motor grader is a self-propelled, automatically controlled, pneumatically tired blade
grader. It is quick, highly maneuverable, and efficient for constructing shallow surface
drains, and for smoothing operations of side slopes and plain surfaces. Blade graders,
also known as drag scrapers, levelers, land planes or bottomless scrapers in various forms
are mainly used for land smoothing operations. The blade has little or no carrying capacity
and soil movement is accomplished by scraping the high areas and dragging to the low
areas. In India, Bharat Earth Movers Ltd., Bangalore is manufacturing motor grader of
145 & 280 hp.

Draglines

Draglines are best used for the excavation of loose materials that are below the grade of
the machine. Draglines are probably the most common machines used to dig large drainage
ditches. They are especially suited for digging beneath the water table. The machine
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remains on dry ground while digging. Common capacities of dragline buckets range
from about 0.4 to 2.00 m®. In India, Bharat Earth Movers Limited, Bangalore manufactures
walking draglines of 23-24 m? capacity.

Dredgers

Dredgers can dig under-water soil and waterside banks without involving cross bunding
or closure of the channels. They can dig sand, clay, gravel and material including rock.
Hence, they can be used with advantages for desilting of canals, deepening of drains and
maintenance of waterways in the deltas. The basic types of dredgers are mechanical
(bucket) dredgers and hydraulic dredgers. Mechanical dredgers are classified as loader,
grab, and dipper. Hydraulic dredgers are plain suction, drag head, and cutter suction.
Although the popularly used cutter suction dredger is more versatile than other types.

Hydraulic Excavators

Hydraulic excavators of two types namely shovel and backhoes are available. Loading
shovel of 1.4 to 9.5 m? capacity and backhoe of 1 to 8.5 m? capacity are manufactured in
India by BEML, Bangalore. The backhoe incorporates some of the characteristics of the
shovel and the dragline. Its dipper bucket, which is mounted on a rigid arm, is powered
back toward the machine when digging. They are used extensively in the excavation of
small to medium open drains. All modern backhoes are hydraulically powered. Backhoes
are also commonly used as trenchers for subsurface drainage. Backhoes with bucket
capacities of 0.3 m’to 3.0 m?®are sold in India. Larger backhoes are mounted on track
laying machines but backhoes with bucket capacities of up to 1 m*can be found mounted
on wheel tractors. Best Used Tractors and John Deere are other leading manufacturers of
the backhoes of 74 to 115 hp.

Front End Loaders

Front end loaders have hinged, front mounted, hydraulically operated bucket. The bucket
is loaded by pushing it into the loose material to be loaded. The bucket is then hydraulically
operated for elevating and for dumping. It can also be operated similar to a bulldozer for
backfilling or spreading operations. Wheel type front end loaders are manufactured in a
variety of sizes with bucket capacities of 1 m?to 4 m®in India by BEML, Bangalore and
Escorts Construction Equipment Limited, Bhopal. The power of these machines ranges
from 72 to 210 hp. Small front end loaders are commonly attached to a backhoe. These
machines are called a wheel tractor loader backhoe and are very handy for a variety of
jobs for the construction of small open discharge ditches.

Tractor Mounted/ Drawn Land Development Equipment

The various tractor mounted and tractor drawn equipment used for land development
and excavation works are briefly described in following sections:
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Tractor Mounted Backhoe Dozer

Dozer is used for agricultural land levelling,
making bunds in the farms and terracing of farm,
for trench filling after laying cable or pipe backhoe
is used for excavating soil, making trenches for
pipe and cable laying, and removal of bushes and
trees etc. etc. The dozer is mounted in front of the
tractor and backhoe in the rear. The dozer and
backhoe can be easily removed and joined to the tractor. The dozer consists of a thick
curved plate and hardened strip. The dozer plate is joined to the tractor with sturdy arms
and can be raised or lowered with hydraulic system of the tractor. Backhoe consists of a
bucket with digging fingers, hydraulic cylinder, arms and base for attaching to the rear of
the tractor. The bucket position is manipulated by hydraulic system. The Dozer blade
size is 240x 900mm and cutting depth upto 190 mm.

Backhoe Loader

Loader is used for removal of mud and loose soil
at canal worksite, for handling of clay and soil
and loading it into the trucks and trailers etc.
Backhoe is used for excavating soil, making of
drainage channels, making trenches for pipe and
cable laying, and removal of bushes and trees etc.
These are attachments of tractor and are easily
removable. The loader is mounted in front of the tractor and backhoe at the rear. Backhoe
consists of a bucket with digging fingers, hydraulic cylinder, arms and base for attaching
to the rear of the tractor. The bucket position is manipulated by hydraulic system. Loader
consists of curved frame in the front, which acts as bucket, arms hinged to each other by
pins, hydraulic cylinders and hydraulic system. The loader, therefore, can be maneuvered
to the required position through hydraulic controls. Tractor mounted loader bucket capacity
is 0.5 cu. m maximum digging depth of backhoe is 3.35m.

Equipment for Land Leveling and Land Grading

To carry out land leveling and grading, three steps procedure is adopted. First, field is
roughly leveled by using dozer blade, scraper and land leveler. Secondly, field is leveled
and is given a grade/ slope by using terracer blade. Finally, the field is leveled or given a
grade precisely by using Laser guided land leveler. These equipment are briefly discussed
below:
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Tractor Drawn Leveler

It is used for leveling of fields and pulling or pushing
loosened soil from one place to other. It consists of
frame, 3-point linkage, cutting or scraping blade, and
thick curved sheet closed from sides to form a bucket.
The scraping blade is made from medium carbon steel 2 -
or low alloy steel, hardened and tempered to about 42 HRC. The blade is Jomed to the
curved sheet with fasteners and can be replaced after being worn out or becoming dull.
The working depth of the implement is controlled by hydraulic system of the tractor. A
tractor of 35 hp is required.

Tractor Mounted Terracer Blade

The terracer blade is used for grading, levelling of fields,
filling of depressions and smoothening of field for
irrigation. It is attached to the tractor with the 3-point
linkage system and is hydraulically controlled. It consists
of replaceable blade attached to curved steel body, side
wings and indexing arrangement for tilting and angling of
the blade. The blade with body is also called mould board.
The mould board can be angled left or right by lifting the
spring loaded latch pin and by turning the mould board. To
tilt the blade for ditching or terracing the blade is tilted to
the desired angle by moving the index pin. The depth of
cutting is controlled by hydraulic system of the tractor. It
can be reversed for back filling. For increasing the length
of blade, extensions are provided. Power requirement for
Terracer Blade is 35-50 hp tractor.

Laser Guided Land Leveler

The laser system consists of laser transmitter, laser receiver mounted on electric/ manual
mast, control box. electric/ manual mast fitted on the leveler and external hydraulic system
of leveler. The laser guided leveling system utilizes laser rays for controlling the depth of
cut of the leveling blade along with hydraulic and electronic control circuitry. The laser
transmitter generates a plane of laser beam above the field. This plane of laser beam
provides a stable and accurate reference from which a level or graded (sloped) field is
created. Some laser transmitters are designed for providing laser rays in level plane only.
The laser receiver detects the laser plane generated by the transmitter and sends a signal
to control unit which in turn actuates solenoid valves regulating the fluid flow by means
of a double acting hydraulic cylinder. The leveler blade that is mounted relative to laser
receiver actuates according to hydraulic flow direction thus controlling the depth of cut

92



(SAARC Training Program)

i.e. raised or lowered. The control unit has usually two options manual and auto. In
manual option the operator moves the blade manually according to signals provided by
the laser system i.e. raises or lowers or maintains same level of the leveling blade. In auto
mode the signal received from laser system actuates the solenoid valves which inturn
operates hydraulic valves and hydraulic cylinder. The operator may not worry for raising
or lowering the leveling blade it is done automatically. The working principle of laser
guided land leveler and connectivity of controllers are shown in Fig. 1. The operation of
the laser guided leveler is shown in Fig. 2.

Transmitter ‘ {l*—Recever

.

Receiver

Ve @ ))

BATTERY
ConTRoL Box

Fig 2 : Operation of a laser guided land leveler

The accuracy of land leveling in animal drawn and tractor drawn bucket and scrappers
even with the best efforts is = 4-5 cm whereas it is + 1 cm in laser-operated bucket (Table
2). The operational efficiency of tillage operations of a tube well irrigated farm in western
Uttar Pradesh was increased by about 23 % after precision land leveling. The comparative
performance evaluation of tractor operated laser guided land leveler and land planer is
given in Table 3. The fuel consumption of laser guided land leveler was 2.8 1/ha and the
cost of grading was nearly twice of land planer and four times that of land leveler. Thus
the good quality of work could be achieved by using the laser-guided land leveler with
minimum emission of GHGs (Sidhu, et al. 2001). The specifications of levelers are given
in Table 4.
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Table 2 : Comparative performance of different leveling systems

S.No. Leveling system Work efficiency (ha/day) Accuracy

1 Animal 0.08 +40 - 50 mm
2 Power tiller 0.12 +40-50 mm
3 Tractor operated blade scraper 0.5 - 1.0 +40-50 mm
4 Tractor operated bucket scraper 0.5 — 1.0 +40 - 50 mm
5 Tractor operated laser leveler Upto?2 + 10 mm

Table 3 : Comparative performance evaluation of tractor operated laser guided
land leveler, land planer and leveler.

S. Variables Values under

No. Laser guided Land Tractor operated
land leveler planer blade scraper

1 Average forward speed, km/h 5.5 6.0 6.8

2 Average slope along length, % 0.324 0.075 0.24

3 Average slope along width, % 0.5 0.79 0.65

4 Field capacity, ha/h 0.09 0.13 0.20

5 Leveling index, cm 0.74 2.85 4.64

6  Fuel consumption, I/ha 2.8 4.0 2.8

7  Cost of operation, Rs/ha 4867.00 2540.00 1110.00

9  Nos. of units (2003-04) - 798,000 1592,000

Source : Gupta et al., (2007)

Table 4 : Specifications of the laser guided tractor mounted land leveler

S.No. Parameter Remarks

1. Laser transmitter Dual slope type, accuracy 0.01%, self
leveling type

2. Tripod for mounting transmitter 3 m high

3. Laser eye receiver With telescopic grade rod, 4 m

4. Laser receiver standard Mounted on mast

5. Manual mast Mounted on drag scraper

6. Control box Auto and manual mode (LED display
of raise, lower and normal)

7. External hydraulic system Consists of electro-hydraulic control
valve, hoses and other accessories

8. Drag Scraper Width 2.4 m, capacity 1.6 m’ fitted with

double acting hydraulic system
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Equipment/ Machinery for Irrigation & Surface Drainage

In land forming and constructing surface ditches three types of operations namely digging,
hauling, and placing are performed. Digging of drains is normally done in off-season to
provide employment. Tractors with back hoe front-end loader, dragline ; excavators,
ditchers, etc. are generally used for drainage construction. For open ditch construction
the selection of equipment depends largely on moisture conditions and type of soil. The
roughness of the terrain and the condition of the soil have the most bearing on the choice
of equipment for land forming practices. Many of the machines described briefly herein
are suitable for land forming practices, construction and maintenance of irrigation and
drainage channels.

Tractor Drawn Ditcher

Itis used for making ditches for irrigation and drainage.
It consists of two curved wings with cutting blades,
front cutting point, tie bars for adjusting wingspan, and
hitch assembly with 3-point linkages. The ditcher is
operated by tractor and controlled by hydraulic system.
The ditcher penetrates in the soil due to its own weight
and suction of the cutting point. Upon drawing the
ditcher in the field, it opens the soil in the shape of
ditch with either ‘V’ bottom or flat bottom. The depth and width of the ditch is adjusted
from the operators seat. Earthen channels because of their low cost and ease of construction
are widely used for conveyance of irrigation water. For small holdings V ditcher can be
used for making channels (T=40 cm & d= 25 cm). Tractor drawn V ditcher can be used
(T=120 cm and d=40 cm) at faster rate. @ 1.2 km/h.

Rotary Ditcher

Rotary ditcher is used for making ditches for irrigation
and drainage. It consists of a rotary cutter operated by PTO
shaft of the tractor, gear box, 3-point linkage, hitch system,
frame, body, deflector and ditch former. The machine is
operated by tractor. Rotary cutter is main component of
the ditcher and it consists of drum fitted with cutting knives
or cutters. The rotary cutter excavates soil, which is
uniformly distributed to one side. The deflection of the
soil can be adjusted by the deflector. Ditch former, having
trapezoidal shape fitted in the rear, form the ditch. The
specifications are given below :

Top width of the ditch (mm) : 740-915 Depth of the ditch (mm) : 460-560

Base width of the ditch (mm) : 180-250 Power requirement (hp) : 40- 70, tractor
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Tractor Drawn Channel Former

It is used for making channels and beds at regular
intervals for irrigation. The channel former
consists of two inner blades, two outer blades,
hitch frame, mainframe and shovel. The front
portions of the two inner blades are joined
together and form an angle of 30° in between
them. At the junction of these two inner blades a
cultivator shovel is fixed to penetrate into the soil. The inner blades can be mounted 50 to
100 mm lower than the outer blades and form a furrow at a lower depth than the surface
of the bed for the flow of irrigation water. The two outer blades are placed one on each
side of the inner blades and at an angle of 60° to the direction of the travel. The soil
collected from the furrow is formed as bund on both the sides of the irrigation furrow.
The power requirement for channel former is 35-45 hp tractor and its field capacity is 1.2
- 1.4 ha/day.

Tractor Drawn Bund Former

It is used for making of bunds in the field. The
bund former consists of mild steel angle iron
frame; hitch system, and two blades (wings).The
blades are adjusted in converging manner and has
wider opening in the front in comparison at the
rear end. The distance between blades can be
adjusted according to size of bund required. The

implement is mounted type and operated in tilled soil. The field capacity of bund former
s 0.3 — 0.4 ha/h.

Tractor Drawn Channel cum Bund Former

It is used for making field channels to manage |
the irrigation water effectively and making small |
bunds across the slope for inter-plot rainwater
harvesting under rainfed areas. It consists of inner
wing, adjustable handle, frame, hitch pin and
outer wing. The wings are reinforced or tensioned
at, the bottom edge and are made from thick mild steel sheet. It is operated under well-
prepared and pulverised soil condition and can be used under all types of soil and crop
conditions. The distance between wings can be adjusted according to the size of bund.
The power requirement is 20 hp tractor. The performance results are given below :
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Width of coverage (mm) : 500-1000 for bund, 1000-1300 for channel
Depth of cut (mm) : 10-50

Operating speed (km/h) i 25

Spacing (m) : 10 crosswise

Field capacity (ha/h) : 4 when spacing is 1.0 m crosswise

Field efficiency (per cent) . 70

Range of bund size (mm) : 250-1000 base width and 120-350 height
Range of channel size (mm) : 100-450 width and up to 1000 height

Labour requirement (man-h/ha) : 0.25

Tractor Drawn Ridger

It is used for making furrows and ridges for sugarcane,
cotton, potato and other row crops. It consists of
rectangular frame made of mild steel angle or channel
section, 3 -point hitch assembly, shanks and ridger body.
The ridger body consists of two mould boards, share, point
and tie bars to vary the wingspan of ridgers. The ridger is
operated in tilled soil by a tractor, the share point penetrates
in the soil, ridger body displaces the .soil to both sides
and a furrow is created. The soil mass between furrows
forms a ridge. The depth of operation is controlled by
hydraulic system of the tractor. Power requirement of ridger is 35-50 hp tractor and its
field capacity is about 2 ha /day.

Tractor Drawn Bed-Furrow Former

It is used for forming alternate beds and channels. The
beds are suitable for planting crops like sorghum, maize,
cotton. This bed and furrow system is ideal for efficient
irrigation management. The tractor drawn bed-furrow
former requires 35 hp tractor and consists of mild steel
angle iron frame; three point linkage, lifting pin, furrow
former, bed former and stiffeners. The bed and furrow formers are made of mild steel
sheet and bent in required shape. The stiffeners are used to strengthen the fortners. The
implement is operated in the tilled soil.

The performance results are given below :

Width of coverage (mm) . 2250 (3-furrows at 750 mm centre distance)
Depth of cut (mm) : 140

Operating speed (km/h) i 32

Field capacity (ha/h) . 0.75-1.00

Field efficiency (per cent) : 43.6

Labour requirement (man-h/ha) : 8
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Machinery for Subsurface Drainage

Generally, many types of mechanical equipment are available for installing sub-surface
pipe drains. These include the general groupings of (1) backhoes, (2) trenchers and (3)
trenchless plows. Backhoes have been discussed earlier; other groupings are discussed
in following sections. Maintaining proper grade is the single most important component
of installation of a surface drainage system. Most trenching machines are equipped with
features for maintaining a uniform grade and many are now fitted with automatic laser
grade control systems. Trenchers were one of the first agricultural operations to use laser
beam technology, which provides increased productivity while maintaining laying
accuracy.

Trenching Machines

Trenching machines, which can operate continuously, are of two basic types:(1) a wheel
excavator on which digging blade buckets that cut and carry the soil are attached, and (2)
endless chain normally operating on a slanting boom. These trenchers are manufactured
in various sizes depending upon the size of the pipe to be laid and the difficulty of
excavation. Trench widths may vary from as little as 240 mm to as wide as 650 mm with
maximum trenching depths 1.8 m to 5.5 m.

Wheel Trenchers

Rotating, hydraulically powered, circular digging wheel trenchers have been used
extensively in America and Europe for many years for the installation of sub-surface
field tile drains. In recent years many of these machines have been converted from track
to pneumatic tired propulsion and adapted for laser grade control to achieve greater
mobility and accuracy of excavation. The digging wheel used for trenching for agricultural
purposes is about 2.5 to 3.0 m in diameter and can dig a trench to a maximum depth of
1.8 m. With wheel excavators soil is carried to the top of the wheel and then dropped onto
a moving conveyor belt, which carries it to the spoil bank along the side of the trench.
Wheel machines generally have a more limited depth capability than do the endless-
chain types.

Chain Trenchers

The endless-chain trenchers are generally more versatile than the wheel trencher with
greater depth capability and are thus used on a greater variety of agricultural, utility and
civil construction projects. Chain trenchers are nearly always mounted on tracks and
therefore have limited mobility but are capable of working in more difficult terrain and
moisture conditions. The endless-chain type trencher may have a slanting boom (usually
60° boom to ground angle) as shown in Fig 3.
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Trenchless Plows

The most recent of sub-surface drainage innovations is the development of trenchless
plows which are capable of inserting continuous perforated corrugated plastic drainage
title into the ground. These machines have the potential for rapid installation on large
jobs and may be more economical than trenching type machines (Fig. 4). Trenchless
machines are ideally suited for installing corrugated plastic drainage tubing and are capable
of placing tubing up to 200 mm in diameter to depths of up to 2.5m . They can be used in
stony soils. They have less stoppage for repairs than trenchers.

Fig. 4 : Drain tube plow - Comparison of trencher and trenchless installation

Experience in Western Europe and North America has shown that, for drain depths up to
some 1.3 to 1.4 m, the cost of trenchless drain installation is lower than trencher installation,
mainly because of a higher speed. In the Netherlands, with drain depths of mostly 1.0 to
1.2 m and pipe diameters of up to 0.08 m, the difference is 15 to 25%. Soil resistance is
higher in fine-textured soils than in coarse-textured ones, as illustrated in Table 5.

Laser Beam Grade Control Equipment

Since the late 1960’s, laser beam equipment for grade control has become available
commercially. One system consists of a tripod command post with a 360° rotating low-
power laser beam that can be set to give a level or sloping plane of reference. A second
major component is the detector, which is placed on the trenching machine. It picks up
the beam and automatically keeps the machine on the same slope as the plane produced
by the laser beam. The area covered by the circle of the beam at one setup is about 70 ha.
The laser beam is accurate to about 5 mm in 300 m distance. A system of electrically
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controlled valves and cylinders keeps the trencher automatically on grade. A grade
modification device with a distance-measuring wheel mounted on the trencher, called a
grade breaker, will change the drain grade from that made by the laser beam. The laser
system has been adapted to many other earth-moving machines, such as the blade grader,
scraper, bulldozer, drain-tube plough, etc. The maximum safe operating distance between
the laser and receiver is 300 m.

Table 5 : Example of the capacity (m/h) of a trencher and a trenchless machine
with a V-shaped plough for the installation of field drains (Van Zeijts and
Naarding, 1990)

Soil type  Drain Capacity (m/h) Ratio Trenchless/
depth (m) Trencher(160kW) Trenchless(200kW)  Trencher
Sand 1.00 700 840 1.2
1.30 600 600 1.0
1.60 520 430 0.8
Clay loam 1.00 620 1150 1.9
and clay 1.30 540 1050 1.9
1.60 470 80 1.7
1.90 420 — —

Because of the high speeds, depth regulation by laser is the only practical method for
trenchless machines.

Equipment FOR Subsoiling and Drainage

Mole Plough for Mole Drains

Mole drains are unlined circular soil channels, which function like pipe drains. Mole
drainage is an inexpensive and effective method of drainage which is widely used in the
clay soils of temperate regions such as United Kingdom, northern Europe and in New
Zealand. It is generally confined to soils having clay content of about 30 — 35%. Their
disadvantage is their restricted life (5 to 10 years), but at favourable benefit-cost ratios, a
short life can be acceptable. Mole drains are formed with a mole plough (Fig.5), which
comprises a cylindrical foot attached to a narrow leg, followed by a slightly larger diameter
cylindrical expander. The foot and expander form the drainage channel and the leg
generates the slot with associated soil fissures, which extend from the surface down into
the channel. The leg fissures are vertical and formed at an angle of approximately 45° to
the direction of travel. A Mole Plough suitable for tractors from 80 to 200 H.P. which
forms a 100mm diameter drain tunnel, subsoils or lays water pipe at a depth adjustable
from 300 mm to 500 mm.
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Gl
Fig. 5 : Cracking and fissuring of heavy soils formed by Mole plough

The mole drain spacings range between 2.0 and 3.5 m. Common length of mole drains
vary from 20 m to 100 m but can go upto 500 m long depending on the grade, which may
range from nearly level to 5 per cent. Mole plough dimensions, as commonly used in the
United Kingdom and New Zealand, are given below :

Common mole plough dimensions

Foot Diameter Expander Leg Thickness Side length

(mm) Diamater (mm) (mm) of leg (mm)
United Kingdom 75 85-100 25 200
New Zealand 50 75 16 200

The success of a mole drainage system is depends upon satisfying two requirements:
achieving the desired water flow path for the particular drainage situation, and installing
stable mole channels. Four basic types of mole plough are available :

e Fully Mounted: the plough is attached directly to the 3-point linkage of the tractor;

¢ Long-Beam Scrubbing Mole Plough: here a long beam (3 to 4 m long), carrying
the mole plough leg and foot, moves along in contact with the soil surface;

¢ Long-Beam Mole Plough with Front Skids: the beam runs clear of the ground, but
it is supported on front skids; the depth is controlled by angling the leg and foot
assembly relative to the beam;

¢ Long-Beam Floating Mole Plough: the complete beam rides clear of the soil surface;
the plough is usually attached to the tractor through a smoother device to reduce the
effects of tractor pitching on the mole foot movement.

The best results with the mounted mole plough are achieved when it is used with the
tractor linkage operating in ‘free float’, rather than in draught control mode. The depth of
operation and hence channel gradient in draught control can vary greatly, even on smooth
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surfaces, because of changes in soil conditions. Mounted mole ploughs are only satisfactory
on smooth field surfaces. The long-beam scrubbing and front-skid mole ploughs are
more satisfactory than the mounted types when local surface undulations are more
significant. The scrubbing long beam tends to bridge over the irregularities, minimizing
movements at the foot, particularly when passing through local depressions. The long-
beam floating plough always operates with minimum draught, and the foot position, and
hence the mole channel itself, is least affected by surface irregularities and soil variations.
This plough also allows the mole channel to be graded independently of the average
surface level, without the need for sophisticated grading equipment.

Tractor Mounted Subsoiler

It is used to break hard pan of the soil, loosening of the
soil and helps the water to seep into the soil for
improving drainage. It consists of beam made of high
carbon steel, beam supports which are flanged at upper
and lower edges for rigidity, hollow steel adaptor welded
to bottom end of the beam to accommodates share base
having square section, share plate made from high carbon steel and shank drilled and
counter bored for set board which secures the base in the adaptor. Two symmetrically
located bolt holes allow reversibility of share. The working depth of the subsoiler is
controlled by hydraulic system and linkage of tractor and is upto 535 mm.

Equipment Conservation Agriculture

Tractor operated agricultural equipment and machinery, which support conservation
agriculture generally refer to the cultivation systems with minimum or zero tillage and
in-situ management of crop residues. Different designs of direct drilling machines viz
zero till drill, no till plant drill, strip till drill, roto till drill and rotary slit no till drill have
been developed with controlled traffic measures for energy efficient and cost-effective
seeding of crops without tillage. Laser guided land leveler and roto tiller helped to retain
in-situ soil moisture longer thereby reducing the irrigation demand. Under rainfed
conditions, a shift towards higher productivity, decentralized micro-irrigation system
can help in saving water.

Precision Land Levelers

Land leveling is a precursor to good agronomic, soil and crop management practices and
the levelness of the land surface has significant influence on all the farming operations.
The benefits of precision land leveling include (i) more level & smooth surface, (ii)
reduction in time & water required to irrigate the field ( 15-20%), (iii) more uniform
distribution of water, (iv) more uniform moisture environment and (v) increased crop
yields ( 10-20%). These equipment are briefly discussed earlier.
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Conservation Tillage Machinery

Shukla, Tandon & Verma (1984) at Punjab Agricultural University, Ludhiana developed
a conventional zero-till drill and tested for sowing wheat in paddy harvested field. It
consisted of conventional tractor drawn seed cum fertilizer drill with disc coulters attached
in front of the fixed type furrow openers. Main features of different conservation tillage
and sowing machines are highlighted below and details specifications are given in
Table 6.

Zero till (no till) seed cum fertilizer drill: It is 35
hp or above tractor operated sowing equipment and
is used for sowing wheat, maize and other forage
crops on zero- tilled or semi-tilled soils. It helps to
sow the seed at a required appropriate depth thereby
economise the use of inputs save time, labour, fuel
and irrigation expenses as compared to traditional
methods of sowing. It performs minimum tillage of
the field and thus increases the yield.

Roto till drill: It is 35 hp or above tractor operated
equipment and is used for sowing seeds into the soil
directly opened with the help of rotavator attached
with the machine, in a single operation in the stubble
fields of paddy, maize and sugarcane. Cost reduction
by time and energy saving and optimization of
environmental health by reducing soil compaction
are the main highlighted features of this machine.

Strip till drill: It is 35 hp or above tractor operated
equipment and is used for sowing seeds into 50 mm
strips prepared with the help of rotavator, attached
with the machine, in a single operation in the stubble
fields of paddy, maize and sugarcane. Cost reduction
by time and energy saving and optimization of
environmental health by reducing soil compaction
are the main highlighted features of this machine.

Rotary no till slit drill: It is 35 hp or above tractor
operated equipment and is used for sowing seeds into
the slits opened with the help of rotary slit disc,
attached in front of the furrow openers of machine,
in a single operation in the stubble fields. The
machines prepare a 20 mm slit in the soil and places
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seed and fertilizer in the prepared slits in the stubble fields of soybean, maize and paddy.
The machine reduced the loss moisture and draft force as compared to strip and roto till
drill. The brief specifications and field performance of slit till drill as compared to zero
till, strip till, roto till are given in Table 6 and 7. The machines were used for sowings at
shallow depth (50-60 mm) under residual moisture condition (21.8-23.6%) with 100 kg/
ha seed rate and fertilizer dose of N:P:K::120:50:30 kg/ha. There was net saving of Rs
2400 and Rs 2000/ha and 71% and 67 % reduction in CO, emission and fuel consumption
per ha due to use of rotary slit no till drill and zero till drill as compared to conventional
sowing of wheat crop after harvest of paddy.

Table 6 : Specifications of different types of conservation tillage seeding/planting

machine
Sl |Particulars Zero till drill Strip till drill | Roto till drill | Slit till drill
No.

1. |Source of power | 35/45 hp tractor | 35/45 hp tractor | 35/45 hp tractor | 35/45 hp tractor
2. |Type / no. of Inverted ‘T’ Rotary blade Rotary blades | Rotary cutters
furrow openers type/ 09-11 strips and and shoe and shoe

shoe type/ 09 type/11 type/ 09
3. |Row spacing, mm | 180 (Adjustable) | 200 (Fixed) 180 (Adjustable)| 230 (Fixed)
4. | Width, mm 1600-2000 1800 2000 1800
5. |Drive wheel Angle lug- Angle lug- Star lug-rear Peg type-
front mounted side mounted hinged side mounted
6. | Weight, kg 210 300 350 300
7. | Unit price, Rs 30000 60000 70000 55000

Table 7 : Performance of different types of conservation tillage, sowing/planting
machines compared to conventional tillage-sowing of wheat

SL. | Particular (s) Zero till | Strip Till | Roto till | Slit till Conv. Tillage
No. Seeding | Seeding | Seeding | seeding (3 passes)- sowing
1. | Time, h/ha 3.23 4.17 34 2.50 10.80
(70.1) (61.2) (68.1) (76.8)
2. | Fuel used, I/ha 11.50 17.50 13.80 10.00 34.60
(66.8) (49.4) (60.1) (71.1)
3. | Operational 648.96 1001.76 | 783.60 565.00 1976.11
energy, MJ/ha (67.2) (49.3) (60.3) (71.4)
4. | Cost of operation, | 1400 2000 1800 1000 3400
Rs./ha (58.8) (41.2) (47.1) (70.6)
5. | Saving, Rs/ha 2000 1400 1600 2400 -
6. | Command area, ha| 45 30 40 50 -
7. | Benefits, Rs/year | 90000 42000 64000 120000 -

Figures in paranthess show percent savings over conventional practice
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Multicrop raised bed planter

It is 35 hp or above tractor operated equipment
and is used for sowing bold grains like maize,
peas, soybean, bengal gram etc. by changing the
planting discs suitable for different crops
without dismantling the seed hopper’s main
shaft on the two raised beds formed by ridgers.
Raised bed former cum seeder/planter is suitable
for making raised beds of different width and
height and sowing of wheat crop simultaneously on these beds in one operation. It is
suitable for any kind of soil but in light soils the results are more pronounced. This
equipment prepares 2 beds of 35 - 45 cm wide and 3 furrows of 30-45 cm wide and 15-
20 cm depth. The planter has 3 furrowers and bed shapers to form bed and shaping the
beds. On these beds 2 or 3 lines of wheat can be sown. Also this equipment could be used
to make broad bed of 80-120 cm wide and planting of 4-6 rows simultaneously. The
advantages derived are saving of about 30 to 35 percent of irrigation water and increased
in yield 5-10%. The field capacity of this machine is about 0.48 ha/h. The cost of this
equipment is approximately Rs 80,000/-

Broad bed former cum planter

A broad bed former with planting/seeding
attachments was developed by CIAE, Bhopal
for forming of beds and planting of crops. The
bed former design consists of a main frame and
a tool bar for the adjustment of width of beds.
The planting unit consists of modular inclined
plate planting unit and row-to-row spacing could
be adjusted as per the need. Field trials for
sowing of soybean and pigeonpea on three rows and two rows of 30 cm row spacing
were conducted on broad bed of 1.55-meter top width. Two furrower assemblies were
fixed on front tool bar of the planter for forming of broad beds. Furrowers were found to
be effective in forming of broad beds of 10-15 cm height (average 12.5 cm). Field capacity
of the five-row machine was found 0.25 ha/h. Trials conduced on techno-economic
evaluation of bed seeding techniques in wheat crop indicated that there was 41.5 %
saving in irrigation water and 25.41 % reduction in cost of operation as compared to flat
bed under sandy loamy soil condition.

Equipment for Residue Management

Crop residue management is essential for successful direct seeding. Maintaining crop
residue, rather than baling, burning or tilling, offers many benefits. These include increased
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snow catch and water infiltration, reduced moisture evaporation, increased soil organic
matter, improved soil structure and plant nutrient cycling, virtually no chance for wind
erosion and much reduced potential for water erosion, and the reduction of some weed
species. For managing the crop residue in the field following equipment are used.
Stubble shaver

It is 35 hp or above tractor operated crop stubble chopping and spreading machine. It is
used to chaff and spread the crop stubble of wheat, maize, paddy and other crops by the
rotating cutter operated by PTO of the tractor. The chaffed straw can be incorporated in
the soil by the use of mould board plough or rotavator or both the implements effectively.

Rotary slasher

Rotary slasher helps in performing the most versatile method of grass cutting i.e. slashing.
It is powerful enough to cope with tall weeds and small bushes and provides better results
by keeping scalping to minimum. The machine has a light but strong construction to suit
the 35 hp or above tractors. It is one of the best machines for cutting unwanted wild
grass and very cost-effective for medium size grass cutting. Slashed and spread grasses
can be incorporated in to the soil by the operation of rotavators or MB Plough.

Rautaray (2003) revealed that the straw incorporated tillage showed that direct rotavation
under chopped straw condition followed by drilling was 28.5% energy efficient and 23.6%
cost-effective compared to the mould board plough + rotavator + drill operations. The
mould board plough and rotavator operations gave almost straw free surface (Straw
incorporation = 89.7% at 50-125 mm depths) for unimpaired drillings.

Rotavator

It is suitable for preparing seedbed in a single pass
both in dry and wetland conditions. It is also suitable
for incorporating straw and green manure in the field.
It consists of a steel frame, a rotary shaft on which
blades are mounted, power transmission system, and
gearbox. The blades are of L-type, made from
medium carbon steel or alloy steel, hardened and
tempered to suitable hardness. The PTO of tractor drives the rotavator. Rotary motion of
the PTO is transmitted to the shaft carrying the blades through gearbox and transmission
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system. A good seedbed and pulverization of the soil is achieved in a single pass of the
rotavator. Tractor of 35 hp or more is required for rotavator.

Conclusion

Land development and installation of the drainage system can be done either by manual
or by mechanical means. Manual construction requires mostly the simple hand tools
used for digging and dressing such as shovels, spades and augars etc. A variety of machines
are used for mechanized land development including land leveling and installation of the
drainage system. Land development and grading require use of self propelled and heavy
equipment such as crawler tractors with heavy duty ploughs and dozers, high horsepower
tractors with dozing and hoeing attachment,. crapers, ditchers, chisel ploughs, sub-soilers,
terracers, levellers etc. Land graders and shapers are used in surface drainage for improving
the surface topography to facilitate smooth overland flow. ‘V’ Ditchers or motor graders
can be used for making field ditches. Motor graders permit the field ditches to be
constructed with much flatter side slope than is possible with ‘V’ ditchers. Under specific
field preparation, even a plough can be used for reshaping the land to facilitate surface
drainage. Machines such as backhoe, dragline etc. are used for the construction of large
drainage channels. In the installation of sub-surface drainage, such machines are to be
used which combine all the basic operations like , trenching, laying of flexible or rigid
drain pipes, placement of filter and backfilling of the trench.

The installation can also be done partially by mechanical means and partially by manual
means. This involves trenching by machines as backhoe, trencher etc. and then laying
the drains manually. motor grader, dozer etc. can then be used for backfilling. Trenchless
plough is to be used for fully automatic laying of flexible drain pipes . These machines
operate with a laser control system to maintain uniformity in depth and grade of the drain
pipes. These machines are capable of laying drain pipes at a specified depth without any
appreciable deformation of the surface and without actually opening up a trench. Role of
modern equipment/machinery for conservation agriculture is vital .Though the effect of
direct drilling (no-tillage) has been found to be advantageous in terms of increase
trafficability, decrease soil compaction in long run, reduced soil erosion due to wind and
water, decreased water evaporation and increased availability of water in the soil. However,
to realize the full advantage of conservation tillage, retention of crop residue especially
with controlled traffic measures may further be beneficial due to reduce soil compaction
and increased water infiltration and reduced soil evaporation due to residue mulch and
provide more water for plant growth.
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Participatory Technology Tools for decision and empowerment is a participatory
development communication methodology whereby community members are able to
articulate their problems, ideas and vision about optimal and productive use of water in
a community so that equitable distribution of water takes place without conflicts and
competition.

The people begin to see that each village is experiencing similar problems and become
aware of the need for community organization. The government policies and actions are
proposed to be changed, the people begin to organize, and the history of the villages is to
be changed forever as far as the resources and the farming systems management in the
village or community is concerned. To achieve this we practice certain tools and techniques
called the RRA (Rapid Rural Appraisal) and the PRA (Participatory Rural Appraisal).

RRA is a systematic, semi structured activity conducted on site by a multi-disciplinary
team with the aim of quickly and efficiently acquiring new information and hypothesis
about life and resources, while PRA is enabling local people analyse their living conditions
to share the outcomes and to plan their activities. PRA is defined as an approach and
method of learning about rural life and conditions from, with and by rural people
(Chambers1994). In otherwords, it is a growing family of approaches and methods to
enable local people to share, enhance and analyse their knowledge of life and conditions
to plan and act.

The purpose of Rapid Rural Appraisal (RRA) is to enable the outsiders to gain information
from rural people about the rural condition in a more cost effective and timely manner. It
entails outsiders obtaining information, taking it away and analyzing it. So RRA is meant
for learning by the outsiders. Participatory Rural Appraisal (PRA), on the other hand, is
a family of approaches and methods which enable the local people to analyze their situation
to plan and act.
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Differences in RRA and PRA

Criteria RRA PRA

Objective Decided by the agency Decided by the community

Time scale Relatively rapid and is Short or prolonged but a part
apart of the long term data of the long term process in the
gathering and planning community
process within the agency

Key actors Outsiders facilitated by Community members
community members facilitated by outsiders

Interpretation/use By outsiders By the community

of results

Techniques used

Few

Many and diverse

Political correctness

Low to moderate
(seen as passe)

High (no funding without it)

Developed in

1970 to 1980

1980 to 90

Key resource

Local people’s knowledge

Local people’s
analytical ability

Main innovation Change of behaviour Methods
and attitudes
Nature Extractive Facilitative
Mode of Verbal (interview, Visual (participatory
instruments discussion) diagramming)

Ideal objectives

Learning from insiders
by outsiders

Empowerment of local people

Outsiders role

Investigator

Initiator and catalyst

Insiders role

Respondent

Presenter, analyst and planner

A model for

Participatory intervention

Participatory planning
and action

In contrast to these approaches, the traditionally used ‘Surveys’ are usually close to
roadside/urban areas, users of services than non users, meeting men rather than women,
elites than disadvantaged, readily accessible and articulate persons instead of timid and
remotely dwelling people. The PRA and the Survey differ in their approach as the PRA
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emphasizes on the relevance of context, richness of data for its applicability, the Survey
research emphasizes rigour and precision in data collection and verification which is
useful for theory building. Collinson (1981) proposed easier way to conduct an exploratory
survey to identify agricultural research priorities within a short period. These may further
be validated by formal and exhaustive surveys.

PRA has emerged as a development research methodology mainly to position the partners
of rural development in the right perspective and iron out the inherent problems found in
the conventional research methods like survey. PRA as a development methodology has
primarily been evolved to appraisal the rural resources, problems and requirements.
University of Chiang Mai and Khon kaen in Thailand have tested, modified and reinvented
the key concepts of RRA/ PRA. The new term PRA is being replaced by PLA. While the
PRA implies only finding out and assessment, the PLA (Participatory Learning and Action)
implies decentralized empowerment and local creativity.

Comparative analysis of PLLA, Survey and Ethnographic Research

Item PLA/PRA Survey Research Ethnographic Research
Duration Short Long Long
Cost Low to medium Medium to high Medium
Depth Preliminary Exhaustive Exhaustive
Scope Wide Limited Limited
Integration Multidisciplinary Weak Weak
Structure Flexible informal Fixed, formal Flexible informal
Direction Bottom up Top down Not applicable
Participation High Low Medium to high
Methods Basket of tools Standardized Basket of tools
Major Semi structured Formal Participant observation
research tool interview questionnaire
Sampling Small sample size Random sampling None

based on variation | representative
Statistical Little or none Major part Little or none
analysis

Individual case

Important, weighed

Not important,
not weighed

Important weighed

Formal
questionnaires

Avoided

Major part

Avoided
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Item PLA/ PRA Survey Research Ethnographic Research
Organization Non hierarchical hierarchical Not applicable
Qualitative Very important Not as important Very important
descriptions as hard data

Measurements Qualitative or Detailed, accurate Detailed, accurate

indicators used

Analysis/ In the field and on At office In the field and on the spot
learning the spot

Source: S.P.Singh 1997 Lecture delivered in training programme on “Extension Management and
Communication” organized by the International Federation for women in Agriculture and Indian Agricultural
Research Institute, New Delhi, India on Sept, 15 to Oct 5,1997

The principles of PRA/RRA:

1.

2.

Offsetting biases: Seeing the problem as it appears and not from the point of view
of one’s own discipline (Not being boggled upon by discipline-wise specialization).

Triangulation: Cross checking using different methods within the team and with
the villagers, and all those concerned with PRA. Ref Annexure.1

Optimizing trade off: Searching for the best possible data and information in terms
of analyzing the problems of the villagers.

Optimal ignorance: Listening carefully as an ignorant, without jumping to
conclusions or providing answers and solutions for the problems of farmers.

Appropriate imprecision: Trends can provide enough insight on to the situation
and pointers to solutions even when the exact statistics is not known as there is no
precision data collection as the ultimate purpose is to identify the problems of farmers.

Check list of items: A check list of items to focus upon is to be made for each tool
prior to setting off for PRA. Ref Annexure2

On the spot analysis: PRA provides for on the spot analysis of the issues and not at
a later time.

Bottom up approach: The emphasis is laid on listening to problems of farmers or
the user clientele for their point of view to be communicated to the top, rather than
the top down approach where the decisions are taken at the top based on their
understanding of the client system and carried out.

Searching for difference: A variety or diversified data from different sources is to
be collected from the villagers.(key informants- Ref Annexure 3)
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PRA becomes scientific provided, if it is formulated for research purpose, planned
systematically, recorded systematically, subjected to cross checking (triangulation), and
controlled on reliability and validity.

Before embarking on the PRA, ensure the appointment with the village key stakeholders
such as Village Headman (Sarpanch/Pradhan), Village Accountant, Village Development
Officer, Officials of other Line Development Departments posted in the village and
resource poor farmers, farm women etc., by freely and frankly sharing the objectives of
the exercise to gain the confidence and willing cooperation of the stakeholders. These
contacts are to be used to quickly build the rapport with the villagers. The PRA can then
be started using the techniques more or less in the same sequence as appear below. All
the PRA outputs should essentially include the names of KI’s. The KIs may be different
for different tools. Wherever necessary, the direction and village boundary is to be
indicated.

PRA Tools

1. Collection of Basic Information of the Village: This will indicate the data related
to the population to area under crops, number of families, yield of animals and
crops, mortality related to animals etc. The Site Coordinator’s good office could be
used to have this information collected and supplied in order to save time. However,
whenever a PRA is done within a reasonable time frame, the PRA team has to collect
basic information of the village by referring to the records available in the village
panchayat office and also by interacting with the key informants (KIs). For this,
official members of panchayat/ school and such organizations of the village could
be ideally selected as Kls.

Village Transect: It is also known as General Transect. Transect is not an imaginary
line passing through the village. Transect is making a long walk inside the village
and locating the various items that are found in the village like soil, crops, animals,
problems, etc. Start with a transect walk, decide the route with varied features, take
at least three routes, two along both the sides of village and one passing through the
village, ensure participation of villagers. Discuss while conducting transect walk.
Identify topography (Agro ecological niches) like upland, medium land, low land,
road, residential area, field bunds, ponds, stream, hillock, marshy land, common
land, forest land, orchards, arable land, non arable land etc. Write down above transect
line, in local language along with translation in English. Mention one niche once
only, no matter how often it occurs. General convention is that to place the highlands
on left and lowlands on right. Draw pictorial representation of niches on top. Then
transect matrix is to be filled up with reference to following variables in each agro-
ecological niches: Soil type, water resources, crops, vegetables, animals, trees, forests,
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agro-forestry, forages, weeds, technological interventions, problems and
opportunities. While listing the crops, also list those not available at present, but

grown at other time of season.

An Illustration of a Transect of MORAPPANADU VILIAGE(TUTICORIN DIST)

Criteria Roadside Residential Riverside Pond
Fields Area Fields
Soil type Black sandy Red sandy Black sandy Calcareous and
loam soil loam soil loam soil sandy loam soil
Topography | Low land Low land Low land -
Crops Rice, Brinjal, Rice, -
black gram, cucurbits, black gram,
green gram, turmeric, green gram,
tuber crops ladies finger tuber crops
Livestock/ - Cow, buffalo, - Catla, Rohu,
Fish goats, poultry, Mrigal,
ducks Common carp,
Silver carp
Tree crops Banana, mango, | Coconut Banana, mango, | -
coconut coconut
Other Neem, palm, Neem, palm, Neem, palm,
vegetation | prosophis prosophis, prosophis
turmeric
Water Open wells, Open wells, Canal, river Canal
sources canal canal
Diseases Blast of rice, Foot and Blast of rice, -
and pests Sheath blight mouth disease | Sheath blight
of rice, shoot in cattle, of rice, shoot
borer of rice, Ranikhet in borer of rice,
Pod borer in poultry, Pod borer in
pulses, fits in goat pulses,
anthracnose anthracnose in
in green gram, green gram,
Sigatoka in Sigatoka in
banana, banana,
bacterial disease bacterial disease
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Criteria Roadside Residential Riverside Pond
Fields Area Fields

Weeds Solanum Grasses, Korai | Solanum Neerchedi,
nigrum, nigrum, Lotus,
Saranai, Saranai, Prosopis
Vasambu Vasambu

Problems Water scarcity, | Diseases in Water scarcity, | Silting,
lodging of rice, | livestock lodging of rice, | underutilization
disease and disease and
pests, weeds pests, weeds

Opportunities| Lodging Mushroom Lodging Desilting and
resistant production, resistant fish production
varieties, IPM, | Milk varieties, IPM
SRI, Medicinal | production SRI, Medicinal
plants plants

2. Mobility Map: It indicates the ease of agricultural resources availability and

accessibility for the villagers. The mobility map should show the direction, frequency,
mode, the cost incurred and the purposes for which the villagers have to travel
outside the village for agriculture. The mobility maps can be made for different user
groups.

Mode of | Distance
Transport (Km)

Fare
(Rs)

SI. | To/From
No

Purpose

1. | Vallanadu Bus/cycle/ 3

Two wheeler

2.00
-3.50

- Purchase of pesticide
- Purchase of seed

- Purchase of fertilizer
- Bank

- Agricultural office

- Vety. Office

- School

Bus 12 4.00-

5.50

- Market

- Hospital

- School

- Entertainment

- Implements purchase/
repair

- Fuel

2. | Palayam-
kottai
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Sl. | To/From Mode of Distance| Fare Purpose

No Transport | (Km) (Rs)

3. | Seythunga- | Bus/ 7 7.00 - Purchase of seed

nallur two wheeler - Agricultural office
4. | Killikulam | Bus/cycle/ 4 3.50 - Training
Two wheeler - Consultancy

5. | Tuticorin Lorry/Bus 40 Rs10/km* | - Paddy procurement
11.75

6. | Alankulam | Lorry/Bus 50 Rs10/km* | - Paddy procurement
20.00

7. | Eeral Lorry/Bus 35 Rs10/km* | - Paddy procurement
12.00

8. | Aathur Lorry/Bus 50 Rs10/km* | - Paddy procurement
20.00

9. | Surandai Lorry/Bus 45 Rs10/km* | - Paddy procurement

10. | Trichy Bus 450 Rs - Paddy thresher
250.00

11.| Kerala Lorry 150-200 Rs10 - Ernakulam
/km* - Kollam

- Trivandrum
- Banana procurement

* Lorry rental charge

3.

Time Line: This indicates the major events in agriculture remembered by the
villagers. Both historical and futuristic timelines can be drawn. While the historical
timelines are common for analyzing an understanding the developments or major
events and interventions that had their bearing on the agriculture sphere in the past,
whereas, the futuristic timelines would provide leads for planning and development
trends. The KI for the historic timeline is to be chosen carefully who would be old

enough and knowledgeable on the major events that affected agriculture.
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Time Line

Year | Event

1945 | Primary school was started in the village.

1949 | Police station was constructed.

1955 | Bus services started.

1959 | Panchayat office was constructed

1960 | Iron plough put in use.

1960 | Bike introduced in the village.

1962 | Demonstration of Japanese line planting technology.
1962 | People started using herbicides.

1962 | Radio was introduced.

1963 | Use of pesticides started.

1970 | Post office started.

1975 | Electricity connection was provided.

1980 | People were sensitized about over-use of pesticides.
1980 | First diesel pump introduced.

1985 | First tractor was introduced.

1985 | First hand pump was introduced.

1988 | Sindhi cow was introduced.

1988 | Al technique was demonstrated.

1989 | ASD 16 and ADT were introduced.

1990 | Jersey cow was introduced.

1994 | Agricultural Co-operative Society was started.
1994 | Ottu samba rice hybrid was introduced

1995 | Thrasher was introduced.

1995 | Middle school was started.

1995 | First TV was introduced.

1996 | Biogas plant was introduced.

1998 | Farmers’ education programme launched.

1998 | Freshwater fishes were introduced in the village pond.
1999 | Water supply from tanks started.

2002 | Cable TV services started.

2003 | Solar lights were introduced.

2004 | SRI technology was introduced.

2004 | Central water commission appoints a representative from here.

4. Time Trend: It depicts the changes in past few years/ decades indicating trends
related to variables specific to the village concerned with agriculture. Time trends
can be drawn on changes in cropping/ farming scenario, the area, production,
productivity and price fluctuations etc.
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5. Seasonal Calendar and Seasonal Analysis: Seasonal calendar depicts month-wise
activities for agriculture based enterprises (crops/ animals etc.) in a year. The gender
disaggregated seasonal calendars indicate the differential involvement of men/
women/children in these enterprises. The Seasonal Analysis on the other hand
represents the deviations from the normal or the month-wise abnormalities regarding
agriculture and animal husbandry. The pests and diseases prevalence in crops and
animals, the fodder availability, the cash inflows/out flows, the labour requirements
and migration, on-farm, off-farm and non-farm employment etc., can be shown in
the Seasonal Analysis.

An Illustration of a Seasonal calendar of MORAPPANADU VILILAGE
(TUTICORIN DIST)

Particulars Oct | Nov | Dec | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sept

Paddy N FP | TP | W1 | w2 | H&T

(Pisanam) FA

Paddy N TP W | H&T

FP FA

Banana FP PL | FUR| W1 | FA1 RS [ FA2
w2 W3 H H H

Black gram H

Green gram H

Coleus W&F | H

Cow oG

Goats oG

Poultry CF

N — Nursery, S — Sowing, FP — field Preparation, TP — Transplanting, W1 — First weeding, W2 —
Second weeding, FA — Fertilizer application, FUR — Furrowing, PL _ Planting, H & T — Harvesting
and Threshing, FA1 — I dose fertilizer application, FA2 — II dose fertilizer application, RS — Removing
side suckers, H — Harvesting, SG — Shed Grazing, OG — Open grazing and CF — controlled feeding.
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An Illustration of a Seasonal analysis (problems)

Crop Oct | Nov | Dec | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sept
LF,S
Paddy LS |LaSh| B |[EHB| RD |LaSh
(Pisanam)
LF,S |EHB&
Paddy LS | B |RD
LaSh| WS |LaSh
Banana W | BW [ SLF FW
LaSh
Black gram PB | PF
Green gram PB | PF
Coleus W
Livestock
Cow TD |FMD
Goats Fits

LS — Leaf spot disease, LaSh - Labour shortage, LF — Leaf Folder, SB - Stem borer, EHB — Earhead
bug, RD — Rat Damage, WS — Water Scarcity, FW — Fusarium wilt, W — Weed, BW — Bacterial Wilt,
SLF — Sigatola leaf spot, PB — Pod Borer, PF —Pod fly, TD — Throat disease, and FMD — Foot &
Mouth disease.

6.

Farm Household Map: This map depicts the way in which the surrounding of a
typical household appears without going into the details of its inside structure.

Bio-resource Flow Diagram: This indicates the extent to which a typical farm
household utilizes and recycles various biological resources among different
agricultural enterprises for their efficient utilization. The map also provides for
indicating suggestions/ technological interventions for bettering the bio-resources
utilization.

Daily Routine Diagram/ Daily Activity Profile: This daily routine diagram depicts
the way in which a typical farmer (middle/old aged) or farm woman (middle/old
aged) spends his or her time from morning to night. These maps can be drawn for
peak and off-seasons. As these maps indicate specific involvement of farmers and
farm women in different home, homestead and farm activities as well as the leisure
on time dimensions, it can be effectively used to plan the extension (developmental
/capacity building) interventions in the village.
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Daily Routine Diagram of Chak-Nawada village

KIs: Rajeev Ranjan Kumar, Arvind Yadav, Mrs Rajni Devi

Time Rural Men Rural Women
04:30 A.M. Wake-up Wake-up
05:00A.M. Household activities

06:00A.M. Milking, harvesting and
07:00A.M. marketing of vegetable
08:00A.M.
09:00A.M. Farm activities or labour
10:00A.M. Breakfast
11:00A.M. Farm activities

12:00 noon
1:00 PM. Lunch Lunch
02:00P.M. Farm activities Farm activities/Labour
03:00P.M.
04:00P.M.
05:00P.M. Milking
06:00P.M. Household activities
07:00P.M.
08:00P.M. Dinner Dinner
09:00P.M. Sleep Sleep
9. Agro-ecology Map: Agro-ecology map will indicate the relation between agriculture

10.

and environment which includes average temperature, average rainfall, fragmentation
of holdings, natural vegetation, drainage system, weeds, etc. Encourage farmers to
draw this map. Identify major land marks. Identify systems (village) and sub systems
(crop land, orchards, common land etc.) boundaries, show the neighboring villages
or other features like river, hillocks, government land, forests etc., where the boundary
of village ends. Depict crops, animals, natural resources like soil type, water resources
(wells, river, channel, ponds etc.), forest, Common Property Resources (CPR), use
of locally available resources or whatever stakeholders observe during the walk.
Write in local language along with English translation.

Resource Map: This indicates both the natural resources and man made resources
needed for development of agriculture. Ensure the participation of all stakeholders
(male, female, old, young and children). Depict main crops, trees, animals, CPR,
farm implements, communication items, human resources for agriculture like skilled
labour, technical manpower (AO, VO) etc.
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11.

Social Map: This is a simple drawing or map drawn without scale to enable to
understand and simplify location and structure of houses and other social facilities.
It depicts the various social issues of the village such as social structure
(neighbourhoods, housing pattern, social and religious bodies like panchayat, schools,
temples, churches, mosques etc.), social stratification (based on social occupations,
caste), social capital (SHGs, mahila mandals, charcha mandals, youth clubs, local
self government etc), social facilities, social processes (conflicts, cooperation), value
systems, leadership pattern, , taboos, beliefs, social evils etc.

Indigenous Technical Know-how (ITK): The indigenous technological practices,
the indigenous species/ breeds found in village with reference to agriculture is
documented on a structured proforma indicating the rationale/ purposes for which it
is being used along with the details on the users, the product/process description
and the consent of the user representative to record the same.

No | Technique Use
1 | Kudhir Paddy seed storage
2 | Dry neem leaves Grain Storage
3 | Owl perches Rat control in paddy fields at grain maturity
4 | Neem, Pongam and Green leaf manuring
Pugaiyan leaves
5 | Philanthus niruri + Milk Treatment of Jaundice
6 | Neem kernel extracts Pest control in paddy
7 | Trianthema portulacastrum To reduce general body pain and for women
(Saranai) leaves who have given birth to child
8 | Trianthema portulacastrum For curing cough
(Saranai) roots + Pepper + Sukku
9 | Vallarai + Cow milk Good health
10 | Vallarai dried powder + sugar Improves memory and cures gas trouble
11 | Cissus quadrangularis For good body health
(Pirandai) whole plant
12 | Thutthuvaamadaki + child urine Medicinal cure for Vata

12. Technology Map: The technology map will indicate the technology decision

behaviour of the farmers, in terms of adoption, over-adoption, reinvention, rejection
and discontinuance with reference to the agricultural technologies.
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poovan and kathali

Category | Technology Technology Reasons
adoption
behaviour
Rice Arikurai, Kottam samba, | Discontinued Due to poor rice yield and disease
Kudippam, Aanaikambu, susceptibility
Hybrid rice (MGR) Discontinued As marketing was a serious problem.
IR 20, ADT 36 and IR 50| Adopted Due to their better disease resistance
and yield
SRI technology Adopted Reduced water consumption, better
yield, good departmental assistance
CO 43 Replaced by Due to better disease resistance
ADT 43
ASD 16 Over -adoption There is no match for the variety in
terms of yield, marketability and
tillering capacity.
Black gram | T9 and ADT 3 Adopted Good yield, less disease incidence
Banana Kozhikoodu and Sakkai | Replaced by Owing to better production

characteristics and marketing.

Eththan

Passively rejected

Extremely susceptible to diseases.

Other crops

Mushroom and
medicinal plants
technologies

Passively rejected

Owing to lack of interest and
perceived fear of poor
economic returns.

Oil palm

Actively rejected

Due to poor economic viability and
marketability.

Machinery | Tractor (HM) Adopted Convenient to use; help to enhance
work efficiency of the farmer
operations.

Thrasher (Assembled) Adopted As above.
Power tiller (Mitsubishi) | Adopted As above.
Power sprayer Adopted As above.
Rotary weeder Adopted As above.
(TNAU)+C7
Livestock | Local breeds (N.D.) Adopted High milk yield, low cost, resistant
and cross bred cows to diseases, etc
Murrah Discontinued Reduction in grazing lands
Poultry and goats (N.D.) | Adopted Alertative source of income
A.L. Technology Adopted Increased productivity
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13.

Matrix Ranking: Matrix ranking will indicate the reasons for technology decision
behaviour of the farmers.

Types of Ranking: Ranking methods include:
Preference Ranking

Pair wise Ranking

Direct Matrix ranking .

Wealth Ranking (already covered)

Preference Ranking

Adopt the exercise to local conditions and choose a topic preferably one which is related
to the fieldwork. For example, what are the main problems affecting the growth and
development of crop husbandry / animal husbandry / fishery / horticulture ~ farm
mechanisation / fisheries / agro-forestry in your area?

Preference ranking allows the PRA team to determine quickly the main problems of
preferences of individual villagers and enables the priorities of different individuals to
be easily compared.

It has logical steps to be followed:

1. Decide upon a set of problems or preferences to be explored.

2. Interact with the person and know his / her favoured items in order of priority .

3. Repeat this exercise with a good number of people .

4. Tabulate the responses.

Pair- wise Ranking

Steps:

1. Identify a set of problems, or preferences, to be prioritised. For example, farming

XN R

problems, preference for tree species, preference for cattle breed, preference for
poultry breed etc.

Identify six or less types of trees (in case of tree species preference). .Note down
each one of the six trees on a separate card.

Place two of these in front of the farmer and ask him to choose most preferred one
with reasons for choice. Mark the response in the appropriate box in the priority
ranking matrix.

Follow the procedure for rest of the species. Each time the criteria should be noted.
Present a different pair and repeat the comparison

Repeat until all possible combinations have been considered.

List the problems / preferences in the order

Repeat the pair-wise ranking exercise for a number of individuals and tabulate their
responses.
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Prepare a pair- wise comparison table as below:

Technology T1 T2 T3 Total (Rank)
T1 - T2 T3 0(I1D)
T2 T2 - T3 1(IT)
T3 T3 T3 - 2(I)
Total (Rank) 0 (III) 1 (I) 2D

Scoring and ranking, especially using matrices, for systematic comparison of technologies
according to locally generated criteria. Various matrix rankings and scoring are used to
understand farmers’ decision-making processes, comparing preferences for different
technological options between individuals and between different groups and eliciting
decision criteria. Specific criterion or reason related a specific behavioural decision like
adoption, discontinuance, over-adoption, rejection, passive rejection, disenchantment,

discontinuance etc., is also called Direct Matrix Ranking.

Matrix Ranking for Different Rice Varieties Adopted in the Village

Parameters | KIs ASD 16 ADT 31 1R 20 CO 43 TKM 9
Rank |Points | Rank |Points | Rank |Points | Rank [Points | Rank |Points
Yield KI-1| A 5 B 4 E 1 C 3 D 2
KI -2 A 5 B 4 C 3 E 1 D 2
KI -3 A 5 B 4 C 3 E 1 D 2
KI -4 A 5 B 4 D 2 C 3 E 1
Total 20 16 9 8 7
Disease KI-1| A 5 B 4 C 3 D 2 E 1
resistance | KI -2 A 5 B 4 C 3 D 2 E 1
KI-3 A 5 B 4 D 2 C 3 E 1
KI -4 A 5 B 4 D 2 C 3 E 1
Total 20 16 10 10 4
Straw KI-1| A 5 B 4 C 3 D 2 E 1
yield KI-2 B 4 A 5 C 3 E 1 D 2
KI -3 A 5 B 4 C 3 D 2 E 1
KI -4 A 5 B 4 D 2 C 3 E 1
Total 19 17 11 8 5
Tillering | KI - 1 E 1 B 4 D 2 A 5 C 3
capacity KI-2 | A 5 B 4 C 3 D 2 E 1
KI -3 B 5 B 4 D 2 C 3 E 1
KI -4 C 3 B 4 E 1 A 5 D 2
Total 14 16 8 15 7
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Parameters | KIs ASD 16 ADT 31 1R 20 CO 43 TKM 9
Rank |Points | Rank |[Points | Rank |Points | Rank |Points | Rank |Points
Profit KI-1| A 5 B 4 E 5 C 3 E 1
KI -2 A 5 B 4 C 3 D 2 E 1
KI -3 A 5 B 4 C 3 E 1 D 2
KI -4 A 5 B 4 E 1 C 3 D 2
Total 20 16 12 9 6
Shattering |[KI-1| A 5 D 2 C 3 B 2 E 1
of grains | KI-2 A 5 B 4 C 3 D 2 E 1
in field KI -3 A 5 E 1 B 2 C 1 D 2
KI -4 A 5 B 4 D 2 C 3 E 1
Total 20 11 10 8 5
Quality KI-1| A 5 C 3 E 5 B 2 D 2
of rice / KI -2 C 3 B 4 A 5 E 1 D 2
taste KI -3 D 2 B 4 C 3 E 1 A 5
KI -4 C 3 B 4 E 1 A 5 D 2
Total 13 15 14 9 11
Final Score 126 107 74 67 45
Final Rank 1 2 3 4 5

14. Preference Ranking: This is to find out the perception of farmers regarding the
magnitude of the problems of agriculture found in the village.

15. Problem Tree: The problem tree will indicate various resources responsible for the
specific problem related to agriculture. This will also indicate the intervention for
the various causes which will help in problem identification related to a discipline.
An Illustration of Problem Solution Tree in Morappanadu Village (Tuticorin Dist)
is presented below
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16.

17.

Solution Tree: It is a modification of the problem tree, wherein for each level of
problem cause, solutions are indicated to solve that particular problem.

Venn Diagram: This indicates the importance of the various individuals and the
institutions in and outside the village with regard to a phenomenon related to
agriculture. The importance of various organizations/ individuals for a phenomenon
is indicated in terms of size of the circles and the interaction among these is
represented by the overlapping of the circles.

VENN DIAGRAM FOR SRI TECHNOLOGY IN MORAPPANADU VILLAGE

NN AP =

Village

Agriculture College, Killikulam

Valarum velanami (Developing Agriculture)- (TNAU)
Vivasaya vigyana malar (Agricultural Science)- (FTC)
Farmers training centre

Department of Agriculture

Farmer- Kandasami

Farmer- Perumal

Wealth Ranking: It is an analytical exercise carried out by local KIs based on their
own criteria such as income, assets, employment status and other local measures of
well being for the purpose of investigating perceptions of wealth differences and
inequalities in community, discovering local indicators and criteria of wealth and
establishing relative position of households in community. For this technique, the
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representative Kls are to be selected from different socio- economic strata for
offsetting the biases. The wealth ranking technique is basically an enumerative
technique involving all the farm households in a village.

1 Rice ear head bug

Banana sigatoka leaf spot
Lodging in Rice

Fits in Goats

Foot and mouth disease in cattle
Rice green leaf hopper

Rice stem borer

Green gram spotted pod borer

9 Poultry coccideiosis

10 Rat menace in rice

11 Water scarcity for rice based cropping system
12 Rice blast

[e-BEN B e NNV, ISV )

19. Problem Identification and Prioritization: The data collected from various PRA
tools indicate the problems faced by the farming community. These can be cross
checked by ranking the problems faced by a cross section of farmers/ farmwomen
representing different socio-economic strata using snow ball technique or by using
paired comparison method. The Value Based Index (VBI) could be worked out
wherever quantification of the losses is possible to logically prioritize the problems
at the village level across the enterprises, based on economic criteria. The formula
for the RBQ is given below

Rank Based Quotient:
% f(n+1-1) x100
Nxn

RBQ =

Where, i = Concerned ranks (1 to 5) N = Total numbers of farmers (30)
n = Numbers of rank
f. = Frequency (Number of farmers reporting that particular problem)

Once the RBQ are found out for each problem, the top most researchable issue in
the village is identified by calculating the value based index for each RBQ.

Value Based Index:

VBI = RBQ x Average loss experienced x area of crops/animals

The problem with the maximum value based index is identified as the top most
researchable problem.
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20.

The table given below shows that water scarcity in rice based cropping system is
having the maximum VBI and hence identified as the most important researchable

1SSue.

Action Plan: Planning to meet the problems of farmers on problems identified is
called an action plan. The plan of work should include the problem, goals to be
achieved, the work to be done, who is to participate in carrying out the plan. A
calendar of work showing the approximate amount of time to be devoted for each
major activity and distribution of major activities. It answers the questions, What,
Who, Where, When, How, an activity will be done and the cost involved and the
outcome expected out of the action plan.

Problem Identified based on ranks

S1 | Identified problem RBQ [Avg % Area VBI
No Loss |(acre/animals)

1 | Rice ear head bug 94.00 30 150 3383000
2 | Banana sigatoka leaf spot 24.67 10 75 1110150
3 | Lodging in Rice 28.67 20 56 2568832
4 | Fits in Goats 28.00 60 20 2520000
5 | Foot and mouth disease in cattle | 68.00 65 100 3536000
6 | Rice green leaf hopper 74.00 8 38 179968
7 | Rice stem borer 94.67 30 263 5975570
8 | Green gram spotted pod borer 62.60 30 180 4056480
9 | Ranikhet disease in Poultry 68.67 60 60 6180300
10 | Rat menace in rice 76.67 10 113 693096
11 | Water scarcity for rice based 99.30 100 118 9373970

cropping system
12 | Rice blast 64.00 15 188 1443840
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Adult and Action Learning Techniques for
Participatory Natural Resource Management

Sreenath Dixit
sreenathd @yahoo.com

One of the major challenges facing farmers in the rainfed areas of SAARC countries in
general and India in particular, is to manage their lands to produce food economically
and without degradation of the natural resources on which production is based, particularly
soil and water resources. Farming systems in India’s rainfed lands are complex, diverse
and risk prone. Cultivation in these areas is largely dependent on ill distributed and erratic
rainfall with many areas experiencing problems associated with variable rainfall, poor
soils and land degradation. Land degradation in the semi-arid tropics of India affects
some 166 million ha or 50% of the total geographical area (Sehgal and Abrol 1992).
Erosion by water is the single most important mechanism affecting an area of 86.9 million
hectares.

Addressing these issues calls for a holistic strategy that involves the affected community
at all stages of planning, implementation, monitoring and evaluation. Participation
encourages sharing of decision-making power with affected communities and ensures
that the issues relevant to these communities are addressed in ways that are appropriate
to their social and environmental context. Indigenous technical and process knowledge
can be integrated with scientific knowledge to develop appropriate pathways for addressing
issues of concern. It involves mobilization of the affected communities and enhanced
awareness about the need to manage resources in a sustainable way. It is essentially a
two-way learning process in which both the farmers and the researchers learn to better
understand the dimensions of the problem and how it can be addressed.

Participatory learning, a key principle of community mobilization, recognizes that : (i)
researchers, extension agents and farmers have knowledge about agriculture and resource
management that can be complementary, and (ii) different realities exist amongst these
different knowledge systems. Participation is a key philosophy in community mobilization.
Jules Pretty (1995) states that ‘the many ways that development and organizations interpret
and use the term participation can be resolved into several clear types’. These range from
manipulative and passive participation where people are told what is to happen and act
our predetermined roles, to self-mobilization, where people take initiatives largely
independent of external institutions.

Pretty’s typology for describing levels of participation (Pretty, 1995) is as follows:
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Typology Characteristics

Manipulation Participation is simply pretence, with people’s representatives on

participation official boards but who are unselected and have no power.

Passive People’s participation by being told what has been decided. Involves

participation unilateral announcements by an administration of project
management without any listening to people’s responses. Information
shared only belongs to external professionals.

Participation People’s participation by being consulted or by answering questions.

by consultation

External agents define problems and information gathering
processes, and so control analysis. Such a consultative process does
not concede any share in decision-making and professionals are
under no obligation to take on board people’s view.

Participation for
material
incentive

People’s participation by contributing resources (labour, in return
for food, cash or other material incentives). Farmers may provide
the fields and labour, but are involved in neither experimentation
nor the process of learning. People have no stake in prolonging
technologies or practices when the incentives end.

Functional
participation

Participation seen by external agencies as a means to achieve project
goals, especially reduce cost. People may participate by forming
groups to meet predetermined objects related to the projects. Such
involvement may be interactive and involve shared decision-making,
but tends to arise only after major decisions have already been made
by external agents. At worst, local people may still only be co-opted
to serve external goals.

Interactive
participation

People’s participation in joint analysis, development of action plans
and formation or strengthening of local institutions. Participation is
seen as a right, not just the means to achieve project goals. The
process involves interdisciplinary methodologies that seek multiple
perspectives and make use of system and structured learning process.
As groups take control over local decisions and determine how
available resources are used, so they have a stake in maintaining
structures or practices.

Self-
mobilisation

People participate by taking initiatives independently of external
institutions to change systems. They develop contacts with external
institutions for resources and technical advice they need, but retain
control over how resources are used. Self-mobilisation can spread
if governments and NGOs provide an enabling framework of
support. Such self-initiated mobilization may or may not challenge
existing distributions of wealth and power.
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Action Learning

Action learning is based on experimental learning models developed by Lewin (1952)
and Kolb (1984). The underlying assumption behind these models is that knowledge,
through a process of reflective observation, can be created on the basis of concrete
experience, as seen in the Fig.1 below. By formulation of abstract concepts and
generalizations, and testing the implications of these concepts in new situations (active
experimentation), concrete experience is built (Zuber-Skerrit, 1995). Other variants of
this process exist. Perhaps the two most commonly used for community mobilization are
the learning cycle (Kolb, 1984) and the task cycle (Honey and Mumford, 1986) that have
often been generalized as ‘plan, act, observe, reflect’. Kolb’s experiential learning cycle
is used to explain action learning, as it reflects more clearly how theory is linked to
actual practice, i.e., going from the abstract to the concrete.

Action learning is something that everyone does everyday without being conscious about
it. It is a way of solving our everyday problems. The same, if analysed, has several steps
and one can improve one’s problem solving capacity tremendously. By employing the
principle of action learning in an adult learning situation, the ability of adults to solve
problems can be enhanced by a great deal. Besides, it involves real life experience to
problems solving. All it takes is being conscious of how one normally attends one’s
problems.

Problems are usually specific. Several steps are involved in solving them. Generally, the
steps can be summarized as follows (Heisswolf 1998):

e Planning to do something to solve the problem

e Doing something to solve the problem

e Observing if the problem is solved

e Reflecting and deciding if the problem is solved.

Reflective
Observation

Abstract
Knowledge
(A)

Active

New
Abstract
Phiv an):";:dge
Abstract
New Knowledge
Abstract (C)
L B Reflective Active
( ) Observation Experimentation

Reflective Active

Observation

Experimentation

Concrete
Experience

Concrete
Experience

Experimentation

Concrete
Experience

Fig 1: The action learning process: a series of action learning cycles with increase in knowledge as the
process continues (adapted from Kolb, 1989) reproduced from King et al., 1999
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If the problem solving is not satisfactory, a person may complete another cycle. During
the second cycle, he/she uses his/her previous experience and changes the way the problem
is approached. Sometimes, he/she may complete several cycles before solving the problem
satisfactorily. During the process, he/she may acquire new information and apply the
same for problem solving.

Act

Itinvolves a concrete experience or an activity and provides raw data for learning. It will
be based on the past experience or newly acquired knowledge. For example: Checking a
crop for weeds/insect pests.

Observe

This involves making observations on the experience or activity. Questions like “What
did I see, hear, feel during the activity? What was enjoyable?” are asked either within the
mind or explicitly. For example: observing that there are insect pests or weeds and thinking
about what kind of weeds pets are they. Asking questions like “Do they affect my crops?”

Reflect/Generalize

This step involves forming a theory or drawing conclusions from the experience or activity
that can be used in future problem solving. Asking questions such as “What did I learn
from the activity ? “What my observations mean to me?” Thus, it involves drawing on
past experiences and placing the new once in to context. This may also lead to changing
or amending a previously held belief or attitude about a situation. For example: concluding
that weeds are affecting the crop by competing for water and nutrients. Insects are
damaging crop resulting in reduced yield.

Plan

This involves planning for testing the implications of the previous learning in another
situation to determine if the theory or conclusion drawn from the experience or activity is
valid under new conditions or situations. Asking questions like “How can I apply? what
I have learned from this activity?” For example: planning to get rid of the weeds and
insect pests and planning to check for weeds more regularly in the future so that weeds/
insects do not affect the crop production in future.

Principles for Effective Use of Action-Learning Tools and Processes

It is important to distinguish between an action learning tool and an action learning
process. Action learning tools are anything that contributes to the action learning process
(e.g. mechanical devices, demonstrations, computer modeling programs, group processes).
An action learning process is an active process by the learner where she/he ‘learns’ from
an experience and then applies critical reflective observation to determine the usefulness
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to her/his situation prior to planning the next action or learning experience. Extension
agents essentially facilitate these processes.

A useful action-learning tool can be one that enhances the action learning processes by,

¢ Enabling discussion which helps to share different perspectives and learn from others?
experiences

* Allowing repetitive cycles so the learner can build on previous learning in subsequent
cycles

e Relating the action to the individuals context through purposeful reflection and
questioning which facilitates sense making. Being applicable to the participants’ needs
by enabling participants to have control over the action and subsequent reflection
and sense making

If we take a simplified version of action learning and the plan, act, observe and reflect
cycle, we also need to look at what makes the process most effective. Action learning can
be seen as a more purposeful and structured way to learning and most of the action
learning process is based on some simple adult learning principles. For example, basing
things on the participants experience or starting from the participants experience and
moving forward from there.

The indicators will be based on adult learning principles and their relation to the action-
learning tool and process. In order to initiate or enhance learning to bring about change
in a situation, whether it be a change in cognitive or behavioral situation, it is important
to understand the factors that influence the learning process, these can then be used to
develop more effective and efficient adult process, including, an adult’s readiness to
learn, orientation to learning, previous experience, self concept and motivation (Knowles,
1990).

Readiness to Learn

Adults’ readiness to learning will provide them with knowledge that will assist them in a
more effective performance in a current or future situations. By reflecting on the knowledge
and skills they have in the present and those they need to function more effectively in the
future, adults may recognize the benefits of learning and thus become ready to learn.
Learning can assist in this reflective process by providing adults with ways of assessing
their own skills and knowledge (Knowles, 1990).

Orientation to Learning

Adults tend to have a problem-centered orientation to learning and consequently they
learn most effectively when they can see how learning applies to their own problems.
For this reason, we need to design learning strategies that depict real life situations. An
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adult’s learning orientation contrasts that of a child who has a subject-centered orientation
to learning (Knowles, 1990).

Self-concept

Brundage and Mackeracher (1980) suggest that adults have an organized and consistent
self-concept and self-esteem, which allows them to participate as self, separate from
others and capable of acting independently of others. With this in mind, adults appear to
learn best when they are involved in developing learning objectives for themselves, which
are congruent with their current and idealized self-concept. Knowles (1984) states the
implications of this self-concept by suggesting that adults can be opposed to those who
enforce on them their own ways or beliefs. In addition, Knowles views adults as having
a strong need to be seen by other as being capable of directing their own lives. It then
follows, that we need to be aware of a learner’s self-concept and obtain more of a
facilitative role, rather than the traditional ‘teacher-student’ role.

Motivation

Adults are strongly responsive to internal motivators. Internal motivators include feelings
such as self-esteem, work satisfaction and quality of life. Verner and Booth (1964) suggest
that motivation comes from the need of an individual that develops behavior. A feeling of
belonging, a sense of achievement, public recognition that develops from learning new
skills and meeting new challenges are also powerful motivators. Although there are many
definitions of motivation in the literature, the general assumption if that people motivation
by their needs. Maslow suggests that there is a hierarchical structure of five categories of
needs, including physiological (i.e. the lowest level need), social, esteem and self-
actualization (i.e. the highest level need), where people need to satisfy the lower needs
before satisfying the higher ones. There is some debate to whether or not people really
follow this, and hence many authors do not consider Maslow’s categories of needs
hierarchical.

There are also many benefits in terms of learning in collective discussion and reflection
over individual reflection. Collective discussion allows participants to be exposed to
new ideas, alternative ways of thinking and critical opposition to set ideas. Collective
learning enables participants to be providing challenges and critical reflection.

Research has shown that the effectiveness of the use of the action learning tools and
processes was linked to the trust, rapport, confidence and openness that developed between
the team and the people participating from the villages. The tools being embedded in an
overall participatory action research process where research was implemented on farms
using treatment developed by farm men and women with scientist, enable this learning
environment to develop over time through many cycles of participation and learning. So,
the learning environment in which the tools are used is very important as is embedding

137



Techniques of Water Conservation & Rainwater Harvesting for Drought Management

the action learning tools and processes strategically into comprehensive participatory
programs rather than one off events (Orlando, in progress).

Applications of Action Learning

Action learning is widely applied in several fields such as research, human resource
development, sports, management etc.

Research
In research action learning cycles can be used:

® As a continuous improvement framework for research project when coupled with an
action research methodology

e To integrate knowledge from different disciplines and knowledge systems in
participatory or multi-disciplinary research

e To help build situation- specific theories and principles which can be more generally
applied elsewhere. The learning gained from the experience of one action-learning
situations can be applied in another situation. Completing repeated cycles of action
learning may help provide empiricism to principles and theories.

HRD

The components of action learning cycle help provide a useful framework for structuring
capacity building activities, which incorporate a range of adult learning principles. Action
learning can be employed for developing the capacity of trainers and farmers alike. While
“training the trainers”, the emphasis should be on how this learning method can be used
to empower adult farmers to make sense of bio-physical and socio-economic issues in
their own context. Trainers should be empowered to play more of a ‘facilitator’ role than
a ‘teacher’ role. Trainers also must be empowered to design and construct appropriate
action learning tools and processes, which suit the client-farmers and their learning issues.

First step in application of action learning is to facilitate the trainers’ awareness of action
learning principles and practice by helping them to experience and reflect on action
learning within their own context. The next step is to build their skills to facilitate (rather
than teach) an action learning session to empower the farmers and farmwomen.

Action Learning Tools for Community Mobilization

There is a great realization of late about the need for people’s participation in community
based development activities that involve considerable element of community education.
Such efforts need to consider factors affecting adult learning into consideration and should
involve simulation of real life situation so that learning is easy and effective.
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A Case of Successful Application in Natural Resource Management

Soil erosion by run-off is the main cause of land degradation in rainfed agro-eco system.
Rainfall is the only source of water for agriculture here. This agro-eco system chronically
suffers from low food and fodder productivity due to erratic distribution of rainfall.
Besides, erosion induced land degradation is a serious problem here. Lack of awareness,
proper understanding of the process of land degradation and inadequate technological
interventions to manage it are the major bottlenecks for community mobilization against
land degradation.

The portable rainfall simulator is one such action learning tool which aids easy and
effective adult learning to help understand complex land management issues related to
run-off, soil erosion, infiltration and crop production. It also enables participants to develop
and make sense of various land management options to address these issues, assisting
them to determine which option is most appropriate to their environmental, economic
and social context. It is mobile gadget introduced to India by the Australian Center for
International Agricultural Research (ACIAR) that produces rainfall with a drop size and
energy similar to that of natural rain.

Rainfall is applied to two adjacent plots with two different but comparable treatments.
The plots are separated by a barrier to maintain independence between the treatments.
Rainfall is usually applied at a known rate so that it can be measured for the duration of
the activity. Run-off collected at the bottom of each plot is vacuumed in to tank where it
can be easily seen and measured. Thus, the device can be effectively used as a
demonstration tool to promote initial awareness among farmers about the adverse impact
of rainfall on bare soil, and motivating them about the need for capture and storage
rainwater in the soil. As an action-learning tool, it can increase the farmers’ knowledge
about soil and water relationships, allow them to use their experience in this context, test
and review options through selection of treatment. In all, it is a multi-purpose and multi-
outcome action-learning tool. Rainfall simulator has many other uses, action learning,
co-learning (within farmer groups and between farmer groups and scientists, and within
groups of scientists belonging to different disciplines), facilitating participation and sharing
of power in research and also for bio-physical research. Following are normally adopted
in mobilizing the communities through the action learning process by using the rainfall
simulator.

The Process

The key elements in the process of simulating rainfall include (1) mutli-channel publicity
prior to the event, (2) participants nominate the treatments (plan), (3) participants actively
construct the treatments chosen (act), (4) rainfall is applied (act), (5) monitoring of the
effects by the participants (observe) and (6) small group discussion (reflect). The process
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of self-learning among participants is facilitated by the scientists (Subba Reddy et al.,
2000).

Planning and Execution

The action learning groups under leadership of Central Research Institute for Dryland
Agriculture (CRIDA), Hyderabad used the rainfall simulator as an action-learning tool
at Nallavelli, Pampanur (Ranga Reddy and Anantapur districts, respectively in Andhra
Pradesh) and Madhubhavi (Bijapur district, Karnataka). The key concept of the field
process was to ask the farmers to suggest the treatments, to enrich the participation by
constructing the treatments and, set up and discuss the cause and effect of events. Scientists
acted as facilitators to help farmers learn for themselves the working of rainfall simulator
and the process of runoff and soil loss.

In the collaborative ACIAR - CRIDA project the use of the rainfall simulator as an action
learning tool was embedded in a participatory action research process. The rainfall
simulator was used not only for learning but also as a tool for facilitating farmer and farm
family participation in the research process. Treatments to be implemented in on-farm
research trails were determined by people from the villages and scientists from many
disciplines together. The evaluation of treatments was also conducted participatively.

Farmer Participation

® The rainfall simulator attracted both farmers and farmwomen. The participants liked
the opportunity to participate, test their ideas particularly with respect to traditional
practices. The tribal farmwomen involved actively in selecting the treatments.
Modifications were carried out after a good deal of debate. In fact, the selection and
application of treatments always inspired positive and willing debate.

e Farmers were encouraged to suggest other strategies as per their choice to test with
rainfall simulator. The equipment created lively discussion on management practices
to control soil loss and improve soil water intake.

e Farmers measured infiltration by using a metal probe or digging with a shovel/mattock
(Table 1).

e Farmers measured runoff by comparing amount and level of water in vacuum drumes.

e Farmers enthusiastically helped set up rainfall simulator as well as implementation
of treatments.

® The rainfall simulator as a tool proved successful in creating thorough discussion on
management practices to control soil loss.

e Farmers found it interesting to vary rainfall intensity during the activity in order to
replicate rainfall patterns.
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Limitations

Lack of water source at farmers’ fields.

Planning the best time to hold the activity is critical, e.g., avoid time clashing with
important social, farming and household activities (such as picking children up from
school).

Since considerable time for networking with participants is required, advance planning
is necessary.

Facilitating a reflection session among the participants at the end of the activity is
warranted.

It is often hard and for scientists to operate in facilitation mode and not impose their
own ideas on selection or design of treatments.

Reflections

The experiences using the rainfall simulator revealed that it is a powerful tool it
educated community. It motivates the farming community to screen various technology
options for sustainable soil management and allows them to test their own ideas in a
group participatory process.

The key factor to the success of the action learning process with the rainfall simulator
as a decision making tool was to avoid the domination of the activity by scientists,
and allowing the community to work it out and learn for themselves.

The rainfall simulator needs to be supported by other extension processes and activities.
When used as an extension tool on its own it does not consider a systems approach
but focuses on soil surface treatments, runoff, and infiltration and land management.
For example:

— Crop stubble may have a good impact on increasing infiltration and reducing
runoff, but may not be available with most farmers due to its competing use as
fodder.

— Farmyard manure may be a valuable source of mulch and useful in decreasing

runoff by increasing infiltration besides improving soil fertility. But the quantity
required to achieve this may not be available.

The results from the rainfall simulator are applicable to small plots only. This often
means farmers try and replicate whole field conditions on a small scale, which limits
the validity of results.

Farmers can find it frustrating, as they are unable to consider changes in fallow
treatments over a greater period of time and their inability to modify rainfall intensity
to more accurately reflect the storm conditions.
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e There is good potential for further action learning in extension programmes. This
hypothesis is supported by the fact that active involvement of farmwomen was obtained
in all the rainfall simulator activities conducted so far. Such activities need to be
sensitive to sociological issues in each community.

Table 1 : Observations recorded with the help of farmers in rainfall simulator
demonstration (summer)

Center Comparisons Parameters
Wetting front Runoff
of soil (cm) volume (1)
Nallavelli Bare soil 11.6 54.4
Paddy straw mulch 17.6 38.9
Grazed grass cover (60%) 21.3 31.9
Non-grazed grass cover (85%) 18.6 6.8
Furrows along the slope 11.8 433
Furrows across the slope 12.7 20.6
Pampanur Ploughing and harrowing along the slope 26.6 215
Ploughing and harrowing across the slope 39.3 17.0
Ploughing across the slope+No FYM 17.5 16.5
Ploughing across the slope+FYM (10 t/ha) 22.6 5.2
Madhabhavi | Straw mulch (95% cover) 20.0 35.6
Straw mulch (100% cover) 23.0 16.6
Ploughing and harrowing across the slope 21.0 40.3
Ploughing and harrowing across the slope 22.0 395

Design and Development of Action Learning Tools

The experience gained by the Indo-Australian collaborative project in developing and
testing action-learning tools has produced interesting results both in India and Australia.
Several workshops and training programmes were organized for bio-physical and social
scientists, and farmers in both the countries to design and develop problem-specific and
need based AL tools. The workshops have been successful in training trainers of
development departments and academic institutions on the concept and application of
action learning. The major output of AL workshops can be summarized as checklist for
developing AL tools and template for description of AL tools.
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Action Learning Tool Checklist

e Focused on solving a problem

e Focused on building understand of a set of principles

e Show immediate results

e Uses more than one treatment/intervention to show differences
e Show effectiveness of different treatments

e Has a live demonstration

e Simple to understand

e Easy to build, use and operate

e Show quantitative measures where ever possible

e Takes minimum time to demonstrate

e Shows differences/changes

e Adaptable to local conditions

e Stimulates curiosity and fun

e Community members are able to exercise their own options and make choices

e Community members see results (e.g. colour and quantity of runoff, time to runoff,
depth of infiltration)

o Low cost

e Keeps their interest

e Simple mechanism

e Tries to simulate field conditions when ever possible or appropriate

e Made of locally available materials and uses locally available resources

e Planning for its use avoids negative aspects of having many people in the field (e.g.
trampling of soil and crops)

Development of Need-based AL Tools

AL tools can be used for community mobilization in the fields of natural resource
management and social resources management, and to help translate the consequence of
sustainable natural resources management into economic benefits. This section deals
with some simple AL tools that can aid adult learning.

Action-Learning Tools for Mobilizing Community Action
Socio-economic principle: Based on ancient wisdom “United we stand; divided we fall”
Materials required: 15-20 brittle sticks of different thickness.
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Methodology

Step 1 : Divide the farmers group into two

Step 2 : Hand out one stick each to the farmers of Group 1 & Group 2

Step 3 : Ask Group 1 to break the stick in the middle while Group 2 observes with the
sticks intact

Step 4 : Ask member of Group 2 to collect all the sticks at one place

Step 5 : Bundle the sticks so collected, pass them on to the members of Group 2 and
ask them to break the bundle of sticks

Reflection Follows on:

e  Why the individual sticks broke while the bundle of the same could not be broken.
Drive home the point that there is strength in UNITY

Complex Idea Made Easy

® Watershed development activities do not produce effect on the whole village ecosystem
if adopted in piece-meal.

e Collective adoption on micro-watershed scale only will result in sustainable natural
resource management.

e Tool can be applied for community organization for collective bargaining power:
buying inputs, selling produce, demanding civic amenities etc.

Using Indicators of Learning in Practice

If we look at the rainfall simulator (RFS) as a tool and the rainfall simulator field day as
a process, we can use indicators that are based on some of these principles of action
learning, useful action learning tools and adult learning principles to enhance both the
tool and the process. With these, we can evaluate how useful the tool and process may
have been in relation to ‘purposeful’ learning. The objectives for the facilitator are to
improve the effectiveness and efficiency of learning during the RFS field day.

1) Have we related the activity to participant’s experience?

ii) Have participants been involved in the setting up of the experiments?
In the action phase, the facilitator might ask:

Are the concepts and generalizations from the first RFS field days with farmers, discussion
between runs sometimes fails to make link between observations from one set of runs
and the next. Usually discussion is generated at the end of a number of runs. This means
that usually one learning cycle takes place during the field day as opposed to a number of
learning cycles, each building upon the generalization and conclusions drawn from
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previous cycles. This is a less efficient way of running a field day and it doesn’t capitalize
on the fact that the RFS as a tool has the ability to allow for repetitive learning cycles in
a short time frame.

In the Observation Phase, the facilitator might ask:

i) Have participants been made aware of what we are trying to measure and why?
ii) Have participants been shown how to collect the data?

iii) Are participants aware of our assumptions behind why we think it is important to
collect accurate data?

In the Reflection Phase, the facilitator might ask:

i) Have we put the generalizations and concepts that have been drawn into a future
context?

ii) Have we allowed for participants feel from their own generalizations and concepts?

We may also need to facilitate the process in such a way that participants feel that they
can express what they really think as opposed to what they think we want to hear.

In terms of indicators of participation, Pretty’s typology can be used to distinguish the
types of participation. Three attributes that can be used here are:

i) The number of participants involved at each level
ii) The type of involvement

iii) Evidence of participants’ ideas in action

Alternatively, in terms of developing specific questions to ask ourselves or ask farmer in
an evaluation, we can again use Pretty’s typology. We go through the criteria of each type
and ask ourselves some simple questions that relate to the criteria. If we want to gain a
better understanding, then we ask the participants a few questions that help us distinguish
the type of participation. There are number of ways we can do this, such as a simple
questionnaire, a focus group or an oral feedback session. The choice of method we use is
determined by the depth of information we like and the resource we have available.

Conclusion

Adults learn new practices when they are related to their life situations. Action learning
which is a systematic process of ensuring involvement of learners is a handy technique
for development professionals. This technique is particularly useful when the target group
is either illiterate or semi literate which is the case in most of the SAARC nations. Though
action learning is a proven and effective tool aimed at bringing conceptual clarity and
practice change among adult learners, it needs to be backed up by capacity building of
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master trainers who can design and develop a range of AL tools suitable to different
situations.
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Community based organizations provide a social platform for self reliant development
with the help of internal resources. It helps in improving the ownership of community
over the various type of interventions (particularly over community oriented structures /
measures). It also helps in improving the relevance of above interventions (through
adoption of demand-driven approach) particularly in situations where investment is made
from external sources.

During the last three decades there had been a gradual shift towards demand- driven
approach in the developmental programme funded by Government. In such cases the
developmental fund is released by govt. directly to the CBOs, and the outsiders work
with them as facilitators. While there had been a significant improvement in the relevance
of developmental interventions, their long-term sustainability continues to be a challenge
during the post-project period.

It is now well recognized that sustainability of physical structures depends primarily
upon sustainability of social structures.

Different Streams of Community Based Organizations

Stream 1: Charitable societies registered under charitable society act (1860)
Stream 2: Cooperative societies registered under cooperative society act (1964)

e Stream 3 : Self help groups without formal registration with govt. department
(organized mainly from mid eighties onwards)

e Stream 4: Producers companies registered under producers company act (2002)

Stream 1: Charitable Societies

These societies are not expected to earn profit for its members. There is no specific need
to have a govt. representative in these governing bodies if financial transactions are done
through internal sources. However if govt. fund is taken for developmental agenda, it is
essential to have a representative of the concerned developmental department in the
governing body. During the last three decades, Gol has been carrying out development
of natural resources through a variety of such societies, viz. watershed development
society, forest development society, irrigation development society, etc. By and large,
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post-project sustainability of above social structures is low with the result sustainability
of physical structures is also low (particularly of community oriented structures /
measures). Usually credit worthiness, gender sensitization, and democratic functioning
of these societies is low, with the result they become unsustainable soon after the
completion of project period.

Stream 2: Cooperative Societies

These societies can earn profit for its members. The governing body of these societies
consists of a representative from the govt. department. These societies can avail loan
from external sources. Developmental projects through external funds can also be taken
by these societies.

The members of these societies are having a large heterogeneity, leading to difficulty in
facilitation of democratic processes. Gender sensitization is also low as majority of
members are men. Credit worthiness of these societies is usually low due to limited
assets as well as lack of regular saving as well as internal lending.

These societies include primary agriculture credit cooperative society, commodity based
cooperative societies (e.g. shepherds cooperative society, fishermen cooperative society,
milk cooperative society, etc), agricultural marketing cooperative society, input supply
cooperative society, etc. Majority of these societies are functioning at a low level of
efficiency except in cases where leadership is of good quality.

Stream 3: Self Help Groups

These groups are relatively smaller in size (usually 10-19 members per group) and their
members are largely homogenous with respect to socio-economic aspects. They regularly
carry out saving and internal lending with their common fund. These groups are not
expected to submit any asset as a security to bank for availing loan. The loan is given to
them on the basis of group (as a co-lateral security) once the process for internal lending
is stabilized for about 6 months with proper record keeping.

These groups are expected to focus not only on financial aspects during their regular
meetings but also address other needs related to individual, social, and livelihood related
aspects. The above concept is making a significant impact in the country by enhancing
the social capital among the community members particularly the women. It is facilitating
not only self-reliance in financial aspect but also overall empowerment of its members.

These groups are having higher degree of credit worthiness, sensitivity to gender and
democratic functioning. Recovery of bank loan has by and large been good. Also these
groups are functioning satisfactorily even beyond the project period. There is however a
need to evolve a suitable community managed regulatory mechanism for addressing
issues related to their long-term sustainability.
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Producers Companies

These companies are now registered under a simplified company act passed during 2002.
Under this social structures only the producers associated with a particular commodity
are eligible to become the numbers. Usually these companies are registered at apex level
(cluster of villages or even at high level). At the village level however there are producers
groups (associated with the above companies). These companies usually carry out higher
level functions for producers which may include aggregation of produce, collective
marketing, collective procurement of inputs, access to external fund, market intelligence,
etc.

Emerging Innovations under Each Stream of the CBO

Stream — I: Charitable Societies

As indicated earlier, these societies are organized mainly for carrying out participatory
development through financial assistance from govt. or other sources. Wherever capacity
building of the office bearers had been adequate, these societies have functioned properly
during the project period to utilize the funds available under the project. Post-project
sustainability of these societies is however low, with the result sustainability of physical
structures is also low. The following two structural refinements have been found to be
helpful in improving sustainability of these societies.

1. Integration of SHG concept into its general body and executive committee

Under this approach, the general body members are divided into a number of small size
and homogenous groups (with about 10-15 members per group). These groups carry out
credit and thrift activity on regular basis (like SHGs) which helps in improving their
creditworthiness, democratic functioning, solidarity and trust among each other.

Likewise functioning of the executive committee (EC) of the above societies is also
improved by gradually replacing its office bearers / members with representatives of the
SHGs. Once all members of the E.C. are replaced with SHG representatives, their capacity
to deal with revolving fund and other functions of the apex body is also enhanced which
eventually improves their post-project sustainability.

2. Co-existence of different types of CBOs

During post-project period, the societies are expected to deal with profit oriented
enterprises besides maintenance of community oriented assets. As discussed earlier, such
functions can be performed by other forms of CBOs like cooperative society, producers
companies, etc. Hence the same members of the charitable society may like to organize
themselves into another set of CBOs (indicated above) which may co-exist with it so that
multiple functions are performed by different CBOs as per their provisions.

150



(SAARC Training Program)

Stream — II: Cooperative Societies

As discussed earlier many of these societies are not functioning to the desired level even
though they may be existing on paper. This is also due to lack of credit worthiness,
democratic functioning, gender insensitivity, equity, etc. Sometimes functioning of the
executive committee is adversely affected due to procedural delay which is partly due to
the compulsory presence of a govt. representative as an office bearer in its governing
body. The following three types of structural refinements have been found to be helpful
in improving the functioning of above societies.

1. Registration of cooperative society as per the new act for self-reliant cooperative
society

These societies are registered under a new act which was initially known as Mutually
Aided Cooperative Society Act 1995. The above act was initiated in Andhra Pradesh
which has later on been adopted in 9 states in the country with minor variations. As per
this act, the cooperative society has no need to have a representative from govt. department
in its governing body (like charitable society) and at the same time it is authorized to earn
profit for its members (like the cooperative society).

In Andhra Pradesh, a number of self-reliant cooperative societies have been organized
which are based on credit and thrift concept (as being done in case of SHGs). The size of
the general body of above cooperatives is however bigger than the SHGs (usually 75 —
100). At present there are about 450 such thrift based societies in Andhra Pradesh out of
which about 60% are women societies and rest are men societies. At mandal level these
societies are federated as associations for providing additional support. Many of the
conventional cooperative societies registered under 1964 act are switching over to the
self-reliant cooperative society act 1995 which is found to be helpful in improving their
functioning.

2. Integration of SHG concept into its general body and executive committee (as
already discussed)

3. Co-existence of different types of CBOs particularly at apex level (as already
discussed)

Stream — III: Self Help Groups (SHGs)

At present, majority of SHGs are having only women members which are homogenous
with respect to socio-economic aspects but heterogeneous with regard to the livelihood
related aspects. Hence SHG could provide a suitable institutional platform for management
of financial aspects but it is not an ideal platform for facilitating livelihood development.
Over the years, the following innovations have emerged in the SHG concept to address
the above issues.
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1. Organization of not only women SHGs but also mixed SHGs, men SHG and
family SHGs

At present majority of SHGs are having women members. They are generally sustainable
with the result enough encouragement is given to them to involve in multiple types of
developmental agenda. Initially it was a desirable phenomenon which helped in
empowerment of women besides moving towards sustainable development. However
excessive dependence on women SHGs (for all types of developmental initiatives) is
creating an overload on women (on the one hand) and also adversely affecting the
involvement of men members within the family as well as in the community. In view of
this, a number of alternatives have emerged which includes mixed SHGs (in which either
men or women member from a family could become the member of SHG), men SHG (in
this case, separate groups are organized exclusively for men); and family SHGs (in which
both spouses of the family are advised to become members with an understanding that
any one of them can participate in the regular meetings but both have to sign on the
application for loan).

2. Organization of livelihood groups at village level

As discussed earlier SHG members are heterogeneous with respect to the livelihoods. It
is therefore essential to organize the groups separately for each livelihood so that
developmental interventions can be facilitated properly. These groups are also called as
Producers groups / Common Interest groups. Sustainability of these groups is found to
be higher if SHG concept has been integrated in them. There are three different options
to achieve the above objectives.

¢ Livelihood group to become a SHG: In this case, each livelihood group is encouraged
to carry out credit and thrift activity on regular basis (like SHG). This option is usually
successful with those groups whose members are nearly homogenous with regard to
socio-economic status. In case, size of a particular livelihood group is large (more
than 30), it can be sub-divided into a number of small size livelihood groups (having
10-15 members) based upon their affinity / socio-economic homogeneity.

¢ Livelihood group members to emerge out of existing SHGs: In situations where
size of livelihood group is small (less than 20), the members may emerge out of
existing SHGs. The livelihood groups may carry out production related deliberations
but financial transactions are to be carried out by their respective SHGs.

¢ Livelihood group members to join in other SHGs: In situations where size of
livelihood group is small (and members are heterogeneous in socio-economic status),
they may choose to join other SHGs where the members are having affinity and
socio-economic homogeneity. As mentioned above, the livelihood groups will focus
on production related deliberations but financial transactions will be carried out by
their respective SHGs.
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3. User groups

These groups are largely associated with community oriented structures (related to natural
resource) namely water harvesting structures, commonly bore wells, biomass in common
land, etc. Proper management of developed natural resources is very essential for
sustainability of the structure / measure as well as utilization of the resource in an equitable
manner. At present sustainability of user groups is low. A cluster of processes are required
for improving the sustainability of these groups which includes :

¢ Improving the structure of UGs by integrating SHG concept into it (as already).

¢ Enhancing the ownership of UG members towards the community oriented structures
by facilitating demand-driven planning, collection of genuine contribution in advance,
participation in implementation of approved structures, etc.

e Formal allocation of user’s rights at three levels — ownership right over the structures
to gram panchayat, management right over the resource to federation of UGs and
usufructs over the resource to the members of the UG

e Payment of users fee by the members as per the proportion of utilized resource

4. Area groups

It has been observed that size of area under the watershed association is usually too large
(about 500 ha) which is not conducive for carrying out meaningful deliberations. Its
functioning could however be improved if it is divided into a number of small size area
groups (30-50 ha each). Sustainability of the area group is further enhanced if the members
carry out credit and thrift activity on regular basis. On the whole, the functioning and
sustainability of area group is found to be satisfactory even if about 60% members
participate in credit and thrift activity (including those who are having affinity and socio-
economic homogeneity).

As expected, sustainability of area group has a positive bearing on functioning of watershed
association (WA) since the members get a chance to prepare in the smaller size groups
(during the normal credit and thrift activity meeting) before they go for WA meetings.

5. Federation of SHGs at apex level (village / mandal / block / district)

There are a number of additional functions which need to be performed besides what can
be done at individual SHG level. This includes capacity building of new and old SHGs,
monitoring the grade of SHGs, development of livelihoods, linkage with banks and other
developmental organizations, collective marketing, decentralized processing, etc. For
this purpose, federations of SHGs are organized at different levels with an understanding
that their roles would be to build the SHGs rather than replacing their functions. Usually
financial transactions with banks are carried out directly at SHG level. However revolving
fund / community interest fund from govt. department could be handled by the federations
through the SHGs. These federations are managed by two types of bodies (i) executive
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committee (with limited number of representatives from SHGs / lower level of federations)
and (ii) governing body (with representatives from large number of SHGs)

6. Registration of apex bodies of SHGs under the self-reliant cooperative society act
(as already discussed).

7. Constitution of thematic sub-committees besides executive committees of SHG
federations

The executive committee of SHG federations has been able to facilitate financial
transactions (management of revolving fund / community investment fund, bank loan,
etc) as well as govt. schemes for social welfare. However development of livelihoods
was becoming difficult by the normal executive committee since all members of the
body are not having same interest in a particular livelihood. This issue is addressed
successfully by constituting thematic sub-committees. All members in the thematic
committee have interest in a particular livelihood. Separate thematic sub-committees are
to be constituted for each major livelihood. One member in their sub-committee could be
represented by the concerned executive committees to provide better linkage and feedback.
It is always better to have a separate bank account with each thematic sub-committee.
These thematic sub-committee works with respective livelihood groups at village /
habitation level.

8. Co-existence of apex bodies of SHGs with other CBOs namely producers
cooperatives, producers companies, etc (as already discussed).

9. Organization of community managed resource centres (at apex level):

These resource centres have been created at a cluster of villages (with about 40-50 SHGs)
to provide professional support to various SHGs on service charge basis. The field
experience with MYRADA has shown that with initial support towards building a
reasonable infrastructure as well as handholding of the unit, it becomes feasible to make
them self-reliant in about 5 years. It would be useful if these resource centres could also
play the governance role for regularly watching the functioning of SHGs, and their apex
bodies to address conflicts and prevent them from becoming non-functional.

Producers Companies

Although, producers company act is relatively more user-friendly (in favour of actual
producers of a commodity), sustainability of the company has been low after the
withdrawal of the facilitating agency. The following two structural refinements have
been found to be helpful in improving the sustainability of these companies :

e Adoption of credit and thrift concept for organization of producers groups (as already
discussed).

e Co-existence of producer companies with apex bodies of SHGs (as already discussed)
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Role of Different CBOs in Participatory NRM

Under the changing scenario particularly in the watershed programme, the overall agenda
has been diversified to include three categories of functions namely :

e Development of natural resources
® Management of developed natural resources
e Development of livelihoods

Hence a matching diversification is required in the community based organizations for
addressing the three types of interventions indicated above. The proposed CBOs are to
be organized at two levels which include (i) groups at habitation level and (ii) higher
bodies at apex level. Groups at habitation level include SHGs, LGs, UGs, CIGs, AGs,
Producers groups, etc. Higher bodies at apex level include WC, WA, federation of SHGs,
federation of UGs, producers companies, producer cooperatives, self-reliant cooperative
societies, etc. The CBOs dealing with development of natural resources are as follows:
(i) User groups, (ii) Area groups, (iii) Watershed Committee and (iv) Watershed
Association. These CBOs help in facilitating demand-driven and development of natural
resources. The CBOs dealing with management of developed natural resources are as
follows: (i) federation of UGs and federation of WCs. These CBOs help in repair and
maintenance of structures, efficient use of developed natural resources, management of
conflicts, facilitation of user rights, facilitation of user charges, etc. These CBOs however
work with UGs and AGs at village level.

The CBOs dealing with development of livelihoods are as follows: (i) SHGs, producer
groups, producers companies and federations of SHGs. These organizations deal with
production, processing and collective marketing of produce. Supply of need-based inputs
including credit support is also facilitated by these CBOs.

Conclusion

There is a need for a separate project (with a dedicated spear heading team of resource
persons) to organize sustainable CBOs (as a preparatory work for handling participatory
developmental projects). Priority may be given to locate development programmes in
those villages where sustainable CBOs already exist. Upscaling of emerging innovations
related to CBOs may be given focused attention. Systematic study and documentation of
emerging experiences in different streams of CBOs may be carried out so that they may
help in re-designing of existing CBOs.
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Watershed Concept

In India more than 75% of population depends on agriculture for their livelihood.
Agriculture plays a vital role in ours country’s economy. Our scientific surveys have
revealed that more than 70% of the total geographical area is under distress due to frequent
occurrence of droughts and agriculture is seriously affected by uncertain monsoon. In
order to mitigate droughts which occur frequently in several parts of the country especially
in dryland areas the Ministry of Agriculture and Co-operation has launched an integrated
watershed concept using easy, simple and affordable local technologies. A watershed is
basically a geo-hydrological unit where the excess water collected through rainfall drains
to a common point in the form of surface run-off after infiltration in to the top permeable
layers of the earth. Generally watershed area is encircled by a ridgeline following ridge
and valley topography. Watershed concept has now become one of the major programmes
of the Ministry of Rural Development to improve environment by developing our natural
resources like soil, water and vegetation.

Need for a Watershed Approach

The community based integrated watershed approach is highly essential in order to meet
the needs of ever-growing population i.e. for providing food, fodder, fiber and shelter by
rejuvenating land and water resources especially in rural areas. To achieve this goal
proper management of natural resources by adopting suitable scientific solutions for
optimum development of land, vegetation and water resources in a sustainable manner is
essential to the maximum possible extent. It is felt that in our country a majority of the
areas still require great thrust and appropriate measures.

Scope of the Present Study

In order to generate optimum utilization of existing natural resources like land, vegetation
and water in selected watershed proper scientific surveys should be conducted. These
include soils, hydro-geomorphology, land use/land cover pattern, surface & ground water
potential surveys in addition to gradient of the terrain particularly, slope and aspect which
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plays a vital role in suggesting/implementing various soil and moisture conservation
measures. Based on the mapping and analysis (using GIS as a powerful information tool)
of various natural resources mentioned proper soil and moisture conservation practices
can be adopted to mitigate the adverse effects of drought conditions which led to the
degradation of natural resources. The natural resource data thus generated will be useful
to conserve and manage watershed properly to achieve sustainable development
particularly, in ecologically fragile areas in order to meet the living standards of the rural
communities. The restoration of ecological balance and the productivity of various land
based activities which can indirectly generate gainful employment to the rural poor can
be achieved through the effective use of this reliable decision support system.

Study Area

Six micro-watersheds in Chevella mandal of Ranga Reddy district have been selected
under DPAP (Drought Prone Areas Programme) for the present study in which some
have been under treatment since last few years, some are with recent watershed treatment
measures and a few with where delineation has been completed with proposition of
different watershed activities for approval. The selected watersheds under DPAP scheme
are (i) Chevella (ii) Pamena-1 (iii) Pamena-2 (iv) Talaram (v) Antaram and (vi) Kistapur.

LEGEND

——— Chevellamandal administrative boundary
—— Study area boundaries Scale 1: 125000

Location of the study area in Chevella Mandal

Data Collection

(i) Primary data

Detailed watershed reports comprising micro-watershed boundaries with various
watershed activities of soil and moisture conservation have been collected from District
Water Management Agency (DWMA) of Ranga Reddy District. Survey of India toposheets
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(Numbers 56K/3 & 56K/4) have been acquired from Survey of India, Hyderabad. False
color composite (FCC) and panchromatic (PAN) satellite imagery (IRS P6 of the year
2003) have been acquired from National Remote Sensing Agency, Hyderabad. Cadastral
maps have been acquired from Deputy Director, Central Survey Office, Hyderabad.
Rainfall data of Chevella mandal has been collected over a period of 8 years from the
Chevella mandal revenue office. Temperature data of the Ranga Reddy District has been
collected from the Director, India Meteorological Centre, Hyderabad)

(ii) Secondary data

Field survey for Pamena-2 micro-watershed has been conducted to check the accuracy/
validity in terms appropriate location of existing structures like check-dams and vegetative
barriers proposed based on hydrology modeling.

Map Preparation

Different thematic maps namely base map, land use/land cover, hydro-geomorphology,
slope, ground water potential and soils have been prepared based on the standard
methodology defined by National Remote Sensing Agency, Dept. of Space, Govt. of
India as per IMSD guidelines. In addition to these, cadastral maps have also been digitized
using Arc Info software.

(i) Base Map

Base map has been prepared from Survey of India toposheets on 1:50,000 & 1:25,000
scale comprising drainage system, settlements, village administrative boundaries and
road network within the watershed based on the boundaries obtained from watershed
treatment maps presented in detailed project reports.

Methodology for Base Map Preparation

Scanning of maps

All watershed treatment maps that are acquired from District Water Management Agency
and toposheets from Survey of India have been scanned using Ao size flat bed scanner.
The possible source and expected outcome of different layers are presented in table the
table given below:

S.No. Source Output layers
1 Watershed Treatment Watershed boundaries, treatment
maps structures, village boundaries
2 Survey of India Drainage network, village bound
Toposheets aries, settlement boundaries
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Registration of scanned maps

Scanned maps have been registered with respect to grid base using Erdas Imagine software
in order to have real world coordinates. The 16 intersecting points of longitudes and
latitudes have been considered as GCPs (Ground control points) and developed a GCP
model with mean residual error. Each toposheet on 1:25000 scale (covering 4 sheets per
one 1:50000 scale toposheet) toposheet has been registered separately. After registration
of individual toposheets a mosaic has been prepared for the entire study area. Similarly,
the same process has been continued for registering watershed treatment maps.

Registration of satellite image

Georeferencing process has been done using ERDAS Imagine software. This process
requires high accuracy (mean residual error and standard deviation less than half a pixel
size. The permanent features like rail-road intersections (junctions), dams, bridges and
confluences of rivers have been taken as GCP reference points. Care has been taken
during image geometric correction process to distribute all GCPs evenly over the whole
area. After assigning all GCPs transformation model has been calculated. GCPs with
maximum residual errors have been deleted. The calculation process has been repeated
to check the minimum mean residual error and standard deviation. Image orientation has
been verified with reference to toposheets.

Vectorization and labeling

Conversion of point, line and polygon attribute data from raster to vector form has been
done through digitization process using ArcInfo GIS software. After digitization the errors
such as pseudo nodes/dangle nodes, undershoots, overshoots have been corrected. Labels
have been entered in all polygons and also to different arcs (arc-ids) of the features.

Topology creation

After labeling process to create topology, all coverages have been cleaned with line as
well as poly options.

Projection

Projection is the process of transformation of three dimensional space onto the two
dimensional process. The arc coverages thus generated from rectified toposheets through
digitization process and watershed treatment maps have been projected in to real world
coordinates by adopting standard projection procedure for the purpose of integration
during spatial analysis.

Establishing tics

A tic is aregistration point or geographic control point which represents x and y coordinates
(longitudes and latitudes) of real world coordinate system. At least four control points
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are required for projection. For all toposheets and watershed treatment maps tics have
been established for transformation process.

Transformation

After projecting coverages to real world coordinates by standard projection procedure,
all features like polygons and lines have been transformed to real world coordinates by
transformation process.

Here the problem lies with cadastral maps i.e., they do not possess known map coordinates.
In order to solve this problem these maps have been transformed on to the toposheets by
identifying well known reference points on the toposheets in the watershed area.

(ii) Ground Water Potential Map

Ground water potential map plays a vital role in proposing structures. Preparation of
ground water potential map requires pre and post monsoon ground water level data. Due
to lack of any field data substitute/alternate method has been adopted. For this purpose
land use/land cover map generated based on satellite image interpretation has been used.
The ground water potential in the watershed area has been categorized in to three classes
based on the cropping pattern. They are (i) Good (ii) Moderate and (iii) Poor.

Hydrological analysis

The hydrological modeling process deals with assessing various hydrological
characteristics of a surface. The basic parameter which controls the surface water flow
(run-off) is the shape of the surface (terrain). Slope and aspect play a vital role in
determining the shape of a surface. The basic inputs required to generate a hydrological
model for a region are slope, aspect, sinks, flow direction, flow accumulation, pour points
and a possible stream network. The whole hydrological process can be broadly divided
in to 2 phases i.e. (1) Surface analysis and (2) Hydrological analysis.

Surface analysis

Surface analysis process involves creation of Triangular Irregular Network (TIN) and
Digital Elevation Model (DEM) from elevation data either in the form of spot heights or
contours. In the present study contour data in the vector form extracted from the Survey
of India toposheets on 1:50000 and 1:25000 scale through digitization process has been
used.

Conversion of contour data to vector form from raster data

Firstly, Survey of India toposheets on 1:50000 and 1:25000 scale have been scanned
using Ao size flat bed scanner and converted to Tiff raster format. These maps have been
projected to real world coordinate system. Contours (poly lines of equal elevation) have
been digitized using Arc-Info GIS software. After digitization editing has been done to
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remove pseudo nodes, overshoots and undershoots. Arc topology has been created by
‘Clean’ command. The coverage has been projected to polyconic projection after
establishing tics to generate TIN which is an essential part in surface modeling.

Generation of TIN (Triangular Irregular Network) & DEM (Digital Elevation Model)

In order to establish flow accumulation points and possible stream network an elevation
raster has been created. For this contour data thus generated in the vector format has been
used to generate TIN using Arc-Map 3D analyst functions. Later this TIN has been
converted to DEM (Elevation raster) raster form by spatial analyst functions. Slope map
has been generated from the elevation raster by surface analysis tools under spatial analyst
functions. Similarly, aspect map has also been prepared from the slope map in the same
method mentioned.

Slope and aspect

Slope and aspect maps play a crucial role in addition to flow direction and flow
accumulation in hydrological modeling. Slope is one of the important terrain parameters
which is explained by horizontal spacing of the contours. In general, in the vector form
closely spaced contours represent steeper slopes and sparse contours exhibit gentle slope
whereas in the elevation output raster every cell has a slope value. Here, the lower slope
values indicate the flatter terrain (gentle slope) and higher slope values correspond to
steeper slope of the terrain. In the elevation raster slope is measured by the identification
of maximum rate of change in value from each cell to neighboring cells. The slope values
can be calculated either in percentage or degrees in both vector and raster. The percentage
of slope can be calculated by using this equation i.e. Rise/Run*100. It is important to
note that when the slope angle equals to 45° the rise and run are equal and the slope angle
is equal to 100%. The slope map thus generated from elevation raster exhibits different
slope categories depending up on the slope of the terrain. The output cell size plays a
very important role in generating output slope raster. In the output slope raster, steeper
slopes are shaded in red colour. We can reclassify this slope map as per our requirement.
In general slope map comprises of seven broad classes as per AIS&LUS (All India Soil
and Land Use Survey). The slope classification is as follows:

Class Percentage Slope Category
1 0-1 Nearly level
2 1-3 Very gently sloping
3 3-5 Gently sloping
4 5-10 Moderately sloping
5 10-15 Strongly sloping
6 15-35 Moderately steep to steep sloping
7 >35 Very steep sloping
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Aspect is the direction of slope with respect to north. In output slope raster generation,
aspect identifies the down-slope direction from each cell to neighboring cells. The aspect
values of the output raster will be measured in the compass direction. i.e. from N-NE-E-
SE-S-SW-W-NW (i.e. 0°-360°in clock-wise direction).

Hydrological Analysis

The hydrological analysis process includes filling of sinks, identifying maximum flow
directions, possible accumulation points, creating a stream network, basin demarcation
based on flow direction, by locating pour points (lowest point along the boundary of the
watershed) at the edges, sinks and by identifying the contributing area above each point.
An elevation raster is required to process hydrological modeling. The flow diagram is
shown here.

Sinks

Sinks are the junction features which pull flow from the ends of the network as per the
definition in hydrology, but the sinks that appear in the elevation raster data are due to
errors like sampling effects and rounding of elevations to integer numbers. Sinks in this
model have undefined directions of one of the eight valid values in a flow direction raster
(i.e. 1 to 128). Sinks generally occur in elevation raster due to neighboring cells are
higher than the processing cells. The elevation raster data should be free from sinks to
create an accurate representation of flow direction and accumulated flow. ‘Fill sinks’
option has been used under hydrology function to remove sinks from the elevation raster
data (DEM).
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Flow direction

Flow direction indicates the direction of surface flow which is an integer raster value
ranges from 1 to 255. In an elevation raster if a cell is lower than its neighboring cells, the
direction of the flow will be towards that cell. In some elevation rasters when multiple
neighbours have the lowest values then the flow will be defined by filtering out one cell
sinks. In some cases if a cell has the same change in ‘Z’ value in multiple directions the
resulted flow direction will be sum of those directions. The flow direction can be
determined by finding steepest descent from each cell which can be calculated from the
following expression:

Change in Z value/Distance *100.

The elevation raster thus generated free of sinks has been used to generate the flow
direction in the study area using ‘Flow direction’ option in hydrology analysis function.
The output flow direction raster shows eight (8) possible directions in which the possible
surface will be existed.
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Flow accumulation

Flow accumulation will be generated from the error free elevation raster data. The cells
of undefined flow directions other than (1 to 8) will only receive flow accumulation. The
accumulated flow in the output raster will be calculated based upon the number of cells
flowing into each cell. The high flow areas in the output raster are the areas of concentrated
flow which area important to identify possible stream channels similarly, those areas
with flow accumulation value zero (low) are the areas of topographically high like ridges.
A stream network can be created by using the results of the high accumulated flow.
Similarly, this stream network can be used as input to the stream order, stream line and
stream link.
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Basin/watershed/ catchment/ contributing area

Basin can be defined as the total area flowing to a given outlet or pour point. Basin
function in hydrology delineates all drainage basins by identifying ridgelines between
adjacent basins. Here the basin analyzes flow direction raster to find all sets of connected
cells which belong to the same drainage basin. The drainage basin will be created based
on the identification pour points (outlet of the drainage) all along the edges and sinks and
by identifying the contributing area above each pour point in the source raster. Pour
points are the lowest points along the boundary of the watershed. The elevation raster
(DEM) has been used to generate a contributing area. The stream channels thus generated
based on basin function in hydrology can be checked with the original drainage layer that
has been extracted from toposheet.

Criteria for Proposing Structures

Proposing of different soil and water harvesting structures plays a very crucial role which
requires a well qualified and well experienced man power with thorough knowledge in
various water conservation programmes. For this purpose we have to take slope, flow
direction and flow accumulation output raster maps along with drainage coverage which
has been created from Survey of India toposheets into consideration. First, overlay the
drainage layer on the slope map and identify the medium sloping areas (3-5%) along the
drainage. Similarly, overlay the drainage layer on flow accumulation layer and identify
all high flow areas (high accumulation). The high flow areas are normally displayed in
white colour otherwise based on the reference can be identified very easily. After
identifying high accumulation areas on medium sloping areas suitable structures have
been placed at appropriate locations across the stream by a symbol using Arc Map. The
mentioned criterion has been followed for proposing check dams and vegetative barriers
(up to 10% to 15% slope has been considered).

Integration for Water Resource Assessment and Water Resource Developemnt

Integration of structure map (proposed based on hydrology model) over different thematic
layers is very important part in order to assess their validity or requirement. Overlay
techniques have been used for integration of different thematic layers like land use\land
cover, hydro-geomorphology, soils and ground water potential maps prepared as per
IMSD guidelines in order to test their validity and also to understand real field conditions.
After analyzing these structures with each of these themes mentioned we felt that some
of the structures are not required. Following this observation some of the structures which
have been proposed based on hydrology modeling have been deleted. Similarly, some
more structures have been added at places where they are required based on the analysis
of the themes mentioned.
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Water resource development plan

Water resource management plays a vital role in sustainable development of watershed
which is possible only through the implementation of various water harvesting techniques.
The efficient way for sub-surface water storage, soil moisture conservation or ground
water recharge technologies should be adopted properly under water resource development
plan. Similarly, developing of wastelands by appropriate measures can improve water
resources on uplands in the watershed. The various measures adopted under soil and
water harvesting are

® Vegetative barriers

Building of contour bunds along contours for erosion

Furrow/Ridges and Furrow ridge method of cultivation across the slope

Irrigation water management through drip and sprinkler methods

Planting of horticultural species on contour bunds

In addition to these measures, the following water harvesting structures should be
implemented all along the gullies at problematic sites. These structures include:

e Construction of check-dams across gullies

e Building of mini-percolation tanks

e Construction of wire gabion structures across gullies
¢ Building of farm ponds in the plain areas

e Building/digging of inversion wells particularly in places where vesicular basaltic
rock is overlain by massive basaltic rocks

e Recharge pits at some selected locations along water divide areas

e Gully plugging to prevent gully erosion and further down cutting of gullies
particularly at places where gully erosion is predominant

Some other methods for soil and water conservation

The following methods may be adopted in areas with black soil & low rainfall.
e Field bunds with waste weirs
e Land leveling and deep ploughing
e Surplus water through field to field by stone waste weirs

Mechanical measures to prevent water erosion
Graded bunds
Bench terraces

Grassed water ways

Diversion drains
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Limitations

Itis felt that field information is required to support structures proposed based on hydrology
modeling. For instance ground water potential can be estimated only from intensive filed
observations of water table at least during two seasons i.e., pre and post monsoon periods.
Similarly, for proposing structures the following parameters like soil depth, texture, terrain
conditions and slope all along the gullies at micro-level (on large scale) are required.
This type of micro-level information is not available from any other published evidence
so far.

Soil and Moisture Conservation Measures

The following in-situ soil moisture conservation measures may be adopted on the
agricultural lands (out side the gully course) to harvest rain water and soil conservation.

Vegetative Barriers

This is a semi-permanent soil and water conservation structural measure which can be
adopted in almost areas irrespective of rainfall and soil type. Vegetative barriers are
closely spaced stiff-stemmed dense plantations like grasses, legumes or shrubs grown in
a few narrow parallel rows along contours for erosion in agricultural lands with flat and
undulating topography Fig.1 in order to prevent soil erosion and also silting of percolation
tanks, check-dams and minor irrigation tanks. These act as barriers in concentrated surface
run-off areas to reduce the velocity thereby to prevent sheet, rill and gully formation
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Fig. 1 : Vegetative Barriers
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(ephemeral gully formation), to trap sediment to maintain soil fertility and allow more
water to recharge the ground.

Site condition

Vegetative barriers can be established in all types of lands with flat and undulating
topography except in class-VII lands and also in desertic environments. Vegetative species
can be selected on the basis of soil type and climatic conditions.

Design criteria

The most important item in designing vegetative barriers in addition to the selection of
vegetative species is spacing (interval) between rows which depends up on the vertical
drop of the land. Vertical interval of vegetative barriers should be nearly half of the
mechanical barriers. Depending up on the habitat of species selected, number of rows
and plant to plant spacing will be decided. The following points should be taken into
consideration while selecting vegetative species. The vegetative species should be
perennial with stiff stems that remain intact through out the year, tolerant of both dry and
wet soil conditions and should have ability to penetrate several inches of sediment and
capability to grow even from buried stem nodes with rhizomatous or stoloniferous growth
characteristics.

The following species like vetiver, agave, swithgrass,(Panicum Virgatum L., leucaena,
lemongrass, cenchrus ciliaris and eastern gamagrass(Tripsacum dactyloides) are the
suitable warm-season plants, can be selected for soil conservation. In addition to these
plants, grass strips of 1 to 2 m wide can also be used in cultivated areas, pasture and also
in forest areas to prevent soil erosion.

Farm Ponds

Farm ponds are man made water reservoirs built in agricultural lands by constructing an
embankment across a water course or excavating a pit with small diameter and moderate
depth. This is one of the best measures particularly, in rainfed dryland areas to store rain
water during monsoon period in order to provide drinking water for live stock, human
beings and irrigation purpose.

Site condition

Farm ponds are effective especially in black soil areas. Dug out farm ponds are suitable
in areas having flat topography where water table is very close to the ground level.
Similarly, impounding type (embankment) of farm pond is ideal in places where well
defined waterways and low soil permeability with rolling topography.

Design criteria
The size of the farm pond can be decided based on the total requirement of water for
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irrigation, livestock and also for domestic use. In addition to these the total run-off entering
the pond also should be taken into consideration while designing the pond. The pond
capacity can be estimated based on the equation given below.

Pond capacity = Irrigation requirement + Livestock requirement +
Domestic requirement + 20% of the sum of the above towards
evaporation and other losses.

In general, in low rainfall areas 1 ha catchment area can provide 100m? of run-off and
similarly, in medium rainfall areas 1 ha of catchment can yield 200m? run-off. The actual
size of the farm pond should be one half or less than the total amount of annual run-off
taking into consideration of the above observation. One farm pond can be recommended
for every 25 ha of land.

Excavated farm pond (Fig.2) an be constructed either in square or rectangular shape
whereas embankment type will (Fig.3) be determined purely based upon the physiography
of the area. The side slopes of the excavated farm ponds should be preferably flatter (1:1)
which will be decided based on the type of the soil. ‘Drop inlet’ types of spillways are
generally used for farm ponds. Each farm pond should have ‘Sod’ type spillway or
emergency spillway in order to dispose overflow during heavy rains. For watersheds
ranging 4 to 12 ha require a combination of both mechanical and vegetative spillways .

inlet , | 12m | i

|
Dimensions
Bottom width: 6m x 6m Silt pit depth: o.si
Top width: 12mx 12m Inlet width: n
Depth: 3m Capacity: 250
Side slope: 1:1 |

Catchment: 1 ha (app!

Fig.2: Excavated Farm Pond Fig. 3 : Embankment Farm Pond

Bunds

Bunds are small earthen barriers constructed in agricultural lands on 1-6% sloping lands
to avoid gully formation by reducing velocity of run-off, percolation into the soil and to
reduce sand deposition in down stream areas. These are semi-permanent mechanical
measures built all along the contours for erosion by means of earthen to delay surface
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run-off in order to allow more water to be infiltered into the earth (soil layers as well as
ground water recharge).

Here the velocity of the surface run-off will be reduced and delayed by converting long
slope splitting into several smaller ones. This measure will be useful to undertake
agronomic operations for man and animals by field to field access.

Bunds are broadly divided into (i) Graded bunds and (ii) Contour bunds which can be
adapted to suite different environments depending upon the annual rainfall.

Site condition

Both graded and contour bunds can be built on 1-6% sloping agricultural lands to avoid
gully formation, to reduce surface run-off velocity thereby increase recharge to the ground
water and reduce sand deposition particularly, in lower lands.

(i) Graded bunds

Graded bunds are suitable in areas with medium to high rainfall (i.e. annual rainfall of
600 mm and above) and soils with poor permeability and soils of crust formation nature.

(ii) Contour bunds

Contour bunds are suitable in low rainfall areas (i.e. annual rainfall of less than 600 mm)
and areas with light textured soils. Vegetation can be grown on these bunds.

Design criteria

(i) Graded bunds

Graded bunds can be constructed in two ways one with providing a channel and the other
one without channel. Graded bund without channel is found to be effective. The minimum
cross section area for shallow soils is 0.3m?, (Fig.4) for red and alluvial soils 0.5m? and
for heavier soils 0.675m* The minimum cross section area can be considered as 0.5m’.
The following equation can be used to fix the distance between successive beds.

VI=(s/a+b)0.3
Where V. is the vertical interval in metres
s = slope in percentage
a = constant value ranging from 3 to 4 for permeable soils
b = constant with average value of 2

(ii) Contour bunds

The design of contour bunds is presented in (Fig.5) can be made considering water storage
equivalent to 50 mm of rainfall. The contour bund specifications which are suitable for
different soil environments are presented here. For gravelly soils cross section area of
the bund is 0.45 m? for red soil areas 0.72 m?, for shallow to medium black soils 1.07 m?
and for deep soils 1.32 m?
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Fig. 4 : Cross sections of graded bunds for different soils

Fig. 5 : Contour Bunds

Contour Furrow/Ridge and Furrow

This is a mechanical and vegetative barrier. Contour furrows are trapezoidal/ V-shaped
trenches dug all along the contours for erosion. This measure is effective in reducing
surface run-off to increase infiltration particularly, at high sloping areas.

Site condition

This measure is suitable for areas where slope of the cultivated land is more than 5% to
conserve rain water.

Design criteria

These V-shaped trenches should have a width of 0.6 to 1 m at the top and 0.4 m at the
bottom with a depth of 0.4 m. These trenches can be made as continuous or staggered
and they may be planted as well.

Irrigation and Water Management

In dryland agriculture water management plays a very important role. The efficient method
to economize water application is through drip and sprinkler method. Similarly, planting
of horticultural species on field bunds can reduce water through evaporation from crops
and also act as shelter-belt in preventing wind erosion at specific locations.
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Fig. 6 : Contour Trenches

Water harvesting measures

Water harvesting measures are purely dependent up on rainfall and soil type in a selected
area. Several indigenous practices as well as in-sifu rain water harvesting measures are
available for water harvesting to implement in different parts of the country. The indigenous
practices include (i) run-off farming (ii) ground water recharge and (iii) river based
systems. The indigenous water harvesting structures are suitable for several tropical and
sub-tropical regions where run-off is only 10-40%.

In dryland areas rainwater is the only source for agriculture production. The infiltration
of water into the soil layers affected by various parameters like (i) slope of the terrain (ii)
capping of the surface and (iii) large areas without any barriers which require various
methods in the form of vegetative /mechanical barriers to stop surface run-off to some
extent in order to allow infiltration to recharge ground (top layers of the earth). The
following gully control measures may be adopted to recharge ground water in the upstream
and middle reaches of the streams.

Checkdam

A check-dam is also known as an anicut which intercepts the rain water from the upstream
of the local catchment and stores for direct use and/or ground water recharge of the down
stream wells. A check dam has an earthen dam with a masonry spill way. Under permanent
check dams concrete or masonry or earth dams to store and slow down water are suggested.

Site condition

Check-dams will be constructed across 1st and 2™ order streams particularly, in medium
sloping areas (0-5%). Temporary check dams are suggested in the case of head ward
erosion of gullies where gullies encroaching into the adjoining agricultural lands.
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Design criteria

These structures are designed based on the analysis of recurrence interval of rainfall over
aperiod of about 50 years. Local guidelines should be followed while designing structures.
One check-dam with a capacity of 0.5mcft for about 25 ha of land is sufficient to recharge
ground water and also as points for cattle.

The water thus retained at check dams may be also used for irrigation crops. Synthetic
bags filled with sand or loose boulders can also be used instead of earthen structure.
Particularly, in areas with high rainfall and medium black soils gabions (wire boxes
filled with stones) are suggested.
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Fig. 7 : Check dam (masonry)

Loose Boulder Check-dams/Rock Fill Dams

This is a semi-permanent mechanical structure constructed across stream/nala with variable
sizes of stones (boulders) or over burnt bricks to check the velocity of watershed, recharge
the ground and also to arrest silt. This is one of the most effective and economical measures
for gully control and it is an arrangement of loose boulders across stream/nala. These
structures are of permeable type in order to arrest suspended sediment load.

Site condition

This structure is effective in all areas irrespective of rainfall and soil type. This measure
is successful in the reclamation of broad and shallow gullies by promoting vegetative
growth. These are suitable in places where width of the gullies are not wider than 10
metres and where loose bouders are available locally and cheaply. Gabions are preferred
where foundation conditions are unstable. Rock fill dams need better foundation conditions
rather than earthen dams or earthen gully plugs.
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Design criteria

Rock fill dams need special design because gullies which origin from hill slopes, normally
have high velocity during peak flows. Rock fill dams should be constructed at a vertical
interval of 1.5 to 2 m along the gully bed and also at gully heads. The stones used for rock
fill dams should be larger than 30 x 30 x 30 cm. The average height of the rock fill dam
should be 4 to 5 metres. The minimum rock fill in the dam should be not less than 0.5 m.
And the side slope of the dam should be 2:1 or flatter. The central portion of the rock fill
dam should be low or a rectangular free board in order to allow peak flows. The trapezoidal
or tapering cross section of these type dams reduces the friction and resultant damage
during peak floods. In order to reinforce the dam the down slope side should be constructed
with rock rubble. Cut-off walls with a thickness of about 20cm should be provided at the
upstream and they should extend into the rock surface or disintegrated material. The
structure should have strong foundation with adequate notch capacity and sizeable
anchorage into the gully walls. Voids in the dam can be filled with small size metals also.
For notch portion dimensions the following weir formula can be used.

Q=175LH?**
Where Q = Peak discharge,( m*/sec)
L = Length of rectangular waste weir,(m) and
H = Depth of flow of water over the waste weir,(m)
(Depth of flow of 0.3 m can be used)

The hydraulic structures including side walls, wing walls and aprons should be constructed
similar to masonry drop structures.

The schematic diagram is shown in Figure .8:

top of banl

~J0.30m

dry stone taken 0-3 minto bed and sides

[

Fig. 8 : Loose boulder check dam
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Wire Gabion Structures

Wire gabion structure is a semi-permanent mechanical structure suitable in steep sloping
gully areas to prevent sediment erosion and also to recharge ground water. In wire gabion
structures loose boulders are enclosed with wire mesh to reinforce the structure(See Fig.9).

Site condition

These structures are suitable in areas with high rainfall and steep slopes. This measure is
not effective in boulder strewn gullies with high rock mass flow. These semi-permanent
check dams should be constructed across steep sloped gullies.

Design criteria

In this structure wire-woven baskets should be filled with pebbles and cobbles and built
across gullies to prevent sediment erosion during heavy rains. These structures should
have openings less than the average size of the rocks. The wire mesh reduces the corrosive
action by rock mass flow. In badland areas thin perforated and fabricated GI sheets are
recommended.

Gully Plug

Gully plugs are generally earthen embankments or loose boulder bunds with a spillway
and some vegetative cover built across active gullies with less than a metre depth where
active erosion is prevalent. Gully plugs act as grade stabilization structures by depositing
silt load which creates micro-environment for establishing vegetative cover. Gully
plugging generally adopted to prevent down cutting of gully heads and also to prevent
silt load movement towards down stream areas.

Site condition

Gully plugs are suitable in small and medium gullies where run-off velocity is low and
the slope of the gullies ranges between 2-3%. Gully plugs are suggested particularly
where foundation conditions are unfavourable for loose or masonry structures.
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Fig. 9 : Wire Gabion check dam
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Design criteria

The designing of gully plugs includes an embankment, a mechanical spillway and a
grass ramp. The grass ramp should be constructed with a crest about 60cm below the top
of the embankment. A pipe outlet should be installed 30cm below the ramp level. The
minimum cross section of the embankment of earthen dam for gully plugs is 1.25m? and
it should be ranged between 2.5 to 25 m?. Similarly, the embankment should be grassed
and also by raising vegetation like babul.

The specifications for type of gully plug up to 10% slope, infiltration materials and the
location of the gully plug are presented in the Table 1 as follows:

Table 1 : The specifications for type of gully plug upto 10% slope, infiltration
material and location of the gully plug

Slope location | Width of gully bed | Type of gully Vertical
of the gully in metres plug interval in

metres

0-5% Gully bed up to 4.5 Brushwood up to 3
5-10% Gully bed up to 4.5 Brush wood up to 3
Gully bed 45t06 Earthen and 1.5t03

side branch
Confluence 7.5to 15 Sand bags 2.25t03
of two gullies

Nala Bunds and Percolation Tanks

Nala bunds and percolation tanks are the permanent mechanical recharge structures
constructed across nalas to check the velocity of run-off and to increase water percolation
in order to improve soil moisture regime. Nala bunds and percolation tanks are similar
structures used alternatively at different places.

Percolation tanks are small storage tanks constructed across the streams and minor valleys
by means of earthen bunds mainly to recharge the irrigation wells in the down stream
sections.(See Fig.10).

Site condition

Percolation tanks are suitable in relatively flatter areas where the slope of the nala should
be less than 2%. There should be a nala bund for every 40 ha of catchment area. The sub-
strata at this location should be preferably hard rock and soils of the nala bund should be
permeable or they should be disintegrated if it is composed of hard rock at greater depths.
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Fig. 10: Nala Bunds / Percolation Tanks

Design criteria

The top width of the nala bund of not less than 1 m (1/3™ of the impounding depth)
should be provided. The bund section should comprise a core wall and a puddle trench.
Similarly, an emergency spillway may be provided by the side of the nala bund. The
width of the cut outlet varies depending upon the rainfall variation. The capacity of the
percolation tank can be about 5 to 20mcft.

Sunken Pit

This is one of the structures adopted in recent watershed development activities which
occupy less area and less submergence of land. This structure acts as a water point for
cattle, human beings in addition to recharge water table through deep percolation.

Site condition
These are dug along nala/streams at certain selected locations.

Design criteria

Sunken ponds do not have any problem of breaching as they are constructed in the ground.
A spillway may be provided to allow excess water to be flown into the drainage line.
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Management of natural resources in dryland areas is very important not only because
livelihoods of millions of rural poor (>500 million) are directly connected to these areas
but also due to the fact that these areas will continue to play a crucial role in determining
food security for growing population and reducing poverty in the coming decades
(Rockstrom et al., 2007). Enhancing efficiency and sustainability of natural resource
management (NRM) projects in these areas has been the challenge faced by all the
concerned stakeholders.

In the beginning watershed development in rainfed areas had become synonymous to
soil and water conservation by putting up field bunds and structures to harvest runoff
(Singh, 1998; Wani et al., 2002). In these activities techno-centric, compartmental and
target oriented approaches were followed by involving one or two departments of the
Government without much coordination among each other. It was a top-down target-
based approach with hardly any involvement of the stakeholders in planning,
implementation, and maintenance. Hence, such efforts did not make headway in impacting
livelihoods of the rural poor in the rainfed areas (Farrington and Lobo., 1997; Joshi et al.,
2000; Kerr, 2001; Dixit etal., 2001; Wani, 2002; Kerr and Chung, 2005and Shah, 2007).
Learning from such experiences, in the later stages watershed management in rainfed
areas has been attempted by various watershed development programmes implemented
through different agencies such as Government departments, NGOs and Research
institutes.

Watersheds are not only hydrological units but provide life support to rural people making
people and animals integral parts of watersheds. Activities of people/animals affect the
productive status of watersheds and vice versa. Currently there is a vicious cycle of
‘poverty — poor management of land and crop — poor soils and crop productivity — poverty’
is in operation in most of the watersheds in rainfed areas. This results in a strong nexus
between drought, land degradation and poverty. Appreciating this fact, the new generation
of watershed development programmes are implemented with a larger aim to address
problems such as food security, equity, poverty, gender, severe land degradation and
water scarcity in dryland areas. Hence in the new approach, Watershed, a land unit to
manage water resources has been adopted as a planning unit to manage total natural
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resources of the area. Improving livelihoods of local communities is highlighted by
realizing the fact that in the absence of them, sustainable NRM would be illusive. Due to
these considerations watershed programmes have been looking beyond soil and water
conservation into a range of activities from productivity enhancement through
interventions in agriculture, horticulture, animal husbandry to livelihoods, community
organisation and gender equity (Wani et al., 2002; NRAA, 2008 and APRLP, 2007). This
holistic approach required optimal contribution from different disciplinary backgrounds
creating a demand for multi-stakeholder situation in watershed development programmes.

During 1990’s there has been a paradigm shift in the thinking of policy makers based on
the learnings of earlier programmes. In India, watershed programmes are silently
revolutionizing rainfed areas (Joshi et al., 2005 and Wani et al., 2006) and till 2006 up to
10" five year plan, about US $ 7 billion have been invested by Government of India and
other donor agencies treating 38 million ha in the country, During detailed evaluation of
on-farm watershed programmes implemented in the country, ICRISAT team observed
that once the project team withdrew from the villages the farmers reverted back to their
earlier practices and very few components of the improved soil, water and nutrient
management options were adopted and continued. Although, economic benefits of
improved technologies were observed in on-farm experiments, adoption rates were quite
low. Individual component technologies such as summer ploughing, improved crop
varieties and intercropping were continued by the farmers. However, soil and water
conservation technologies were not much favoured. (Wani et. al., 2002).

Detailed meta-analysis of 311 watershed case studies from different agro-eco regions in
India revealed that watershed programmes benefited farmers through enhanced irrigated
areas by 33.5%, increased cropping intensity by 63%, reducing soil loss to 0.8 t ha' and
runoff to 13%, of rainfall and improved groundwater availability. Economically the
watershed programmes were beneficial and viable with a benefit — cost ratio of 1: 2 with
the internal rate of return of 27.0% (Table 1) (Joshi et al. 2008). However, about 65% of
the case studies showed below average performance (Fig. 1). Based on the learning from
the meta-analysis and earlier on-farm watersheds study we developed and evaluated an
innovative farmers participatory integrated watershed consortium model (Wani et al.,
2003)

Importance of making local communities to participate in watershed programmes to
enhance efficiency and sustainability has been widely acknowledged. (Samra et al. 2000;
Kerr et al., 2000; Joshi et al., 2004 and Wani et al., 2002) As a result, through a series of
policies and guidelines responsibilities have been shifted more towards local communities.
But achieving participation of primary stakeholders has not been easy. One of the major
learnings over a period of time has been that, unless there is some tangible economic
benefit for the community, people’s participation does not come forth (Olson, 1971and
Wani et al., 2002). To enhance community participation it is necessary to achieve tangible
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impact of the watershed development activities for all the sections of the society. Such an
impact is feasible only through holistic livelihood approach where small and marginal
farmers, landless people, women, educated youths and children could benefit from the
impact of integrated watershed management. To achieve a tangible impact, it is necessary
that different agencies such as research centres, development line departments of
Government, training institutions, community-based organizations (CBOs), and non-
government organizations (NGOs) come together and share their expertise in a
complementary way through convergence of approaches, actors and actions.

Table 1 : Summary of benefits from the sample watersheds

Indicator | Particulars Unit No. of | Mean | Mode | Med- | Mini- | Maxi-| t-

studies ian | mum | mum | value
Efficiency | B:C ratio Ratio 311 2.0 1.7 1.7 0.8 7.3 |35.09
IRR Per cent 162 2740 | 259 | 25.0 2.0 102.7 | 21.75
Equity Employment | Person 99 154.50| 286.7 | 56.5 | 5.00 900.0 | 8.13
days/ha/
year

Sustaina- | Increase in Per cent 93 51.5 34.0 324 | 1.23 204 |10.94

bility irrigated area
Increase in
Cropping
intensity Per cent | 339 355 5.0 21.0 | 3.0 283.0 | 14.96
Runoff Per cent 83 457 | 433 | 425 | 034 96.0 | 9.36
reduced
Soil loss Tons/ 72 1.1 0.9 1.0 0.1 2.0 |47.21
saved ha /year

Source: Joshi et al., 2008
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Fig. 1 : Distribution (%) of watersheds according to benefit-cost ratio (BCR)
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These different agencies that have implemented watershed development programmes
independently have had varied degrees of success. NGOs are generally action oriented
field level agencies with their inbuilt strengths in community organization but, in majority
of the cases, lack technical competencies in development and management of natural
resources. They depend heavily on technical resource agencies for building capacities of
their own staff and community members involved in NRM. Since different resource
agencies have their compartmental specializations in specific areas, there is a lack of
holistic approach in technical support to NGOs, affecting their performance in
implementing watershed programmes. On the other hand, research organizations are
usually mandated to work at the individual farm level. Bio-physical scientists often have
limited experience in the dynamics of forming the collective action groups that is essential
for water-based activities. However, with the approach of ultra disciplinary specialization
(reductionist approach) and lack of professional reward mechanisms in the research
institutions, and disciplinary hierarchy, scientists are more comfortable to work in their
own area of specialization rather than working in multi-disciplinary teams. In projects
that have been led by research centres, researchers seem to document results and findings
mainly for the scientific sector (Giindel et al., 2001). Focus on social organisation is less
in these programmes reducing their effectiveness. Government departments have their
strengths in specific technical competencies and wider reach but lack skills in social
organisation. Traditionally Watershed programs implemented by government departments
have been supply-driven and target based. The Central and State governments allocated
resources for watershed development. Subsequently, the officials used to identify locations

Soil conservation | —p | Water conservation | —p| Productivity
enhancements

Compartmental | = Holistic systems ) Livelihood
approach improvement
Top down and > Participatory
contractual mode
No ownership Inequitable Transparency and Community
by farmers benefits vigilant community ownership
Less Tangible benefits
transparency well distributed

Govt. investments |=—————p | Private investments ‘

Fig. 2 : Journey through watershed approach in India

180



(SAARC Training Program)

and decide various activities for implementation. Such an approach did not match the
needs of stakeholders in the watershed (Kerr et al., 2000 and Joshi et al., 2004). Since
these departments operate mostly in a compartmental way, integrated approach was lacking
in such programmes. Programmes implemented by these departments also failed due to
lack of participation of communities. Due to such deficiencies in capacities of
implementing agencies, most of the watershed programmes failed to achieve optimal
benefits (Farrington and Lobo, 1997 and Kerr and Chung, 2005). This situation has strongly
supported the idea of different agencies coming together to support watershed programmes.

But bringing together organisations with different strengths, weaknesses and styles of
functioning on a common platform to work together for a common cause is challenging.
ICRISAT accepted the challenge and successfully evolved a scalable model termed ‘the
Consortium Approach’ in the Asian Development Bank (ADB) supported watershed
development programme at Kothapally in Rangareddy district of Andhra Pradesh (Wani
et al., 2003). The results of the Consortium Approach adopted at Adarsha watershed,
Kothapally in terms of tangible economic benefits to individual farmers through doubling
of crop productivity due to improved cultivar and nutrient management options in the
first season of 1999 triggered the community participation (Table 2). The success has
been scaled up/out to many areas henceforth. We elucidate the process of evolution and
associated learnings in this paper.

Evolution of the Consortium Approach

ICRISAT was one of the earliest CG centres to give formal recognition in its mandate to
supplement research on individual crops with research into farming systems. Watershed-
based research was an example of interdisciplinary research even before the term assumed
significance (Shambu Prasad et al., 2005 & 2006). This interdisciplinary research, over
the years, has shaped up into an Integrated Genetic Natural Resources Management
(IGNRM) approach within ICRISAT (Twomlow et al., 2006). But in the beginning
ICRISAT also faced the problems of hierarchy of disciplines among scientists who were
working together. After realising the importance and potential of combining disciplinary
expertises in a complimentary way such issues were sorted out which gave rise to the
idea of the Consortium Approach based on the success of multi-disciplinary approach at
the research station.

The Consortium is a convergence of agencies/actors/stakeholders who have a significant
role to play in watershed development project. Facilitated by a leader/leading organization,
member-organizations prepare common plans and work towards achieving the agreed
common objectives.

ICRISAT has been involved in an intensive on-station watershed development work for
about 25 years before the new approach was adopted. After witnessing the quality work
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and its results, many agencies have approached ICRISAT for sharing of knowledge/
technology in their areas. After a series of deliberations within the Institute, decision was
taken to support Bhartiya Agro-Industries Foundation (BAIF), a prominent NGO, through
technical advice in their watershed programmes in Madhya Pradesh during the year 1997.
Though it was restricted, in the beginning, to on-farm demonstrations, this experience of
working with a voluntary organisation helped significantly in strengthening the idea of
the Consortium Approach.

“ICRISAT considers itself as a premier research institution holding the implicit
responsibility to give guidance in the right direction to other regional agencies.
There has been a strong feeling within its scientific communities after years of
deliberations in various forums that the target of IGNRM research is not just the
farmer or the NARSs researchers but changing the thinking of actors in the system.
This gave motivation to try to this challenging approach.”

During the year 1999, ADB came forward to support ICRISAT’s idea of testing the model
in a watershed in Kothapally village of Rangareddy district in Andhra Pradesh, called
Adarsha (meaning model) watershed to minimize the gap between research findings and
on-farm development. Secondly the purpose was also to adopt the learning loop in planning
of strategic research based on the participatory research for development. There was also
arequest from the Government of Andhra Pradesh to demonstrate the benefits of increasing
crop productivity substantially through watershed approach in the rainfed areas under
farmer’s situation.

For this model, as opposed to single institution, relevant organizations were identified
and brought into the network to form a consortium of institutions for technical
backstopping of the project. ICRISAT, M Venkatarangiah Foundation (MVF) an NGO,
Central Research Institute for Dryland Agriculture (CRIDA), National Remote Sensing
Agency (NRSA), Drought Prone Areas Programme (DPAP) which is now called as District
Water Management Agency (DWMA), Rangareddy district administration of government
of Andhra Pradesh along with farmers of the watershed formed the consortium (Fig. 3)
(Wani et al., 2003).

The first success of the new approach was evident when more number of farmers came
forward to undertake participatory evaluation of technologies except knowledge farmers
had to pay for the inputs in cash or kind. During second year, people from surrounding
four villags of Kothapally came to ICRISAT and asked for the technical help promising
that they will show similar/ better results than Kothapally in shorter period. This indicated
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to the Consortium team members that the approach is self replicating as people from
surrounding villages saw tangible benefits from the approach. ICRISAT and DWMA of
Rangareddy district decided to provide technical support and necessary inputs on cost
basis to these four villages. True to their words, villagers showed the benefits in terms of
doubling their crop productivity (Table 3). The model has become a success story and

henceforth the model has been suitably adapted and scaled up/out in many locations.

Consortium Approach

-

" _
[y .

Fig. 3 : A pictorial representation of different partners in the Adarsha Watershed Consortium

Table 3 : Results from evaluation of yields of 98 farmers’ from four villages around

Kothapally during the year 2001

Cropping system

Farmers’ practice

Improved practice (improved

(kg ha') seed + management) (kg ha')
Maize/ Pigeonpea
Maize 1900 4365
Pigeonpea 350 1130
Sorghum/ Pigeonpea
Sorghum 1200 2725
Pigeonpea 330 1185
Maize/Chickpea
Maize 2200 4800
Chickpea 650 1085
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During the process of scaling-out of the consortium model for Andhra Pradesh Rural
Livelihoods Program (APRLP) of Government of Andhra Pradesh supported by the
Department of International Development (DFID, U.K), in the states of Rajasthan, Madhya
Pradesh, Gujarat and Karnataka, supported by Sir Dorabji Tata Trust, Mumbai, The Asian
Development Bank (ADB) Manila, Philippines, Sujala Watershed (Program of
Government of Karnataka supported by World Bank) baseline characterization of soils
was used in watersheds as a knowledge-based entry point activity. Analysis of 3600 soil
samples from the farmers fields in different states of India revealed that soils in the
tropics were not only thirsty but hungry also particularly for micronutrients like zinc,
boron and secondary nutrients like sulphur along with macronutrients like N and P. Eighty
to 100% farmers fields in several states of India were found critically deficient in Zn, B
and S (Table 4) (Sahrawat et al., 2007). Subsequent participatory research and development
(PR&D) trials in 50 micro watersheds in Andhra Pradesh with amendments of Zn, B and
S showed increased yields by 30-174% for maize, 35-270% for sorghum, 28—179% for
groundnut, 72-242% for pearl millet and 97-204% for pigeonpea (Rego et al., 2007).

Table 4 : Percent farmers’ fields deficient in plant nutrients in various states
(districts within a state) of India

State No. of OC* | AvP | AyvK | AvS | AvB |[AvZn
Farmers % ppm | ppm ppm ppm ppm
Andhra Pradesh 3650 76° 38 12 79 85 69
Chattisgarh 40 - 63 10 90 95 50
Gujarat 82 12 60 10 46 100 85
Jharkhand 115 42 65 50 77 97 71
Karnataka 17712 70 46 21 84 67 55
Kerala 28 11 21 7 96 100 18
Madhya Pradesh 341 22 74 74 79 66
Rajasthan 421 38 45 15 71 56 46
Tamilnadu 119 57 51 24 71 89 61
Total 22508 69 45 19 83 70 58

* OC = Organic Carbon; AvP = Available phosphorus, AvK = Available Potash, AvS =
Available Sulphur, AvB = Available Boron, AvZn= Available zinc
®= Percent farmers fields deficient i.e, below critical limit for a particular nutrient.

* = Extensive soil sampling undertaken to interpolate analysis at district level using GIS.
Source: Based on Rego et al., 2007; Sahrawat et al., 2007; Wani et al., 2008 and
unpublished data sets of [CRISAT.
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Farmer’s participatory selection of improved crop cultivars in 150 micro watersheds of
APRLP in five districts resulted in identification of improved cultivars of sorghum, pearl
millet, maize, castor, green gram, groundnut, pigeonpea and chickpea (Table 5). Further,
to ensure availability of seeds of improved cultivars of varieties, self help groups (SHGs)
in the villages were trained to handle village seed banks (Dixit et al., 2005 and Reddy et
al., 2007). Trained farmers undertook seed production using breeders’ seed for sowing
and with the help of consortium partners farmers maintained purity. The village seed
banks were very effective in overcoming the bottleneck problem of good quality seed
availability in villages particularly of improved varieties of low-value matricides cereals
like pearl millet, sorghum and legumes such as groundnut, chickpea and pigeonpea which
private seed companies do not like to handle.

The Government of Andhra Pradesh in India has scaled-up this initiative by providing
Rs. 100,000 (US$ 2500) as a revolving fund to each SHG and organizing breeder or
foundation seeds for the SHG. In all 200 village seed banks are operating in the state
(Shanti Kumari, 2007). During 2004, 255 farmers’ participatory evaluation trials with
improved cultivars of castor, maize, groundnut, sorghum and chickpea along with
improved nutrient management showed 41-70 percent increased crop yields over the
farmers” management practice (Table 5).

Table 5: Farmers’ participatory evaluations for productivity enhancements in
watersheds of 5 districts of Andhra Pradesh under APRLP during 2002-2004

Yield (kg ha') Yield
District Watershed | Crop No. of | Culti- FM Best | gain
villages Trials | vars bet (%)

Kurnool, 17 Castor 41 Kranthi 780 1240 | 59
Nalgonda
Mahabubnagar
Mahabubnagar | 22 Maize 40 Ratna 2770 | 4510 | 63
Nalgonda 2232
Kurnool 13 Groundnut/ | 53 ICGS 76 775 1320 | 70

Pigeonpea ICGV 86590
Kurnool 19 Sole 52 ICGS 76

groundnut ICGV 86590 1075 | 1605 | 49
Kurnool 2 Chickpea 34 ICCV 37 1370 | 1930 | 41
Anantapur 19 Sole 35 ICGS 76

groundnut ICGV 86590 770 1100 | 43
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In 208 watersheds in Asia, yields of several crops increased by 30 to 242% over baseline
yields varying from 500 to 1500 kg ha'. Recently under the World Bank aided Sujala-
ICRISAT initiative in 22 villages in five districts of Karnataka 232 on-farm PR&D trials
showed increased crop productivity by 56148 per cent with groundnut, maize, finger
millet, sunflower etc. (Table 6).

Table 6 : Farmers’ participatory evaluations for productivity enhancements in
watersheds of 5 districts of Karnataka under ICRISAT-Sujala project
during 2005-2006.

Yield (kg ha') Yield
District Watershed | Crop No. of | Culti- FM Best | gain
villages Trials | vars bet (%)
Kolar & 7 Groundnut | 63 JL 24, ICGV 915 | 2260 | 146
Tumkur 91114, K1375,
K6
Kolar & 9 Ragi 62 MR 1,L 35, 1154 1934 | 67
Tumkur GPU 28
Chitradurga 2 Sunflower | 30 KBSH-41, 760 | 2265 | 198
KBSH-44, GK
Chitradurga & | 4 Maize 49 PA 4642, 3450 | 5870 | 70
Haveri GK 3014
Haveri 4 Sole 16 ICGV 91114 1100 | 1720 | 56
groundnut
Dharwad 4 Soybean 12| JS 335, 1350 | 2470 | 83
JS 9305

In northern Vietnam watersheds, from maize-based systems farmers diversified their
systems with groundnut and vegetables resulting in increased productivity as well as
income. (Table 7). Inclusion of groundnut (Fig . 4), a legume reduced chemical N fertilizer
for maize and also increased yield by 18%. Soil and water conservation measures such as
staggered contour trenching, planting of Glyricidia, or pine apple vegetative border,
rainwater harvesting pits and loose boulder gully control structures on slopping lands
improved water availability in open wells and enabled the farmers to grow high-value
water melon crop with the highest B:C ratio amongst the cropping systems (Table 7). In
Tad Fa and Wang Chai watersheds of Thailand, farm incomes increased by 45% within
three years. Average net income is now $1,195 per cropping season. Lucheba watershed
in Guizhou, China, transformed its economy through crop-livestock integration with
buckwheat as an alley crop that controlled soil erosion, provided fodder and increased
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per capita income from $200 to $325 in two years. Improved soil, water, nutrient and
crop management options reduced runoff and soil loss in the nucleus micro watersheds
in the four countries (Table 8).
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Fig. 4 : Groundwater levels in the open wells in the Thanh Ha watershed during 2004

Table 7 : Details of crops grown in Thanh Ha commune, Ho Binh Province,

Vietnam.
Crop % area Yield (t ha') Income B:C
Average Range (US$) ratio
Maize 83 34 0.9-7.0 421 1.41
Watermelon 6 17.8 10.0-36.0 2015 1.73
Sugarcane 8 58.3 20.0-83.0 1270 1.06

Table 8 : Seasonal rainfall, runoff and soil loss from different benchmark
watersheds in India and Thailand.

Watershed Seasonal Runoff (mm) Soil loss (t ha')
rainfall (mm) | Treated | Untreated | Treated |Untreated

Tad Fa, Khon Kaen,

NE Thailand 1284 169 364 4.21 31.2

Kothapally,

Andhra Pradesh, India 743 44 67 0.82 1.90

Ringnodia,

Madhya Pradesh, India 764 21 66 0.75 2.2

Lalatora,

Madhya Pradesh, India 1046 70 273 0.63 32
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Detailed household survey in Adarsha Watershed, Kothapally revealed that 59.4% land
holders belonged to backward, scheduled casts, scheduled tribes and minority
communities. The dominant land-owning group was at the middle and not at the top of
the cast hierarchy (Hughes et al., 2005). The consortium adopted IGNRM approach for
community watershed management and most interventions were for enhancing
productivity and generating additional income for the small, marginal farmers and other
vulnerable groups including landless and women to ensure tangible economic benefits.
In all the community watersheds equity issues are addressed through productivity
enhancement and income-generating activities in addition to the normal soil and water
conservation measures. The results in Table 9 showed that only 36.6 per cent of the 1962
direct beneficiaries in Sujala-ICRISAT watershed initiative belonged to other categories
and 67.4 per cent beneficiaries belonged to SCs, STs, OBCs categories. Similar distribution
of beneficiaries was there in other watersheds also (Box 1).

Table 9 : Number of farmers from different categories selected for Sujala-ICRISAT
Demonstrations in seven districts during Kharif 2007.

District SCs STs OBCs Others Total
Kolar 46 30 15 183 274
Chikkaballapur 52 43 90 139 324
Tumkur 20 8 60 143 231
Madhugiri 59 11 49 55 174
Chitradurga 150 40 553 47 790
Haveri 1 4 - 83 88
Dharwad - 13 - 68 81
Total 328 149 767 718 1962
Percentage 16.7 7.6 39.1 36.6

The consortium approach has vastly improved livelihoods of 250,000 poor people in
watersheds of 368 villages across Asia. Vulnerable groups, such as women and the landless,
are empowered to undertake livelihood activities, including the rehabilitation of degraded
common lands with bio-diesel plantations (Box 1).
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Key Features of Facilitating the Consortium Approach

Need for a common goal — Team building workshops

It is a well known fact that, working in partnership becomes successful only if all the
members share common goal. For the Consortium Approach ICRISAT tried to achieve
this by identifying important institutions whose objective is to enhance agriculture
productivity, incomes and reduce rural poverty, and are working in the area of watersheds.
A series of team building workshops were conducted to internalize the goal and objectives
amongst consortium members and also to build rapport and trust amongst the partners.
Team building workshops addressed the objectives of:

® A common vision of the watershed development programme among consortium
partners

e Inculcate a team spirit among the members to achieve the goal of sustainable NRM
for improved rural livelihoods,

e Develop an understanding of and appreciation for the efforts and initiatives taken up
by various teams

e Discuss and develop action plans for desired impact

e Develop a combined strategy to up-scale the impact to the neighboring watersheds.

The series of team building exercises started with the core team in the first round and
spiraled up further to include the entire network of consortium partners in the fourth
round using the cascade approach. This was helpful in reinforcing the project objectives
at all levels and across all the partner organizations of the consortium. These exercises
helped partners to discuss the objectives, know their roles and responsibilities and develop
a sense of belonging with their fellow partners and most importantly to build tolerance
amongst the members for divergent views.

Building on the strengths:

The consortium’s principle was to harness the strengths of the partners and overcome the
weaknesses. This principle was ingrained amongst all the partners and strengths of each
partner were highlighted to ensure the feeling of importance and each member’s valuable
inputs.

Institutionalization of partnerships:

The process of institutionalization started with identification of suitable institutions and
people for the project. Efforts were made to identify partners with common goals and
willingness to collaborate. Once such people were identified, their parent organizations
were contacted for collaboration. This approach was found to be more effective than
identifying organizations first and then trying to find people within those organizations
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who can get represented in the consortium. While being part of the consortium,
participating organizations appreciated strengths of each other and rapport was built.
This collaborative spirit has been shared in many other projects that took shape later.

Internal and external institutional arrangements

For facilitating the Consortium there was a need to put in place an institutional mechanism
both internal and external — to review the progress of the project from time to time and to
take necessary action.

Institutional arrangements have been different to suit the needs of different projects. For
instance for the project funded by the Sir Dorabji Tata Trust, Mumbai in Madhya Pradesh
and Rajasthan, a national level Project Steering Committee also called Project Advisory
Committee (PAC) was constituted with representatives from the Ministry of Agriculture
of Government of India, state governments of Madhya Pradesh and Rajasthan where the
project is being implemented, NGO representative and Indian Council of Agriculture
Research (ICAR) are part of the committee.

In addition to the external arrangements ICRISAT has evolved internal arrangements
among scientists involved in the project for project implementation and necessary technical
backstopping. This internal arrangement has been tried during the ADB project and has
evolved since then. It is a three-tier functional structure (Fig . 5) consisting of a project
manager assisted by a team of scientists and scientific officers. Site coordinators and
activity coordinators report to the project manager and assist him in planning and execution
of the project activities. Project manager besides being in that position acts as site
coordinator for one of the regions to set the standards and create competitive spirit amongst
the site coordinators.

Project Leader/Regional Theme Coordinater S P Wani

............... Project Reporting Cell
v i ¥
Site Coordinator for Dewas
Site Coordinator for Guna district-T J Rego Site Coordinator for Bundi
district— S P Wani district- P Pathak

: o :

Activity Coordinator for
Activity Coordinator agroclimatic baseline Activty Coordinator Activity Coordinator Income-generating
for land and water characterization- for Soil Fertility— for Socio Economics- activities
management— Mr B Shiferaw and TJRego B Shiferaw TK Sreedevi
P Pathak Piara Singh

Fig. 5 : Internal arrangements made among different scientists within ICRISAT for the consortium approach
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For day to day support in the project areas Visiting Scientists have been put in place.
They offer technical support to the NGO partners. Along with staff located that they are
also instrumental in data collection and communication with multi-disciplinary team of
scientists supporting project activities. In a way they act as link between ICRISAT and
Project Implementing Agency (PIA).

Dynamic and evolving

Consortium Approach is not a static model but should be adapted based on field situation
and requirements. It provides the philosophy and framework while specific components
need to be added to make it a relevant one as per the situation. In addition to the critical
stakeholders such as NGOs, NARSs, State and Central Government line departments
and farmers’ organizations; based on the need, relevant private industries can also be
brought into the consortium. For example, initial consortium for Adarsha watershed
consisted of CRIDA, NGO and DPAP and subsequently NRSA and BAIF were included.
In other watersheds private industrial partners and credit institutions were also brought
in to ensure market linkages and credit sources.

Scaling up/ out of the approach

Following the success of the model, The Consortium Approach has been scaled up to
many locations. In Andhra Pradesh, it facilitated scaling up in Andhra Pradesh Rural
Livelihoods Programme of Government of Andhra Pradesh funded by the United
Kingdom’s Department for International Development (DFID). ICRISAT-led the
consortium in ten nucleus watersheds and 40 satellite watersheds in Mahabubnagar,
Kurnool and Nalgonda districts and later extended to 150 villages in five districts. Through
a programme with funding support from the Sir Dorabji Tata Trust (SDTT), the approach

Vietnam ..~
At Philippines

o 4 .
Eufne Thailand

L Andhra Pradesh ' |~ 7

Fig. 6 : Flow of the Consortium Approach

192



(SAARC Training Program)

is scaled up in Madhya Pradesh and Rajasthan. Through ADB supported projects, the
approach is adapted and facilitated in India, China, Vietnam and Thailand. The Bureau of
Agriculture, Government of Philippines has established four community watershed sites
as sites of learning in four provinces with the technical support from ICRISAT. There has
been spill over of the learnings concerning the approach in Africa, particularly in Eastern
Africa through ICRISAT’s association with Association for Strengthening Agricultural
Research in Eastern and Central Africa (ASARECA). The South — South collaboration
between Indian Council of Agriculture Research (ICAR) and ASARECA in the area of
integrated watershed management is facilitated by ICRISAT and IWMI. From all the
places there has been positive feedback about the approach. In all, there are more than
368 watersheds which are supported by the Consortium.

Advantages of the Consortium Approach

Synergy and Creativeness — Quite often in NRM challenges are thrown for which answers
hardly remain with one discipline, for example livestock — fodder, fisheries — water,
different crops, (breeding, pest management, soil fertility etc.,), credit-markets etc.,. In
the Consortium Approach where multi-disciplinary team is addressing the problem
situation, there is a possibility for creative thinking and new ideas which benefit the
farmers as well as researchers and development workers.

Sustainability — The Consortium Approach facilitates members of the network to have
ownership of the objectives of the programme. This leads to optimal contribution from
diverse disciplinary backgrounds providing a holistic systems approach. As a result
solutions for problems are effective. Since activities are planned demand driven,
implemented in a participatory manner, and solutions offered are effective ones, there is
a good chance for the long-term sustainability of project initiatives.

Cost effectiveness — At the time of project implementation, working linkages are
established among actors in the consortium. This ensures quick access to relevant people
when primary stakeholders encounter a situation and timely solutions. (See Box 1 & 2)
One of the main issues in NRM work is involvement of different departments
independently and in many cases resulting in duplication of work. In the Consortium
Approach, each of the actors knows what other departments are doing. So there is less
chance for duplication of the work.

Win-win solution through empowerment of partners — The Consortium Approach allows
members to learn from each other. It spreads inter-disciplinary knowledge among partners.
Strengths of each of the partners are harnessed and help is provided mutually by partners
to get over their weaknesses. When there is an effort to build upon strengths of each of
the partners, weaknesses get covered with strengths of other partners. In the team not
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only bio-physical scientists started offering solutions for issues related with other related
disciplines but also got sensitized with socio-economic, gender and institutional issues.
One team became more cohesive overcoming conventional disciplinary hegemony.

Faster scaling-up — Many studies on NRM indicated that it is important to work with
different partners to facilitate scaling-up. The Consortium Approach ensures intensity
and closeness in which communication and collaboration take place among partners,
which contributes for effective scaling up. Impact could be further enhanced through
new innovative partnerships. Since different partners are involved, necessary enabling
institutions and policies are put in place in a short time. For example, while working on
a model to benefit landless people through bio-diesel plantations in CPRs (Box 1), we
could get the usufruct rights for landless people from the administration in six months. In
addition, this example would enable the administration to develop CPRs to benefit the
vulnerable groups without giving land rights. Now GTZ and Kirloskar engines Ltd., a
private company joins the consortium to pilot use of straight vegetable oil (SVO) for
energy generation at village level.

Change in organizational behavior — General tendency of a researcher is to develop
technology in the laboratory/research station and transfer it to the field through extension
agencies. This tendency got reengineered into working closely with primary stakeholders
and developing technology in a participatory way. Governmental and non-governmental
extension agencies also find it worthwhile to play a role in developing the technology by
listening to farmers carefully and contributing through feedback and sharing indigenous
knowledge options with researchers. Different researchers within ICRISAT and other
partner institutions also got sensitized about social, gender, equity, and other disciplines
and overcame disciplinary biases. Good research and management practices got
internalized amongst the partners.

Public-private partnerships are facilitated (multiplier effect) — For enhancing incomes
and agricultural production in rural areas, backward and forward linkages are important.
Private entrepreneurs came forward to join the consortium for harnessing the opportunity.
For example during baseline characterization, wide spread deficiency of boron, zinc and
sulphur in addition to nitrogen and phosphorus was observed in 80-100% of the farmers’
fields (Sahrawat et al. 2007). Farmers’ participatory trials with amendments of deficient
nutrients showed substantial yield increases and enhanced incomes (Rego et al. 2007).
However, availability of boron and other micronutrients in remote villages was a problem.
The Borax Morarji Ltd. producers of boron fertilizers in India came forward to join the
consortium to ensure availability of boron fertilizers in villages through SHGs. Similarly
for handling market produce and processing, different industries came forward to join
the consortium, for example —in case of biodiesel initiative a PPP amongst GTZ-Southern
Online Bio-Technology (SBT) — and ICRISAT is ongoing under which SBT is operating

194



(SAARC Training Program)

40 K1 d! biodiesel plant in Nalgonda district, Andhra Pradesh with German technology
provided by Lurgi and ICRISAT is providing technical support to the farmers for
cultivating biodiesel plantations and facilitating buy-back arrangements between the
farmers and the SBT (Kashyap 2007). There are number of other examples of PPP through
consortium in the area of biodiesel and medicinal and aromatic plants also. In addition to
fulfill their corporate social responsibilities [For example Sir Dorabji TATA trust (SDTT),
Mumbai; Sir Ratan Tata Trust (SRTT), Mumbai, India; TVS Foundation. Chennai, India;
Coca Cola Foundation, USA) different industries and their formal associations such as
Confederation of Indian Industries (CII) and Federation of Indian Chambers and
Commerce Industries (FICCI)] are collaborating with the Consortium.

Conclusion

The most crucial issue that determines success of a Consortium is the capable leading/
facilitating partner. Partnerships need to be nurtured by the lead partner. As mentioned
earlier, Consortium Approach is not a static model. Following the framework and
philosophy, lead partner should be innovative enough to facilitate adaptation and evolution
of the model to suit the local needs. Quite often there would be conflicting values of
working among partners. Consortium leader needs to understand this fact and ensure
flexibility and transparency among partners to accommodate opinions of certain members
without causing damage to the overall objectives.

Each member of the team should know that he/she can influence the team agenda. There
should be a feeling of trust and equal influence among team members that facilitates
open and honest communication. This allows each member to provide their technical
knowledge and skills in helping to solve the problem, complete the project, and develop
new programs.

The Consortium leader, where possible, should help select or influence the composition
of consortium members. Selection of members should be based on their willingness to
work in a team approach and share their resources, both technical skills and financial that
they are able to bring in to the consortium. Selection of right set of partners determines
success to a major extent. Learning behavior among partners is essential for the Consortium
Approach. More importantly there should be pre-disposition to work collectively for
community development.

It is essential to achieve shared understanding of objectives by the members. They should
be able to identify themselves with the common objectives. The lead organization should
facilitate this process. Once objectives are evolved, it is again the responsibility of the
lead partner to always bring members’ attention to the objectives and help in ensuring
focused work in the correct direction.
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There is a need to develop, understand and accept a set of principles by the members
which include norms for operating with in the team. Team building measures go a long
way in for stronger partnerships and internalizing operating guidelines. Sharing of credit
for the impact, publications, and policy guidelines amongst the partners is very critical.
The leader has to ensure that in all communications about the consortium activities all
partners are recognized, acknowledged, and rewarded. Such measures go along way to
build trust amongst the consortium partners. Similarly open communication and conflict
resolution mechanisms must be in place.

Tangible economic benefits to individual primary stakeholders are must for community
participation. Integration of new science tools such as GIS and remote sensing enhanced
the efficiency of recommendations and resulted in higher benefits to the community.
Knowledge-based entry point activity is another reason for enhanced sustainable
community participation. Their motivation was sustained due to the fact that there is
continuous learning which is directly relevant to their fields. Capacity building of partners
and sensitization of policy makers helped in building partnerships. Transactions costs
(time and money) are higher for partnership building but higher benefits call for
partnerships.

Box 1: Model to Benefit Landless People Collectively through rehabilitation
of CPRs with Biodiesel Plantation/

As part of National Oilseeds and Vegetable Oils Development Board (NOVOD) —
ICRISAT project, during the year 2005 —’06 an innovative community participatory
model for development of wastelands was successfully implemented through a
ICRISAT-led consortium of District Collector and District Magistrate of Rangareddy
district, District Watershed Management Agency (DWMA), NGOs — Rural
Education and Agriculture Development (READ) and HELP, Village Panchayats
of Kothlapur and Velcheal, and SHGs of agriculture labourers in these two villages
of Rangareddy district of Andhra Pradesh, India.

In the model, 300 ha of Jatropha Curcas mixed with Pongamia Pinnata plantation
was established in Velchal and Kothlapur villages with suitable soil and water
conservation measures. Landless labourers in these two villages were organized
into 15 groups of 10-12 members in each group. All the 300 ha was geo-referenced
and divided into 15 pieces for each group by GIS. These labour groups were made
responsible for planting, gap-filling, fertilization and maintenance of plantations.
Usufruct rights were awarded by the District Collector, Rangareddy district, for
these groups to reap benefits from their respective areas. Soil and water conservation
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measures were initiated in these plantations. Wherever soils are suitable, groups
were encouraged to grow intercrops during rainy season to enhance benefits from
the plantation. Thrift and credit activity was initiated in those groups. Groups have
opened separate bank accounts and each member saves Rs.5 per day during working
days. That amount is used as revolving. Local NGOs (READ and HELP) were
involved in the social organization. Now with three year bio-diesel plantation 300
ha, GTZ is sponsoring a PPP model with ICRISAT, Kirloskar Oil Engines Limited,
Government of Andhra Pradesh and the CBOs a decentralized oil extraction and
renewable energy generation model.

Through this model a win-win situation was ensured with multiple benefits such
as rehabilitation of degraded lands, provide livelihood opportunities for land-less
villagers, increased availability of seeds for bio-diesel, reduced degradation of
natural resources, enhanced greenery cover in the villages and most importantly
build the capacity of rural poor for sustainable management of natural resources.

Box 2: Faster formation of new functional alliances/

Due to the rapport built while being part of the ICRISAT-led Consortium, CRIDA
approached ICRISAT for their NRSP-DFID Project along with BAIF the existing
consortium partner a new consortium for the project was formed with CRIDA’s
leadership. Similarly, with the emerging bio-diesel field, Government of Andhra
Pradesh, India wanted to initiate research on Jatropha and Pongamia in 2005. The
State Agricultural University took the lead. ANGRAU felt ICRISAT and CRIDA
as natural partners for a bio-diesel consortium. Time taken for forging these
functionally active partnerships was quite less. This was possible only due to the
confidence built amongst the consortium partners during the earlier work in the
watershed consortium. In addition other relevant partners like National Bureau of
Plant Genetic Resources (NBPGR), Directorate of Oil Seeds Research (DOR) and
Indian Institute of Chemical Technology (IICT) were also brought into the Bio-
diesel Consortium led by ANGRAU. In 2005-06 Ministry of Agriculture and
Ministry of Rural Development, Government of India asked ICRISAT to undertake
comprehensive Assessment (CA) of the watershed programs in the country.
ICRISAT consulted its existing watershed consortium partners and brought together
23 institutions within one month. The consortium completed the CA in two years
and number of recommendations and learnings are documented (Wani et al., 2008).

The transaction costs (time and financial) are very less to form new alliances needed
for new projects.
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Box 3:

Since it has been a success in one of the projects, as part of internal institutional
arrangements ICRISAT placed a Visiting Scientist (VS) in a field area to provide
technical guidance to the PIA. But that PIA, which is having some technical
competency unlike in the other NGO cases, generally was not looking at the VS as
the repository of the knowledge. This caused some friction between ICRISAT and
the PIA. But there was a mature dealing of the situation and a mutually amicable
solution was facilitated by the Consortium Leadership.
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In the early stages, the major focus of Watershed Management was soil erosion control,
soil moisture conservation and water resource development. However, it was felt that
there must be matching production oriented activities along with soil and water
conservation so as to make productive/economic use of the enhanced soil moisture regime
and water resources created in a watershed, particularly in dryland areas, for the benefit
of farming community. Therefore, crop improvement programmes and alternate land use
systems were brought in as components of watershed management. In drylands,
agricultural droughts and the resultant crop failures are common. In order to impart stability
to the income of dryland farmers in such situations, livestock management particularly
small ruminants, poultry, piggery etc., which are suited to dryland environment became
integral part of watershed management. In recent times, over-riding emphasis is being
given to social equity and providing livelihood security particularly to landless and poor
people in the watershed through farm based and non-farm based activities as well. It is
also recognized that watershed management will be crucial for reducing vulnerability to
climate change and mitigating droughts and migration.

Watershed programmes have been in operation in India for the last couple of decades
under Drought Prone Area Programme (DPAP), Desert Development Programme (DDP)
and Integrated Wasteland Development Programme (IWDP) of Ministry of Rural
Development and National Watershed Development Project for Rainfed Areas
(NWDPRA) of Ministry of Agriculture. With the expanding scope of watershed
management as explained above and the experiences gained in the past, guidelines have
been framed by the concerned authorities from time to time for implementation of their
programmes. The background and salient features of the Common Guidelines for
Watershed Development Projects — 2008, applicable to all Ministries of Govt. of India
are presented in this paper.

Background of Common Guidelines - 2008

In 1994, a Technical Committee under the Chairmanship of Prof. Ch. Hanumantha Rao,
was appointed to assess the Drought Prone Areas Programme (DPAP) and the Desert
Development Programme (DDP) with the purpose of identifying weaknesses and
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suggesting improvements. The Committee, after careful appraisal, opined that the
programmes have been implemented in a fragmented manner by different departments
through rigid guidelines without any well designed plans prepared on watershed basis by
involving the inhabitants. Except in a few places, the achievements have been sub-optimal.
Ecological degradation has been proceeding unabated in these areas with reduced forest
cover, reducing water table and a shortage of drinking water, fuel and fodder.

Against this backdrop, the Hanumantha Rao Committee made a number of
recommendations and formulated a set of guidelines that brought the DDP, the DPAP
and the Integrated Wastelands Development programme (IWDP) under a single umbrella.
The watershed projects taken up by the Ministry of Rural Development (MoRD) from
1994 to 2001 followed these guidelines. In 2000, the Ministry of Agriculture revised its
guidelines for its programme, the National Watershed Development Project for Rainfed
Areas (NWDPRA). These guidelines were intended to be common guidelines to make
the programme more participatory, sustainable and equitable. However, the MoRD revised
the 1994 Hanumantha Rao Committee Guidelines in 2001 and yet again in 2003, under
the nomenclature ‘Hariyali Guidelines’.

In the meanwhile, emerging issues of groundwater recharging and convergence to create
a critical mass of investments demanded innovative guidelines. At the advent of the
eleventh plan period (2007-2012), our main challenge was to move the nation decisively
in the direction of ‘inclusive growth’. Rainfed areas of 85 million hectares out of the 142
million hectares of net cultivated area have suffered neglect in the past. High untapped
productivity and income potential exists in these areas.

An insight into the rainfed regions reveals a grim picture of poverty, water scarcity, rapid
depletion of ground water table and fragile eco systems. Land degradation due to soil
erosion by wind and water, low rain water use efficiency, high population pressure, acute
fodder shortage, poor livestock productivity, under investment in water use efficiency,
lack of assured and remunerative marketing opportunities and poor infrastructure are
important concerns of enabling policies. The challenge in rainfed areas, therefore, is to
improve rural livelihood through participatory watershed development with focus on
integrated farming systems for enhancing income, productivity and livelihood security
in sustainable manner.

Various studies have pointed out the central pre-occupation of Watershed Development
Projects with soil and water conservation and relative neglect of issues relating to balanced
use of natural resources and livelihoods. In order to assess the performance of various
ongoing projects/programmes of watershed development, a series of evaluation studies
have been conducted by ICAR (Indian Council of Agricultural Research) institutes, State
Agricultural Universities (SAUs), National Remote Sensing Agency (NRSA), etc. Besides,
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impact assessment studies were carried out by the Ministry of Agriculture, Ministry of
Rural Development, Planning Commission, International Crops Research Institute for
the Semi Arid Tropics (ICRISAT) and the Technical Committee constituted by the
Department of Land Resources (DoLR). These studies support the observation that in
several watersheds, the implementation of the programme has been effective for natural
resource conservation by increasing the productivity of the land, bringing additional area
under agriculture, employment generation and social upliftment of beneficiaries living
in the rural areas. But these successes have been sporadic and intermittent. The overall
impact at the State and National levels has generally been inadequate. Additional demand
and supply driven socio-economic and risk management paradigms are emerging. Taking
into consideration all these aspects, the Common Guidelines-2008 have been formulated
to have a unified perspective and adoption by all Ministries of Govt. of India.

Key Features of Common Guidelines — 2008

Delegating powers to the states, dedicated institutions for managing the watershed
programmes, providing financial assistance to the dedicated institutions, flexibility in
the duration of the programme from 4 years to 7 years, focus on livelihood orientation,
cluster approach i.e., geohydrological units varying from 1000-5000 hectares comprising
of clusters of micro watersheds, scientific planning, capacity building of all functionaries
and stakeholders involved in the watershed programme and a multi-tier (ridge to valley)
approach are the key features of the Common Guidelines-2008.

The institutional arrangements for effective and professional management of watershed
development projects at various levels include i) National Rainfed Area Authority - the
apex body at the national level; ii) Institutional arrangements at Ministry level; iii) National
level data center and national portel; iv) State level nodal agency (SLNA - will sanction
watershed projects for the state on the basis of approved state perspective and strategic
plan as per procedure in vogue and oversee all watershed projects in the state within the
parameters set out in the guidelines); v) Watershed Cell and Data Centre (WCDC) at the
district level with specific role of Panchayat Raj institutions at district and intermediate
levels. The institutional arrangements at project level include i) Project Implementing
Agency (PIA - may include relevant line departments, autonomous organizations under
state/central governments, government institutes/research bodies, intermediate panchayats,
voluntary organizations) and ii) Watershed Development Team (WDT). The Institutions
at the village level for people’s participation include i) Self Help Groups (SHGs), ii)
User Groups (UGs) and iii) Watershed Committee (WC). For the roles and responsibilities
of various institutions and other details, the Common Guidelines for Watershed
Development Projects, Govt. of India — 2008 (www.dolr.nic.in/commonguidelines-
2008.pdf) may be referred.
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The following criteria have been given for selection and prioritization of watershed
development projects:

i)  Acuteness of drinking water scarcity

ii) Extent of over-exploitation of ground water resources

iii) Preponderance of wastelands / degraded lands

iv) Contiguity to another watershed that has already been developed/treated

v)  Willingness of village community to make voluntary contributions, enforce equitable
social regulations for sharing of common property resources, make equitable
distribution of benefits, create arrangements for the operation and maintenance of
assets created

vi) Proportion of schedule caste / schedule tribes
vii) Area of the project should not be covered under assured irrigation
viii) Productivity potential of the land.

Guiding Principles

Following are the guiding principles of the common guidelines —2008:
Equity and gender sensitivity

Decentralization

Facilitating agencies

Centrality of community participation

Capacity building and technology inputs

Monitoring, evaluation and learning

N ok L =

Organisational restructuring

Project Management

The major activities of watershed development projects will be sequenced into 1)
Preparatory Phase (1-2 years), (ii) Watershed Works Phase (2-3 years) and iii)
Consolidation and Withdrawal Phase (1-2 years).

The major objective of the preparatory phase is to build appropriate mechanisms for
adoption of participatory approach and empowerment of local institutions (WC, SHG &
UG). WDT will assume a facilitating role during this phase. The preparation of DPR
(detailed project report) is done in the preparatory phase including activities to be carried
out, selection of beneficiaries and work sites, design and costing of all works ensuring
that the interest, perceptions and priorities of women, dalits, adivasis and the landless are
adequately reflected in the DPR. Working out detailed resource-use agreements for surface

205



Techniques of Water Conservation & Rainwater Harvesting for Drought Management

water, ground water and common/forest land usufructs among user group members in a
participatory manner based on principles of equity and sustainability is also done before
hand in preparatory phase itself. Watershed works phase is the heart of the programme in
which the DPR will be implemented. In the consolidation and withdrawal phase, the
resources augmented and economic plans developed in phase II are made the foundation
to create new nature—based, sustainable livelihoods and raise productivity levels.

Implementation of Watershed Works

Some of the important activities (works) of Watershed Development Projects are:

a) Ridge area treatment: All activities required to restore the health of the catchment
area by reducing the volume and velocity of surface runoff, including regeneration
of vegetative cover in forest and common land, afforestation, staggered trenching,
contour and graded bunding, bench terracing, etc.

b) Drainage line treatment with a combination of vegetative and engineering structures
such as earthen checks, brush wood checks, gully plugs, loose boulder checks, gabion
structures, underground dykes, etc.

c) Development of water harvesting structures such as low-cost farm ponds, nala bunds,
check-dams, percolation tanks and ground water recharge through wells, bore wells
and other measures.

d) Nursery raising for fodder, fuel, timber and horticultural species. As far as possible,
local species may be given priority.

e) Land development including in-situ soil and moisture conservation and drainage
management measures like field bunds, contour and graded bunds fortified with
plantation, bench terracing in hilly terrain, etc.

f)  Crop demonstrations for popularizing new crops/ varieties, water saving technologies
such as drip irrigation or innovative management practices. As far as possible,
varieties based on the local germ plasm may be promoted.

g) Pasture development, sericulture, bee-keeping, backyard poultry, small ruminants,
other livestock and micro-enterprises

h)  Veterinary services for livestock and other livestock improvement measures.
i)  Fisheries development in village ponds/tanks, farm ponds, etc.

j)  Promotion and propagation of non-conventional energy saving devices, energy
conservation measures, bio-fuel plantations etc.
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Budgetary Provision

The distribution of budget for specific watershed projects for the various components
therein is given below:

Budget Component Per cent of the budget
Administrative costs 10
Monitoring 1
Evaluation 1

Preparatory Phase

Entry points activities 4

Institution and capacity building

Detailed project report (DPR) 1
Watershed works phase

Watershed development works 50

Livelihood activities for assetless persons 10

Production system and micro-enterprises 13
Consolidation phase: 5

Total 100

Technology Inputs

Technology enables us, inter-alia to strengthen programme management and coordination,
undertake activity based project planning, formulate action plans, streamline sanctions
and release of funds, create useful data bases, assess actual impacts of projects, make
effective prioritizations, prepare sophisticated DPRs, document best practices and case
studies and facilitate the free and seamless flow of information data.

Remote sensing data would be utilized for finalizing contour maps for assessment of
runoff and for identifying structures best suited for location of projects. This would result
in cost and time optimization in project implementation. Technology would also contribute
immensely in assessing the actual impact of various programmes in a given area. Due to
availability of latest remote sensing techniques, it is now possible to assess periodic
changes in geo-hydrological potential, soil and crop cover, runoff etc., in the project
area.

Allocation of Funds, Approval of Projects and Release of Funds

By the end of February each year, the states will submit detailed annual action plans
indicating on-going liabilities as well as new projects which they wish to take up. The
departmental nodal agency at the central level will thereafter, based on total available
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budget for the year and other criteria, allocate specific amounts for individual states from
whom proposals have been received. The central share of funds shall be released to the
SLNAs for the three phases of the implementation spread over the project period as per
the guidelines. The project fund relating to watershed works, livelihood and production
system and micro enterprises may flow from Department of Land Resources (DoLR) to
SLNA to WCDC to WC. Administrative cost, Capacity building, Entry Point Activities,
DPR, Monitoring component of project funds may flow from DoLR to SLNA to WCDC
to PIA.

Watershed Development Fund

One of the mandatory conditions for selection of villages for watershed projects is people’s
contribution towards the watershed development fund (WDF). The contributions to WDF
shall be a minimum 10 per cent of the cost of NRM works executed on private lands
only. However, in case of SC/ST, small and marginal farmers, the minimum contribution
shall be 5 per cent of the cost of NRM works executed on their lands. For other cost
incentives, farming systems activities such as aqua culture, horticulture, agro-forestry,
animal husbandry, etc., on private land directly benefiting the individual farmers, the
contribution of farmers will be 20 per cent for general category and 10 per cent for SC
and ST beneficiaries.

Convergence with other Schemes/Projects

All efforts must be made to converge and harmonize resources of different schemes and
programmes by different line departments / agencies operating in the area. The DPR may
elaborate gaps to be filled for watershed activities to be taken up under these programmes
such as, Backward Regions Grant Fund (BRGF), Mahatma Gandhi National Rural
Employment Guarantee Scheme (MGNREGS), artificial groundwater recharging,
renovation repairs of tanks, water bodies, etc. Marketing and value addition may also be
possible under relevant schemes.

Capacity Building

Capacity building support is a crucial component to achieve the desired results from
watershed development projects. Reputed national and state level organizations including
voluntary organizations could impart capacity building inputs to stakeholders of various
levels.

Monitoring, Evaluation and Learning

Regular monitoring of the project will have to be carried out at each stage. Each evaluation
will include physical, financial and social audit of the work done. Systematic efforts are
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to be made by the WDT/WC to learn from the field experiences as also from feedback of
independent sources. Each watershed development project is expected to achieve the
following results by the end of the project period.

i)  All the works /activities that are planned for the treatment and development of
drainage lines, arable and non-arable lands in the watershed area are completed
with the active participation and contribution of the user groups and community.

i) The UGs/Panchayats have willingly taken over the operation and maintenance of
the assets created and made suitable administrative and financial arrangements for
their maintenance and further development.

iii) All the members of WC and staff including watershed secretary and volunteers
have been given orientation and training to improve their knowledge and upgrade
technical/management and community organizational skills to a level that is
appropriate for the successful discharge of their responsibilities on withdrawal of
the WDT of the project.

iv) The village community would have been organized into several homogeneous SSGs
for savings and other income generation activities which would have achieved
sufficient commitments from their members and built up financial resources to be
self sustaining.

v) The increase in cropping intensity and agricultural productivity reflecting in overall
increase in agriculture production.

vi) Increase in income of farmers / landless labourers in the project area.

vii) Increase in groundwater table due to enhanced recharge by watershed interventions.

Conclusion

The salient features of the common guidelines-2008 for watershed development projects
in India have been discussed. The guidelines, incorporating decades of experiences of
various programmes with watershed approach, envisage uniformity in perception and
adoption of watershed programmes by all Ministries of the Government of India. It is
hoped that this could serve as a model, with necessary modifications, for implementation
of watershed projects in South Asian Association for Regional Co-operation (SAARC)
countries.
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Measuring sustainability is a challenge that needs to be met, if the world has to withstand
the increasing environmental challenges it faces now and in the long-term. Since 1980s,
much research has been undertaken to qualify sustainability through comparison with
benchmark or through use of indicators or their surrogates where suitable ones were
unavailable. In view of the need to produce more food and fibre for feeding the ever-
increasing population without undermining the earth’s natural resource base, it is rightfully
deemed essential to evaluate and assess how land is currently being used, how natural
resources are being managed and how agricultural production is being undertaken to
meet the demands of today and how the resource base can be conserved and restored to
their productive capacity for the future.

Thus, agricultural production systems across the world especially in Asia, Africa and
South America must necessarily be productive ensuring that everybody’s demands are
met; they must be economically viable to both - producers and the end-users while ensuring
livelihood security to the farmers’ who toil and simultaneously protect the environment
where cultivation it being undertaken in addition to, finally being socially acceptable to
all parties involved — the producers, consumers, the government and the environmentalists.
In view of this definition, the measure of sustainability must certainly include study of
trends of natural resources over time, evaluation of status of soils, water resources, crops,
pasture, livestock, etc., together with the resulting production and the economic outcome.
In order to achieve this, the impact of land management practices (LMP) must be evaluated
especially in rainfed regions of the world especially like India where agriculture is a
dominant economic activity and source of livelihood to a population of over 600 million
persons as elsewhere in South Asia.

Characteristics of Rainfed Regions

Rainfed agro-ecological regions in India encompass the semi-arid tropics (SAT) and the
hot dry and moist sub-humid regions of India, that extends over 76.74 Mha out of a total
geographical area of 90.4 Mha in the four states of Andhra Pradesh, Maharashtra,
Karnataka and Tamilnadu in Peninsular India. Watershed-based development has been
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an important component in the schemes for economic planning for development in this
region since 1980s. In order to increase agricultural productivity, enhance livelihood and
rural lifestyle, many improved Land Management Practices (LMP) have been propagated
in this region. According to the Census of India - 2001, over 140.48 million persons lived
in rural areas in these four states alone who were involved in agriculture and allied activities
(Registrar General & Census Commissioner, Govt. of India, 2001). With a population
growth rate ranging between 1.8 to 2.1 percent annually, it was estimated that by 2008,
an estimated population of 160.83 million persons would depend on agriculture and
hence, the importance of adhering to improved LMP in rainfed agriculture is immense.

Rainfed Agro-ecological sub-regions (AESR) encompassing the peninsular part of India
receive an average annual rainfall of 500 mm although it actually ranges from 450 mm in
the dry arid tracts of Anantapur in Andhra Pradesh to more than 900 mm in the hot moist
sub-humid areas in Rayalseema encompassing the districts of Kurnool and Chittoor, in
the Telengana region rainfall occurs in a period of 52 to 55 days. However, since 2008
there has been an increase in number of rainy days and volume of rainfall received with
no specific discernable trends. In 2009, there was a major delay in onset of SW monsoon
due to occurrence of Cyclone ‘Aaila’ resulting in deficit rainfall. The Telengana region
received only 503 mm of rainfall which was 65 percent of normal for the season. The
post-monsoon season (Oct- Dec) received 107 mm rainfall which was normal. Thus, the
region saw a loss of Kharif crop due to weather aberration in 2009.

Rainfall associated with southwest monsoon occurs in the form of thunderstorm that last
for over a few hours, thus making soil and water conservation (S&WC) measures
absolutely critical. In addition water-harvesting, storing and its’ utilization for agriculture
and other allied activities during the rest of the year, is critical for the whole region. The
intensive rainfall events also induce severe soil erosion in bare and sparsely vegetated
land surface which is a common sight in the rainfed region. Hence, Watershed-based
Development Program (WDP) which was initiated in early 1980s became a popular
strategy for a comprehensive development of rainfed agriculture in India and improved
Land Management Practices (LMP) was implemented to improve agricultural productivity
and ecological sustainability in the vast area in the country.

According to India Vision 2020 document, the country envisages to achieve a sustainable
agricultural growth rate of 4.0 to 4.5 percent annually, in order to, reduce food insecurity
and poverty while increasing rural purchasing power. Hence land management practices
and watershed development program are required to be implemented with care. This
holds good for the other South Asian countries also.

Agricultural Land Management strategies in rainfed regions include conservation of soil
and water resources and protection of soil fertility status, groundwater, ground cover and
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other biotic and abiotic resources. More recently in 2008, Common Guidelines for
Watershed Development was laid down to give a fresh outlook to the next generation
watershed projects in India. The projects were to be implemented in three phases to
comprehensively improve productivity and securing livelihood and conserving resources
and land management practices would play a critical role in this approach to watershed
development. Evaluation of land management practices for their impact on sustainable
development is an important development in this context and several indicator based
studies have been published and a brief review is included here for reference.

Study Area

Four treated watersheds located in Rangareddy and Nalgonda districts in Andhra Pradesh
were selected for evaluating the impact of improved LMP on sustainability of agriculture
in the area. One of the study site — Chintapatla village is located over 65 km towards
southeast of Hyderabad on the State Highway to Nagarjunasagar Dam. The village is
home to over 150 farm households that own landholding that measure 0.5 to 5 ha each.
Soils are essentially Alfisol and are eroded and poor in soil OC and low in fertility.
Dominant Crop grown are paddy and sorghum, while livestock-rearing has increased in
recent years. Watershed Development Program was initiated by the State Department of
Agriculture in 1998 and S&WC structures were constructed. Since the beginning of
WDP, villagers were enthusiastic as they could perceive the accrual of higher crop yield,
rise in groundwater-table and better livelihood and hence it was easy to implement
improved LMP in the village.

In Dontanpalli village located to the southwest of Hyderabad at a distance of 60 km in
Osmansagar reservoir catchment, watershed program was initiated by Dept. of Agri.,
Govt., of AP, over a prolonged period of six years (1995 to 2001) during which six
concrete check-dams were built besides other S& WC structures. Over 100 farm household
populate the village with each owning small landholdings ranging between 0.5 to 1.0 ha
each. Soils predominantly belong to Alfisols and major crops grown are sorghum, paddy
and vegetables during Kharif (monsoon) season while pigeonpea, tomato and chili were
grown using residual moisture during Rabi (post-monsoon) season. Floriculture was
introduced in the village in early 1990s which was later replaced with agri-horticultural
systems. Recent trends indicate the consolidation of land - holdings by enterprising city-
dwellers who have established large orchards of mango and guava in the village, while
the small and marginal farmers of the village work in these orchards as labour.

A third village called Pamana is located at a distance of 70 km from Hyderabad in Chevella
mandal in Rangareddy district not very far from Dontanpalli. It is home to over 280 farm
households, and the total geographical area of the village extends to over 1100 ha. Most
of the land- holdings in the village measure between 1 to 2 ha and the soils belong to
Vertisols and their associated groups. Dominant crops are cotton, paddy, maize and
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vegetables including tomatoes, carrot, coriander and onion, besides a few cash crops like
sugarcane, garlic and flowers, introduced in the village in the 1990s. Agriculture is the
primary source of occupation in the village and provides employment to farmers for a
period of four to six months only. WDP was implemented in 1995 and 2001 when a
number of improved LMP were propagated in the village that essentially involved
improving soil fertility levels, S&WC and introduction of agri-horticulture and agri-
silviculture in treated watersheds.

The fourth village Gollapalli is located farthest from Hyderabad at a distance of 90 km
towards the southeast in Nalgonda district. It has 225 farm households who own
landholding of 2 to 5 ha in size; some landholdings are as large as 10 to12 ha.

Improved land management practices that were introduced here essentially belonged to
crop management, soil fertility improvement and introduction of agri-horticulture besides
S&WC measures.

Sustainable Land Management Practices - a Review

Evaluation of Land Management Practices has been undertaken and two works on
development of farm-level indicators for Sustainable Land Management (SLM) have
been particularly notable. These are by Gameda et al. (1997) and Gomez et al. (1996).
Besides these, a few generic indicators were set out by Dumanski (1993) which were
used as objectives and parameters for construction of a SLM model by Bie et al. (1995).
Geo-information technology was harnessed to help land use planning and the GIT model
was used to simulate dynamic land use interactive processes as indicated by Groot (1993).
Emergence of digital geo-information infrastructure and policy framework for global,
regional, national and local levels are now fast emerging. The National Natural Resources
Management System (NNRMS) and National Spatial Database Initiative (NSDI) in India
and the recent Bhoosampada interactive digital database of National Remote Sensing
Centre (NRSC) of ISRO are steps in this direction. Gomez et al. (1996) based sustainability
valuation of the production system that they studied on the multifaceted FESLM developed
by FAO and IBSRAM (Smyth et al., 1993). The team evaluated sustainability at farm -
level and proposed a preliminary list of field indicators, providing examples from actual
measurements from the field and outlined a method to visually and quantitatively represent
the results for ease in analysis and comparison. In yet another study by Gameda et al.
(1997), a Decision Support System (DSS) for farm-level indicators of SLM was attempted.
In 1999, the Centre for Development & Environment (CDE) located in Bern, Switzerland
brought out a comprehensive document on Sustainable Land Management - Guidelines
for Impact Monitoring (SLM —IM) by Herweg et al. (1999). The document succulently
deliberates over why SLM - IM is essential.
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Itis now generally believed that natural resources can potentially be used in a sustainable
way, if appropriate land management technology and practices are in place and if regional
planning and policy framework complement one another in a purposeful manner as the
principles and concepts of Sustainable Land Management (SLM) revolves around the
concept of ecosystem balance as indicated by Hurni in 1997. Hence, SLM is deemed to
be composed of three developmental components - technology, policy and land use
planning for sustainable development of land. This concept has benefited immensely
from the Framework of Land Evaluation (FAO, 1976 & 1979) wherein a methodology
was proposed for land quality evaluation and land suitability for specific crops and in the
recently revised framework from FAO (2007) wherein the need to check over-exploitation
and degradation of land rather than any drastic change in land use has been emphasised.
This change in stance has been necessitated by the paradigm shift in the focus of the
world at large, i.e., the need to solve practical issues concerning technical, socio-economic
and environmental problems in order to achieve sustainable development rather than
philosophy and ideology (Beek et al., 1997 & Bouma, 1997).

Importance of SLM

The fact that the world is fast losing new land that could be taken up for agricultural
expansion, and that the same agricultural land that has been in use for the last 5000 years
or more in various parts of the world including India and other South Asian nations, is
now required to be managed in a sustainable manner with its productive potential intact
for the benefit of future generations, the importance of SLM is obvious and cannot be
over-emphasized. In fact, to achieve an equitable world as stated in the UNCED AGENDA
21 (Chapter 14, 1992), sustainable development with poverty alleviation, is a necessity
for the world at present and cannot be deemed an option.

The impact of land management decisions could be tremendous in any part of the world
not only because of the fact that land provides environment to agricultural production
but remains an essential condition for improving environmental condition and
management, such as recycling of nutrients, being an important component of hydrological
cycle, ameliorating pollutants, performing the source and sink function for greenhouse
gases, etc. The impact of land management in rural areas could be massive even if small-
scale farmers make their independent decisions in their field and invest their capital due
to the sheer number of these small farms. Thus, although land use decision of individual
small farmers may seem insignificant, these decisions when repeated over and over again
in any rural landscape could collectively amount to major impact that could be significant
at a regional and even global -scale.

Similarly, land management practices introduced under WDP in rainfed regions in India
could have a tremendous impact on sustainability of agricultural production systems not
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only in rainfed regions but the entire country. In the same manner, study of impact of
LMP in the SAARC countries would indicate whether these practices would help achieve
sustainable development in future. In case the assessment indicates otherwise, than it is
essential to undertake corrective measures at the earliest before irreparable damage occurs.

Unlike elsewhere in the world where agriculture is cited as part of the environmental
problem leading to non-point source pollution and environmental degradation, in India
and the SAARC nations, agriculture is a major source of livelihood for millions of farmers
who can neither be displaced nor absorbed in any other sector of the respective economies.
In addition to being an employment provider, the agriculture sector is a major source of
food, fodder, fibre, oilseeds and pulses that cannot be underestimated. Sustainable
development could be achieved only through the collective efforts of those immediately
responsible for managing the land resources even if the concerns for sustainability may
seem global and remote immediately because corrective actions are required to taken at
the local — level although policy instruments to encourage and support those measures
are the responsibility of Governments at the national-level.

In large parts of India unlike in irrigated areas, agriculture is restricted to 5 to 6 months
each year and seasonal migration is rampant leading to poor land care in off-season
period. Hence Govt. of India implemented the Mahatma Gandhi National Rural
Employment Guarantee Scheme (MGNREGS) in 2008 in order to dissuade farmers from
migrating and tending to their land and livestock in the off-season. The aim of MGNREGS
is to help create resource capital in the village that would help agricultural production
systems in each village in the long run.

SLM cannot be the responsibility of millions of cash-strapped rainfed farmers and Govt.
and society at large must be responsible for sustainable development which is indeed a
mammoth task that cannot be left to the farmers alone. On its part, the Govt. must ensure
that policies do not create negative environmental impact while the society must define
the requirements of land maintenance and land use and support the farming community
with a pro-farmer stance.

The Land Conversion Policy of Govt. of India (2006) aimed to stimulate the rural economy
has had negative fallout as in several locations prime agricultural land have been converted
to urban and allied uses, which has caused havoc in rainfed agriculture system in Andhra
Pradesh, Karnataka and Maharashtra. In Telangana region in Andhra Pradesh, the real
estate boom around Hyderabad has lead to unsustainable land use as prime agricultural
land have been converted to real estate development, an act that is detrimental to sustainable
land management. History and governance have taught us that the preferred mode to
ensure SLM is not to tell farmers what to do through command and control legislation,
but to create a policy environment where farmers are empowered and accountable for
achieving the objectives of SLM. However, the lack of infrastructure facility, timely
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availability of inputs, poor access to credit facility and competitive price of land in addition
to, low procurement prices of agricultural produce etc., have all adversely affected the
interests of farmers resulting in unsustainable land use at several places.

Hence, there is an urgent necessity to treat agriculture as an independent enterprise and
not as a last resort of farmers. They must be permitted to avail facilities like the industrial
entrepreneurs in the country and only then can SLM be ensured. Society demands farmers
to become stewards of the rural landscape, and agriculture is asked to play a larger role
than merely providing food, fodder and fibre. However, to be only fair, if farmers have to
shoulder the burden of SLM with agriculture, they must be adequately compensated with
cheap loan, assured electricity, development of infrastructure, higher support price, crop
insurance etc., on par with sun-rise industries as is done under the Five-Year Plans in
India. Farmers’ lot must be improved on par if not better than the urban folks, as
environmental concerns cannot be shouldered by the farmers alone.

Material & Methods

To study the impact of improved LMP implemented under WDP in the study area as
described in this paper, a set of sixty-one multidisciplinary indicators were constructed
in the lines suggested by Gomez et al. (1996) to evaluate five aspects of sustainability
impacts discerned at household- level and at field — level in rural areas. Actual
measurements were taken in field for all measurable parameters under each indicator
while scores were assigned to those indicators that prompted a qualitative response. This
approach facilitated a quantitative evaluation of impact of improved LMP as far as possible.
Wherever actual indicators were unavailable, surrogate indicators were employed for the
impact evaluation purpose. The five aspects of sustainability on which the impacts of
improved LMP were evaluated were — agricultural productivity, livelihood security,
economic viability, environmental protection and social acceptability.

Development of an evaluation methodology for assessing the impact of LMP is a trans-
disciplinary, target-oriented approach that necessarily requires processing of a large set
of data for which a number of tools and techniques including Geo-informatics are required.
The present paper indicates how the concept of SLM was used to evaluate the impact of
improved LMP in the watershed projects implemented in the rainfed region of Telengana
in Andhra Pradesh. It is believed that the methodology must hold good for other rainfed
regions in the country as well as other countries in SAARC region.

SLM requires a multi-level stakeholder approach to land management that would be
feasible, acceptable, viable, and ecologically sound at local-scale. In this approach
management is defined as an activity on the ground using appropriate technologies in the
respective land use systems. In the context of sustainability paradigm, sustainability would
require that a technology follow five major pillars of sustainability - (a) ecologically
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protective (b) socially acceptable (c¢) economically productive (d) economically viable,
and (e) reduce risk. Land Use Resilience and Social Equity concepts have since been
added to these criteria.

Land refers to the spatial units where ownership, resource availability, boundary conditions
and the policy and economic environments play an important role. Thus, the issue of
Sustainable Land Management (SLM) would have to address the question of its
sustainability for whom, how to be sustainable (denoting approach), what is to be
sustainable, by what means would it be sustainable, and with what impact? Hence the
stakeholders are an important consideration for the concept of SLM as they could be
target group, interest group with common interests, Land Users, consumers, the Govt.,
or the revenue and tax agencies of a country, and of course, the future generations for
whom the present land resources have to be conserved and protected.

A major hurdle in SLM research has been the lack of quantifiable definitions for specific
sustainability targets and hence in the current study a quantifiable evaluation model has
been developed to enable a quantitative evaluation of the impact of improved LMP under
Watershed Development Program. Of course, the lack of quantifiable definitions also
provides flexibility to the concept of SLM such as sustainable soil management, sustainable
agriculture, sustainable land management, sustainable resource management, sustainable
development, etc., which could be applied at various spatial scales such as in field,
watershed or higher—order levels like agro-ecological region. Moreover, for practical
reasons, estimating whether our chosen LMP are taking us towards or away from
sustainable development, is often as useful as attaining any specific sustainability targets
as in case of economic theory.

According to FESLM concept, it may be stated that the objective of SLM is to harmonize
complementary goals of production, environmental, economic and social opportunities
for the benefit of the present and future generations while maintaining and enhancing the
quality of land resources viz., soil, water and air (Smyth & Dumanski, 1993). Land
provides environment to agriculture production but remains an essential condition for
improving environment and management as stated earlier. SLM if properly designed and
implemented can ensure that agriculture becomes part of environmental solution rather
than remaining an environmental problem. Land management can achieve economic and
environmental benefits and hence, must be the foundation for further rural intervention
and investments. The debate of short-term gains over long-term sustainability (as is case
of free electric power supply to farmers in Andhra Pradesh and in Punjab that has caused
groundwater exploitation and depletion), agriculture intensification to increase yield using
more inputs in stark contradiction to the concept of sustainability and instead, optimizing
local inputs rather than maximizing external inputs etc., must help in correcting land
management practices (LMP) to achieve sustainable development.
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Land Management Practices Implemented under WDP in India

Evaluation of Land Management Practices is essentially experiment-based in India. Several
evaluation studies have been undertaken to assess impact of WDP in the country, duly
acknowledging the shortcomings suffered by such impact assessment studies in the area
of natural resource management (NRM) research as highlighted by SPIA of CGIAR
(CABI & FAO, 2007; Walker et al., 2008). Notable among these studies are Kerr &
Sanghi (1992); Kerr et al., (2002), Amita Shah et al., (2004), Joshi et al., (2005), Sreedevi
et al., (2004), Wani et al., (2002 & 2003), Mishra et al., (2004), Sharma et al., (2005),
Singh (2000), Ram Babu & Dhyani (2005), Arya & Samra (1995), Omprakash et al.,
(2004), Kaushalya et al., (2006, 2007, 2009 & 2010) and Mandal et al., (2011).

Besides these, there are a few studies on review of policy on watershed development, for
e.g., evaluation of watershed projects in Andhra Pradesh by Oliver Springate - Baginski
et al., (2004), watershed development program in India by Hanumantha Rao (2000),
costs of resource degradation like groundwater depletion in Andhra Pradesh by Ratna
Reddy (2003) and sustaining rural livelihood in fragile environments by Ratna Reddy et
al. (2004). Reports of two Technical Committees chaired by Prof. C.H. Hanumantha Rao
(1994) and S. Parthasarthy (2006), as mentioned earlier, have clearly recommended the
necessity to change the way WDP were implemented in the country primarily for making
land management sustainable.

The present paper aims to describe the methodology developed to evaluate the impact of
improved land management practices implemented under watershed projects in rainfed
regions in India. For this purpose baseline information was generated for pre-watershed

Methodology for Evaluating Impact of SLM Practices in
Treated/Developed Watersheds
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Fig.1 : Multidisciplinary methodology used to evaluate sustainability of
LMP implemented under WDP in rainfed regions in India
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project phase which was compared with averages and weighted Threshold Values (TV)
generated from various parameters as a result of improved LMP implemented in the
treated watersheds (Kaushalya & Mandal, 2008). Sustainability indicators were
constructed and used to evaluate the impact of improved LMP introduced in the treated
micro-watersheds in study area (Kaushalya, 2009). Fig.1 indicates the scheme based on
which the evaluation methodology was developed (Kaushalya & Ramakrishna 2006;
Kaushalya et al., 2009 & 2010). Details of the exhaustive list of sustainability indicators
constructed for evaluation of improved LMP implemented under WDP have been presented
in a forthcoming book (Kaushalya et al, 2011).

Construction of Sustainability Indicators

Since 1990s there have been several attempts to develop Land Quality Indicators (LQIs),
however, the cause-effect relationships defining human interventions on landscapes have
not been dealt with in depth. The LQI program was spearheaded by FAO (1976), World
Bank (1996), CGIAR (2000), UNDP (2004) and UNEP (2005) and various bilateral
agencies. In 1996, a World Bank (WB) initiative was started to identify strategic land
quality indicators through defining and testing cause-effect relationships among land
quality, land use and rural poverty. The objective was to develop a hierarchy for bio-
physical and land quality indicators for evaluating sustainable development.

The indicator development process was hindered due to the dilemma on level of detail
required as it varies with scale. Also there is a necessity to link indicators with the level
of detail and scale in order to, develop a pyramid or hierarchy of land quality, so that a
seamless evaluation is possible both ways from local to regional levels or from a large-
scale to a small-scale. Integration of socio-economic aspects with biophysical indicators
also poses a challenge.

Another approach in indicator development process is the Pressure-State-Response
framework, which has been accepted as an operative framework. The framework has
been conceptualized in the form of multiple streams denoting levels of details based on
scale. For instance, under Stream-I, Core LQIs were to be developed as International
Reference Standards, while national and sub-national LQIs were to be developed under
Stream-II involving more in-depth and long-term research. Core LQIs as international
reference standard are those for which sufficient research has already been conducted
across the world in order to, establish a sound theoretical base with sufficient data or
where development procedures have been tested and are already available (e.g., Remote
Sensing). Core LQIs have been developed for managed ecosystems viz., agriculture and
forestry, in major agri-ecological zones in tropical, sub-tropical and temperature
environments (Dumanski, 1997). These relate to: Nutrient balance; Yield trends and yield
gaps; Land use intensity; Land use diversity (agro-diversity) and Land cover.
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Under Stream-II, a long-term program was initiated for a more thorough analysis of
cause-effect relationships between land use and land quality changes. It is understood
that robust LQIs can be developed only through a thorough analysis and understating of
the cause-effect relationship of human intervention in rural landscapes. The general
indicator themes under the Stream-II category are - soil quality, land degradation, agro-
biodiversity and land resilience. Besides these, water quality, forest land quality, range
land quality and land contamination / pollution have also been included to the core list.
These are essential bio-physical components of SLM which have been added to other
pillars of sustainability viz., economic viability, system resilience, social equity and
acceptability. For the present study a similar method was used to develop indicators for
studying the impact of improved land management practices (LMP) for sustainable land
management (SLM) under watershed program.

To evaluate impact of improved LMP on agricultural sustainability, it was deemed fit to
construct indicators which would serve multiple purposes like tracking performances,
monitoring consequences of alternative management practices and for scientific
exploration. For the present study, three terminologies have been used namely, measures,
indicators and indices. The term measure (or measurement) has been used to refer to the
actual measurement of a state, quantity or process derived from observations or monitoring.
For example, measuring slope in a given field or estimation of yield of a crop, etc. An
indicator serves to indicate or give a suggestion of something of interest and is derived
from measurement. For example, yield compared over time show a trend which can
indicate success of management practices for a specific crop, in a field or in the watershed.
Indicators are typically used for a specific purpose such as providing policy makers with
information about progress towards a target. An index or multiple indices comprises a
number of measures combined in a particular way to increase its’ sensitivity, reliability
or ease of communication. These are useful in the study of land management practices
where multiple attributes and measures related to land management have resulted in a
long list of measures and indicators. For example, Crop Cafeteria Index (CCI) was
constructed to denote the ratio of land cultivated by a farmer in a particular season/ year
to the total size of his land holding. This index thus indicates the actual area cultivated by
the farmer during a particular season/ year that would in turn, be useful to measure crop-
wise yield besides, indirectly informing how much area was left under fallow and what
were the reasons for fallowing. B: C ratio is another popular index which is used to
measure economic viability or profitability of a cropping system or an agricultural
enterprise and includes multiple measures like costs, charges, rent, depreciation, value of
produce, market price, etc.

For the present study a suite of sixty-one sustainability indicators were constructed. The
indicators were drawn from multiple disciplines like geomorphology, agronomy,
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hydrology, S&WC, soil science, economics, agro-meteorology, remote sensing, etc. While
some indicators could be actually measured other indicators provided qualitative
information that required to be converted into a measurable entity for ease in interpretation.
Certain aspects could not be measured directly for which surrogate indicators were
constructed. For example, Normalized Difference Vegetative Index (NDVI) derived from
satellite data was used to measure extent and vigour of vegetation cover in a target area
over a specific time-period.

Plan of Work

As a prelude to the actual study, a reconnaissance survey was conducted in the study area
to understand the situation of agriculture, the level of natural resource base and livelihood
of farming community in the region. This was followed by a Participatory Rural Appraisal
(PRA) that was conducted in each village with a set of key informants chosen carefully
from the village community who were stakeholders; in addition a few were also selected
who were residents in the village. The objective of the PRA was to identify the core
issues affecting rainfed agriculture in these villages and to match them with the improved
LMP introduced and implemented therein under watershed program. This was followed
by the development of a Methodology for Ex-Post Impact Assessment (eplA) of Land
Management Practices to evaluate efficacy of improved land management practices
(LMP), their impact was assessed in agriculture in treated watersheds selected for this

purpose.

Rainfed agriculture although simplistic in concept, faces multiple constraints related to
land quality, climatic condition, poor natural resources, poverty among farmers and other
associated socio-economic problems. During the PRA these issues were identified for
each one of the selected watersheds. One of the primary issues that could have a significant
impact on sustainable development of any agricultural production system was the land
management practices. Hence, effort was made to list all improved LMP promoted under
the WDP in the study area (Kaushalya et al.,2011). Survey indicated that the other core
issues affecting agriculture related to the intensity and diversity of land use, land quality
and the prevalent land use practices in the study area. Besides these, the institutional
support from the current government and other agencies, the level of awareness among
land users’ and the extent of risk - buffering capacity among farmers, equity, the societal
value of farmland in a rapidly growing economy like that of India and other SAARC
countries, and the issue of livelihood security in rural areas, etc., were very critical. If
rainfed agriculture had to be made sustainable, all these issues listed above needed to be
dealt with adequately.

The impact assessment strove to evaluate the farming systems and the available natural
resource base at the field and watershed -level in addition to the resources available with
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the farmers. In view of the varied nature of the core issues identified in the study area as
impacting agriculture, it was necessary to develop a large suite of indicators, sixty-one in
number to be precise. Notwithstanding the large numbers of sustainable indicators, it
was understood that out of these sixty-one indicators, there would be a few that would be
critical for achieving sustainable development in agriculture. In order to identify these
critical indicators to assess the impact of LMP on the five aspects of sustainability
mentioned earlier, two statistical techniques were employed namely, Bivariate Correlation
technique (BVC) and Principal Component Analysis (PCA). The two methods were used
independently of each other at each watershed, to identify the critical indicators denoting
the relevant improved LMP.

For example, to evaluate the impact of LMP in treated watersheds (TMW), the prevailing
condition of various parameters, such as, soil fertility level, NDVI, cropping intensity,
agricultural productivity, fodder availability situation, etc., were assessed and compared
with the situation prevailing in an untreated micro-watershed located within the village
taken as control, where improved LMP was not implemented. For undertaking this
analysis, it was assumed that the benefits of general factors like geographical location,
natural resource base, infrastructural setup, social and economic situation in the village,
etc., could be discounted for or nullified in case of both watersheds as they were located
in the same village.

An important merit of this Ex-Post Impact Assessment (eplA) methodology developed
for evaluation of improved LMP is that the indicators constructed for the purpose are
quantifiable, easily comparable, mappable and could be monitored at any given point of
time at any spatial scale that is field- or watershed -level. A detailed description of the
evaluation methodology has been presented in a recent publication (Kaushalya et al.,
2011). The study indicates that the eplA developed and presented in the book can be used
as a generic model for evaluation of LMP in several regions in India and the SAARC
region.

Due to variations in core issues that impact agriculture in selected watersheds, prescriptions
for improved LMP and their emphasis may also differ. In view of the heterogeneity of
issues affecting sustainability of rainfed agriculture in the treated watersheds, a large
suite of indicators was constructed. This necessitated the identification of critical indicators
for which two statistical methods were employed namely — Bivariate Correlation technique
(BVC) and Principal Component Analysis (PCA) for which SPSS software (ver.16.0)
was used. The eplA methodology comprises of three distinct phases namely, field work
during which soil sampling was undertaken and socio-economic survey was carried out;
lab work including database creation, construction of relevant indicators, interpretation
of satellite data and mapping, followed by analysis of impact of the improved land
management practices in the selected watersheds.
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Complete Methodology for Carrying Out Ex-Post Impact Assessment (epIA)

A. Undertaking Field Survey

Step 1:

Step 2:

Step 3:

Field trips were undertaken during Pre- and Post Kharif season each year to
conduct socio-economic survey in each of the village. For example in case
of Pamana village 123 farm households were surveyed which included 74
households from treated micro-watershed (TMW) and 49 from untreated
micro-watershed (UTMW). Similarly, 113 farm households were surveyed
in Chintapatla village which included 72 from TMW and 41 from UTMW.
In case of Dontanpalli village, 49 farm households were surveyed of which
19 belonged to TMW and 30 to UTMW. In Gollapalli, 73 households were
surveyed of which 40 belonged to TMW and the rest to UTMW.

Soil sampling was carried out to undertake soil fertility studies in the
laboratory. Soil sampling sites were geo-referenced using DGPS and maps
were prepared using ArcGIS software.

Using DGPS, soil sampling sites and S&WC structures were geo-referenced.
Simultaneously, field boundary information was updated in the village
cadastral map. The watershed boundary was delineated in the same manner.

B. Scheduling Laboratory Work

Step 4:

Step 5:

Step 6:

Preparation of database in MS-Access to store data in the form of Tables (In
all fourteen Tables were prepared using Dot.Net as front-end to store data
pertaining to various aspects of the study).

Development of an application in DOTNET for entering data by using forms
and a database as back-end of application. The application facilitated
calculation and assigning of scores simultaneously while entering data into
the database. For e.g., if an indicator contains a quantitative value, namely,
size of landholding, agricultural production or yield, the said value was input
and stored directly into the database. In case of qualitative data, for e.g.,
Security of Tenure, which is an indicator, a small program was written using
‘if” condition. In case of another indicator named ‘Land Ownership’, residing
within the Form called Landholding, an input control called Land Ownership
was set. Using the ‘if” condition, a score was assigned as indicated below:
For leased land, the score provided was : ‘0’

For owned land, the score provided was : ‘1’

Soil analysis was conducted for 12 physical, chemical and biological
parameters followed by tabulation and assignment of scores prior to carrying
out statistical analysis.
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Step 7:

Step 8:

Step 9:

Interpretation of satellite data and preparation of thematic maps using ERDAS
Imagine and ArcGIS software in GIS laboratory. For example, indicators
like the ‘slope’ and ‘NDVTI’ were quantified based on interpretation of satellite
data of the study area. Thematic mapping of various aspects like soil fertility
status, cropping system, yield or land use, were undertaken using ArcGIS
prior to the assignment of scores to relevant indicators. This derived data
was stored in the database prior to commencement of analysis.

Conversion of MS-Access database into MS-Excel for extraction of values
for indicators for evaluation of five aspects of sustainability, i.e., livelihood
security, economic viability, agricultural productivity, environmental
protection and social acceptability.

Identification of Critical Indicators using two statistical techniques — Bivariate
Correlation technique (BVC) and Principal Component Analysis (PCA) as
mentioned earlier.

Note: Steps 1 to 8 are common for the evaluation procedure and a prerequisite for the
rest of evaluation, which includes identification critical indicators. Subsequent
steps have been described in the following algorithm that includes methods used
for identifying dominant or critical indicators denoting LMP under this study.

C. Ex-Post Impact Assessment

Example:

Step 10:

Step 11:

Step 12:

Algorithm for assessing Ex-Post impact of improved LMP or SLM on
Livelihood Security among farmers in treated watersheds.

Identification and construction of relevant indicators for assessing livelihood
security as discussed.

For this nineteen indicators were constructed and the relevant ones pertain
to following aspects: value of crop production; soil fertility; soil OC; size of
landholding; soil depth; rainfall; availability of water for critical irrigation;
growing fodder crop; availability and depth of groundwater; development
of surface water storage; S&WC structures; vegetation cover; planting trees;
slope; health awareness among farm household; medical facility; off-farm
income sources, and decrease in number of landless persons in the watershed
/ village, as the case may be.

To identify Critical Indicators two statistical techniques were used namely -
BVC and PCA.

Step 13(a): Bivariate Correlation technique (BVC) was applied on relevant data that

was available in MS-Excel format and was accessed in SPSS for Windows
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(Ver.16.0) in the following manner. From the main menu the following items
were selected:

Analyze -> Correlate - Bivariate

To commence analysis, a minimum of two or more numeric variables have
to be selected for which the following options are available:

Correlation Coefficients - For quantitative, normally distributed
variables, Pearson’s Correlation Coefficient technique was chosen. (If
data is not normally distributed or contains ordered categories, then a
Kendall’s tau-b or a Spearman’s — rho is to be taken which measures
association between scores or orders). Correlation coefficients range in
value from —1 (a perfect negative relationship) to +1 (a perfect positive
relationship). A value of ‘0’ indicates a non - linear relationship. While
interpreting results, one must avoid inference of any cause-and-effect
conclusion owing to a significant correlation.

Testing the Significance - One can select a two-tailed or a one-tailed
probability method. If direction of association is known in advance, one
must select a one-tailed method, otherwise a two-tailed method is more
suitable.

Flagging Significant Correlations - Correlation Coefficients significant
at p=0.05 level are identified with a single asterisk as they are relatively
weaker in their association, while those at p= 0.01 level are more
significant and are identified with two asterisks indicating higher strength.

Step 13(b): Indicators at p= 0.01 level of significance were selected for further analysis.

Note:

In a similar manner PCA was employed to identify critical indicators and for
validating the selection process using BVC. As mentioned earlier, Steps 1 to 8
were common to both statistical techniques described herein. To identify critical
indicators using Principal Component Analysis the following method was applied.

D. Identification of critical indicators using PCA

Step 14(a): Identifying relevant variables from the database and storing them in a MS -

Excel sheet.

Step 14(b): Accessing this data in an SPSS Window and selecting the options from Main

Menu as indicated below:

Analyze > Data Reduction > Factor

Step 14(c): Selection of indicators into variables text box and clicking <OK>. This would
lead to display of <Communities Table>, <Total Variance Explained Table>,
and <Component Matrix Table>
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Step 14(d):

Step 14(e):

From the <Component Matrix > for each component, a maximum value is
selected from which 10% is subtracted to arrive at a figure. This is followed
by selecting all indicators which fall within the range of [max value, max
value — 10% of max value]

From the set of indicators identified as stated above under each component,
we commence to identify critical indicators. From the resultant set of
indicators a correlation is established under each Principal Component.

Step 14(f): From each component, an indicator is identified which correlates most with

Step 14(g):

other indicators at 0.01 level of significance as indicated in Screenshot
(Table 1).

For each Principal Component, a weightage is estimated using the formula
indicated as follows:

PC weight = % of Variance / Total Cumulative %
For e.g., for PC1 the weight is =42.837/77.97 = 0.55. Similarly, weights of

PC2 and PC3 can be estimated.

Table 1 : Screenshot
Initial Eigen values Extraction Sums of
Squared Loadings
Component | Total % of |Cumulative | Total % of |Cumulative
variance % variance %
1 4.712 42.837 42.837 4.712 | 42.837 42.837
2 2.379 21.627 64.464 2379 | 21.627 64.464
3 1.486 13.506 77.970 1.486 | 13.506 77.970
4 0.850 7.731 85.701
5 0.588 5.342 91.042
6 0.418 3.803 94.845
7 0.317 2.882 97.727
8 0.185 1.683 99.410
9 0.048 0.434 99.845
10 0.17 0.155 100.00
11 2.45E-16 | 2.229E-15 100.00

Extraction Method: Principal Component Analysis
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Step 14(h):

For each selected indicator, a product is calculated by multiplying the indicator
with its corresponding PC weight, which is averaged to arrive at a value
called the Index. This index value represents the level of sustainability
achieved at each farm-holding level.

Note: Limitations of this methodology: The PCA was not found suitable for identifying
critical indicators for evaluating impact of improved LMP. One of the main reasons
was that the process is not rigorous. For e.g., to evaluate Livelihood Security, the
BVC identified five critical indicators and helped us in pinpointing four farm
households as sustainable while PCA with the same dataset identified 5 critical
indicators and indicated sixty-one farm-households as sustainable, which is grossly
inaccurate. After identification of critical indicators using BVC and PCA, Ex-
Post Impact Assessment (epIlA) of SLM or improved LMP for each aspect of
sustainability was carried out.

Step 15(a):

Step 15(b):

Step 16:

For measuring a change in condition of Livelihood Security, a reference
quantity named ‘Threshold Value’ (TV) was computed in the following
manner:

Wherever actual primary data collected from field or estimated in the lab or
computed from GIS / satellite data analysis, etc., was available, then the
respective TV was computed by using the relationship: 20% more than
average of the community (Gomez et al.1996). Where only scores were
available, then maximum score was assigned to TV.

After generating TV, a ratio was calculated between Actual (AV) and
Threshold Values (TV). An average value was again calculated on the basis
of all ratios generated pertaining to each sample, viz., Farmer ID or Survey
no. This final number would than determine if the sample farmer / field was
sustainable or not. If this final value was < 1 it denoted that the entity was
unsustainable. On the other hand, if this value was > 1 it denoted that the
given sample was sustainable.

Impact of improved LMP on Livelihood Security (or for that matter any
other aspect of sustainability) could be depicted using Cob -Web diagrams,
to show highly sustainable farm-household in a descending order of the Index
Values.

Determining Critical Indicators for SLM in Study Area

Undoubtedly, land management practices adopted by farmers can make or mar
sustainability of rainfed agriculture. In order to identify the most important and critical
improved LMP implemented in rainfed areas in Peninsular India, 61 sustainability
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indicators were constructed to evaluate impact of improved LMP on five aspects of
sustainability of agriculture production system namely - productivity, security, viability,
protection and acceptability as described earlier. Principal Component Analysis and
Bivariate Correlation techniques were used to identify the most critical indicators for
evaluating impact of improved LMP for achieving sustainable land management in the
study area. Weights were assigned to each indicator based on their respective PCA loadings.
Critical indicators for SLM in rainfed regions like the Telengana region is listed in
Table 2.

Table 2 : Critical indicators for improving agricultural sustainability in northern
Telangana region covering AESR 7.2 in Andhra Pradesh

Critical Indicators Contribution to | Impact on various
identified Sustainability aspects of Sustainability
(Weight %)

Soil Fertility Status 6.7 Agri. Prod., Eco.Viab,
Envi.Prot. & Live.Sec.

Maintaining Vegetative Cover 54 Envi. Prot., Live.Sec. &
Soc. Accept.

Education & General 4.3 Eco.Viab., Envi.Prot. &

Awareness of Farmers Soc. Accept.

Cereal Yield 4.1 Agri. Prod.

Resource Availability for 3.8 Agri. Prod.

Purchase of Inputs

Source of Irrigation Water 3.5 Agri. Prod.

Crop Diversity Index 33 Envi. Prot.

Women’s Participation 33 Soc. Accept.

Availability of Draught Power 3.3 Eco.Viab.

Membership of Watershed 32 Soc. Accept.

Based on the analysis, it was seen that in case of Pamana village, soil fertility was the
most important issue that impacted agricultural sustainability — with respect to productivity,
economic viability, livelihood security and environmental protection. Study indicated
that improved LMP related to soil fertility could contribute about 9.7 percent to agricultural
productivity and livelihood security. Besides this, source of irrigation water was found to
be an important indicator to determine sustainability. Development of sustainable sources
of irrigation like digging of farm pond, excavation of dug-wells, construction of rainwater
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harvesting structures, etc., could contribute up to 6.13 percent to sustainability of
agricultural productivity.

Aggregate Yield of Crops excluding Cereals could increase as much as 6.1 percent if
improved LMP were adopted. Besides these, livestock management along with agricultural
production could provide 4.5 percent towards sustainability while improving education
and general awareness among farmers could contribute 4.2 percent towards economic
viability and in turn help environmental protection. Reduction in input cost by improving
availability of draught power, improving Crop Diversity Index, increasing input-use
efficiency, practicing kitchen gardening, adopting short fallowing, using FYM with
recommended dose fertilizer and practicing INM, etc., could each contribute up to 3.33
percent towards sustainable economic viability and environmental protection (Fig. 2).

Indicators of Agri. Prod. | Weight (%a)
Fmme T e Imli.mn.n"s of Eco. Viab. Weight(%o)
Livestock MManagerent 4.5 ?;I:];blllty SRR 13
Source of Irrigation 5
Water 6.1 B: C Ratio il
Crop Rotation 1.2
Indicators of Envi. Prot. | Weight (%) Higher Tield 33
Crop Cafeteria Index 15 Income from Livestock
Crop Contingency Produce ilire
gf?;;fgfm WD 10 Input Use Efficiency 33
7 Net farm Profitability 1.9
Crop Diversity Index 5
Practicing Kitchen Off-fam Employment 19
Gardening 3.4 :
Usefavailability of Crop e ey i
Residue 2.1 S@SDU@I or Permanent
Use of FYM with Migealioe b
Featizer i 22 Indicators of Soc. Accept. | Weight (%o}
Indicators of Live. Sec Weight (%o} Constructing Fam Pond
and Maintaining Contour
Availability of Ground o o en Ltate 78
Water il.5]
Land Owmership ik 4]

Growing Fodder Crop 185

Iembership of Watershed

i e | 14 Comm. or User Association | 2.1

S&WC Structures 1.2

Mulching i3
Size of Landholding 1.9 Smnall Farmily Norm 12
Gt g Use of Organic Matter for
Soil OC 22 Soil Conservation 29
Surface Water Storage Women's Participation 28
Facility A%

Contribution to
Sustamability
{Weight:%e)

Critical Indicators Impact on Aspects of Sustamability

Agri. Prod, Eco. Viab,, Enwi Prot.

Soil Fertility Status 9.7 Sl HER
Education & General Eco. Wiab. , Enwi Prot | & Soc
Awareness among Farmers 4.2 Accept

Maintaining Vegetation Cover | 3.1 Live. Sec. , & Soc. Accept.

Fig. 2 : Critical indicators for assessing impact of improved LMP on agricultural
sustainability—case study Pamana village
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For e.g., in case of Chintapatla village, five indicators were found to be critical for
sustainable development. Improved LMP for increasing Cereal Yield could contribute to
5.8 percent of sustainability. Equally important was the resource availability with farmers,
his general awareness and education, soil fertility status in his fields and off-farm sources
of income available to him. Together all these four indicators could contribute to 21.4
percent towards sustainability of agricultural production system in the village.

In Dontanpalli, soil fertility status was found to be most critical indicator that impacted
agricultural productivity, livelihood security and environmental protection. If SLM
practices pertaining to soil fertility were practiced diligently, 9.2 percent of sustainability
could be achieved. Besides this, maintaining vegetative cover to cut surface albedo, loss
of soil moisture and erosion could contribute to 6.2 percent towards sustainability. Use
of crop residue, Cereal Yield, Crop Diversity Index and Crop Cafeteria Index were the
other critical indicators and SLM practices pertaining to these aspects could contribute
to 16.9 percent towards sustainable agricultural development in the village.

In Gollapalli village maintaining vegetative cover seemed an important indicator
contributing to 8.3 percent towards achieving sustainable development. Besides this,
other important aspects of agricultural production system that contribute to sustainability
were improving Cereal Yield (6.37 %), livestock management (6.4%), and resource
availability with farmers (6.4%), management of slope (7%) and education & general
awareness among farmers (6.0%). These aspects, if managed diligently, could contribute
to 32.1 percent towards achieving sustainable agricultural production.

A comparison of all indicators across the study area in four villages indicated that improved
LMP pertaining to enhancing soil fertility could alone contribute to 6.7 percent towards
sustainability. Improving soil fertility level could ensure livelihood security in all four
villages besides being important for environmental protection in Pamana, Chintapatla
and Dontanpalli. It was also seen to be critical in Pamana and Dontanpalli for improving
agricultural productivity and enhancing economic viability, in addition to improving
economic viability in Gollapalli watersheds (Table 3). Improving vegetation cover could
contribute to nearly 5.4 percent to sustainable economic viability and environmental
protection while increasing farmers’ general awareness & education could contribute to
as much as 9.3 percent towards sustainable economic viability, environmental protection
and social acceptability. Table 3 indicates the contribution of selected indicators towards
achieving sustainable agricultural production in the study area. Improving soil fertility
status was found to be critical in Pamana for achieving sustainability.

In case of Chintapatla, Cereal Yield and resource availability among farmers were critical
unlike in case of Pamana. Source of Irrigation Water was found to be critical in both
cases for sustainable agricultural productivity. For ensuring livelihood security, availability
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of water — both surface and ground water besides quality were found to be critical and
hence S&WC measures were also found to be important. Besides these, the size of
landholding and pricing of farm produce were also found to be critical. Improving
accessibility to loan from Banks was found to be critical for sustainable social acceptability
of improved LMP in the village. Critical indicators identified for achieving sustainable
development through land management practices in Chintapatla village is indicated in
Table 3.

Table 3 : Identification of critical components of agricultural production system
in study area and their respective contributions (%) towards sustainable

development
Pamana : Chintapatla : Dontanpalli : Gollapalli :
Production Economic aspects Soil - Soil -
System component related issues related issues
Availability of Access to Bank loan Soil health Use of FYM with
draught power fertilizer/
Practicing INM
Crop Cafeteria Index | B: C ratio Soil depth Use & availability
of crop residue

Crop Contingency Income from livestock Soil OC Soil health
Planning produce
Crop rotation Equity Slope Soil depth
Growing fodder crop | Developing kitchen Vegetation Soil OC

garden cover
Input use efficiency | Resource availability Slope

with farmers
Land ownership Value of Agri. Produce Vegetation cover

(Actual Product Value)

Women’s participation

Off-farm income sources

Education & general

awareness among farmers
26.3 32.0 26.5 30.6
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Enhancing education and general awareness among farmers was found to be important
along with developing off-farm source of income which could help in securing economic
viability and livelihood security among households. The scenario in Dontanpalli was
similar to that of Chintapatla. However, for securing livelihood, availability of water for
agriculture was seen to be critical. Hence, developing surface water storage facility was
identified as critical. Due to pressure on land owing to urbanization processes, land use
change, irrigation, higher yield and off-farm income sources were found to be critical for
achieving economic viability in agriculture (Fig. 3).

In Table 4 a list of dominant indicators have been indicated that could help achieve
sustainable agricultural development through the adoption of improved LMP practices
in the study area. These critical indicators could contribute up to 41.1 percent towards
achieving sustainable agricultural development.

Agricultural Productivity mAgoregate vield Economic Yiability CHgher yield
30 ELiwestock man agernent 30 @ol fertiky status
25 oSl fertility status 25 mDaran
e @OffFarm i H 3
& o OResource awailability for g0 ik
9 15 purchase of inputs = Dhott Fabwing
‘a | Caraal vield g1
& e Qlnput use efficency
@Source of irvigation water
5 B Avalabiky of draught
5 pover
0+ T @Education and general
Pamana Dontanpalli  Chintapatla Gollap alli 0= awareness of Famers
Pamana Dontanpall hintapatla Gollapali
Village
‘lage
S i EPracticng plughi
Social Acceptability ;b;celmg PR
@ Land ownership
20
@Farm-deckion making
25 crieria
DEducation and general
awareness of Farmers
? 20 OMantaning ‘egetative
= cover
.g' 15 @Women's partiipation
§ 104 @Membershp of Watershed
Cornmn or User asso ciation
B
ol
Pamana  Dontanpal  Chintapath  Gollapali
Wage
Environm ental Protection R Livelihood Security SDeRue ol
mLke of FYM uith fertizer] TN mYake of agri. produce
30 A
£ OFacticng Kichen qardening mOff-farm income sources
20 25
B Chop Diversty ndex CAvaiabiky of ground
@ 25 g2 water
S DGup Cifeteris nde E ool oC
= 15 .
715 DCMantaning wegetative cover 'E mSol fertiby status
S D5 Fartity status 10 EMantaning Vegetative
5 5
EEucation and general
0 2 anareness of Farmers 0+
Famana,  Comancak Clinfagatls  Gdapdk Daiiand;  ‘Dentanpel Chtaatls:  “Gokipsh
lage "
age

Fig. 3 : Contribution of Critical Indicators to various aspects of Sustainable Development in study area
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Table 4 : Identification of dominant critical indicators for achieving sustainable
agriculture in the North Telangana agro-ecological sub-region

Index

Critical Estm. | Aspects of LMP Practices

Sustainability Wt. Sustainability

Indicator (%) Addressed

Soil fertility 6.7 Agri. Prod., For improving soil fertility, incorporation of

status Eco. Viab. manure, leaf litter, crop residue and oil cake;

Envi. Prot. & | practicing crop rotation; application of
Live. Sec. recommended dose of fertilizers; seed treatment

with Azospirillum; application of green manure
viz., Subabul ; application of poultry manure,
tank silt; use of in-house organic waste etc.
To check soil erosion construction of loose stone
surplus bund , waste weir, etc.

Maintaining 54 Envi. Prot., To maintain adequate ground cover for reducing

vegetative Live. Sec. & soil erosion, growing vegetative barriers;

cover Soc. Accept. filtering and retaining silt; use of Khus grass or
Vetiver; growing cowpea as ground cover;
constructing miniature bund at lower side of
barrier for reinforcement and growing trees viz.,
Tectona grandis, Leucocephala, Borassus
flabellifera, Cocos nucifea, Acacia nilotica on
bunds

Education & 4.3 Eco. Viab., Increasing awareness of need-based interventions;

general Envi. Prot. & | buying good farm inputs at reasonable prices;

farmers Soc. Accept. using infrastructure facility, market, availing
credit facility, etc.; upgrading skills; health-
awareness; sanitation and education; undertaking
off-farm income generating activities, etc.

Availability 33 Eco. Viab. Adopting farm mechanization; use of improved

of draught tools & implements viz., seed drill, drill plough,

power cultivator, modified blade harrow, ridge planter,
tractor drawn planter, wheel hoe , ferti-seed-pora
plough, with two-bamboo tubes; ridge planter
drawn by bullock or tractor

Women’s 3.3 Soc. Accept. Setting-up of Self Help Groups (SHG);

participation Implementation of WDP; Conducting training
programs

Crop Diversity 33 Envi. Prot. Adopting intercropping system (ICS) and multi

cropping systems (MCS)
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Critical Estm. | Aspects of LMP Practices

Sustainability Wt. Sustainability

Indicator (%) Addressed

Use/availability | 2.9 Envi. Prot. Use of crop residue like paddy husk, powdered

of crop residue groundnut shells recommended for improving soil
structure & AWC

Soil OC 2.9 Live. Sec. Adopting INM treatments, for improving soil OC
viz., use of diagnostic balanced fertilization;
intercropping and crop rotation with legumes; use
of fertilizers with FYM; compost and vermi
compost; residue recycling and management;
green manure; use of bio-fertilizers; etc.;
practicing reduced tillage to protect top soil;
adopting 100% organic treatment (4t Compost +
2t Glyricidia loping) to get high OC content
besides N, P and K; conjunctive N management
& residue application; incorporation of horse
gram biomass

Crop Cafeteria 2.7 Envi. Prot. Crop rotation with pulse crop; intercropping;

Index silvi-pastoral system in wasteland; inclusion of
legumes in crop rotation

Short fallowing | 2.2 Eco. Viab. Adoption of crop rotation; seasonal fallow; etc.

Input use 2.1 Eco. Viab. Use of FYM/Compost and fertilizers; use of

efficiency quality seed & soil-test based fertilizer
application

Availability of 1.9 Live. Sec. Conserving groundwater through increased

ground water restrictions on ID crops; introduction of
alternative crops that are remunerative and
require less water, viz., chickpea & maize during
Rabi season, etc.

Total 41.1

Conclusion

The study illustrates how improved LMP can become SLM practices implemented under
watershed projects in rainfed regions in AP. Evaluation of impact of improved LMP was
carried out for five aspects of sustainability-agricultural productivity, economic viability,
livelihood security, environmental protection and social acceptability. Sixty-one indicators
were constructed to carry out impact evaluation that addressed the core issues relating to
rainfed agriculture. The impact of adoption of improved LMP implemented under
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Watershed Development Program was undertaken at field-level compared with an
untreated watershed taken as control. The assessment of impact of improved LMP was
undertaken following the framework indicated in this paper.

A major uniqueness of this study is that we have used the Geomatics and conventional
tools of analysis like soil analysis, PRA, socio-economic survey etc., for the evaluation
of impact of LMP. Voluminous data was generated, stored and integrated in a digital
database. Use of Geomatics facilitated geo-referencing of indicators that could eventually
facilitate undertaking of long-term sustainability studies in the rainfed region.

Land management is a function of LULC and exogenous driven and pressures. Hence, a
study of agricultural land use, land cover and degradation of natural resource base was
undertaken using satellite imagery from the Indian Remote Sensing Satellites namely,
IRS-1D - LISS-3 and IRS-P6 LISS-3 & LISS—4 data pertaining to two seasons alone
pre- and post-monsoon period annually from 1998 when improved LMP were not
implemented in the study area and from 2000 till 2008 when they were introduced under
watershed development program and adopted widely thereafter. Sustainability indicators
constructed from satellite data relate to land use, land cover change (LCCS), vegetation
index indicating plant vigour or crop growth, trends in NDVI, land degradation, etc.

A significant outcome of this study is the development of a framework for evaluation of
improved LMP and identification of useful land management practices that would help
in achieving agricultural sustainability. This information would be useful to agriculture
extension agencies and project implementing agencies of watershed program as well as
to farmers who would be able to identify and emphasize on these critical land management
practices while discontinuing those that do not contribute towards achieving agricultural
sustainability.

Undoubtedly, use of sustainability indicators to evaluate land management practices where
multi-disciplinary evaluation procedures are required to be carried out, holds great promise
due to its’ obvious strengths. The use of Geo-informatics in tandem with conventional
methods of evaluation like soil analysis, socio-economic survey and PRA has enriched
the evaluation procedure. Use of GIS and Remote Sensing helped in thematic mapping
and quantification of several indicators for this study. Use of DGPS helped in geo-
referencing soil sampling sites and updating the cadastral maps. Use of indicators for the
procedure has facilitated a rational evaluation process. The indicators facilitated the
development of an evaluation framework that was quantifiable, comparable and mappable
and was relatively easy to use and objective in evaluation. The results of the evaluation
procedure are specific and easily comprehensible and useful emphasising the land use or
the management practices that are really effective.
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To sum up, it may be stated that although at present, land management practices in rainfed
agriculture have not received critical attention except in spurts in watershed project areas,
their role in securing sustainable development in rainfed region, is beyond doubt. If
improvements in land management were to be made as indicated in this study, sustainable
development could be possible at the field- and watershed-level in rainfed regions. Critical
issues as identified by the indicators at both spatial levels require to be strengthened first
and foremost, in order to enable sustainable development of rainfed agriculture in the
country. The evaluation framework as indicated here could be readily used by the PIA of
various schemes in agriculture and in rural development in India and SAARC countries.
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Design of Rain Water Management Systems for
Reliable Irrigation
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Poverty in South Asian countries can be eradicated-not just alleviated by enhancing the
productivity of rainfed agriculture. In such a case, agricultural growth serves as an engine
for overall economic growth. This win-win scenario of poverty eradication through
agricultural and overall growth has been successful throughout history, and continues to
be valid today. It provides a strong justification for investing in further water development
for small-scale agriculture, in order to increase and stabilize the supply of agricultural
outputs throughout the year. Improved water control increases yields and cropping
intensities, reduces the risk of crop failure and prevents soil erosion. It also facilitates the
adoption of high-yielding varieties of food crops, diversification into cash crops, fertilizer
application, pest management and intensification of farm practices. However, the growth
of irrigated area has slowed down considerably in last three decades, as the large irrigation
projects are no longer financially and environmentally viable. This has led to a sharp
increase in exploitation of ground water and the share of ground water in total irrigated
area has increased to 75% from 50% two decade ago. This has its own serious
consequences of declining ground water table and increasing non-sustainability.

Thus it is necessary that the alternative measures of providing irrigation are explored
which are eco-friendly, sustainable and manageable at village level. Rain water
management based irrigation systems if properly designed can be a reliable source of
irrigation. This article presents components of design of rain water management based
irrigation system for different ecosystems.

Design of Rain Water Management Systems

The design of rain water management system is based on reliable estimation of runoff,
percolation rate and proposed cropping system of the command. Following sections
provide an overview of these.

Runoff Estimation

Estimation of runoff is a prime requirement for design of any water harvesting structure.
However most of the water harvesting systems are designed on the basis of predicted
runoff without any statistical basis as actual data are not available. This predicted runoff
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do not allow assessment of reliability of amount of water available for irrigation from
water harvesting structure. For achieving this objective, it is essential that runoff
predictions are made with the aid of statistical methods. There are two characteristics of
runoff which require estimation: maximum rate and amount. While first one is important
for design of spillway structure, the second is required to design the capacity. The most
common method for estimating peak discharge is rational method. In this method the
discharge is estimated as below:

Q= CIA/ 360
Where C = Land use coefficient
I = Rainfall intensity for period of time of concentration, mm per hour
A = Area in hectares
Q =m?/ sec

The land use coefficient varies from 0.2 for a wooded grassed area to 0.95 for an
impermeable surface. The land use coefficient is also affected by the slope and soil type.
The land use coefficient has been estimated by different agencies for different location
(Chow, 1964; Vandersypen et al., 1972). For accurate estimation, one should be careful
to estimate the proper land use coefficient. For a watershed having different land uses, a
weighted land use should be estimated by taking a weighted average as below:

C 2) w= (clal+c2a2+c3a3+......cccceuuunn...... +cnan)/n

The rainfall intensity will vary as per the time of concentration and should be estimated
as per the watershed characteristics. Murthy (1988) has given the isoclines of rainfall
intensity for whole country for different time of concentration and they can be used. For
estimation of reliable amount of runoff available during different periods, Srivastava and
Rao (1993) found AMC curve number method most easy and reliable. The curve number
method is also known as the Hydrologic Soil Cover Complex Method is a versatile and
widely used procedure for runoff estimation. It has been used extensively by different
researchers (Rao et al., 1996; Chandramohan and Durbude, 2001; Sharma and Kumar,
2002, Pandey et al., 2000). In this method, runoff producing capability is expressed in
the numerical value varying between 0-100. Curve number technique takes in account
the hydrological soil cover complex, soil group and antecedent moisture content. With
this method, runoff availability can be estimated on daily, weekly, monthly, seasonal and
annual basis. As per Vandersypen et al. (1972), the daily runoff can be estimated by
following formulae:

Q = (P-0.35) 2/ (P+0.7S) for all regions and
Q = (P-0.15) 2/ (P+0.7 S) for black soil region
Where Q = daily runoff, mm
P = daily rainfall, mm
S = Potential maximum retention, mm= (25400/ CN) - 254

Where CN = Curve Number
242



(SAARC Training Program)

However, these relationships do not account for topography and hill & plateau region
have been treated same. Srivastava et al. (1987) found that for hilly regions of Himalayas,
the second relationship holds better, and therefore for rolling topography, second
relationship should be used. Summing up the daily runoff, runoff for different periods,
viz, week, month or season can be estimated. Once the runoff for a particular period is
estimated for a number of years, a time series of runoff for that period is created. With
this time series, probable values of runoff availability can be estimated because for design
of irrigation system, this is the prime requirement. For reliable estimation of hydrological
parameters by probability distributions, the data series has to be of adequate length,
random in nature and some suitable probability distributions could fit the data. To test
the aforesaid criteria the data series should be subjected to three tests, namely test for
adequacy of length of record, test for randomness and test for fitness to distribution.
Once the time series passes these tests, the probable values for a particular probability
can be estimated as following:

X, =X. AK,
Where X, = probable runoff at p probability level
X = Mean
A = standard deviation
K, = Frequency factor corresponding to probability level

Pre-estimation of seepage loss for site selection of rain water management
structures

Seepage rate is a major component for designing percolation tank and runoff storage
tanks. For percolation tanks, the tank capacity will be less if seepage rate is higher and
vice versa (Srivastava et al., 2005). On the other hand, for water harvesting tanks, the
tank capacity as well as catchment-command area ratio will be higher for high seepage
rate and if seepage loss is more than a particular level, which will decide whether the
tank should not be constructed at that site or it should be lined by a suitable lining material
(Srivastava and Verma, 2004). Lack of knowledge on seepage rate leads the construction
of these structures to sub-optimal designing and economic loss. The seepage of water
from a tank is a saturated flow from the tank to the ground water through tank bed and
sub-surface strata. Thus, it is governed by Darcy’s law of saturated flow through porous
media, which states that flow is directly proportional to the gradient of flow line (difference
in head/ length of flow) and the saturated hydraulic conductivity of the media. In case of
seepage from tank, the water will mostly flow to the groundwater table. Thus, broadly
the seepage rate will be dependent upon textural characteristics and hydraulic conductivity
of the flow medium and distance it has to travel to reach the groundwater. Thus, the
seepage loss is function of saturated hydraulic conductivity, bulk density, clay content
and depth of ground water. Based on this, Srivastava et al. (2007) developed following
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empirical equation for pre-estimation of the seepage loss of a site selected for the
construction of the percolation tank or runoff storage tank.

SP = -538.47+250.82 x BD +21.10 x C1-26.26 x GWD - 2.82 x KC1 =2.83
x KC2+ 53.18 x BD2 - 12.97 x CL x BD-18.88 x GWD x CI - 1.98 x
GWD2 - 4.12 x KC1x GWD - 1.85 x KC2 x GWD (13)

Where, BD = bulk density of the pond-bed in g/cm® ;

CL = average clay content of bed surface (at 0-15 and 15-30 cm depths) in
percent;

GWD = depth of ground water in m;

KC 1 = saturated hydraulic conductivity of 0-15 cm layer in mm per second.

Evaluation of observed and predicted seepage rate showed that the average correlation
coefficient between observed and predicted data is 0.76, which can be taken as satisfactory
for an empirical equation. The t-values obtained between observed and predicted estimates
were non-significant and thereby the t-test also indicates the suitability of the equation.
Thus this empirical relationship can be a good tool for pre-estimating the seepage rate
before embarking upon site selection, design and construction of the percolation tanks
and water harvesting based storage tanks. The coefficients of the equation can be estimated
for different agro-ecological regions. For estimating the seepage rate, I m x I m x 2 m
deep pit can be dug out and soil samples can be collected to measure the parameters. The
water level can be taken up from nearby open dug well.

Design of Tank Irrigation System

The rainwater based irrigation systems can be divided into three categories: tank based
systems, tank cum well based system, and recharge structure cum well based system.
Each system is suitable for particular location and therefore has to be designed specifically.
Although the rainfall in these areas is sufficient to meet the water requirement of rice, the
most important staple crop of the region, its spatial and temporal distribution makes
rainfed farming a risky proposition. This is evident from yield difference between that of
rainfed rice (1.0 to 1.5 t/ha) to irrigated rice (3.0 to 5.0 t/ha). Although the improved
varieties for rainfed areas have potential yield upto 3.0 - 3.5 t/ha, the yield pattern is
below 1.0 t/ha in below normal rainfall years, above 2 t/ha in above normal years and
between 1-1.5 t/ha in normal year.With this pattern, the rice yield pattern in five years are
: 1-1.5 t/hain two years, >2 t/ha in one year and <1.0 t/ha in two years making an average
yield of less than 1.5 t/ha. Thus, two objective of the irrigation system based on rainwater
management should be to take maximum advantage of the rainfall and ensure the crops
against rainfall aberration. Further, to enhance the cropping intensity, it should be able to
provide sufficient water to succeeding crop in post-monsoon season crop based on these
principles; the design methodologies for different system have been developed.
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Normally a tank based irrigation system is designed with reference to total irrigation
requirement and runoff availability and considerable work has been reported on farm
scale reservoirs or farm ponds (Srivastava, 1992). However, application of modern
mathematical tools for designing water harvesting / runoff recycling systems is a recent
phenomena (Sharma and Helweg, 1982). Two types of designing methodologies have
been reported: one dealing with a single tank treating it as an independent unit (Srivastava,
1996 & 2001) and another dealing with design of optimal multi-tanks system by taking
into account the whole spectrum of the constraints, objectives, options of location,
conveyance and application methods, crops and their irrigation levels, productivity,
demand of population dependent upon the area in terms of amount of foodgrains, pulses
and oilseeds, nutrient and availability of input to obtain a higher level of economic
efficiency in irrigation development and management (Srivastava, 1996). Where seepage
losses are more than desirable, the tank has to be lined. The design methodology for
these two types of system and lining technique have been presented in following sections:

a) Design methodology for single tank unit

A major constraint in realizing the potential yield of rice in rainfed tracts of high rainfall
areas of eastern India is late transplanting due to the delay in obtaining ponded condition
to facilitate puddling with rainfall alone. Even in canal commands, there is a high yield
difference between head and tail reaches due to late availability of irrigation water in tail
reaches to facilitate transplanting in time. WTCER (1996) reported that there was a 40%
reduction in rice yield in a canal irrigation project command when transplanting was not
completed in July. Thus, the first condition, which any irrigation system should satisfy is
that the transplanting should be completed by optimum time, i.e. 15 July. The other
constraints to be satisfied are:

(1) There should be ponding in the initial stage of transplanting for smooth recovery of
rice seedlings,

(2) There should be sufficient water in the tank to meet the demand due to prolonged
dry spells and

(3) There should be sufficient water in the tank to provide at least two irrigations to
succeeding dry season crop.
The design parameters of a runoff recycling system are:

(1) Minimum catchment / command area ratio,
(2) Size of the tank and

(3) Maximum affordable conveyance loss to meet the objective of providing the required
amount of irrigation water at the desired time.

Since the parameters should be able to fulfil the objectives for a desired return period, a
time series for these parameters is required. Besides the engineering design of the system,
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crops planning is also essential to realize the full potential of the irrigation system. Selection
of a suitable variety is important in this regard. Since in this system the crop and tank are
integrated, simultaneous simulation of the water balance of the cropped area and the tank
is required to achieve the objectives. The simulation has to be done for a crop rotation of
transplanted rice (July - October) and post paddy crop (November - March). The region
gets pre-monsoon showers in May (the normal rainfall for Orissa during May is 40.36
mm) and thus it has been assumed that on 15 May, the soil is at permanent wilting point.
The value of permanent wilting point, field capacity and saturation has been taken as 25,
44.1 and 50%, respectively on v/v basis based on actual observations of paddy field soil.
A oot zone depth of 75 cm has been considered. Adequate drainage is assumed to prevail
because of rolling topography. The ground water influence has not been factored, as the
ground water depth in plateau areas during the monsoon season is normally below the
root zone. Two varieties, a short duration IR-36 (110 days) and medium duration Mashuri
(130 days) have also been considered.

Formulation of simulation model

As stated earlier, the model involves simulation of crop water and tank and water
interaction. For the crop water balance simulation, the model of Srivastava (1996 b) was
modified. This was done because with high rainfall there is wide fluctuation in ponding
depth. For the tank water balance simulation, a simple input-output method was used.
The input is runoff, and output is evaporation, seepage loss, and water used for irrigation.
The model has been divided into three time phases. The first phase deals with the pre-
transplanting period and it estimates the date of transplanting by factoring the soil moisture
status and the runoff water stored in the tank. The second phase covers the first week
after transplanting and estimates the irrigation requirement for the initial ponding period
of 1 week to maintain 5 cm ponding for proper establishment of the plants. The third
phase of the model estimates the irrigation requirements to maintain the soil moisture
above field capacity for the growth period to physiology maturity. No irrigation has been
proposed between the period of physiological maturity to maturity, as this period requires
drainage. The simulation starts on 15 May and ends at the time of maturity, i.e. 80 days
for short duration variety (IR-36) and 100 days for medium duration variety (Mashuri)
from the date of transplanting. Any dependence of field duration on seedling age and
time of transplanting is neglected here. This model has been further broken up in three
parts: model for pre-transplanting period; model for 1 week after transplanting period;
and model for subsequent period upto physiological maturity.

Model for pre-transplanting period

This phase of the model deals with the moisture and tank water balancing for the period
from 15 May to the day of transplanting. During the period, the soil moisture in the top
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layer is generally below field capacity except for the time when there are heavy showers.
There will be no percolation loss under these conditions and it can be safely assumed to
be negligible. The equivalent depth of soil moisture (SM), in the root zone at the end of
day is calculated from

SMi = SMi—1+Pi—Ei subject to SMi > 0 (1)
Where i P and i E are daily rainfall and evaporation from bare soil, respectively.

The initial value of soil moisture on 15 May has been taken permanent wilting point.
Evaporation from bare soil i E is estimated from the open pan evaporation ( o E ) subject
to the rainfall conditions of the days (Jensen et al; 1993; Srivastava, 1996 a, b). If i P =0,
theni E=0.1i EoifiP>i Eotheni E=1iFEo, otherwise i E =i P . The 10% for rainless
days is adopted from Keulen (1975) as a typical value for an airdried surface which will
be an approximately similar condition prior to saturation. The suitable date of transplanting
will be a function of soil moisture status and irrigation water availability in the runoff
tank. For proper utilization of rain water and minimizing the use of stored runoff water,
the mode