Models for Socio-economic Evaluation
Cost-benefit Analysis

Cost-benefit analysis (CBA) is a highly structured method to organize information

and quantify social advantages (benefits) and disadvantages (costs) in terms of a common
monetary unit. Unquantified effects (intangible) are described and put against quantified
values. CBA analysis is required for the following reasons: (i) Market deficiencies, lack of
information, externalities, risk, etc. may create a difference in the private versus the social
perspectives. Thus, reliance on the market forces is insufficient.
(if) Government distortions, trade barriers, pricing policies, etc., affect land management and
hence need to be analyzed. Thus, reliance on the market forces is insufficient. (iii) Resources
are limited; somehow the allocation of resources between sectors (industry and agriculture)
and within sectors (conservation here or there) has to be decided.

Basic Economic and Evaluation Principles

The evaluation of any technologies may be done either with or without adoption of
technologies, or before and after the adoption of the technologies.

With and Without Adoption

Evaluation of conservation technologies may be made with and without its adoption.
Costs and returns are measured at their exchange value, at the time to accrual. This approach
becomes analytical device for determining the effects of various measures of formulation and
evaluation phases. The anticipated need for land, water and other related goods, future land
use as related to productivity should be projected both by time and productivity. Thus, with
the technique of project evaluation one needs to make estimation for the likelihood output
from the project area and also the surrounding agro-climatic region.

Before and After Adoption

Another method for evaluation of a project on soil water conservation and watershed
management is before and after project. In this, input and output data are collected from the
project area at two points of time, i.e. before start of the project and after completion of the
project. This method is more accurate but it needs more time for evaluation. Secondly, this
method cannot be applied in the appraisal of the project i.e. ex-ante evaluation. Secondly, this
method cannot be applied in the appraisal of the project i.e. ex-ante evaluation. Thirdly, it
fails account for changes in production that would accrue without the project and thus, it may
overestimate the benefits of the project.

Technical Data Collection

It is very important to collect and analyze the current information on input use, output
produced and their prices. This represents the key components in the evaluation of
conservation measures. The information is collected on cost paid for items such as, (a)
equipment and power, (b) seeds and fertilizers, (c) labour, (d) irrigation, etc. The cost
resources are estimated by systematic listing of physical resources used in the production and
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it provides value of each resource on hectare basis. Identification of input and output of a
project (i) Identification of inputs: Programmes/projects involve a set of new or altered
activities directed to obtain maximum possible production per unit of area on sustained basis.
The inputs are costs and may occur either on-site and / or off site. The inputs involved in
these programmes are, use of the factors of production (land labour and capital) over and
above the level of their use without the project. (ii) Identification of output (benefits): The
benefits accrued from soil and water conservation programme are numerous / multiple. The
first step in this is to identify those benefits, enlist them and group them in to following five
broad categories. (Kumar, R, 2014)

Particulars Bihar Haryana Punjab UP

Adopter | Non Adopter | Non Adopter | Non Adopter | Non
adopter adopter adopter adopter

Human and | 3125 3886 2859 3608 2940 3705 2992 3854
mechanical

labour

Seeds 1409 1459 1734 1771 1780 1830 1599 1641
FYM 2560 2411 3952 3592 2381 2238 2124 1897
Plant 2688 2992 3228 3582 2896 3126 2699 2907
nutrients

Irrigation 1399 1547 2607 2799 3220 3575 1167 1369

Plant 2168 2404 1804 2150 1524 1787 1594 1800
protection

Total 13367 | 14706 | 16177 |17506 |14741 | 16259 |12169 | 13477
INPUT
COSY

Productivity | 4.0 3.9 5.0 4.8 5.4 5.0 4.3 4.1
—g/ha

Economic benefits: Those benefits which can be measured in physical terms and valued at
market price; these include:

1. Additional crop production from the reclamation of land, development of new topsoil,
introduction of new crop technology, etc. 2. Additional crop production from increased
irrigation potential through soil and water conservation. 3. Additional production from trees,
horticultural plants, grasses, etc.4. Sustained yield. 5. Increase animal production 6.
Additional income from fish, etc, through developed water resources. 7. Increase in net
income and reduction in income-inequality.
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An analysis conducted for comparing performance of adopter and non-adopter in IGP is
summarized in following table 1.

Protective or ecological benefits: This group includes those benefits, which are mostly
intangible and cannot be included, when the project is evaluated from private point of view.
These are generally in one category called as externalities from the project.

(i) Area directly protected against erosion, such as, gullying, stream bank erosion, etc.
(i1) Protection of existing production from land liable to be lost as a result of erosion.

(iii) Proportionate investment on dam and its commands protected/ proportionate loss due to
flood hazards likely to be reduced.

(iv) Proportionate damage to crops, trees, grasses, etc., due to erosion, floods/drought
prevented.

(v) Enrichment or maintenance of genetic diversity.
Environmental benefits

(i) Preservation of ecological diversity and control of floods.
(i1) Protection of soil, water and air-quality.

(iii) Control of industrial pollution.

(iv) Bio-diversity maintenance.

(v) Better microclimate.

Secondary Benefits to the Community

Project can lead to benefits created outside the project itself. These are termed as
secondary benefits or technological externalities. For the economic analysis of the project,
these secondary benefits must be accounted for so that you can be properly attributed to the
project investment. Due to non-availability of data and the techniques to convert them into
money value it becomes difficult to consider all these benefits / costs aspects of soil and
water conservation programmes for its evaluation Following are pre-requites for adoption of
Conservation Agriculture.

1. Availability of machinery / equipment for promotion of resource conservation
technologies is a prerequisite for achieving targets of agricultural production. Availability of
implement at economical cost is major constraint in promotion of bed planting of crops.
Likewise, machinery is not available for crop residue management that is impeding
acceleration of this practice.

2. Organizing farmers’ days, holding of field demonstrations, cross-farm visits of extension
experts and effective use of mass media i.e. print and electronic media for transfer of
technology may play a major role in promotion of resource conservation technologies
amongst farming community.
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3. Capacity building of farmers to acquire, test and adopt technologies through participatory
approach will enable them to seek resource conservation technologies for their farms and thus
they can reduce their production cost and combat production constraints.

4. Improvement in coordination among various stakeholders (research, extension service,
farmers, service providers, agricultural machinery manufacturers, etc.) for transfer of
technologies will play a pivotal role in accelerating adoption of new interventions.
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Strategies for Wide Scale diffusion of Conservation
Agriculture Technologies

Dhiraj Kumar Singh & Anirban Mukherjee
ICAR Research Complex for Eastern Region, Patna

Traditional agriculture which includes activities like excessive tillage operations,
residue burning, high doses of inorganic fertilizers & pesticides, mono-cropping etc resulted
in soil erosion, decrease in water quality, soil compaction and poor adaptation to stresses. It
also adds to global warming through emission of Green House Gases (GHGSs). The concept
of Conservation agriculture (CA) involve minimum soil disturbance, permanent soil cover
through crop residues or cover crops, and crop rotations for achieving higher productivity. In
India, efforts are under way to develop, refine and disseminate conservation-based
agricultural technologies for last two decades and made significant progress even though
there are many constraints in diffusion of CA technologies. The rice-wheat cropping
sequence of North Western plains though provided food security in the country, but the over
exploitation of resources have led to problems like falling water table and yield plateau in
cereals. The CA technologies like zero tillage, direct seeded rice, laser land levelling, crop
residue incorporation in soil etc provide opportunities to reduce the cost of production, save
water and nutrients, increase yields, increase crop diversification, improve efficient use of
resources, and benefit the environment.

Information requirement of farmers about CA Technologies

Adoption of Conservation Agricultural Technology is a prerequisite for increasing
productivity and improving socio-economic status of farming community. The information
about any technology must reach to farmers before he/she takes a decision about its trial,
adoption, continued adoption or rejection. In the context of conservation agriculture, a farmer
will require following information in a comprehensive manner:

e How to do land preparation: Minimum soil disturbance, slashing/rolling of weeds or
previous crops r use of herbicides.

e What is direct seeding: Information about Zero tillage/No tillage/direct drilling of
seeds etc.

e How to do planting in CA: Use of equipment for creating a slot for seed and placing
of large size seeds in that slot viz. maize, beans etc.

e How to apply fertilizers: Broadcasting or during seeding or planting.

e Cover crops: during fallow season, provision of cover crops to protect soil, mobilize
nutrients; improve soil structure and controlling weeds, insects and pests infestation.

ICAR Short Course- Conservation Agriculture for Climate Resilient Farming & Doubling Farmers’ Income Page 151






9. There is a need to establish a learning platform/ CA-Community of Practitioners (CA-
CoP) with a mechanism for regular interactions, knowledge sharing and capacity
development.

10. A ‘Technical Working Group on Conservation Agriculture (TWGCA)’ involving key
researchers from ICAR, SAUs, CIMMYT, other CG Centers and other organizations (like
BISA, IPNI) should be established as “The India CA Center” with defined roles and
responsibilities should be established to promote CA in India.

The Center should be mandated to work on:

(i) Mapping CA research and development initiatives,

(i) Defining recommendation domains of CA-based management systems,

(iii) ldentifying research gaps and address pertinent questions and concerns related to CA,
(iv) Acting as knowledge repository and sharing center,

(v) Serving as catalyst for capacity development of stakeholders,

(vi) Developing science-driven policy guidelines and advisories for out scaling CA,

(vii) Developing proposals and raising funding for CA research and development,

(viit) Acting as facilitator for south south collaboration,

(ix) Developing framework for tracking adoption and social impact of CA and

(x) Monitoring and evaluating CA adoption and its impacts.

Conclusion, constraints, research gaps & way forward for CA

It can be concluded that farmers traditional practices is yielding better than
conservation agriculture practices however it would be better to adopt conservation
agricultural practices which gave comparable yield, economic returns and environment
conducive. Among conservation agriculture practices, direct seeded rice proved as productive
and emerged more remunerative than zero tillage transplanting system. However, for
adoption of CA, the farmers have the pre occupied mindset that tillage has direct relation to
crop production and the seeding or sowing is not possible without tillage practice. They
opined that tillage operation in seeding/transplanting as more number of plowing is cause of
high yield in crops and less number of plowing low yield. However, in modern technology
the researcher’s emphasizing that the minimum disturbance of soil in case of seeding.
According to minimum soil disturbance concept, the zero tillage technology introduced
between farmers. The recent past few years, due to globalization, it is necessary to put low
cost of agricultural produce. Due to increase of input cost of produce and low selling price,
the zero tillage technology is adaptable. The zero tillage technology is very valuable and may
be very wildly accepted and easy technology in near future. The use of zero tillage save, the
fuel, time of sowing, seeds, water, fertilizer and man power. However, for promotion of CA,
the lack of improved varieties and quality seeds, poor plant stand (low moisture), weed
menace, no use of fertilizers, terminal drought, prevalence of diseases, delayed planting (late
harvest of rice), poor crop management, lack of mechanization in CA practices, capacity
building Cum awareness and socio-economic constraints (Animal grazing) are the major
constraints. The way forward for promotion of CA would be to reduce yield loss during
initial years, assessment of economic gains through CA, environmental impact assessment of
CA practices, effective use of residual soil moisture using CA practice, development of CA
compatible crop varieties and selection of region specific cropping sequences for CA
practice.
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Management of low temperature stress in Boro rice

N. Bhakta

ICAR-Research Complex for Eastern Region, Patna (Bihar)

Boro rice has been traditionally grown during winter season (Oct-Nov to May-June)
in the deeply flooded areas of West Bengal, North East Bihar, Eastern Uttar Pradesh and
Assam in Eastern India and in the Sylhet, Mymensingh and Faridpur districts in Bangladesh.

In Bihar boro rice (summer rice or garma dhan) is grown in 80000-100000 ha area
mainly in the districts of Katihar, Kishanganj, Purnea, Supaul, Araria and Madhubani in the
agro-climatic Zone-I1.

Table 1. Area, production and yield of boro (summer) rice in Bihar

Year Area Production Yield
(000 ha) (000 tonnes) (t/hectare)
2016-17 84.323 224.329 2.660
2015-16 81.302 200.983 2.472
2014-15 82.265 181.555 2.207
2013-14 92.207 215.952 2.342
2012-13 105.117 285.833 2.719

Source: Directorate of Statistics and Evaluation, Department of Agriculture, Govt of Bihar

Among the rainfed rice ecosystems the flood-prone deep water areas are more vulnerable
than the others. The wet season rice crop in these areas is generally damaged by floods
and submergence at different crop growth stages. The rice crop also suffers from
drought, especially during early stages of the same season. The farming situations around
these areas comprise of flowing or still water conditions and flooding at different times.
The situation varies greatly depending upon intensity of rainfall, drainage facility, onset
of flooding, rate of water rise, etc. The rice production in this ecosystem is very poor and
uneven. Due to change in environment with special reference to rainfall pattern and
amount, the wet season rice crop faces the problems of submergence at early stage due to
flood and drought at panicle initiation stage. Such extremely diverse situation compelled
to farmers to search an alternative for their sustenance and livelihood which is mainly
based on rice cultivation. The boro rice system of cultivation emerged from such crucial
situation and now it has become a boon for victims of natural vagaries prone area. There
is an unlimited and annually rechargeable source of water under the earth in the vast area
under flood prone rainfed lowland and deep-water ecologies remaining fallow after
harvest of monsoon rice in eastern India.

Boro rice is grown in low lying areas in the flood prone ecosystem in dry season. It takes
advantage of the residual water in the field after harvest of dry season paddy. Boro is the
most productive season for growing rice. It possesses an inherent high yield potential due
to availability of good sunshine during growing season, good water control, less risk of
crop failure (due to no flood), high input use efficiency and less incidence of insect-pests
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and diseases. Farmers are encouraged to take up its cultivation in the season when
irrigation facilities are available.

Boro rice is grown during Nov-Dec to May-June. The crop growth stages like seed
germination, emergence, seedling establishment and early vegetative growth are subject
to low temperature stress during the winter months. In eastern India, minimum
temperature goes well below 10°C during Mid December to Mid January. Minimum
temperature falls down to as low as 6-10° C during seedling stage, 15°C in the vegetative
stage 15-20° during PI stage and 35-40° C during harvesting that are detrimental for
obtaining potential yield. The critical temperature for different growth stages in rice crop
is given below in Table 2.

Table 2. Response of the rice plant to varying temperatures at different growth stages.
(Yoshida 1981)

Growth Stage Critical temperature ( °c)
Low High Optimum

Germination 10 45 20-35
Seed emergence and establishment 12-13 35 25-30
Rooting 16 35 25-30
Leaf elongation 7-12 45 31
Tillering 9-16 33 25-31
Initiation of panicle primordial 15 - -
Panicle differentiation 15-20 38 -
Anthesis 22 35 30-33
Ripening 12-18 30 20-25

Leaf yellowing in boro rice due to cold Cold injury in boro rice seedlings (severe cold)

Thus, the main environmental factor limiting boro rice cultivation is the cold stress.
Cool water and air temperature affect the seedling growth, tillering ability, plant height and
crop duration and cause yellowing of leaves and seedling mortality (Pathak et. al. 1999). The
traditional boro rice varieties are tolerant to cool temperature during early vegetative stage
but they poor yielder due mainly to their tall stature, weak culm, loose panicle, coarse grain,
red kernel, presence of awn, etc which are not preferred by the farmers. There is no cold
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tolerant high yielding variety of rice ideally suitable for the boro season. Rice varieties like
Gautam, IR 64, Krishnahamsa, Chandrama, Naveen, CRHR-7, Shatabdi, Kshitish, Joymati,
CR Boro Dhan 2, Dhanlaxmi, Richharia, Prabhat, etc have been released for boro season.
However these varieties have only the moderate level of cold tolerance. Besides these some
rice hybrids like Arize 6444, Arize 6444 Gold, Arize Tez, Arize 6129, etc are also grown by
farmers during boro season. These varieties/hybrids lack the desired level of cold tolerance
and hence these are affected by low temperature stress in the nursery and early vegetative
phase coinciding with the winter months of December and January. However, affect of cold
injury in boro rice at seedling stage can be reduced by following suitable agronomic and
cultural management practices.

Management of cold stress in boro rice

Site selection for nursery

As boro rice is invariably grown under transplanted condition and seedlings are raised
under wet seedbed method. Site selection of nursery plays a great role in raising healthy
seedlings. It is observed that seedlings raised in lowlands are healthier than those raised in
uplands. While selecting site for nursery, places under shade should be avoided. It is
observed that the number of albino seedlings due to cold is very low in places receiving light
as compared to those grown under shade.

Selection of seeds

Healthy seeds with high seedling vigour are expected to overcome the cold stress
effectively. Heavier seeds having a specific gravity of 1.06 or more are to be selected by
discarding the floating seeds in salt solution. This solution is prepared by adding 60 g of
common salt per liter of water. Selected seeds are washed immediately with normal water
and then dried. An alternative to this cumbersome practice is to collect healthy seeds during
threshing time itself. In manual threshing method, the bold seeds are easily shattered by first
two beating operations and these should be considered for seed purpose. This process is
effective in separating out the partially filled and diseased grains.

Sun drying of seeds before soaking

Time required for sprouting (from soaking to sprout initiation) is usually longer (8-12
days) in boro season compared with kharif season (3-4 days). This period can be reduced by
pre-heating the seed lot under sun for 4-5 hours. Sun drying the seed before soaking is
observed to result in faster and uniform sprouting.

Sowing time in nursery

The intensity of cold gradually increases from early November to mid January and
hence, advancing sowing time to early-November is advantageous. Early sowing has the
advantage of higher survival of sprouts by avoiding their desiccation and drying due to cold
wave. Further, seedlings already attain a height of 8-10 cm before of onset of cold injury.
Hence, ceasing of seedling growth during cold stress does not interfere with timely uprooting
and transplanting. Moreover, 15-20 days old seedlings are physiologically mature enough to
endure better against cold stress compared with younger seedlings or sprouts.
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Use of polythene tunneling

High yielding semi-dwarf rice varieties are unable to attain optimum seedling height in
spite of early sowing in this season. Hence, uprooting of seedlings from nursery and
transplanting in main field becomes difficult as well as time and labour consuming. To
overcome the low temperature stress in nursery, polythene tunneling is useful. During cooler
period (Mid-December to mid-January) boro rice nursery is covered with polythene tunnels
during night time. In this practice, polythene tunnel is removed daily in the morning hours
and covered in the evening. There is increase in temperature inside the polythene tunnel as
compared to the outside temperature. An observation on weekly mean minimum temperature
during boro 2015-16 at ICAR-RCER, Patna revealed that it was higher by 2.0 to 3.0 °C inside
the polythene tunnel as compared to the ambient minimum temperature.

Fig. 1. Raising boro rice nursery in open as well as under polytunnels

Water management in nursery

Effective water management practices can reduce the effects of low temperature stress
to rice seedlings. Wherever there is facility for controlled irrigation and drainage exists,
nursery should be irrigated daily in the afternoon. The water should be allowed to stand on
the field throughout the whole night and early morning. The cool water should be drained out
from nursery in morning. In absence controlled drainage facility, standing water should be
maintained to reduce the cold stress.

Removal of dew

Removal of dew drops from rice seedling tips daily in the morning with the help of a
rope or stick lessens the adverse effects of low temperature stress.
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Application of compost and balanced nutrients

NPK should be applied in the nursery bed @ 10:10:10 kg/ha as basal followed by top
dressing with N @10kg/ha after 2-3 weeks of germination. Application of compost @ 1kg/
m; also helps in mitigating the cold stress. Yellowing of leaves due to cold injury may get
disguised as deficiency of nitrogen.

Care of seedlings between uprooting and transplanting

Leaving the uprooted seedlings of boro rice even for few hours (2-3) on dry field
results in desiccation and drying. The seedling uprooted for transplanting should always be
kept in fields with standing water. This practice helps in development of winter hardiness in
seedlings leading to their better survival in main field
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Diversifying Crop Rotations with
Nitrogen Fixing Legumes

A. K. Choudhary
ICAR Research Complex for Eastern Region, Patna (Bihar)

Legumes are plants belonging to the family Fabaceae (or Leguminosae). The term
also applies to their fruits or seeds. Legumes are grown agriculturally for their edible seeds
(grain legumes or pulses), for oil extraction (oilseeds), for vegetable purpose (vegetable
legumes), for livestock (forage legumes), as seed spice and soil-enhancing green manure.
However, most commercially cultivated legume species serve two or more purposes
simultaneously, depending upon their degree of maturity when harvested. Most of such
legumes contain distinct strains of symbiotic bacteria called Rhizobia within root nodules of
their root systems. These bacteria have the special ability to fix atmospheric molecular
nitrogen into ammonia (NH3), converting it further into another form (NHz4). This

arrangement means that the root nodules are sources of nitrogen for legumes, making them
relatively rich in plant proteins. All proteins contain nitrogenous amino acids. Nitrogen is
therefore a necessary ingredient in the production of proteins. Hence, legumes are among
the best sources of plant protein. When a legume plant dies in the field or gets harvested,
all of its remaining nitrogen that became incorporated into amino acids inside the
remaining plant parts (roots) is released back into the soil. Thereafter in the soil, amino
acids are converted to nitrate (NO3-), making the nitrogen available to other plants,

thereby serving as the fertilizer for the succeeding crops. Legumes are notable in that most
of them have symbiotic nitrogen-fixing bacteria in structures called root nodules, which
begin to develop after 2-3 weeks of sowing followed by their degeneration at/after
completion of flowering. For that reason, they play a key role in crop rotation. In many
traditional and organic farming practices, crop rotations involving legumes is common.
By alternating between legumes and non-legumes (cereals/millets), sometimes planting
non-legumes two times in a row followed by a legume, the fertility status of the soil gets
improved to produce a good succeeding crop.

In India, leguminous crops including pulses and oilseed legumes (Table 1) presently
account for only one-third (47 mha) of the net cultivated area (> 140 mha). Grain legumes
and oilseed legumes together have not only contributed to food and nutritional security, but
have also aided to soil health and environmental sustainability. According to Dwivedi et al.
(2017), a legume-rich diet has health benefits for both humans and livestock. However,
grain legumes constitute only a minor part of the dietary requirement of millions of poor
vegetarians of South- Asia where legume crops are greatly under-used. Food security and
soil fertility may be substantially enhanced by greater grain legume usage and increased
improvement of a range of grain legumes. The current lack of coordinated focus on various
classes of legumes has compromised human health, nutritional security, soil and
environmental sustainability.
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