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Abstract

Crossbreeding of cattle using artificial insemioat(Al) considered as the most significant
and economically viable technique has emerged ampartant strategy to increase dairy
productivity. The strategy has become of particuhaportance in a state like Assam in
North-East India due to the high density of lowlgieg indigenous cattle in the state. In
view of the fact that dairying is an important li@od option for a vast segment of the rural
population in the state, productivity enhancemdrthe local cattle stock may improve the
welfare of the smallholder farmers in the statetekh Livestock Census Report, 2012
reveals that the crossbred cattle population instage is 3.84 per cent against the national
average of 20.81 per cent necessitating interveniio the diffusion of crossbreeding
technology in the state. With this backdrop, thedgthas been conducted to understand
crossbreeding technology diffusion and correspandiiovine population and milk
production dynamics; to understand the effect dfiea@rossbreeding on wellbeing of the
farmers ; to examine the determinants of crosslmmgadchnology (Al) adoption at farmers’
level, and farmers’ perception on constraints iryilag with adoption of crossbreeding

technology.

The study makes use of both primary and secondstey &econdary data are used mainly to
examine the cattle crossbreeding scenario in tite sind the corresponding changes in the
composition of bovine population and milk produntidn order to understand underlying
issues of milk production and productively and atipand determinants of crossbreeding
technology adoption, the study has used primarg daliected from 245 respondents from
three districts of Assam, viz. Barpeta, Sonitpud &arbi Anglong. Multistage sampling
technique is followed for selection of the sampbnfers for primary survey. The
crossbreeding technology diffusion, bovine popalatand milk production dynamics and
underlying issues of milk production and produdtivare analyzed using simple statistical
tools such as percentage, ratio and average, aedewdr necessary multiple regression
technique is employed. The wellbeing impact of sbosd cattle adoption is examined using
semi-parametric technique, namely propensity somatching (PSM). The determinants of
crossbreeding technology adoption are analyzedyudouble-Hurdle model where adoption

decision and extent of adoption is examined usirapiP and Truncated Regression model

xXiii
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respectively. The ranking of constraints perceitsgdhe sample farmers towards adoption

of crossbreeding technology is done using Rank @gsetient (RBQ) technique.

The dairy productivity and production charactecstiof the sample farmers reveal that
crossbred cattle are superior to indigenous cattleerms of lactation and reproduction

characteristics. It is also found that adoptiorcafssbred cattle has favourable impact on
raising marketed surplus and farm profitability smiering several other control factors. The
impact estimates based on Propensity Score Matéhihicate that crossbred cattle adoption
has higher wellbeing impact in terms of income,stonption of high value commodities

and employment (labour use effect). The resultgcatd that total household income after
adoption of crossbred cattle significantly increage the range of Rs 46,299.54 to Rs
54,389.08 for alternative matching algorithms oube counterfactual non-adopters.
Disaggregating the total household income accortingources the net dairy income is
found to be the dominant source rising significanti the range of Rs 44,573.03 to Rs
44,904.27 over the net dairy income of farmers vatily the non-descript cattle. The

treatment impact of net dairy income per milch leapter day of crossbred cattle adopters
increases in the range of Rs. 42.06 to Rs. 42.24paced to the matched non-adopters.
Consumption of high value commodities indicatest tlaopter households have

significantly higher average per capita daily canption of milk and milk products by a

range of 105.87 to 109.55 grams and meat consumptithe range of 6.51 to 8.40 grams
over the counterfactual non-adopters. The studywshthat adopters have statistically
significant increase in total labour use after higllding crossbred cattle adoption

equivalent to the range of 10.27 to 10.55 persgs gar month in relation to matched non-
adopters of crossbred cattle pointing out the eggtidity prospect of cattle crossbreeding.
The significant rise in total monthly person dagsaiso evident for both male and female

workers.

The results of Double-Hurdle model indicate thatieadion of the household head and
amount of land allotted for fodder cultivation affe positively the decision to adopt
crossbreeding technology (Al). There is a positwel significant relation between credit
access and extent of crossbreeding technology iadoptPhysical environment

characteristics such as distance from farm houdetmomarket and all-weather road affect
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adoption of Al technology negatively. The study teso found ‘availability of grazing
land’ and ‘beneficiary of existing dairy developrheprogrammes’ as positive and
significant factors influencing adoption decisiohAl technology. A negative significant
relationship between number of years starting thieydarm and adoption and extent of
adoption of artificial insemination technology suhd indicating that relatively new farms
are significantly affected more towards adoptiord axtent of adoption. Relationship
between distance to Al centre adoption and extéradoption is positive and significant
implying that Al services are mostly carried outfatmers’ door step. Access to local
breeding bull negatively influences both adoptiow &xtent of adoption of Al. Farmers
with bigger herd sizes are adopting crossbreedogriology more but further increase in
the herd size is found to negatively affect theemsity of adoption of the technology
indicating that constraints may appear with larperd sizes. Number of years since
knowing about Al is taken as a proxy to extensifforeand awareness programme. The
results show that farmers knowing about Al muchobefare more likely to adopt and
increase the intensity of use of Al technologyislalso found that the chances of adoption
and extent of adoption reduced for those farmer® wbnsider artificial insemination
technology to be risky. Again, adoption and usernsity of crossbreeding technology is
contingent upon various breeding, feeding, managéared socio-psychological constraints
perceived by the sample farmers. Prominent amoesgetltonstraints are the high cost of
rearing crossbred cattle due to higher cost of taetifodder and difficulty in getting green
fodder, higher requirement of care and managemgnthb crossbred cattle, lack of

knowledge on recommended management practices weaiting crossbred cattle etc.

Based on the findings, the study suggests thatvienéng in rural education may influence
positively the adoption of crossbreeding technolagyng smallholder farmers in Assam. It
is also suggested that easy availability of crediility may encourage the intensification of
Al technology among the dairy farmers in the staide finding recommends that
facilitating the farmers with dairy development gr@ammes such as subsidized feed and
green fodder seed distribution may help to motiviaieners towards adoption of Al.
Furthermore, deployment of more Al technicianshia tural areas of the state and castration

of local breeding/scrub bull will help in increagithe adoption rate of Al technology. If risk
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perception of the farmers can be reversed throwgteextension services and awareness

programme, the rate of adoption and use inten$igl are likely to increase in the state.
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CHAPTER ONE
INTRODUCTION

1.1 Background of the study

Global markets for livestock products are growiagidly. It is estimated that the demand
for livestock products will double by the year 2QZAO, 2013). A significant proportion of
this rising global demand is expected to come frbeweloping countries due to rising
income, growing urbanization and population groiBnown et al., 1999; Sharma, 2004;
Birthal and Rao, 2004; FAO, 2006; Kumar et al., 20O®According to Dalal and Pathak
(2010), demand side factors such as urbanizatiah par capita income have stronger
influence on production of milk, the most importaimponent of livestock productsAs
agriculture becomes more commercialized, the copsom pattern in the rural areas too
undergoes changes due to growth in income and @@welnt of close cultural links of the
rural areas with the urban centres (Sidhu and Bhull004). Milk and milk products being
highly income elastic, there seems to be a tendém@xperience significant spike in the
volume of milk business. As Singh and Dutta (20Epprt, the distribution of dairy cattle is
far more equal among the farm households than dhd&rm land suggesting that with
efficient input and output support services, daigycan serve as a major economic activity
for the small, marginal and landless farmers. Heeoeouraging the dairy enterprise may
have a tendency to ensure equitable distributiainafme? With the increase in the demand
for milk and subsequent effect on intensificatianthe dairy activities, it is likely to have
economic wellbeing impact on the small and margi@aimers through rising income,

employment and consumption.

Emerging trends indicate that the annual demandnitk in India has been growing at a
very rapid rate and is likely to be 200-210 millimms by 2021-22 (NDDB, 2011). Milk is
one of the most important tradable commodities scistate and international borders in
Indian context as evident from the fact that Inégathe world’'s top milk producer
accounting for about 13 per cent of the world npiloduction (Saha and Jain, 2004).
Currently, dairying contributes about 27 per ceinagricultural GDP and 4.35 per cent of
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the national GDP in India (Gol, 2007-08). Approxtelg 70 million rural households in
India (primarily small and marginal farmers anddkess labourers) are engaged in milk
production (FIAPO, 2010; Kurup, 2011). Hence, thery subsector bears remarkable
importance in the Indian economy, not only as atrdmutor to the national GDP of the
country but also as a potential sector to providgewrce of livelihood opportunity to a vast
segment of the population. The dairy subsector draenormous employment potential
because livestock rearing is a highly labour-intemsctivity. Milk and milk products are a
source of high protein food that supplement natniéil security of the population (Dastagiri,
2003). There has been a continuous decrease irogmeht in the crop sector since the
mid-eighties due to intensive and extensive uséragftors and harvesting combines and
greater use of herbicides (Sidhu and Bhullar, 2084ying a large reserve army as a source
of cheap labour for the dairy sector. Milk prodoatiis primarily a supplementary
occupation for small landholders or landless labmir(FIAPO, 2010; Sharma, 2004).
Dairying in India is more inclusive compared toggroduction in the sense that it involves
a majority of the vulnerable segments of the sgdi@t livelihoods (Singh and Dutta, 2013).
From being a recipient of massive material supfrornh the World Food Programme and
European Economic Community in the 1960s and €810s, India has rapidly positioned
itself as the worlds’ largest milk producer durithg 2000s. An increase in productivity has
resulted in significant increase in milk productiwam 17 million tons at the beginning of
the First Five Year Plan (1951) to 127.9 milliomsaat the end of the Eleventh Plan (2011-
12) in India.

India is one of the highest bovine density coustiie the world. On an average, every
hundred hectares of cropped area in the countrgastgpabout 151 bovines (104 cattle and
47 buffaloes) (Sharma, 2004). However, comparendday developed countries it has very
low milk productivity. In fact, low productivity leabeen a major problem of Indian dairying
for a long time (Saha and Jain, 2004). While thenaled for milk has been rapidly
increasing with change in consumption pattern towanore high value commodities like
milk both in rural and urban areas due to risenooime, the productivity of the dairy
subsector has not increased significantly. AccaydonDalal and Pathak (2010), the ability
of the milk production system to respond to the deds of productivity enhancement

depends upon the country’s proficiency in addregshre issues of technology transfer,

2
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genetic improvement, feed and fodder supply anestock healthcare service delivery. The
introduction of crossbred cows could be a suitaleeelopment option for farm households
with little or no land, provided that these houddhdave access to feed sources (Patil and
Udo, 1997). Chandel and Malhotra (2006) further admthat milk productivity can be

increased by laying emphasis on improving bredabefne and its nutritional intake.

Crossbreeding of Indigenous cattle with exotic gglasm is an important component of
dairy development strategy in India (Bhowmik, 20@8tandel and Malhotra, 2006; Udo et
al., 2011). This is particularly due to the facattlyrazing land are continuously shrinking
and demand for milk is rising creating the necgssit more stall fed productive cattle.
Progressive replacement of the indigenous cattleulption by crossbreds and cows of
developed Indian dairy breeds would reduce overattle numbers and improve
sustainability; crossbreeding of nondescript indmes cattle is thus a major solution to
India’s oversized cattle population (Kurup, 200@).India, crossbreeding programme was
implemented on a large scale with the introductbintensive Cattle Development Project
(ICDP) in 1963 as a special development programmihird Five Year plan period (Rao et
al., 1995). The central and state governmentsestatairy development extensively through
crossbreeding in the 1970s (Udo et al., 2011). Aari®a (2004) states, the government of
India had initiated major policy changes in therglgiector during the late 1960s to achieve
self-sufficiency in milk production. This policy itrative gave boost to dairy development
and initiated the process of establishing the mexdded linkages between rural producers
and urban consumers. Dastagiri (2003) remarkstéichnological progress in production is
central to the positive outcome of livestock revioln. Rapid advances in genetic,
reproductive technologies and feed improvementr dfé®mpe for overcoming many of the
technological problems constraining increased pbdo. The two different means to
increase milk production are number driven anddydgiven. It has been estimated for India
that out of the projected demand of 137 MT of milk2020, 122 MT can be produced
through demand driven growth while the rest 15 iTo come through yield improvement
(Dikshit and Birthal, 2010).

Several studies (Rao et al., 1995; Patil and U867 1Kurup, 2002; Dastagiri, 2003; Birthal
and Rao, 2004; Bhowmik et al., 2006; Chandel anthdtea, 2006; Samdup et al., 2010;
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Dalal and Pathak, 2010; Udo et al., 2011) have rtedocrossbreeding as a superior
technology both at household level to increasenmeearnings and at the state/country level
to ensure higher productivity in the dairy subsedio Gujarat, estimates of value added by
cattle are 64 per cent higher in households witssiireds compared to households with
local cattle (400 vs 243 US $). In Bhutan, crosstireg has an even bigger influence on
milk production and estimates of value added byleare 10 times higher in farms with
crossbreds compared to farms with local cattle Q3107 US $) (Udo et al., 2011). Rao et
al. (1995) have reported that crossbreds genecaltye to first heat at an early age which
ranges from 25 to 33 months compared to 38 to 4dtimsan indigenous cattle. They also
have relatively longer lactation period than thedescript cattlé.Bhowmik et al. (2006)
report from a study conducted in the state of Trapthat the adoption of new dairy
technology, i.e. crossbred cattle in place of @dydtechnology leads to higher per day milk
yield. The shift in dairy technology brings ab@upercentage change of 161.84 in cross

bred milk production over production from local cw

The effect of crossbreeding programme in the cqustnot uniform. The Northern region
accounts for about 40 per cent of all crossbretlecat the country followed by the South
(34 per cent), West (15 per cent) and the easpétent). While Kerala has 52.3 per cent
crossbred cattle in the total cattle populatiothef state, Rajasthan has the lowest share (1.0
per cent) among the Indian states. Uniform appboabf artificial insemination (Al) as a
tool of genetic improvement across states may Irelpchieving partial success in near
future (Dalal and Pathak, 2010). In spite of faidyge Al network, the system as a whole
covers less than 20 per cent of adult female ancattte and less than 10 per cent of buffalo
population (Dalal and Pathak, 2010). It indicatest there remains a long way to go for the
country to enhance productivity. Again, some of shadies (Patil and Udo, 1997; Samdup
et al., 2010; Udo et al., 2011) report that crossting may lead to reduced cattle numbers
and expansion of stall feeding practices which roagtribute towards reduced grazing
pressure on common property resources (CPR). K2@@2) has reported that the common
property resources in India have shrunk by 30 pet between 1950 and 1990. What little
is left can no longer support any meaningful liee&t production, as it is in an advanced
state of degradation, with scanty biomass cover ldatid or no maintenance. Thus, the

programme of crossbreeding has inherent win-winsequnences with higher milk
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productivity that leads to relatively higher incorioe the farmers and reduced pressure on

grazing lands provided that these lands are omarmtmus shrinkage.

Artificial Insemination (Al}f is the most significant scientific invention fercreasing animal
productivity in the 28 century. This is still the only tool available t@ankind for moving
massive genetic payloads into populations and &pidty re-engineering the desired
changes in their genetic architecture (Kurup, 20@2hough more than 70 per cent of
animals are bred using Al in the developed wohé,technology is practically not available
or available in quite limited extent in the devefgpcountries (Kaaya et al., 2005). Rao et
al. (1995) have observed that for almost a cenflanners in the country have been trying
to find answers to the questions: (1) is crosshregtb be implemented on a mass scale and
if so in which regions? (II) what should be the mogtimum level of exotic inheritance?
Kurup (2002) again remark that the crossbreedingyprescribed by the government was
scientifically and environmentally appropriate, bilte application of the policy was
mismanaged by almost all states except Keralas parGujarat and Andhra Pradesh. Thus,
given that the breeding technology has significaincalmost all the states to change the
genetic makeup of the cattle stock towards imprdweeds for higher productivity, there is
a need to verify the Al network, the response & farmers to the implementation of
government Al service delivery programmes and #ingdr crossbreeding scenario in all the
states. Again, given that demand for milk is insreg across the globe, production is low
due to low productivity and there are constraimtghe form of feed and fodder scarcity,
adoption of a much more holistic approach to ineegaroductivity is of urgent importance
in the dairy sub-sector. Thus, the very first siephis backdrop can be to upgrade the
genotype of the bovine stock through crossbreetiognology adoption and harness the
stock with proper supply of feed resources, impdofsgm management and removal of the

constraints hindering the adoption and continuatiberossbreeding technology.

The breed improvement programme is supported bgirigethe animals a balanced diet
commensurate with its genetic potential. Milch aalsnare usually fed one or two locally
available concentrate feed ingredients, grassesanmresidues leading to an imbalanced
ration- resulting in protein, energy, minerals atdmins being either in excess or deficient
(NDDB, 2011). According to Dalal and Pathak (201@glanced feeding plays a
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predominant role in the production performance aifydanimals. They further argue that
deficiency of adequate feed and fodder resourcesiviestock is considered endemic in
India. It has been estimated that India is shodrgffodder by 31%, green fodder by 23%
and concentrate feeds by 47%. With increasing nrezhion of agriculture the availability
of crop residues is on decline (Dalal and Path&4,02 Thus, in order to maintain the
improved breeds of bovine stock and a higher miédpction, adequate availability of
feeds and fodder is of paramount importance. Duwmtopeting pressure on land, ironically
the shift in acreage from cereals to other croph diversified use of agricultural residues,
the gap between the demand and supply of foddecisasing (Sharma, 2002Palal and
Pathak (2010) points out that productivity improwesnof dairy animals by increasing the
supply of feed and fodder is beset with more ospesm than optimism in the foreseeable
future. The realized potential of milk productionRunjab’s context is only 42.5 per cent in
case of buffalo and 45.7 per cent in case of creslsbows and is substantially affected by
low quality and inadequate feeding of the bovin8glifu and Bhullar, 2004). Hence,
feeding plays an important complementary role ereasing productivity of the crossbred

cattle and buffalo population.

Dairying is an important component of mixed farmgygtem in Assam. About 82% of rural
households in Assam keep cattle or buffalo (ILRI0Z, Kumar and Stall, 2010). Dairying
in Assam is characterized mostly by rural smallbodtproduction using non-descript cattle
and buffalo with pockets of specialized dairy preiihn using improved dairy cattle in the
peri-urban areas and in certain rural zones habtetier market access (Sarker, 2002).
Kumar and Stall (2010) have observed that milk pobi@ity in Assam is very low in
relation to the cattle density. While the cattlensley in the state (272 bovines with 259
cattle and 13 buffaloes per hundred hectares gfpe@d area) is more than double the
national average, the per capita/day milk availgbit almost one-fourth of the national
milk availability.® This clearly implies that productivity is very low the staté.Moreover,
Kumar et al. (2007) also point out that crossbratile population is abysmally low in the
state. Most of the available crossbred cattle laeeupgraded breeds of Jersey and Holstein
Friesian types in Assam (Paul and Chandel, 201630Aling to the 19 Livestock census,
2012, crossbred cattle population constitutes 8t8¢ per cent of the total cattle population

in the state against the national average of 2@&1cent. The average milk yield of
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indigenous and crossbred cattle in the state i9&ww the national average. The Basic
Animal Husbandry Statistics (2005) reports that éiverage productivity of non-descript
cattle in milk in Assam is as low as 0.91 kg/daynpared to 1.91 kg/day for the country as
a whole. Again, the average productivity of crossbcattle in milk in Assam is 4.38 kg/day
agaist the national average of 6.50 kg/day forcthentry as a whole. Taking the case of the
North East region as a whole the average prodtgtofi crossbred cattle in milk in the
region is 6.37 kg/day which is slightly lower th#me national average of 6.44 kg/day.
However, more than 90 per cent of cattle populatsolocal breed with lesser productivity
of 1.25 kg/day (Feroz et al., 2010).

Small scale dairy farming plays a vital role in theal economy by increasing household
income and has a great potential for improvinglitedihood of the poor in the state (Mian

et al., 2007). Given the right institutional incdees and market infrastructure, marginal and
small landholders are capable of scaling up milkdpction and hence commercializing
their dairy enterprise (Bardhan et al., 2012). €boseding of indigenous animals with
superior germplasm through Al in extensive manndl surely improve the livestock

scenario of Assam. Access to improved technology rantivating the farmers to adopt it
are the need of the hour (Sarker, 2002). Kumar&tadl (2010) are of the view that while
increasing farm level production and productivityll wequire more improved animals,

improved fodder/feed technology, access to livestiechnology and livestock services,
smallholder’s access to reliable markets to absoobe milk at remunerative prices may
remain a critical constraint in the state. Howewsr |[LRI (2007) reported, only 66% of the
total milk consumption in Assam comes from localrkea and the rest 34% is supplied by
dairy products imported from outside the state. déerprovided that market for locally

produced milk exists, there is a need to prioripzeductivity enhancement through breed

improvement of the bovine stock of the state.

The poor productivity of Assam’s bovine stock may ddtributed to the absence of good
breeds of cattle and buffalo coupled with acutertsige of concentrate feed and green
fodder (Sarker, 2002). As Feroz et al. (2010) ssgygttention needs to be paid towards
providing technical assistance in breed improvemscientific management practices and

feed and fodder availability which will lead to nease in milk production and productivity

TH-2034_126141005



in states like Assam in the North Eastern regioivefs the poor employment potential of
Assam’s economy and a large chunk of the populagefing under abject poverty, laying a
thrust to the dairy subsector may have a vital molereation of livelihood opportunity and
economic upliftment of major strata of the popwatiFurther, there is a need to emphasize
productivity growth through diffusion of high yiefdy bovine population in the state. The
first organized attempt to improve the indigenoatile stock for milk production in Assam
was made during the'Five Year Plan with the introduction of Key Villagcheme (KVS)

in 1953-54. Adoption of cross-breeding technologgsvencouraged through a number of
subsequent programmes in the state, such as ge@sittle Development Project (ICDP),
Rastriya Krishi Vikash YojandRKVY), Assam Rural Infrastructure and Agricultura
Services project (ARIASP), National Project on (€a#ind Buffalo Breeding (NPCBB) etc.
However, in spite of these efforts, the proportadrerossbred cattle in total cattle population
in the state is still abysmally low. According toet 19" livestock census of 2012, The
proportion of crossbred cattle in Assam was onl§4% against the national figure of
20.81%. This implies that there exists substangap in the penetration level of
crossbreeding programme among the dairy farmerthénstate indicating low rate of
adoption of Al technology. It is against this baakul that the present study intends to
address the issue of low adoption of Al technolbgyhe farmers of the state. This is done
by identifying the factors that may affect adoptidacision of farmers and extent of
adoption of Al technology which might help in sugtieg policy measures for addressing
the factors that impede adoption of Al technoloijoreover, there is a lack of impact
studies in the state highlighting the role of chwesding programme on welfare indicators
such as income, employment, consumption etc. at Fanusehold level. To fill this gap, the
present study has been taken up to examine thectngfaadoption of crossbreeding
technology on three major outcome indicators, ngme&hcome, employment and

consumption of high value commaodities in the state.

1.2. Statement of the Problem

Livestock is an important component of mixed fargngystem in an agriculture based state
like Assam. Dairy cattle are reared by most of riln@l households in the state. However,

the cattle population of the state is low yieldindigenous type. It is also to note that the
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state does not have any recognized indigenous lvbkith can be conserved. Livelihood of
the vast segment of the farmers is thus constraghwedto low dairy productivity which
otherwise could have been improved through commkdairying. However, empirical
studies carried out across various parts of thédwndicate that crossbreeding of the bovine
stock through artificial insemination has emerged eeonomically viable technique to
address low dairy productivity. Despite attemptsmtzease adoption of crossbreeding under
various government schemes, the proportion of bresscattle in total cattle population in
the state is abysmally low. According to thé"lfvestock census of 2012, proportion of
crossbred cattle population in the state is abylynh@alv compared to the national average.
This implies that even though emphasis on crosdbrggorogramme was laid much before
there is substantial gap in the penetration lef’elassbreeding programme among the dairy
farmers in the state. Available studies on adoptibagricultural technology point out that
there are several socio-economic, environmentalpanckption factors influencing adoption
and extent of adoption of agricultural technologyeam household level (Doss, 2006; Feder
et al., 1985; Feder and Umali, 1993). Moreovertalean be various parameters relating to
outcome of adoption of a new technology and measemée of these may demonstrate the
superiority/inferiority of the new agricultural t@eology. The most prominent among these
can be income, consumption and employment indigaanmers’ wellbeing effect. It is to
note that to our knowledge, there is a lack of isidn the crossbreeding of bovine stock in
Assam to specifically set policy implications ofrpuing and disseminating crossbreeding
technology in the state. It is in this context, gkesent study has been undertaken to
examine the impact and adoption determinants dfstr@eding technology and the related

issues of productivity through cattle crossbreeding
1.3. Objectives

The study has been undertaken with the followirecsje objectives:

1. To understand the dairy production and bovine pattpant dynamics in the context of
crossbreeding technology diffusion in the state.

2. To assess the impact indicators such as produygtintome, employment and
consumption of high protein foods at the farmersbremy after adoption of

crossbreeding technology.
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3. To examine the determinants of crossbreeding tdogp@doption at farmers’ level.
4. To understand the farmer’s perception on the camés to dairying with adoption of

crossbreeding technology
1.4. Hypotheses
The following hypotheses have been pursued inttigys

H; : Adoption of crossbreeding technology enhances geoductivity and production
and other wellbeing indicators namely income, @wplent and consumption of

protein-rich high value commodities of the adofpéemers.

H. : Adoption and extent of adoption of crossbreediaghnology is influenced by
various farm and farmer characteristics such & education, family size, herd size,
land size, fodder cultivation, access to credigzong land and local breeding bull,
membership of DCS, beneficiary of govt. dairy depenent programme, years of
starting the dairy farm and number years sincst fknowing about Al; physical
environment characteristics at which the farmgrsrate such as distance to market, all
weather road and Al centre; and perception factonely, farmers’ self assessment of

riskiness of going for Al.
1.5. Data and Methodology

The present study is based on the use of both priarad secondary data. Secondary data
relating to the Al technology, bovine populationdats composition (crossbred and non-
descript), milk production and productivity, aninfaed resource and veterinary service
endowments etc in various states including Assaththe all India figures are collected
from the publications of various organizations,. VAssam Livestock Development Agency
(ALDA), Khanapara, Asssam;, Directorate of Econsmamd Statistics, Govt. of Assam;,
Dairy Development Department, Govt. of Assam;, Etiveate of Animal Husbandry and
Veterinary, Govt. of Assam;, Directorate of Horticwe, Government of Assam; College of
Veterinary Sciences (AAU), Khanapara, Guwahati; &tpent of Animal Husbandry,
Dairying and Fisheries, Ministry of Agriculture, @Grnment of India; National Dairy
Development Department (NDDB), Govt. of India; mmational Livestock Research
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Institute (ILRI), North-East India office, GuwahatNational Dairy Research Institute
(NDRI), Karnal, Haryana; Economic Survey of Indi@gvernment of India and published

documents of National Sample Survey OrganizatiddSQN), India.

The study is based on primary data collected framydarmers spread over three districts
of Assam namely Barpeta, Sonitpur and Karbi Anglavglti-stage sampling technique is
used for selection of sample households. In th& Btage, sample districts are selected
following stratified random sampling method. Usisgcondary data on coverage of
breedable cattle population, districts are groupsi high, medium and low strata
depending on the density of crossbred cattle ptipalaper hundred hectares of
geographical area. This is followed by selectionaddistrict randomly from each group.
Accordingly, three districts namely Barpeta, Somitpnd Karbi Anglong are chosen from
the high, medium and low strata respectively. le tecond stage, two community
development blocks (CDBs) are selected purposifrelyn each district considering that one
block has higher concentration of crossbred catild high artificial insemination (Al)
coverage and the other with relatively lesser cottaéion and low Al coverage. The sample
development blocks are selected in consultatioh thi¢ senior officials of Assam Livestock
Development Agency (ALDA), District Veterinary Oéer and the Veterinary Doctor of
Block Veterinary Dispensary. Before selecting theple blocks the basic objective of the
field study was clearly explained to these persbringhe third stage 3 villages are selected
from each development block. The selection of tilages are based on the understanding
that both adopters of high yielding crossbred eattid non-adopters are sufficiently present
in each village. Adopters here are defined as tifeseers who rear improved cattle breeds
such as Jersey and/or Holstein Friesian (HF) csos#t@ local cattle while non-adopters are
defined as those who rear only the local/nondesadtle. Care was taken to see that
villages in a block are not geographically contigsi®o one another. In the last stage, sample
farm households are selected in two groups: ad@ptgmon-adopter of crossbred cattle. A
total of 137 crossbred cattle adopters and 108 aumpters (total 245) thus selected are
interviewed for generating the primary data. Théadare collected using a standard and
systematically designed structured interview schedovering various aspects relating to
adoption and impact of cattle crossbreeding. Therwiew schedule is finalized after a few

rounds of pilot surveys in each of the sample @istr The period of data collection is
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December 2015 to March 2016 and the reference goéoio household information is 12

months preceding the survey (2014-15).

The data generated from the field survey are aedlywsing appropriate statistical tools. The
diffusion of Al, milk production and bovine popula dynamics, general characteristics of
the sample respondents etc. are analyzed usindesstgtistical tools such as ratios, mean,
variance, percentage, etc. However, for more irtfdegnalysis, suitable econometric
modeling and estimation is done as per requireraktite study. The impact estimates of
crossbreeding technology adoption, more specificalhe impact of adoption of

crossbreeding technology on productivity, incommapyment and consumption of high

value and protein-rich commodities are obtained usyng semi-parametric technique,
namely propensity score matching (PSM) drtdst. For examining the determinants of
crossbreeding technology adoption (artificial ing&ation), Cragg’s (1971) Double-Hurdle

or Two-Tiered model is employed. For identifyingtiars influencing adoption decisions, a
Probit regression (first hurdle) is used and fenitifying factors affecting extent of adoption
of crossbreeding technology, truncated regressiodei(second hurdle) is applied in the
Double-Hurdle model. The analytical techniques @iszussed in detail in the respective

chapters.
1.6. Layout of the dissertation
The dissertation is comprised of eight chapterkiding the introduction.

The second chapter includes a review of availatdeatures on the theoretical and empirical
studies on the determinants of adoption of crossling technology. Literatures on some
broad agricultural technology adoption and impacpest the adoption of crossbreeding
technology adoption have been discussed in thetehapummary of studies on feed and
fodder availability, dairy farm management, and twnstraints related to adoption of
crossbreeding technology relevant to the presenk mave also been discussed in this

chapter.

The status of bovine population and milk productiignamics in the context of diffusion of

cattle crossbreeding in Assam is presented inhing thapter.
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The fourth chapter presents the background of ible study area, sample, and broad

sample profile and a preliminary analysis usingcdpsve statistics of the sample farmers.

The core of the dissertation begins with the fdttapter that discusses the underlying issues
of milk production and milk productivity such aso@omics of milk production with and
without imputations of domestically available inpuand determinants of dairy farm
profitability, lactation and reproductive characacs of crossbred versus non-descript
cattle, adoption of crossbreeding and labour ugectefaccording to farm type, farm

operations and issues related to marketing of milk.

The sixth chapter presents the average treatmgradnanalysis of crossbred cattle adoption
on outcome indicators such as income, employment @nsumption of high value

commodities.

In chapter seven, the determinants of adoption asd intensity of crossbreeding
technology, more specifically the artificial inseration (Al) technology have been
discussed. It also highlights the constraints fasmgerceive to inhibit their adoption of

crossbreeding technology.

The concluding chapter of the dissertation presémsmajor finding of the dissertation,
draws conclusions from the findings in the study amakes policy recommendations. The

chapter also focuses on the major limitations efstudy and scope for future research.

Notes:

1. A multivariate regression model was run to $eeibfluencing factors of milk production. The
regression coefficient of urbanization indicatest th one per cent increase in urbanization results
about 0.84 per cent increase in milk production amhe per cent increase in price of milk results i
nearly 0.18 per cent increase in milk producticge Sharma (2004)

% The Gini coefficient for total household incomedstimated at 0.8343 indicating that income
distribution among different household levels im@$t unequal in the total income, the share of crop
income is the highest (85.29 per cent) followedffyfarm (9.16 per cent) and dairy farm (5.08 per
cent) income. It is observed that a 1 per centeg®e in crop income will trigger total income
inequality by 1.38 per cent with a caveat that othimgs are unchanged (Singh and Dutta, 2013).
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3. The average dry period in indigenous cows isentban six months whereas it is less than four
and a half months in crossbreds. (Rao et al. 1995)

4. The process of impregnating a female animalrbgréficial method of putting male sperm inside
her and not by sexual activity (Oxford Advancedioeas English Dictionary).

5. A shift in area from cereals to non-cereals/nodfcrops might result in adverse impact on milk

production as farmers will have less crop residioefeed their cattle which is a major source of

fodder for small holder milk producers. Sharma @08egressed milk production on area under
cereals and found that one per cent increase auwarder cereals increases milk production by nearly
0.30 per cent.

6. Bovine population pertains to the™i8/estock census of the Government of India aredfiture
of cropped area is from the estimates of 2008-@®@iiEmic Survey of Assam 2010-11).

7. Due to low productivity, Assam does not accdoneven 1 per cent of the total milk production
in the country (0.62 per cent as on 2011-12)irespitthe State’s share of 5.21 per cent of totdleca
population in the country (Y8Livestock census, 2007)
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CHAPTER TWO
REVIEW OF LITERATURE

For conducting any research study, a clear knovdextgexisting related works done on the
topic of research undertaken becomes importantsi@enng that the dairy subsector has
serious implications on income generation, suppiging nutrition to the masses and for the
larger interest of employment generation and pgweradication in countries like India, it is
tried to study the subsector in the state of Assatih emphasis on its productivity issue.
The productivity issue has been looked into througbroved breeding technology adoption
and impact assessment at farmer’s level based maucting a micro study in the state. To
carry forward the study of the dairy subsector wi#spect to wellbeing impact and
determinants of cattle crossbreeding in Assampouarpublished and unpublished sources
are reviewed and cited underneath. The literatueeggewed have been arranged in five
different subheadings: 2.1) crossbreeding techryobogl dairy productivity, 2.2) impact of
crossbreeding technology, 2.3) feeds and foddetadigy and crossbreeding technology,
2.4) dairy farm management and constraints; and @derminants of crossbreeding

technology adoption.

2.1. Crossbreeding Technology and Dairy Productiwt

Most important issue of the Indian dairy sector b@sn the poor productivity because of the
low yielding indigenous cattle stock. In this cotttemproving the low productive cattle
stock can be a viable strategy to increase milklpetvity. In some of the studies (Birthal,
2002, Singh et al., 2007), crossbreeding of loweyng indigenous breed with high yielding
exotic breed has been widely acknowledged as amriat strategy to improve animal
productivity. In the Operation Flood Projects, clo®eding has been accepted as one of the
critical components of the strategy for achievingid breakthrough in milk production in
the country (Nair and Dhas, 1990). The operationdiproject emphasized that for realizing
higher dairy productivity genetic upgradation ofcdd non-descript animals through
crossbreeding with superior germ plasm should imately be started. Dhaka et al. (2011)

argued that the farmers should be encouraged &m bneligenous cows and buffaloes with
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improved breeds through Al to improve productivit the bovine resources. It has also
been confirmed that there is higher return on itnaests in crossbreeding research and
extension on cattle in India as with the adoptiércrossbreeding, net social welfare has
increased substantiallikumar et al., 2003). National Commission on Agiticte (1976)
reports that during 1970s it was widely realizedtthnless crossbreeding of indigenous
cattle with exotic dairy breeds is undertaken tigaway, it will be impossible to bridge or
even narrow the gap between the availability of dathand for milk in the country. The
above discussion, thus, confirms the arguments @nggfor crossbreeding technology
adoption for increasing the milk productivity ofetrcattle and buffalo population in the

country.

Considering that the dairy subsector is an impéort@mponent in an economy, it requires
adequate attention for its improvement of perforoearccording to Chandel and Malhotra
(2006), the performance of dairy farming systeme®&imated with respect to milk
production and productivity, and adoption of crassing technology. Kumar and Singh
(2008) remark that crossbreeding of indigenousksiath the germ plasm of exotic animals
is a well-known strategy for improving the produtir of indigenous cattle stock mainly of
cattle, sheep, pigs and poultry. Again, crossbreedf cattle and upgrading of buffalo have
been the major thrust areas of the breeding potfay;rationale being that new breeds are
more productive and their unit cost of milk prodantis lower than the local nondescript
animals (Dhas, 2002). The technical programme fayssbreeding adopted by the
government is to use non-descript cattle as thedation stock and to impregnate them
using semen from exotic breeds. This produceshrakids with equal inheritance from the
two widely different parents on contributing endwa and the higher productivity
(Rukmani et al., 2007). Patil and Udo (1997) aldeogate that the introduction of crossbred
cows could be a suitable development option fomféwouseholds with little or no land,

provided that these households have access taisufffeed resources.

As low productivity has been a major problem ofiéimddairying for a long time, one needs
to recognize whether the problem of low producyivé due to inefficiency of the farm or
due to lack of technology or input use. This majpha mobilizing properly the scarce

capital and get better results within a short geabtime (Saha and Jain, 2004). For this one
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needs to enquire the number of crossbred cattldabl@ as ratio of the total cattle
population. The information on crossbred cattle ytaton is made available for the first
time through the Quinquiennial Livestock Censusdtmted in 1982. This gives us the
measurement of the crossbred cattle populatiolencountry. The trend in the growth of
the crossbred cattle population is very insigniitceompared to the statistics of the same in
developed countries (Kaaya et al., 2005). The emonbenefits of crossbred cattle over the
indigenous ones itself makes us to hypothesizeithatthe lack of breeding technology or
input use instead of inefficiency as an importanvet of poor productivity of the Indian
dairying. The economic benefits of crossbred cattlative to indigenous or nondescript
cattle are realized through its higher milk yielddaonger lactation period (365 days in
crossbreds compared to 300 days in indigenous ®re&ho et al. (1995) observe that
crossbreds come into first heat at an early agetwt@inges from 25 to 33 months compared
to 38 to 41 months in indigenous cattle. The averdy period in indigenous cows is more
than six months whereas; it is less than four-ahd months in crossbreds. Thus,
conversion of the non-descript breeds into crosslbgenotype becomes an effective
technology for the productivity enhancement of &mdidairying at a macro perspective.
According to Birthal and Rao (2004), there is cdasable scope for productivity-led
intensification with less pressure on natural reses given that the current productivity of
Indian livestock is low. Future pursuance of creeslling policy for genetic enhancement
of local cattle appears promising considering thi@d increases and better breeding
parameters in the crossbred cows are universatigpded facts even under farm conditions
(Dalal and Pathak, 2010)

Dhas (2002) observes that although crossbreedingdajenous breeds with high yielding
exotic breeds of cows and Murrah buffalo can beie@dwout naturally or by Al, the latter is

emphasized as economically viable strategy in allyddevelopment programmes in India.
Again, Al is simple to conduct and even effectigelaieed improvement strategy of dairy
cattle. Dhas (2002) further remarks that the pregia diffusion of breeding technology is
reflected in the trends in number of Als done ia state of Tamil Nadu. However, in Indian
context both the number of Als carried out and genevaluation of the bulls (semen
quality) also becomes important. India has pertthpsworld’s largest Al network for the

breeding of cattle and buffalo — over 30 thousah@utlets in the government departments
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and 10.5 thousand in the milk cooperatives (Dalad #athak 2010). The number of
artificial insemination administered has increaseghificantly from nearly one million in
the early 1970s to about 27 million in the late @®®%ut the conception rates are still low
(Sharma, 2004). The bulls are not genetically eataldi and thus, Al does not result in
superior progeny generation after generation. oatity of Al results in poor conception.
85 per cent of the total 24.5 million Als are coothd to generate crossbreds, but less than
20 per cent of them result in pregnancies and é&war calves are born (Kurup, 2002). The
performance of Al service also rests on the avditpbof door step visit of service
providers. The notion emanates from the observatiade by Kurup (2002) that the need to
take the animals to the Al centre, services lintgsreach and coverage and also causes
severe stress to the animal. Stress being unfableuta pregnancy, is one of the major
causes for low conception rate due to Al in Inded(.

Apart from the diffusion of Al services (both dotmg service delivery and in-centre
service) quality semen production also holds imgrooé. Sharma (2004) observes that the
present production capacity of frozen semen dasabaout 30 million against the estimated
requirement of 65 million doses annually. Most bé tlivestock services like artificial
insemination/natural service, vaccination, de-wognietc. are time-sensitive, which
government institutions, at times, are not abledaiver due to financial as well as
bureaucratic constraints. This necessitates theviggom of efficient and effective
decentralized services in tune with demands fraeruters.

Udo and Steenstra (2010) are of the view that seofi European dairy breeds or crossbreds
is a major tradeoff between poverty alleviationotigh dairying and preservation of
domestic animal diversity. For almost a centurgnplers have been trying to find answers
for the questions: (a) whether crossbreeding isetamplemented on a mass scale and if so
in which regions; (b) what type of B taurus bregda be used and what should be the most
optimum level of exotic inheritance (Rao et al, 389 The indiscriminate and continuous
emphasis on crossbreeding with exotic breeds irtriets of excellent indigenous breeds
has led to gradual deterioration and near extinctibindigenous breeds (Sharma, 2004).
Rao et al. (1995) have argued that crossbreedirg) reaulted in negative genetic

development of the indigenous breeds. Animals Wwith exotic inheritance level demand
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higher standards of management and feeding whieh défficult to achieve in rural
condition. Thus, maintenance of 50-75% crossbrdgeritance is advocated as remedy
(Dalal and Pathak, 2010). After thoroughly reviegvithe cattle breeding policy the
scientific panel on animal husbandry in 1965 recemded that bulk of the exotic
inheritance should be obtained through jersey awndsbreeding with Brown Swiss and
Holstein-Friesian should be tried on a limited sc@llational Commission on Agriculture,
1976; Rao et al., 1995).

Thus, the choice of exotic breeds and the levahbéritance is an important issue along
with the diffusion of breeding technology for theoguctivity enhancement of the dairy
sector in India. Again, along with the diffusion tfe technology, it is imperative to
emphasize on maintenance of the high yielding bresk cattle population which largely
depends on availability of quality feeds and im@@vfarm management practices in
addition to adequate and proper animal health saréce delivery. According to Chandel
and Malhotra (2006), a major setback to the cressbng programme in some livestock
systems can be attributed to the shortage of foiageneeting the dry matter (DM)
requirement of crossbred animals. There is contisuthange in feeding practices among
the farmers. Dhas (2002) remarks that the chandeeing practices is complemented by
change in cattle composition, i.e., adoption ofsskwed cattle results to more stall feeding
than gazing. The various literatures available eeding the dairy animals and dairy farm
management have been discussed in section 2.3.4amespectively with the larger interests

of maintaining crossbred population to ensure eocéémilk productivity.

Isolated attempts to try Al in cattle have been enedindia since 1939. However, planned
and comprehensive studies on Al with special refegeto the Indian condition were
initiated in 1942 at Indian Veterinary Researchtitoge (IVRI), Izzatnagar, UP (National
Commission on Agriculture, 1976). Crossbreedingnoh-descript Indian cattle on field
level was started only in 1964 with the launchirfgtize Intensive Cattle Development
Project (ICDP) by the Government of India. Vari@iforts laid on crossbreeding led to the
development of a number of breeds suchSasandini Karan Swiss Karan Fries and
Frieswal with a higher milk production capacity (Kumar ét 2003). In the strategy of

livestock development, the first two Five Year Rlammphasized on the general utility
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animals combining milk and drought qualities, ahdttthis objective was to be met by
primarily using some of the better Indian breedsupgrade the non descript milch and
drought cattle (Singh, 1986), but from third fiveay plan onwards, the strategy was shifted
to the breeding of high yielding crossbred cows sehmale progeny would be less suited
for rearing as work cattle (Nair and Dhas, 1990). the fifth five year plan the
unprecedented stress on animal husbandry and sktgr was given based on several vital
considerations. Firstly, while this sector has besteiving increasing attention in recent
years, its contribution to the national income séimains notably limited. There lies enough
potential for increasing such contributiddecondly, it is visualized that, in coming years,
there will be an increasing shift in demand fromeeds to livestock products due to change
in consumption pattern in both rural and urbansréamuch faster growth in supply will be
necessary to meet such a demand. Finally, thisrsecpre-eminently suited for improving
the economy of the marginal farmers and agriculiatmurers. This is because about 70 per
cent of the rural households maintaining cattlé @mder this category (Government of
India, 1973). Recently, two policies that are ggvimtmost emphasis on cattle stock
improvement through crossbreeding all across thatcy are National Project on Cattle and
Buffalo Breeding (NPCBB) and National Programme fovine Breeding and Dairy
Development (NPBBDD).

Although, as discussed above, breed improvemenvite for increasing the dairy

productivity in Indian context and various progragsrand policies were adopted for the
same in the five year plans, dairy farm manageraadtinput use at adequate level in the
form of feed resources significantly complement tineed improvement programe. Reddy
and Subramanyam (2002) argues based on the fingirgsesearch conducted to study the
productivity gap of Indian dairying that rural fagns are not able to realize the potential of
the crossbred cows and Murrah buffaloes. The anyiall of crossbred cow is 2,952 litres

for farm bred animals and 1,234 litres in farmegebanimals indicating a gap of 139 per
cent. According to Reddy and Subramanyam (2002fhedreed of the animal is the same
under both the situations (farm and farmer), mameye and increased input use (feeding)

might have contributed to the higher milk yielddanmer-bred dairy animals.
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Dairy animal provides food for household consumptidraught power and manure for
agriculture and fuel for cooking. They utilize cropsidues and by-products for their
sustenance. Besides, they act as a store of waalthsurance in times of agricultural crisis,
and as an instrument of socio-economic developnpamticularly for small holders and the
landless labourers (Birthal and Rao, 2004). Alatyake (2011) argue that although the
contribution of livestock to farm income to readte tthreshold of poverty appears to be
modest, its contribution is nonetheless essemtialeducing vulnerability and is vital for
people as 60 per cent of households rely on treecfahnimals to cope with food shortages
or an urgent health problem in Office du Niger, MMilk being played a prominent role in
the food security issue of the people, the seaedsa urgent thrust for its development. FAO
(2013) reports that milk contains numerous nutgearid it makes a significant contribution
to meeting the body’s needs for calcium, magnesaetgnium, riboflavin, Vitamin B and
Pantothenic acid (Vitamingg Milk and dairy products can add the much neetiedrsity

to plant based diets and can contribute towardmtiog child growth; it is frequently a
vital component in specially formulated foods irerdpeutic feeding of malnourished
children. A detailed discussion on impact of cressding technology adoption is presented
in the next section (section 2.2).

2.2. Impact of Crossbreeding Technology

Dairying has highly favorable consequences on lnfethe people in terms of income and
employment generation, providing nutritional setgyrensuring gender equity and so on.
Dairy production and agriculture programmes arenfbto be more effective in improving
nutrition if they are targeted to women with stgs to introduce small livestock and
improved breeds of cattle and awareness-raisinghennutritional value of milk (FAO,
2013). FIAPO (2010) reports that in 1999-2000, ydag including processing and selling of
products, engages about 18 million people in Indea, 5.5 per cent of total workers and of
the total workforce engaged in dairying activiti®g, per cent is concentrated in rural areas.
Sidhu and Bhullar (2004) remarks in their studyPimnjab that dairy is basically a labour
intensive enterprise and uses surplus family lalema attached labour. The economic
sustenance of small and marginal farmers of thee d$éagely depends upon the incomes

from dairy. For dairy production, farm level protioa costs at smallholder level are often
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comparable with those of large scale enterprisssally resulting from cost advantages
emanating from the availability of low cost famigbour (Dalal and Pathak, 2010). The
Working Group on Animal Husbandry set up by Plagn@ommission for the Xl five year
plan states that gender equity is more pronouncedivestock sector, as women’'s
participation is 71 per cent of the labour forceilevlit is only 33 per cent in crop farming
(FIAPO, 2010). Again, livestock constitutes a magource of animal protein for India’s
immense population as well as a key source of gnarggricultural production through its
contribution in the form of drought power and dui@pornbos and Nair, 1990). Being an
important means of income and employment for srolldrs and the landless households,
livestock helps to alleviate poverty and smoothmoime distribution in the process assuring
balanced development of the rural economy (Aroral.et2006). Singh and Kumar (2007)
are of the opinion that dairying, which is the mimgportant component of livestock sector,
is identified as one of the most potential and Mabccupation for landless and/or
agricultural labourers, small and marginal farmargj even to large farmers. Dairy business
being complementary to agriculture, it has highspext to enhance the level of living of the
poorest of the poor particularly the landless labmi and marginal farmers through
increased income (Mishra and Bardhan, 2009). Theuwsinter-country experiences on the
impact (both positive and negative) of dairying exsally after adoption of crossbred

technology have been discussed below.

The Impact of adoption of grade/crossbred animalamred from the study in Kenya by

Nicholson et al. (1999) are that through the impbtreeding technology it has higher milk
sales, higher incomes, hiring more permanent lgbsubstantial changes to routine
household activities and better health due to ssmd milk consumption by household
members, especially by children. Nicholson et H990) further observe that loss of animal
due to disease is the most important of the ris&stimned by all adopting households, both
before and after adoption of grade/crossbred cafilee perceived risk of providing

grade/crossbred cattle with enough feed increafied adoption, but the perceived risk of

not being able to sell milk decreased with expe@en

Melesse and Jemal (2013) conducted a study to sasBesimpact of dairy technology

(crossbreeding) on the livelihood of dairy farmeuseholds in Ada’a and Lume districts of
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central Ethiopia and have found that dairying dbotes about 62 per cent and 66 per cent
of the total monthly income in Ada’a and Lume di# respectively. They are also found to
save money from dairying in a traditional form a¥gg. Again, 77.5 per cent and 87.1 per
cent of households in Ada’a and Lume districts eesigely could consume more milk after
adoption of crossbreeding technology. Dairy tecbgpl adoption has significant direct
impact on livelihood indicators such as househaltbme, food scarcity, health care and
access to education and indirect impact througiédridhousehold expenditure on food,
health and/or sanitation.

Patil and Udo (1997) report in their study carreed in Gujarat that crossbreds produce, on
average, 1.8 times more milk than lo@ési Gir and Kankrej cows. Land is the major
resource of mixed farms. An increase of one hectatend area is estimated to boost farm
income by 63 per cent and 35 per cent in househulds and without crossbreds
respectively.

Kluszczynska (2012) in his study in Ethiopia findsat crossbreeding improves food
security and enables a transition from subsistancemall scale commercial farming.
Crossbreeding has also been found with some negatipact that it leads to increased
workload which might indicate overburdening of helosld members especially women and
with larger feed consumption level of crossbredleait may exacerbate the problem of feed

scarcity.

According to Halakatti et al. (2007), adoption @firgg technology plays a crucial role. It
helps not only to specify casual mechanisms andéuvolve a technology of income
generating behavior among the resource poor, Batathances the efficiency and output of
the interventions made in the development programmelndia such as SGSY
(Swarnajayanti Grameen Swarojgar Yojana

El-Osta and Morehart (2002) in their study examitmesimpact of technology adoption on
production performance and the findings shows that adoption of a capital-intense
(genetically superior milking cows and advancedkimg parlours) or a management-intense
(use of record keeping systems for total managemergroved nutrition and feeding

practices) technology would measurably lower tkelilnood of a farmer being in the lowest
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quartile of production performance. The factord #v@ found most important in positively
influening the likelihood of a farmer being in tt@p-performance group are specialization

in dairy production and use of hired labour in &iddito management-intense technology.

Quddus (2012) finds that adoption of crossbreetkegnology magnificently contributes to
the improvement of the livelihoods of rural peoptéigher level of technology adoption
results in improved dairying with direct impact bdigher milk yield, income generation,

poverty alleviation and availability of animal peat.

Udo and Steenstra (2010) in their study on smalirodiairying in Indonesia remark that the
main issue of intensification of small holder mgkoduction is its contribution to household
incomes. Smallholder dairying with European or sbwved stock increased household
incomes. The introduction of dairying also cregtds opportunities along with the dairy

chain.

Samdup et al. (2010) have found that in Bhutarmydaossbreeding has contributed to the
higher livestock gross margin in the intensive srdgarmers in the intensive and semi-
intensive areas finds dairying attractive as a@of regular and reliable income compared
to the traditional once-a-year return from cropduation. Samdup et al. (2010) however
said that the benefits of crossbreeding, in terfmmitk production per cow, are reduced by
poor survival and high reproductive wastage whicbhusd be addressed through integrated

management intervention.

According to Patil (2006), crossbreeding can beiraportant development option for
different types of farm systems. The use of crasdbicould imply a reduction in herd size
which might also help in preventing degradationfarfests and common grazing lands.
Indeed primary data of some 270 herds in Gujardicate that in the last five years the
average number of cattle and buffaloes has inctelagd 3 per cent, whereas the percentage

of crossbred cattle in these herds has increaseddbout 6 per cent to 21 per cent.

FIAPO (2010) concludes in its study that sincerdistion of livestock is more equitable
than land, growth in the livestock sector is deerntete anti-poverty and equity-oriented.
With the adoption of improved breeding technologgome of the smallholders will rise and

that will help in depressing poverty and inequality
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Sharma (2004) observes that the Government of indiated major policy changes in the
dairy sector during the late 1960s to achieve sdfficiency in milk production. This policy
initiative gave a boost to dairy development mo#itlpugh emphasizing on the adoption of
the crossbred technology by the farmers and iedidhe process of establishing the much

needed linkages between rural producers and urdi@umers.

Dalal and Pathak (2010) are of the view that if #féects of increased food grains
availability and modern marketing (low cost acddseugh cooperatives) are discounted off
in India, it leads us to the supposition that aldé technology has played a very limited
role in generating higher output growth even dutimg period of highest growth (4 per cent
livestock product growth during 1980s). This raisksibts on the potential of available
technology to contribute to productivity improvernt®imn the future. Rao et al (1995) argue
that the crossbreeding programme could not créatelésired impact on dairy development
because of various constraints such as lack of clgabreeding policy, implementation of
crossbreeding programme irrespective of its apbplit@/suitability to the area, lack of Al

and veterinary aid facilities, repeat breeding etc.

2.3. Feeds and Fodder Availability and CrossbreedmTechnology

There is enormous importance of good quality feadd fodder availability to ensure

productivity once the crossbreeding of indigenorgetls with exotic breeds takes the ride in
a region. The crossbred and/or grade cattle neexte feeds than indigenous breeds. In
Guijarat, crossbred cows were fed better than looals: they received 1.4 times more
concentrates, and about 1.2 times more green (wéadst grass, leaves and cultivated
forages) and dry (straw and dried grass) feeds @idd, 2011).The high yielding bovines
especially crossbred milch animals and buffaloesednenough cell-wall carbohydrate
(fibre) to stay healthy and enough non-fibre caytivhte (starch and sugar) to provide the
glucose precursor needed for producing milk. Goadlity green fodder or hay would

provide the energy requirements. Oil cakes wille necessary amino acids for the milk
synthesis. It is, thus becomes highly essentigrtwide a balanced diet to dairy animals to
exploit their genetic potential to the maximum extéRukmani et al, 2007). Regular and

adequate supply of feeds and fodder will make treskcattle ready for higher milk yield.
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There is variety of sources of feed and fodder Buppvestock in India are fed largely on
crop residues and byproducts and grazing landfioAgh cultivated fodders and gathered
grasses are two important sources of green fodg®ly (kumar and singh, 2008), forages
play an important role in the Indian context. Aciog to Moran (2009), forages almost
always provide a cheaper source of the key feediemis (energy and protein) than
concentrate does; the lesser the purchased forémesr is the feed costs. With well-
planned dairy production systems, it should be iptesso collect 95 to 100 per cent of the
forages from on farm supply through strategies sasHodder conservation. Dikshit and
Birthal (2010) reports that almost entire quantifydry fodder (98 per cent) come from the
cultivated crops, mainly from cereals as strawsh&ad dry fodder comprised only 2 per
cent of the total. Again, 40 per cent of total gréedder consumed by livestock in India
comes from grazing and the rest from cultivateddédcrops (27 per cent) and grasses,
weeds and tree leaves gleaned and gathered fraimated fields and uncultivated lands
such as pasture, public lands, wastelands, fallawes forests (33 per cent). Rao and Hall
(2003) opines that for the majority of smallholdessop residues from dual purpose crops
constitute 40-60 per cent of total dry matter ietaénd the rests are made up from
homegrown feeds and grasses from common propesturees. Rao and Hall (2003) are
again of the view that crop residues are low inabelized energy and crude protein. Efforts
have been laid in India for supplementing the aegdues by high protein oil cakes; green
fodder, and tree leaves. But the on farm adoptioih lsas been low due to improper fit of
the technology in the farming system. Dalal anch&®at(2010) have observed that the area
under green fodder crops is low; constituting naerthan 5 per cent of the gross cropped
area. Sluggish growth in area under fodder cropmast parts of the country except in the
irrigated regions is a reflection of the rising quetition between food and fodder crops for
limited land and other resources. However, of #ehmologies developed to improve the
nutritive value of crop residues, more attentios baen given to chemical treatment of
cereal straws than to supplementation. In a stndyjmer and Bikaner in Rajasthan, Suresh
et al. (2010) have observed that the quantitativeé qualitative decline in the pastureland
has affected the herd size and its economic pediocam adversely. Farmers, in the study,
report that the decline in pastureland is 75 pat teboth the districts. The decline is 90 per

cent in semi-arid zone and 60 per cent in the aovitk. In a study by Udo et al. (2011) in

26

TH-2034_126141005



Kenya, observes that with human population demsitentinuing to rise and landholding
shrinking in Kenyan highlands, it has become irahl# that the number of free grazing
farms will continue to decrease. Kumar and Singl08) have stressed on the need to create
concerted efforts to arrest deterioration of comrpooperty resources through legal, social
and institutional means. Suresh et al. (2010) &rrtomment that encroachment by the
private parties is the most important reason fauecon in pastureland and called for
participatory pasture management with beneficiapntgbution is considered as an
appropriate step to conserve the pasture and augratuctivity.

According to Dalal and Pathak (2010), a markedt shifavour of concentrate feeding has
been observed in the country since the 1980s. Tifietswards the use of cereals for feed
has substantially increased in developing countsie€e the 1980s though it actually
declined in developed countries. According to Delvanand Sevilla (2002), “there is a
significant potential for more effective use of atlg-produced agro industrial by-products
(AIBPs) and non-conventional feed resources, allvbfch are under-utilized currently”.
Rao and Hall (2003) remark that owing to cash camnds small holder farmers in the drier,
semi-arid regions generally do not purchase comgi@amd agro industrial by-products in
the market. In the dry months, particularly the 2a®nths prior to the onset of next
monsoons, they face considerable feed shortagésdiarsely affect animal productivity.
Sharma (2004) has observed that production offieeltseeds of high yielding varieties of
fodder crops and pasture grasses/legumes has brejoafocus area since the early 1950s
but with a limited success. Again, animal feed piobn is mainly concentrated in the
private sector; cooperatives also manufacture apglg feed to the farmers. But the quality
control measures for animal feed are not very &ffecSo there has always been an issue of

poor quality of feeds.

The production and marketing context and the hanldefesource endowment context are
also important in conditioning farmer’'s fodder pgrees and preferences. There is
particularly strong market for fodder from urbarséd dairy production systems. Rao and
Hall (2003) prescribed that a shift in breedingatgtgy towards the development of dual
purpose plant types could increase the adoptioompfoved varieties. Such an approach
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offers opportunities to improve the nutritive valagécrop residues and could potentially
lead to improvements in the productivity of anirpaedduction system.

2.4. Dairy Farm Management and Constraints

The thinking and attitude of the farming commuriigve changed during the recent period
from traditional to more forward looking and thegvie started exploring the possibilities of
increasing their earnings through other means arestbck especially dairy being one
among them (Sidhu and Bhullar, 2004). However ealize increased income in the dairy
sector necessitates improved dairy farm manageni@auty farm management directly
relates to dairy farm performance. The adoptiomygdroved cattle calls for improved farm
management that depends on efficient input uskarfdrm of feed and fodder, health care
services, vaccination and infrastructures such aflecsheds in favorable conditions.
Farmers’ knowledge and awareness play a cruciel irothe effective management of the
farm. Again, herd size in the farm is an importeleiment in the dairy farm management. In
India, the average herd size is about two milkingnals and average daily milk production
per herd is about four litres (FIAPO, 2010). Kaayal. (2005) advocated for smaller herd
sizes of 14 heads on average in Uganda in the xtoofté\l use because use of Al requires a
higher level of management input in aspects likediieg, routine cattle/herd observation,
and communication with the Al technicians. It apgethat as herd size is increased the
farmers’ capacity to manage and pay for Al serviseonstrained. Poor heifer management
is a major problem in many (if not most) Asian simader dairy farms. Young stock
receives insufficient attention because they do gerterate income for several months
together (Moran, 2009). It is generally the lactgtanimals that get priority from feeding
and health care point of view. Kumar et al. (20b@8ye found that co-operatives have a
positive impact on the herd size and its qualityilknproduction, productivity and
profitability. It also has a positive impact on thdoption of the milk safety measures with
reduction in additional cost of compliance. Co-@pees are conceived as the main vehicle
for implementing dairy development programmes sc¢buntry, and much of the success of
the ‘White Revolution’ in India is attributed toehco-operative framework of the dairy
development strategies. According to Moran (200@g number of cows milking as a per

cent of the total cow herd is influenced by, maspaortantly among several factors, the
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lactation length, inter-calving interval and calyimate. Longer lactation length, higher
calving rate and shorter inter calving intervaleaté milk productivity positively”. The

grade or crossbred cattle being superior to thedeseript cattle, efforts for improved dairy
farm management should be given more for crossbredrade cattle. Nicholson et al.

(1999) state that ownership of grade or crossbredna is a key element in the

development of intensive dairy production. Bardlearal. (2012) based on their studies in
the state of Uttarakhand, India have prescribed $ets of policy interventions that are
likely to compliment in improved farm managemen): Ia is necessary to enhance
collaboration between extension service provideis farmers which may enable uptake of
improved dairy technologies and resultantly enhascale of milk production; b) it is

required to invest in physical infrastructure lidoads, storage and milk processing facilities.
It is necessary not only because milk is a highdyighable commodity but also to tap the
commercialization potential of excess amount okmétained by households. According to
Quddus (2012), the major constraints for dairy tedhgy adoption have been considered to
be as a) ill equipped and negligible services atcéwtre, b) no provision for testing of

animals; c) poor knowledge of farmers about healtine of animals and inadequate
knowledge about proper feeding and balanced rafitnus, various external factors are

found to affect dairy farm management which indisebas bearing on milk productivity.

Rising demand for milk gives way for increased pitn by the smallholders. FAO
(2013) reported that increasing demand and relgtiaeggher prices for milk and dairy
products also provide an opportunity for the miloof smallholder farmers who produce
milk in developing countries to increase their likeods. Based upon the smalholder
farmers’ efficiency in the realization of higher Ikiproductivity, Dastagiri (2003) has
forecasted through polynomial price lag model tdating 2000-2020, Indian domestic
supply of milk will grow at the rate of 5.56 pernteeaching the level of 232.09 million
litres in 2020 from 76.56 million litres during 200while consumption (demand) will grow
at the rate of 4.77 per cent during the referer@g@ giving a surplus domestic production
of 84.88 million litres. Moran (2009) is of the wehat small holder dairy farmers with their
knowledge on cost of production allow them to deiae their profit margins and this is
crucial to operating a sustainable dairy enterprgeording to Udo and Steenstra (2010),

smallholder dairying is also competitive with largmale dairy farms, as it uses family
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labour and has no high requirements for investmEatmers with sufficient household
labour, do not consider the use of family labouraggroduction cost, because alternative
employment opportunities are limited. The market fialk is the major pull factor for
smallholder dairying, and in countries such asdn@hutan, and Kenya, it produces the
majority of the total milk production of the countfUdo and Steenstra, 2010). Bardhan et
al. (2012) have identified that milk productionstdince to market and extension contact as
the important policy variables which influence puodrs’ market participation and also
choice of agencies for sale. Profitability is a anampetus point to adopt improved farm
management at farmers’ level. As the growth in ydaector is influenced by farm
profitability, Sidhu and Bhullar (2004) cites vau® farm profitability determining factors
such as expansion of milk processing and colledaoiiities at the doorstep of the farmers,
easy availability of credit for dairy sector, inase in the demand for milk and milk products
and remunerative prices in their study to assessirtipact of livestock on income and
employment in the state of Punjab, India. As thealed for milk is important determinant
for farm profitability and resultantly the improvéarm management, persistency of higher
demand for milk and milk product is important. Té@nomic crisis of 2008 slowed down
the rising trend in demand, but it is expected that growth in consumption of animal
products in emerging and developing countries likgia will remain strong (Udo et al.,
2011).

In India, inability of small holder producers tocass market is one of the major limitations
in harnessing opportunities in livestock productiNiearly 45 per cent of the milk produced
in the country is retained in villages by the ruralseholds and the remaining 55 percent is
marketed (Bardhan et al., 2012). The much hypedpspative dairy development in India
has not been able to significantly affect the dange of the traditional marketing channels.
Again, the functioning of the traditional milk matkand its potential in income and
employment generation has not been conceived gyoperindia (Kumar et al., 2010).
Players in traditional milk marketing system inaudillage and urban consumers, local
sweet shops, restaurants and hotels and milk venolomiddleman. These markets are

unstable and often exploitative, particularly dgrthe flush production season.
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Thys et al. (2005) have remarked in a study tosssHee socio economic determinants of
urban household livestock keeping in semi-arid \estAfrica that main identified
constraints for urban livestock production are alihealth problems, feed supply, and theft
and manure management. Udo et al. (2011) in thadtyscited that farmers ranked scarcity
of good quality feeds as the most important comgtrimllowed by lack of labour, poor
animal performance and lack of cash to purchasatsnprhere are studies that identify
repeat breedifgas an important constraint among the various bats of farm
management. The apparent fertility problem in doosg bulls seriously hampers their
selection. The rejection rate among crossbred mils high as 40 per cent and there is no
research to mitigate the problem. Again over 30ge&tt of the adult female cattle are not fit
for breeding (Kurup, 2002).

According to Rathore et al. (2009 b), in the admptof recommended cattle rearing
practices, the cattle keepers have to face sepeodlems of breeding, feeding, housing,
milking, calf rearing and health care managemeoh@lwith policy and organizational
constraints, financial, technical and social profdeas a result of which an adoption gap
gets created

According to Dhaka et al. (2011) the dairy produttiis constrained by several factors
including inadequate knowledge, inadequate avdiyaband poor quality of feed and
fodder, poor genetic potential of animals, highideace of diseases, repeat breeding, long
calving interval, non-availability of support seses in time and poor extension support etc
which come out to be as the major limiting factodairy production.

lype et al. (1993) in their study find that milkeyd was higher for cows in larger herd, i.e.,
for the group of 10 and above which has the impbecathat when more number of animals
are kept for milk production the owners are morescious about economic production and
profit. They retain better animals and providedtigkely better farm management. In other
words less than 10 cattle heads is a constrairoif towards higher milk production and
farm profitability.

Aulakh et al (2010) report based on their studyiedrout in Punjab by interviewing 180

dairy farmers that the high cost of raw materialdonstruction of buffalo shed is responded
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by 84.26 per cent followed by 76.1 per cent of fdmeners agree on the constraint of less
market price of milk and the lack of knowledge meljag recommended management

practices (agreed by 70.56 per cent farmers)

In a study by Keshava and Mandape (2001) done izaffarpur district of North Bihar, it is
reported that 87 per cent respondents reveal tbblggn of unavailability of veterinary
facilities in need followed by disease prone angnabstly cattle feed and unavailability of

regular milk market reported by 64, 55, and 51q@ent respondents respectively.

The decomposition of the gain in milk yield in tfa#m bred crossbred animal over farmer-
bred in to its causative factors indicate that 8p2r cent of total change is contributed by
better management of crossbred cows and 32.61epéro€ change in milk yield is caused

by increased input use (Reddy and Subramanyam,)2002

Inadequate supply of Al equipment and preservdtaailities of semen, inadequate training
of veterinarians in evaluation of semen qualitgdequate follow-up of cases in which Al
has been done, failure of the farmers to get treatrfor reproductive disorders in time and
to arrange pregnancy diagnosis within 2 to 3 moofhal, fixation of Al targets for field
staff without considering the breeding season &edproblem of providing Al facilities at
farmer’s door step are the some of the other impedis in administering the Al (Sharma
and Sohal, 1989).

Arora et al. (2006), based on their study in ti&Nhgar district of Uttaranchal, remark that
technologies developed in the recent past in td ©f animal husbandry sector have not
been successful in changing the socio-economicitons of the rural poor to the extent
that was originally envisaged and for this failitrenay be attributed to the lack of thorough
understanding of the level of knowledge of the farnand the factors influencing the

adoption of improved technologies by the farmers.

Agarwal et al. (2007) carried out their study irreth states of India, namely Punjab,
Karnataka and West Bengal based on cross sectianofl@25 adopters of crossbreeding
technology find that among the breeding constraimégority of adopters of crossbreeding
technology in Punjab report lack of progeny tediatls, low fat content in crossbred cow

milk, high mortality in crossbred male calves aegaat breeding as serious constraint. In
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west Bengal, almost all the constraints are ofoseritype except lack of progeny tested
bulls.

The major constraints in adoption of breeding pcast are poor conception rate; repeat
breeding and inefficient treatment of repeat bnegdollowed by inadequate knowledge of
Al, lack of pedigree bull for natural services akiccentre (Singh and Chauhan, 2006).

Rathore et al. (2009 a) conducted a study in Ragasby interviewing 400 cattle keepers
and found that lack of Al centres, distant locatanveterinary hospitals, poor conception
coupled with repeat breeding, lack of pregnancygmisis (PD) facilities and costly
treatment are the important and very serious caims$r in adoption of recommended
breeding practices.

Gupta and De (1989) observes certain technicalticonts regarding rearing of crossbred

cattle in their study conducted in Jaipur distraft Rajasthan and ranked them in a

descending order of severity such as a) crossboed cannot tolerate high temperature
during summer, b) crossbred cows require relativebye care in rearing, c) crossbred male
cows are not suitable for drought purpose, d) Beedifodder requirement of crossbred cows
are relatively higher than the local cows and elfy, crossbred cows are more susceptible
to diseases.

Yadav et al. (2008) identify some of the importaonstraints in adoption of artificial
insemination (Al). They are less success rate ofléds knowledge for detection of silent
heat, importance and timing of Al, lack of propel facility, difficulty in disposal of

crossbred male calves, many animals not comingabin time and high cost of Al etc.

Lack of awareness about hay and silage preparaimh treatment of poor quality
roughages, high cost of fodder and concentrat&, dd&nowledge about balanced feeding
and scarcity of green fodder are the main congtaihich restrict the balanced feeding of
animals (Rathore et al., 2009 b)

Singh and Chauhan (2006), based on their studypik Bnd Jhunjunu district of Rajasthan
state, remark that the main constraints have bleerhigh cost on feeds and fodder and

limited availability of resources for raising foddgrops. Other constraints under feeding of
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animals are the poor availability and high costcompound feed, mineral mixture and
fodder seeds related to limited financial resources

Non-remunerative price of milk, non availability good dairy animals, high cost of
concentrate and dairy animals, non availabilitygfen fodder, irregular payment for milk
by procuring agencies are the most commonly feliblgms and rated them as severe
(Reddy et al, 2003).

In a study conducted by Ghosh and Chand (2001)jrivhBm district of West Bengal report
that poor conception rate of Al and non availapibf veterinary medicines in the animal
Health Care is the most severe constraint facedrbgll farmers followed by lack of
knowledge about recommended feeding practices@nantich repeat breeding through Al
as important constraint in adoption of improvedrgld&rming practices. Again, constraints
expressed by the dairy farmers are favourableud#ittowards growing grain and other
crops rather than growing fodder crops, followedpbgjudice against the drought capacity
of crossbred male, and a favourable attitude tosvaedural services compared to Al as the
important constraints which are categorized asospsychological constraints by Ghosh
and Chand (2001) hindering the adoption of improd@dy farming practices.

According to Kumar et al. (2009 a), based uponrtsteidy in the operational area of Krishi
Vigyan Kendra, Banka of Rajendra Agricultural Umisigy, Bihar, the severe constraints
relating to breeding practices are non-functiorof@l centre followed by poor conception
rate and ineffective treatment. Inadequate knowdealgAl is the next important constraint
followed by lack of good breedable bulls for natwarvices and scarcity of resources to
maintain crossbred/superior breed of milch anidaimar et al. (2009 a) further report that
the severe constraints relating to feeding prastiweve been the preference among farmers
to grow food crops/cash crops instead of foddepsrdéollowed by inadequate knowledge
about improved feeding practices of dairy animalsemgas high cost of ingredients of
concentrate mixture also hurdles in the adoptioimpiroved dairy farming practices. Other
constraints have been the under-feeding due taeldnfinancial resources, inadequate
resources for cultivation of fodder crops throughibie year, poor availability, and high cost

of compound feed and mineral mixture and lack akorg facilities.
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The study has found that higher value of milk ottmay not be due to the technological
improvement alone because the increased use ofsifyave also played role on the milk
output and this necessitates decomposing of the totakwail milk output into its causative
factors (Kumar, 2001).

Based on the study carried out by Kumar et al. 928)0in Jhansi district of Uttar Pradesh it
is reported that non-availability of green foddeumd the year faced by almost 81 per cent
respondents is a severe problem relating to feedmgstraints. Again, 36.7 per cent
respondents face the problem of non availabilityaod for fodder cultivation as a severe

problem.

2.5. Determinants of Crossbreeding Technology Adojan

Feder et al. (1985) have reported that the fachoilsencing adoption of agricultural
technology often focus on household resource endowsncharacteristics of the household
head, location of the household, the nature anénéxdf information provided before
adoption, and the characteristics of the technol@dgart from these factors, institutional
factors are also responsible for the adoption @fydachnology where various programmes
and policies formulated influence the adoption. s&h on studies carried out across
countries on factors related to farm, farmer areltdthnology itself in the adoption of the
dairy technology and institutional set up prevalim India a general discussion on the
factors influencing dairy technology adoption isrizad forward. As discussed in section 2.1,
Al is an economically viable technology to chandee tgenetic makeup of the cattle
population, farmers also prefer to have purebreadegcattle such as jersey and/or Holstein
Friesian as an important strategy to increase mitiductivity. In the present review of
existing literature on adoption of dairy technolpgyade cattle adoption and pursuance of
Al have been clubbed together as dairy technolagypah have the similar objective of
productivity enhancement.

Kumar et al. (2013), on the basis of a cross cormparbetween member and non-member
farmers of the dairy cooperatives, suggest thastiade of farming and level of adoption of
improved animals have been significantly highertfer member farmers. Similarly, the co-
operative member households contribute signifigahtgher quantity of milk at higher

levels of productivity than the non-member courdetpCo-operatives enhance vertical
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integration of dairy market and also facilitate idely of inputs (feed, Al etc.) and

veterinary care services to the participants.

Important conditions influencing the successful liempentation of crossbreeding include an
increased demand for cow milk or young stock rasylin a remunerative market, low
demand for draught animals, and accessibility aénveary assistance to farmers and low

prices of high quality feeds relative to milk pisc@Rao et al, 1995).

According to Birthal and Rao (2004), human popolatilensity, agro climates, technology
and size of landholdings appear to be the majardebants of livestock intensification and
so also urbanization with rising demand for anirfie@ids. Birthal and Rao (2004) further
opine, “since livestock intensificatidis significantly associated with small landholdéehe

process may, however, come under stress due topthai resource position”. Thus, to keep
the process of intensification going, smallholdeestock production needs policy support

in terms of credit, insurance, technology extensmarkets, etc.

Mugisha et al. (2014), in their study in Ugandaplei that better organisation of the
informal sector and strengthening of the formal@ein addition to other critical inputs like
feeds and water as incentives contribute signiflgein the adoption of Al as an important
cattle breeding technology. The size of grazingdlémaller holder), practice of record
keeping, preference for Al, availability of milk mhk@ts as well as access to extension
services are key factors determining the adoptioAlcservices. The reasons for why Al
service is not preferred by the majority (63.6 pent respondents) are that bull/natural
service available as the main service; notion ofpAtported to produce more bull calves
than females, lack of money to pay for Al when #mmals are on heat, distance to Al
centre and the perception that they are expenisigk,0f sensitization about the benefits of
Al, very high expectations of Al which remain unmeigher chances of dystocia in cases
where Al was used coupled with limited number dev@ary practitioners to attend and the
problem of repeat breeding with charges each tielative to natural service (only one

charge even in repeats).

Nicholson et al. (1999) examine the factors assedisvith adoption of three dairy-related

technologies and practices in coastal province,ylerGrade or crossbred dairy cows,
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Napier grass production and the infection and neat method for protection of cattle
against East-Coast fever. Nicholson et al., (199%@) that the reasons for non-adoption of
grade/crossbred cattle are lack of money to puecktas animal coupled with their inability
to participate in a development project and lackretit. The other factors being ‘children
need schooling’ (income factor), ‘insufficient lafdccess to resources) and disease risk

(risk factor)

Baltenweck and Staal (2000) in their study in Kenfigghlands, have found that the access
to credit, land size, quality of livestock delivesgrvices, education level and price of milk
(farmers’ responsiveness to better market condijigositively affect the crossbred cattle
technology adoptichdecision, while time of establishment of the faand age of household
head affects negatively. In case of smallholdemyr credit accessibility and bad road
infrastructure delays adoption of crossbred catEhnology in Kenya. During the post
liberalization of dairy industry (post 1992); th@eed of adoption has slowed down
suggesting that the conditions for adoption havesemed with the closing of some dairy
cooperatives and privatization of livestock sersicEhe study suggests that liberalization
policies may need to be accompanied by interim supfor farm services and market

mechanisms to maintain technology adoption trends.

In areas where there is strong market linkageciefft provision of veterinary healthcare
and Al services at farmers’ door step and supplsdg#quate feeds influence positively the

adoption of crossbreeding technology in Ethiopiauggczynska 2012).

Quddus (2012) based on a study conducted in thges ecological zones of Bangladesh
interviewing 180 dairy cattle farmers finds thabab17.5 per cent rural farmers and 70 per
cent semi-urban farmers rear crossbred cows. Téendary and higher educated farmers
are 9.7 times more likely to adopt improved tecbges compared to illiterate farmers.
Quddus (2012) suggests that knowledge about cesdimg technology through training,
availability of reliable and continuous technicasistance, availability and low price of
concentrate feeds, increased and timely provisibmedicines, increasing Al facilities,

providing pure breed and strengthening the exterstovices stimulates the Al adoption.

37

TH-2034_126141005



Halakatti et al. (2007) conduct a study to undedtdairy farming technology adoption
behavior of Swarnajayanti Gram SwarojgarYojana (¥{GRarticipating rural women in
Haveri district of Karnataka. They find that theoptlon behavior of milch cattle
beneficiaries and SGSY is an outcome of interplaywben the adoption with socio-
economic (education, social participation and eoginomotivation), information source
utilization (ability to select response to the imatons already detected from the relational
analysis as personnel locality and personal coshtepess), project operational
intervention (perception about milk marketing chalsn veterinary health care, feed and
fodder incentive and extension support) and cogmitirientation (knowledge, attitude and

profit awareness) factors.

El-Osta and Morehart (2002) advocate for wideniogeas to relatively inexpensive credit
which may provide producers with the means for &tivg in genetically superior milking
cows, allowing for a fuller use of their manageradlility and for higher levels of milk

output.

Howley et al. (2012) have categorized the factbet influence the adoption of Al into
farmer’s personal characteristics and structurah fiactors. Age of the farmers (-), off-farm
job (-) and farmers with children (+) fall underrfger's personal characteristics, whereas,
the structural farm factors are gross margin perstock unit (+), farm size (-), advisory
services (+) and costs on Al (-) are found to iafice the adoption of Al technology in

Ireland.

According to Batz et al. (1999), the characterssti€the technology itself are also important
to influence farmers’ technology adoption and usdgeisions. In particular, the relative
complexity, risk and investment characteristicste¢hnologies significantly affect their

adoption and diffusion.

Tefera et al. (2014), based on a study conductd&llinlo district in Ethiopia, examine the
various factors on the probability and extent ofaflbption among dairy farmers and found
that contacts with extension agents, access toitciedome from milk sales, feeding
concentrates to cows and family size influenced phebability of adoption positively

(except family size). Education level of househioédhd whereas had positive impact on the
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extent of Al use without affecting the probability adoption. Tefera et al. (2014) further
point out that it is more preferred for farmersuse crossbred bulls due to distance and the
risk associated with the efficiency of Al servicédowever, longer the experience with

crossbred bulls, the less is the Al used.

Kaaya et al. (2005) in their study in three dis&rio Uganda namely, Mukono, Kayunga and
Wikiso based on cross section data collected frortotal of 180 randomly selected

households, find that adoption and use of Al te@dmpo is influenced by farmer

characteristics (such as age of farmer, time oblwvement in dairying, household member
size, years of knowing Al technology, weekly hoorscattle herd) farm related attributes
(farm land size, cattle herd size, annual extensisits, milk sold per month, cattle herd
born using Al) and attributes related to the tedbgy itself (Al technicians known, distance

from farm to Al technicians and per Al service catstarm and farm per bull service cost)

Crossbreeding technology adoption is also stimdldig certain institutional factors. In
Bhutan, crossbreeding for dairying is stimulated thg 1985 breeding policy which
promoted crossbreeding with Brown Swiss in the lalgitude areas and with Jersey in areas
with relatively good market access and using Ideakds in remote areas that have harsh

environmental conditions (Udo et al., 2011).

Yohannes et al. (1993) report that among sociahlbes, education, experience, production
knowledge and awareness and technical variables giloductivity of cows, veterinary
services and availability of land to grow feed orazing area significantly influence

adoption of crossbred cattle.

FAO (2005) observe that the productive potentishmimals depend crucially on the quality
of animal health system and in this respect, Iidisa a poor record. Although, the country
has emerged as the largest milk producer in thddwtine quality of livestock support
services remains poor. There is need for creatinteval playing field for private
practitioners in high potential areas with relatjvgood access to markets. In the long term,
with the development of livestock services sectod @ervice delivery becoming more

commercial and self-sustainable, the governmenhbtg dedicate itself towards public

39

TH-2034_126141005



good provision such as disease surveillance, dispaeention and food hygiene, zoonosis

control, sanitary control, compliance monitoringariket regulation and so on.

Baltenweck and Staal (2000) have identified threainnroutes towards adoption of
improved dairy cattle in Kenya, namely upgrading #xisting local animals; getting the
dairy animals at no cash, costs or purchasing tleaoh rout having drawbacks. The first
rout enables a farmer to dramatically reduce tingpiness of the entry cost, as the costs of
raising the heifer are spread out over severalsyaad has significant risk of losing the
animal in that period. Second rout is either asfgim parents, relatives or through projects.
Here entry is free but it may set conditions onfdreners which become difficult to assess.
Finally, third route is the purchase of improvedrgldoreed where costs may be high
compared to monthly wage and/or savings from afhfactivities. Finally, the obvious way
to finance is credit but field work shows that a&sx#o credit by smallholders is limited in

Kenya (high entry costs and production risks).

Dairying in India being largely a smallholder phervemon is characterized by low
productivity (Mishra and Bardhan, 2009). So that groductivity can be improved of this
sector, there has been continuous emphasis atettentr period on the technological
intervention in the sector. There are theoretical ampirical studies that have dealt with
several issues underlying the adoption of the teldyy in dairy sector. Some important
studies so far carried out have been discussedviiblat are on the factors and pattern of

adoption of breeding technology in dairy sector.

In a study conducted in Haryana on pattern of imtion adoption, Singh and Kumar (2007)
observe that all individuals in a social systemngdd adopt an innovation at the same time,
rather they adopt in an ordered time sequencesity concludes that majority of the early
adopters had high level of innovativeness in adegmrtificial insemination for their dairy
animals, whereas, a large number of early majaldlyy farmers had only medium level of

innovativeness in accepting artificial inseminatfontheir dairy animals.

Mishra and Bardhan (2009) in a study undertakefivie selected villages of Rudrapur
block, US Nagar district of Uttarakhand assesdrtfieence of factors on adoption and non-

adoption of crossbreeding technology and early ugernate adoption of crossbreeding
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technology. The study shows that probability oflyeadoption of crossbred animals
decreased when head or farm owner is the farm idacmaker, implying that extension
approach which is more family oriented rather thexclusively targeting the head of
household, may favourably affect early adoptioonglwith factor such as membership in a
farmer’s group. Other factors such as distance #wket affects early adoption with a
negative relationship (higher the distance, lovgethie adoption), and access to credit and

information with positive relationship.

Adoption of technology is multidimensional and adeirange of factors such as attitude,
beliefs, perceptions, personnel characteristics rmady others may affect it (Rezaei and
Bagheri, 2011). Rezaei and Bagheri (2011) furtheggort based on results of logistic
regression that need to artificial inseminatiodirectly associated with the adoption of it. In
other words, the more technology is adjusted toyd@rmer's needs the more they will

adopt it.

According to Arora et al. (2006), level of educationilk production and consumption, mass
media exposure and extension contact have posdne significant correlation with

adoption of improved animal husbandry practices.

Information supplied by formal and informal souréesnadequate in creating awareness
about Al and needs to be sharpened. Well concesffedts should be made to diffuse the
relative gains accruing from the use of Al at thvaleation stage, which could cause a
considerable reduction in the rejection of Al (8asir et al., 2004). Sasidhar et al., (2004)
based on reviewing the literature point out thastraf the dairy farmers possess medium
level of knowledge in Al and the members of theknsiboperative societies are having more
knowledge on Al than non members. Households sdeéndy when it is available with
little difficulty. In areas where they may needttavel long distances for obtaining Al, they
prefer to choose natural service which is normallgilable within the village (main reason

for failure of Al at the village level)

Yadav and Jain (1984) have found in their studyeflasn correlation coefficient between

adoption of crossbred cattle and various socio-eeon factors that factors such as size of

41

TH-2034_126141005



land holding, age of the cultivators, educatiorth& cultivators and economic status of the

cultivators are positive and significant in adoptaf hybrid cattle

According to Tyagi and Sohal (1984) occupation,n@coic motivation, price of milk and
knowledge of the technology are significantly rethto adoption of dairy innovation. Farm
size also affects the adoption of dairy innovatiom with a negative relationship, indicating

that as farm size increases, the adoption leveaoy innovation decreases.

Singh et al. (1979) in their study indicate thah+smloption of Al service is due to the poor
knowledge level about Al, negative attitude towatgsnscientific values associated with it
and unreasonably poor opinion on the outcome dfcaat insemination. Singh et al. (1979)

strongly advocate for playing role by the extensagency to carry out effective educational

programme which may greatly accelerate the paeel@ption of Al by the dairy farmers.
2.6. Summing Up

Dairy being an important sector to ensure nutrdalosecurity and providing livelihood
opportunity to the masses, improving the perforneaoicthe sector through crossbreeding
has been the important policy strategy in the repemiod. The technical programme of
crossbreeding adopted by the government is to osedascript cattle as the foundation
stock and to impregnate them using semen from eXogeds. Al is the most commonly
used and economically viable measure in the cresslong programme but literatures
suggest that the performance of Al largely dependthe proper diffusion of Al (e.g., door
step visit of service providers) and genetic eviamaof the bulls. Again, while going for
extensive crossbreeding, it is also important ke taote of the level of inheritance of exotic
gene and choice of breeds, and supply of adeqeats fand foddeLiteratures indicate that
the distribution of livestock being more equitathan land adoption of improved breeding
technology is deemed to be anti-poverty and eqoitented. Various studies have
highlighted that crossbreeding technology has featde impact on milk yield, income,
livelihood indicators such as food, health care andess to education, specialization and
use of hired labour and creation of job opportesitwith the dairy value chain. The
reduction in herd size through crossbreeding helggeventing degradation of forests and

common grazing lands. Again, crossbreeding enswehnmeeded linkage between rural
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producers and urban consumers. However, litermtatgeo point out that crossbreeding
programme have certain negative impact. It exateslthe problem of feed scarcity, loss of
milk production due to poor survival and high regurotive wastage. The programme could
not result in desired impact due to lack of Al aweterinary aid facilities and repeat

breeding.

Literatures on feeding highlight that in spite @iving varied sources of roughages in India,
there stands a formidable challenge to the farnre® scenario where common grazing
lands are on decline, competitions are rising tords to grow food or fodder, limited
application of chemical treatment technology fohamcing nutritive value of crop residues
and lack of quality control measures for concemsafThis puts in paradoxical position
where for the larger interests of productivity emtements of the dairy sector several of the
studies advocate for crossbreeding of the indigefwaeds with exotic breeds. However, it
depends on supply of quality feeds and fodder andthe@ other side; the country is
confronting a great challenge of meeting the femdsfodder requirement in the foreseeable
future. This necessitates enquiring at a groundllthe farmer’s access to feeds and fodder
and conservation practices and their beliefs omréutdairying in the context of the
challenge. Again, proper dairy farm management r@mioval of constraints also play an
important role in the adoption and maintenance noproved bovine stock. The major
elements in the dairy farm management are herd fEm® profitability, animal healthcare
etc. According to various studies, the various ek factors that affect dairy farm
management are collaboration between extensioncegoyoviders and farmers, investment
in physical infrastructure, availability of credind factors influencing producers’ market
participation. Removal of constraints such as ahimealth problem, feed shortage, theft of
animal, manure management, problem of repeat brgednd high rejection rate of
crossbred bulls are of immense importance for @ursel and maintenance of crossbreeding

programme.

Literatures on factors influencing adoption of clm®eding technology point out that there
are multiple factors likely to influence crossbriegdtechnology adoption. These factors,
based on literatures, are categorized in four iiffe categories, namely farm and farmers

characteristics, physical environment at which faisnoperate and perception factors. The
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various farm characteristics highlighted in theikade literatures are land size, land allotted
for fodder cultivation, feeding concentrates to sp@access to credit, membership of Dairy
Cooperative Society, herd size, extension visit@or income from milk sales and milk
sold per month, off-farm income, duration of thenia veterinary services etc. Farmers’
personnel characteristics that are reported to ifgigntly influence crossbreeding
technology adoption in various studies are ageeghatation of the household head, family
size, farmers with children, farmers’ knowledge athine technology, lack of sensitization
about the benefits of Al etc. The physical enviremicharacteristics at which the farmer
operates influencing crossbreeding technology adlo@re distance to market, distance to
all weather road, access to grazing land, disteméd centre, human population density and
agro climates and availability of local breedindlb8ome studies are found to incorporate
farmers’ perception about the technology that higwifscant influence on uptake of
crossbreeding technology. Some empirical studigs emphasize on the characteristics of
the technology itself (such as Al technicians knpdistance from farm to Al technicians
and per Al service cost at farm and farm per beliviee cost) to affect adoption of
crossbreeding technology.

Notes:

LA crossbred animal with normal female cycling andmal genitalia is considered repeat breeder if
she fails to settle to service or inseminationmyithree or more consecutive oestrus periods.

Z Intensification is defined as the livestock popiokatper unit of arable land, i.e., stocking rate.
Livestock intensification can also be measured has ratio of livestock population to human
population or feed use per livestock unit (seefBirand Rao, 2004)

% Adopters are defined as households with at leastooossbred or dairy animal at the time of the
survey. Non-adopters are agricultural householdls wcal animals or no animals at all (Baltenweck
and Staal, 2000)
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CHAPTER THREE

CROSSBREEDING TECHNOLOGY DIFFUSION, COMPOSITIONAL
CHANGE OF BOVINE POPULATION AND MILK PRODUCTION
DYNAMICS IN ASSAM

From the previous chapter it has been found out thassbreeding through Al is an
economically viable strategy to enhance produetiat low yielding indigenous milch
animal. It is evident that it has implications asinng farmers’ wellbeing through increased
income, consumption and employment of the rurainféwouseholds as livestock is more
equitably distributed compared to farm land. Howeteis may become possible provided
constraints relating to feed and fodder supplymahihealthcare, extension services for
better farm management, marketing of animal pradett are effectively overcome. The
present chapter, based on available secondary oties an attempt to understand the
crossbreeding scenario of Assam over the year® dirst organized attempt for bovine
crossbreeding was made. The compositional chaagegytplace for bovine population and
the dynamics in milk production of the state afedirto understand as a consequence of
crossbreeding technology diffusion. The rest of chapters are organized in five sections.
Section 3.1 discusses the issues concerning ceestihg technology diffusion in the state
of Assam. Section 3.2 presents the analyses giehfermances achieved after diffusion of
crossbreeding technology in the state. The disenssn bovine population dynamics is
presented in section 3.3. While section 3.4 dealls the dynamics in milk production in
correspondence with crossbreeding of cattle, se@&i6 sums up the whole discussion of the
chapter.

3.1. Crossbreeding Technology Diffusion in Assam: Background

The effort for improving the indigenous cattle #tom the state of Assam through
crossbreeding took place almost in the same tintle tive efforts laid at national level. The
first organized attempt to improve the indigenoatle for milk production was made in the
state during the *1Five Year Plan with introduction of Key Village I8ame (KVS) in the

year 1953-54. Under the scheme, genetic upgradefitotal non descript cows were tried

by distribution of bulls of recognized Indian bredike Haryana, Red Sindhi etc to villages
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covered under Key Village Blocks. This plan helgadvery small magnitude in some
selected areas only. Moreover, the expected sogmifiincrease in production potentiality
was not achieved because of low productivity of ltieian breeds compared to the exotic
breeds.

Crossbreeding of cattle and upgrading of buffaleehldeen the main thrust of the breeding
policy; the rationale being that new breeds areenoductive and their unit cost of milk
production is lower than the local nondescript aign(Dhas, 2002). The technical
programme for crossbreeding adopted by the goverhmias to use non-descript cattle as
the foundation stock and to impregnate them usemges from exotic breeds. This produces
half-breeds with equal inheritance from the two elyddifferent parents on contributing
endurance and the higher productivity (Rukmanilet2®07). The basic ingredients of the

present cattle breeding policy are discussed itise8.1.1, 3.1.2 and 3.1.3 respectively.
3.1.1. Cattle Breeding Policy in Assam

According to the National Commission on AgricultE76), in all the cattle and dairy
development projects, a clear cut breeding polloyuid be laid down in advance dealing
with the exotic breeds to be used, level of exmtiwritance to be reached and the type of
crossbred bulls to be used for inter-se-mating.s€bieeding policy should broadly aim at
producing crossbred stock with 50 to 75 per cemtiexnheritanceThe Sixth Five Year
Plan also stated that for increasing the produgt cattle and buffaloes, and to contain the
increase of its population each state should laynda definite breeding policy (Singh,
1986).In Assam, the cattle breeding programme gained mamein 1968-69 following
Intensive Cattle Development Project (ICDP) witke ttroduction of Frozen Semen
Technology. Under this project and as per the Mati®reeding Policy, introduction of
Jersey semen was done but the level of exotic italnee was not properly defined. By the
end of 1985-86, the department was able to establidCDP centre, 26 Regional Artificial
Insemination Centre (RAIC) and 547 stock man cemtith a potential coverage of 1.1
million breedable cattle in Assam. However, reviggvithe result of the cross breeding
programme under ICDP the earlier policy was modifie 1980 which proposed to produce
crossbred by utilizing inheritance from three diffiet breeds. Crossing among Jersey (J),
Red Sindhi (RS) and Local (L) is done with theispective inheritance of 50%, 25% and

46

TH-2034_126141005



25% to generate a population of cattle incorpogatilgh yield of J and draftability of RS
and L. However, this policy was again identifiedtwsome constraints such as (1) necessity
of maintaining 3-phased breed type of J, RS andndl their crosses, (2) necessity of
separate progeny testing (PS) programmes for apewetic groups, (3) non-availability of

quality germ plasm of RS in particular and (4) phhecess being too complex and expensive.

The 1980 breeding policy emphasizing on maintenaoicéhree breedline was again
reviewed and a revised breeding Policy was estalisin the Year 1988 with the
crossbreeding of exotic Jersey of high genetic inveith non-descript cattle of Assam to
produce cross bred cattle with level of exotic mta@ce of Jersey at 50% in major areas and
62.5 % in some selected areas. The second anedebiseding policy was notified in 80
December, 2002 vide Govt. notification N@FV.255/2002/pt/23 Dtd. Dispur, the B0
Dec/2002 This policy was relatively simpler than the presscane as only two pure breed
line (Jersey X Local) is to be maintained and W&l continued for 20 yedtsTemperature
plays an important role in the choice of bull toused in the local condition. Kale and Basu
(1993) find that lower temperature was conducivéh® milk production of Jersey crosses
but Holstein crosses are less affected by chamgésmperature of the hot humid tropical
climate of the eastern region. Sattar (1988) ardoeshe superiority of Jersey crosses to

justify the incorporation of Jersey bulls in thétleabreeding policy (see Table 3.1).

Perusal of Table 3.1 reveals that the performarickeisey crossbred in Assam’s context
indicates the superiority of administering Al usidgrsey semen. The various parameters
such as age at™lcalving, T' lactation yield, lactation length (number of daysalving
interval and milk yield indicate the comparativefpemance among the various breeds and
their crosses has been shown in Table 3.1. It stioatghe time requirement for local cattle
of Assam to reach to the age of dalving is 1.6 times more than imported Jerseye pur
breed. The Jersey crossbred takes 35.5 monthstb te the age of*lcalving against 45
months for local pure breed. Again, the lactatiemgkh is much higher for Jersey crossbred
than local pure (337 days versus 240 days) alorig welatively higher daily milk yield
(4.80 litres versus 0.80 litres). The calving imtdris also shorter for Jersey crossbred than
the local breed by 78 days (Table 3.1)
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Table 3.1: Milk Production and Lactation Characteristics of Jersey Crossbred in

Assam
Breed Age atf' 1% Lactation Lactation Calving  Milk Yield
Calving Yield Length Interval daily
(months) (litres) (days) (days) (litres)
Jersey 27.5 2352 300 350 7.50
(Imported)
Jersey x Sindhi 35 1475 250 421 6.00
Jersey x Local 35.5 1288 337 437 4.80
Local 45 220 240 515 0.80

Source: Sattar (1988)
3.1.2. Basics of the Present Cattle Breeding Poliof Assam

3.1.2.1. Policy for Milk Production

Keeping in mind that the milk production is to b#hanced in the state there is the policy of
upgrading of local low productive non descript cobg Jersey and HF through Al
programme with different scale of implementationl aequirement condition. According to
the breeding policy notified in 80December, 2002, in the crossbreeding of localecatt
using jersey breed two levels of exotic inherita(®®@% and 62.5%) will be followed in the
state considering the climatic and basic infrastmat conditions.Table 3.2 points out the
required conditions for maintaining the respecinteeritance level.

Table 3.2: Conditions for Exotic Inheritance Levelof Jersey Crosses in Assam

Level of exotic inheritance

50 per cen

62.5 per cen

e This applies to the entire state

e Large scale production of half breeds
(50 per cent Jersey and 50 per cent
Indigenous) will be the main goal.

This will be done in limited scale

On demand from farmers in some
areas/herds, where there is plentiful of
fodder availability, good marketing
conditions, educated entrepreneur with
knowledge and capability for
providing better management

For the breeding policy to use HF to cross withdedous breed following important points

are considered.

* HF inheritance will be infused only in limited seal

* In some defined geographical areas or herds wheddef production and its

availability is more and associated with a well @leped milk marketing system. It
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will also be favoured in areas of high elevatiorihwiavourable climate and most
importantly when farmers put demand for it.
» The level of inheritance of HF in the crossbred W fixed at 50 per cent by intense

mating of the crossbred coupled with selectionupiesior i animals.
3.1.2.2. Policy for Draftability

Though Assam does not have any recognized breezhtté to conserve some areas of
transport bottleneck are kept outside the netwdrkrossbreeding programme. The local
non-descript cattle are small in size with very Ipmductivity but have drought power for
long period. Farmers are encouraged to use Jeadkgried for regular draft work. In a state
like Assam, where many of the farmers rely on drdwgnimals for carrying out several
agricultural operations the breeding policy may faithe policy nullifies the scope of
draftability of cattle. There are three policy apis for improvement of draft power in the
state:

I. Policy for Using Jersey Half-bred (and gradedal® The Jersey half-bred bullocks

(Jersey x indigenous) have higher draft capacitysfwrter working hours than the local

ones. This will counter the inertia of poor drafii#gp of Jersey crosses among the cattle
keepers which is possible through practical demmatish of the short duration draught

capacity of Jersey half-bred and through intensixension activities to create awareness
about it among farmers.

[I. Policy for Using Indigenous BullockThe policy aims at improving the draftability of
indigenous cattle by selection and animal produmctiad conservation of indigenous germ
plasm to support this traditional system of draftaal utilization.

[ll. Upgradation of Local Cattle by Pure Indian Bds: This upgradation programme aims
at increasing both draft and milk production abilresently, Sahiwal, a pure Indian breed

is being adopted experimentally in three distraft&\ssam to produce dual purpose animals.

3.1.3 Infrastructure Development for Crossbreedingrechnology

For the crossbreeding programme to be succesd#te thas to be adequate infrastructure

and extension facilities. Lalwani (1987) also engibes that in order to intensify dairy
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development efforts in all those districts wheressbreeding of cattle is seriously pursued,
there has to be adequate provision of all the sacgseterinary and artificial insemination

(Al) facilities at higher and more efficient levahd extension services to dairy producers.
According to Singh (1986), the most crucial poimt which the success of crossbreeding
programme depends is the quality of bulls usedfeeding and the adherence to controlled
crossbreeding. Again, Singh and Singh (1989) olestbrat for successful implementation of
Al in bovines at the field conditions farmer’'s knledge on reproduction system of the
animal, quality of semen used and the sterilizabbrequipments required in addition to

adoption of sound breeding and management practices

Frozen semen production for large scale Al coveradke prime requirement in the cattle
breeding policy. The deep frozen semen bank was established imiterAustralian Cattle
Breeding Project at Khanapara, Guwahati, which eaasmissioned in March, 1976 with a
view to replace chilled semen with frozen semen) (&&l to assure supply of semen at
proper inheritances as per state cattle breeditigypdhe station was strengthened under
World Bank aided project, Assam Rural Infrastruet@nd Agricultural Services Project
(ARIASP) to produce medium FS straws. During thary2004-05, State Implementing
Agency (SIA) of National Project for Cattle and Baé Breeding (NPCBB) under the
recommendations of Department of Animal Husban@rgirying and Fisheries, Govt. of
India was created in Assam by the name of Assanestock Development Agency
(ALDA). ALDA renovated the station within limitedvailable space and under NPCBB
Phase-l as per the standard set by Minimum StanBawstbcol (MSP). The production
capacity was enhanced after renovation from 0.9%hlta 3 Lakh doses/year. The station
was also producing the required $€men for inverse mating to keep the exotic inhece

at desired level as per the requirements of bregedolicy. But, as there is very limited
scope for further renovation and expansion in Kpana government of Assam decided to
start a new semen station at centrally located [iZdta (in Barpeta district). For this,
financial assistance was received from Govt. ofdnohder NPCBB Phase-II and the station

started to commission from the year 2014.

ALDA introduced Al facility to all districts (inclding two hill districts and Lakhimpur,

Dhemaji and BTAD areas etc) of the state as pedalme of Govt. of India with
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introduction of Al centre in 300 non Al departmdntantres and with the training of 280
private Al workers for better coverage in interimost areas. Recently, undRastriya
Krishi Vikash Yojna(RKVY) the Al network has been expanded to all evietary
establishments (total 1275 centres) in the stagmiA for strengthening the distribution
network, under ARIASP 7 Frozen semen Banks (FSBsgewenovated and established in
seven strategic locations to cater the needs at3hdistricts. Under NPCBB 4 more FSBs (
in Kokrajhar, North Lakhimpur, Mania and NC Hillg)ere also introduced. All the FSBs
were equipped with bulk liquid nitrogen (LN) silde establish a LN grid and LN
distribution vehicles for uninterrupted supply dflland frozen semen to cover the entire
rural Al network (see Table 3.3). For bulk trangpton of LN from sources of LN to FSBs
procurement of the first bulk LN transport tankdrtioe state took place under NPCBB.
Again, ALDA supplied 10 emergency liquid nitrogeariying vans for distribution of LN
and FS from the existing FSBs to all the ruralag# level Al centres with the help from
RKVY bearing the recurring cost for fuel and LN Hmt Al can be performed at the
farmers’ door step from the rural Al centres. Maeo all existing FSBs and Al Centres
were strengthened under NPCBB with storage crys ead transport type cans to facilitate
doorstep Al service of interior most areas fromrthearest Al centres. ALDA procured and
supplied 104 transport type cryo cans for strengtigeof the LN transportation to the Al
centres during 2004-05.

For the production of quality bulls for frozen sem@oduction the Old Bull Mother farm
Barapetta located at Barpeta district was alsovated under ARIASP and Jersey bulls
were brought to cater the need of FS. The old fahmds were again renovated and
strengthened with Jersey bulls and Holstein Fnrebidls under NPCBB.

The Al expansion in the state kept the demand fality Frozen Semen manifold, for
which a new state of the art frozen semen bulistas being constructed at Barapetta under
NPCBB, as the 40 years old existing Khanapara sesteion does not have scope for
expansion and capacity enhancement to meet theiremreasing demand of frozen semen.
To accommodate the requirement of bulls ALDA renegia3 old bull sheds of Barapetta
Bull mother farm to house the bull calves for us¢hie semen station. Jersey purebreed bull

calves brought from Central Cattle Breeding Far@BE), Sunabeda were housed in those
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renovated sheds. On attaining maturity the bulés teansported to Khanapara FSBS for
semen production. Again, for responding the heaeynahds from farmers, 8 young
purebreed HF bull calves were procured for semesdymtion purpose from CCBF,
Hessarghatta, Banglore and transported to Barafsettaon 22° March, 2013. This is for
the first time that HF bull is procured for statd programme for semen production.
Presently these valuable animals are managed metlily renovated sheds of Barapetta bull
mother farm under regular supervision of the degtbgfficers trained under NPCBB phase-
Il at Central Frozen Semen Production and Trainimgfitute (CFSPTI), Hessarghatta,
Bangalore.

To utilize the improved infrastructure in properestific way for better public service 1089
field Al workers of State Animal Husbandry and \fetary Department were trained on
reproductive techniques in Phase | and 1125 weaiieetl in phase Il. This training was
carried out for efficient and correct field Al sex® for the benefit of the farmers and
economic use of LN at Rani, Demow and Ghungoomitngi centres situated in three
different zones of the state. These three centeesyvated under NPCBB were also utilized
for training of 280 private Al workers who are peatly working in their allotted fields.
Again, 32 and 19 field veterinary officers wereirtesl in central government training
institute at Hessarghatta under NPCBB phase-l amasgll respectively on field Al
management, FS technology and Quality Control. &leas the expectation behind training
of the field veterinary officers that these trair@ticers can provide technical guidance to
the field Al workers of their respective area fettier Al service.

Farmers tend to have a favourable attitude towaadisral services compared to Al and this
reduces the success rate of Al (Ghosh and Chaiid,) 2h Assam, though Al programme
was effectively initiated much before, i.e. 40 ywaom now in the state but due to diverse
agro climatic, socio-cultural and geographic candg there are still some remote rural
areas and hill districts where there is necessityAfl extension programmes to make the
farmers aware of the new and profitable breedingrtgjues available at their door step. The
initiatives of semen production and distributiorcte futile unless sufficient efforts are
not laid to popularize the benefits of the techggloThis calls for laying emphasis on

awareness Programme for increased aflbption level of dairy technology which may
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depend on information source utilization such asnfaisit, film show, cattle rally as
popular information sources (Nataraju and Channelgow988)In Assam, there have been
such awareness programmes carried out such asreasaren cattle management and fodder
production, field awareness programme like feytithmps, treatment camps, vaccination
camps, farmers’ meet, Friday evening meeting, itngirprogramme on crossbred cow
management, fodder management in and outside otdte conducted under ARIASP,
NPCBB and RKVY SchemésTV documentary and Radio jingles were aired fardsi of

the farmers to motivate people especially from tifilgal and hill community for rearing
crossbred animals for higher milk production aslvesl enhancement of their economic

status.

3.1.4 Initiatives for Semen Production and Expansio of Al Network in Assam

The Primary objective of ALDA is clean and qualggmen production. For this ALDA in
the year 2005-06 renovated the civil structuremofe than 40 years old (1968-69) semen
station in Khanapara and equipped with modern nmaci@s of FS production as per
guidance of central monitoring unit (CMU), a goveent of India regulatory body and
established a quality control lab. ALDA bought 6a8d 11 new pure breed jersey bull
calves of high pedigree from Central Cattle Bregdiarm (CCBF), Sunabeda, Orissa in 3
phases out of which 14 are used for semen produetml 11 kept for training purpose.
Respecting the demand of the farmer ALDA brougktRBbulls from Karbi Anglong mini
ICDP to meet the demand in 2007-08. After renovasind making the station upto a graded
station within the limited available space it hatiaved the production capacity of above
3.00 lakh frozen semen doses and has planned reas® up to 5 lakhs as per the need of
expansion programme till the completion of new FSB®arapetta. The quality of the FS
produced is evident from the calving rate of thease produced in this FSBS as it is 40-41

per cent which is relatively higher than the nagicewverage of 37 per cent.

3.1.4.1 Semen Production

Smooth and uninterrupted propulsion of FS and LM ikfeline of breeding programme
using FS. The Frozen Semen Bank Station, khanaudniaved the production capacity of
3,23,729 doses during the year 2012-13 from a mtamuof 92,740 doses during 2004-05.

This increase in FS production has been possil#aalthe renovation done by ALDA since
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its formation in September 2004. The semen prodndt the state has been continuot
increasing during the post ALDA formation period ($gégure 3.1).

Figure 3.1: Semen Production of Existing Frozen Seem Bank Station at
Khanapara
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Source Assam Livestock Development Agency (ALDA), Khanapakssar

3.1.4.2 Semen Distribution

Table 3.3 reports breaslise distribution of FS in the last 7 years thaiudes FS of Jerse
Crossbred Jersey, HF, Crossbred HF and SahiwalofF¥ersey and HF purebreed

relatively popular among farmers. Again, Jerseyesem widely used in the te because of

Table 3.3: Breedwise Semen Distribution for the Last 7 Years in Asanm

Breed Year
2006- 2003 2008- 2009- 2010- 2011- 2012- Total
07 08 09 10 11 12 13

Jersey 15415¢ 15030: 16976( 23958! 19033. 26737¢ 23418( 140569:
Crossbred 5081 1483(  2574:  2194( 6759
Jersey
HF 1658F 2844: 21817 2367¢ 2821¢ 2819¢ 4517: 19211t
Crossbred 1223 2113¢ 177z 4114¢
HF
Sahiwal 7372 737z
Total 17074: 17874 19157 26834: 24561 34245¢ 31643¢ 171392.

Source:Assam Livestock Development Agency (ALDA), Khanapakssar
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the content in the latest breeding policy of theesthat exclusively focuses on mating
Jersey with indigenous cattle. The distribution~&f of crossbred Jersey and crossbrec
started lagly, i.e., from 200-10 and 2011 respectively for int-se-mating in order to
keep the level of exotic inheritance at desirecgleVhe FS of high yielding Indian bree
Sahiwal was distributed in 20-13 though it does not exist in any of the offi breeding
policy of the state. It is evident from Table 3@t during the last 7 years a total
17,13,922 doses were distributed of all the breeelistioned which has been possible du
the efforts laid by ALDA and sponsorship of itsiaities by NFCBB phase | and phase
Figure 3.2 displays the rising trend of FS disttidu in the state.

Figure 3.2: FS Distribution Trend in Assam during 20£-06 to 2012-13
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Source Assam Livestock Development Agency (ALDA), Khanapakssar

3.1.4.3 Artificial Insemination Network

For improving the Al service in a state expansibibnetwork in terms of increasing tt
number of Al centres along with adequate numbeinséminators in the centres play
important role. A scattered distrilion of Al centres may result in spatially une\
performance of crossbreeding technology. Rathomd. €2009) in their study in Rajasth
report that Lack of Al centre is the most severast@int in the adoption of recommenc

breeding practices. In Aam, to expand the breeding network 1275 Al centese forme
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Table 3.4: District-wise Distribution of Artificial Insemination Centre and its Sources
and Breedable Population per Centre (2013)

Districts Number of Al Centre Breedable population
per Al Centre

ARIASP RKVY ALDA Total
(2011-12)

Goalpara 9(24.32) 25(67.57) 3(8.11) 37 (100) 2203.99
Dhubri 17(25.76) 27(40.91) 22(33.33) 66(100) 2808.13
Kokrajhar 3(6.82) 22(50) 19(43.18) 44(100) 3340.29
Bongaigaon 14(51.85) 8(29.63) 5(18.52) 27(100) 3535.31
Barpeta 44(53.01) 21(25.30) 18(21.69) 83(100) 2335.89
Nalbari 35(66.04) 1(1.89) 17(32.08) 53(100) 1758.28
Baska 7(15.56) 30(66.67) 8(17.78) 45(100) 2615.40
Kamrup 56(65.12) 20(23.26) 10(11.63) 86(100) 3241.24
Darrang 20(57.14) 3(8.57) 12(34.29) 35(100) 3409.62
Udalguri 8(50) 4(25) 4(25) 16(100) 8469.91
Sonitpur 52(60.47) 19(22.09) 15(17.44) 86(100) 2963.69
Lakhimpur 10(25) 18(45) 12(30) 40(100) 4116.72
Dhemaiji 0(0) 21(65.63) 11(34.38) 32(100) 4220.87
Morigaon 15(35.71) 16(38.10) 11(26.19) 42(100) 2780.82
Nagaon 41(42.71) 36(37.50) 19(19.79) 96(100) 3163.18
Golaghat 25(54.35) 8(17.39) 13(28.26) 46(100) 3493.24
Jorhat 23(32.39) 42(59.15) 6(8.45) 71(100) 2768.31
Sibsagar 24(38.71) 23(37.10) 15(24.19) 62(100) 2392.84
Dibrugarh 25(59.52) 14(33.33) 3(7.14) 42(100) 4039.25
Tinsukia 22(40.74) 7(12.96) 25(46.30) 54(100) 2076.68
Chirang 2(10.53) 13(68.42) 4(21.05) 19(100) 5577.71
Karbi 0(0) 38(60.31) 25(39.68) 63(100) 2146.5
Anglong
NC Hills 4(14.81) 19(70.37) 4(14.82) 27(100) 614.47
Karimganj 7(25) 19(67.86) 2(7.14) 28(100) 3875.68
Hailakandi 22(91.67) 2(8.33) 0(0) 24(100) 2145.12
Cachar 28(54.90) 6(11.76) 17(33.33) 51(100) 2771.44
Assam Total  513(40.24) 462(36.24) 300(23.53) 1275(100) 3042.30

Source:Assam Livestock Development Agency (ALDA), Khanapassam
Note: 1. Figures in parentheses indicates percentaigaaio
2. Breedable population paddad the 2007 livestock census of Assam

by three different programmes attached to dairyettgament in the state. The Assam Rural
Infrastructure and Agricultural Services ProjectRIASP) of the World Bank started to
work from 1996 on cattle breed improvement progranmthe state. Under this project the
Animal Husbandry and Veterinary Department restmext and strengthened Al activity
with frozen semen distribution in 15 districts wif13 Al centres. ALDA, under the
sponsorship of NPCBB, introduced Al facility to #ile districts (including two hill districts

and Lakhimpur, Dhemaji and BTAD areas etc.) of stete as per guideline of Govt. of
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India with introduction of Al in 300 non-Al deparémntal centres. Recently, undeashtriya
Krishi Vikash Yojana(RKVY), the Al network has been expanded to altevimary
establishments. Thus, out of total 1275 Al ceninethe state ARIASP, RKVY and ALDA
individually account for 40.24 per cent, 36.24 pent and 23.53 per cent respectively. At
district level, Nagaon (96) has the highest nundfefl centre followed by Sonitpur and
Kamrup each with 86 centres. Again, the breedabjmulation per Al centre is highest in
Udalguri district (8470) and lowest in NC Hills @1(see table 3.4).

Reaching out to the farmers beyond the expanded Atetwork: ALDA took crossbred
bull calf distribution programme for natural seim the transport bottleneck areas under
NPCBB Phase | as per the guideline of Govt. ofdnghere Al service network cannot
reach to the farmers. Table 3.5 presents the loligion of crossbred bull calf by ALDA in
interior most areas of some of the districts of aksswhere diffusion of Al services was
considered to be cumbersome. A total of 93 such dales were distributed in Dhubri,
Goalpara, Dhemaji, Lakhimpur, Karbi Anglong and MNidls during 2006-07 of which 11
died and presently 82 are left for service. Sasiéhal, (2004) remarks that there is a need
for strengthening the bull mother farm so that m&uweh bulls of high genetic merit can be

distributed to the interior most areas where diffnof Al service is practically difficult.

Table 3.5: Distribution of Crossbred Bull Calf Distributed as an Alternative to Al in
Inaccessible Areas

District Total nos. distributed  Death Occurred  Pre®nt Status
Dhubri (2006 15 0 15
Goalpara (200t 15 3 12
Dhemaji(2006 15 3 12
Lakhimpur (200€ 15 5 10
Karbi Anglong (2007 20 0 20
NC Hills (2007 13 0 13
Total 93 11 82

Source: Assam Livestock Development Agency (ALDA), Khanapassam

Induction of private A.l. workers (Gopal Mitra): Expansion of breeding network not only
depends on the spread of Al centre and distribuioinozen semen and liquid nitrogen but
also depends on diffusion of efficient service pdevs. National Commission on
Agriculture (1979) emphasized the system of entrgsinsemination work to village

educated youths that would enable increased cosexad economy in the provision of Al
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services. Sasidhar et al. (2004) remarked by sahaigthe system of entrusting Al work to
village educated youths would enable increased regee of Al and economy in the
provision of Al service besides solving unemploymproblem to a certain extent. In this
backdrop, recently there have been efforts undenta&k most of the states in India to assign
the provision of Al services to village educatediyrs as private Al worker. Introduction of
private Al worker in the name @&opal Mitrawas based on fulfilling the twin objectives of
employment generation and spread of Al technicanper guideline of NPCBB, Govt. of
India).” ALDA trained and established 280 numbers of edactatnemployed youths as
private Al workers Gopal Mitra) as a means of alternate employment generatiomolde
and Rani training centres were renovated under NBP@iigase-I for the purpose of training
the Gopal Mitra.

In order to have insights into the performanceGalpal Mitra, the district-wise share of
veterinary staff and private Al worker in performgithe Al service and its corresponding
number of calf born for the year 2013-14 is presénh Table 3.6. The total number of Al
done in Assam, as on 2013-14, is 3,23,883 withespwnding figure of calf born as 1,
13,360. It is evident from Table 3.6 that numbeAbtione is the highest in Barpeta district
(60,063) followed by Kamrup district (49,566) arftk tlowest being in Dhemaji district
(396) followed by NC Hills (447). The reason foetlowest number of Al done figure in
these two districts may be attributed to the pobnétwork in these two districts. The poor
Al network results from one being frequently floaffected (Dhemaji) as flood causes
major seasonal disruption in Al service deliverydathe other (NC Hills) being
geographically cumbersome to spread the servicehtodistrict’s landscape being a hilly
terrain. The concerned department shows reluctemset up Al centres in these districts
because of the reasons cited above. There hasaegeadual spread of Al done by the
private Al worker with more number of such persbemg trained over the years to practise
Al by the Assam Livestock Development Agency (ALDAJII 2013-14, the proportion of
Al done by the private Al worker has been 6.31 qgat (20,438) in the state against 93.69
per cent (3, 03,445) done by the veterinary statih worresponding proportion of calf born
of 5.39 per cent and 94.61 per cent for privaten@iker and veterinary stafespectively.
At district level, the proportion of Al done by pate Al worker is the highest in Morigaon
district (24 per cent) followed by Lakhimpur (17rpment) and Sonitpur district (16.78 per
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cent) with corresponding calf born proportion of @& cent, 15.63 per cent and 14 per cent
respectively. The service delivery by private Alrker has not taken place in districts such
as Dibrugarh, Bongaigao, K. Anglong, Dima Hasao @hdmaji (see Table 3.6).

Table 3.6: District-wise Distribution of Al Done ard Calf Born between Staff and
Gopal Mitras (2013-14)

District Al Done Total Al Calf Born Total Calf
Staff GM Done Staff GM Born

Barpeta 56716 (94.43) 3347 (5.57) 60063 (100) 16831 (94.76)931 (5.24) 17762 (100)
Cachar 9822 (99.08) 91 (0.92) 9913 (100) 4584 (99.37) ®63) 4613 (100)
Darrang 14227 (88.01) 1938 (11.99) 16165 (100) 4275 (86.70) 656 (13.30) 4931 (100)
Dibrugarh 6455 (100 0(0) 6455 (100 2631 (100 0(0) 2631 (100
Golaghat 7393 (97.96) 154 (2.04) 7547 (100) 3885 (93.82) (B583) 4141 (100)
Hailakandi 6168 (98.67) 83 (1.33) 6251 (100) 3379 (99.29) @41 3403 (100)
Jorhat 10669 (99.7¢ 23 (0.22 10692 (10C 4779 (99.77 11 (0.23 4790 (100
Kamrup 45816 (92.43 3750 (7.57 49566 (10C 15734 (93.2¢ 1140 (6.76 16874 (10C
Karimganj 4983 (9819) 92 (1.81) 5075 (100) 2050 (98.42) 33411 2083 (100)
Morigaon 10548 (76 3331 (24.0C 13879 (10C 3088 (78.72 835 (21.28 3923 (100
Nagaor 3433((92.68 2711 (7.32 37041 (10C 10084 (95.01 529 (4.98 10613 (10C
Nalbari 20511 (98.57) 298 (1.43) 20809 (100) 7515 (98.88) 5 (1812) 7600 (100)
Sibsagar 9648 (99.40) 58 (0.60) 9706 (100) 4923 (99.94) .86 4926 (100)
Sonitpur 10892 (83.2z2 2196(16.78 13088 (10C 4570 (86.1C 738 (13.90 5308 (100
Tinsukia 9246 (99.44) 52 (0.56) 9298 (100) 3419 (98.30) B9Q) 3478 (100)
Bongaigaon 13784 (100) 0 (0) 13784 (100) 4376 (100) 0 (0) AQD)
Karbi Anglong 2057 (100) 0 (0) 2057 (100) 668 (100) 0 (0) 6680)10
Dhubri 8974 (95.9: 381 (4.07 9355 (100 3518 (98.74 45 (1.26 3563 (100
Goalpara 3764 (96.17) 150 (3.83) 3914 (100) 1213 (95.89) (421) 1265 (100)
Lakhimpur 1253 (82.9< 258 (17.07 1511 (100 680 (84.37 126 (15.63 806 (100
Kokrajhar 4044 (96.54) 145 (3.46) 4189 (100) 762 (94.42) 5158) 807 (100)
Baska 5489 (87.45) 788 (12.55) 6277 (100) 1913 (86.68) 4 @2.32) 2207 (100)
Chirang 2926 (90.62) 303 (9.38) 3229 (100) 811 (88.83) Ma217) 913 (100)
Udalguri 2887 (90.9C 289 (9.10 3176 (100 1363 (92.72 107 (7.28 1470 (100
Dima Hasao 447 (100) 0 (0) 447 (100) 113 (100) 0 (0) 113 (100)
Dhemaji 396 (100) 0 (0) 396 (100) 87 (100) 0 (0) 87 (100)
Total 303445 (93.6¢ 20438 (6.31 323883 (10C 107251 (94.6. 6109 (5.39 113360 (10C

Source: Assam Livestock Development Agency, Khanaparaaiss
Note: Figures in parentheses indicate percentage tb tota

Given the initiatives undertaken in the form ofdmeng policy formulation, development of
infrastructure for diffusion of crossbreeding teslogy and semen production and
expansion of Al network, there is the need to estaluthe extent of Al done and
corresponding calf born in the state along with ezage of breedable population. The
performance achieved in the crossbreeding prograwintbe state under the parameters

mentioned in the preceding section is discussealbel

3.2. Performance of Crossbreeding Technology Diffimn
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Based on the various initiatives undertaken for rBlated infrastructure development,
expansion of breeding network and to create awaseaenong farmers to adopt Al, this
section emphasizes on the evaluation of perfornsanoeder various parameters of
crossbreeding technology diffusion. It is noteaistudy by Sasidhar et al. (2004) that there
exists a great scope of increasing the number sannnations by door step delivery of Al
through mobile Al units, after organizing short aiwn training programme from time to
time for the field technicians, since the cost palf born decreases as the successful
inseminations increase. Recently it has also bdeserged that the extent of farmers’
resistance to get their scrub bulls castrated wasredsed to a very great extent if
comparison is made with the days when crossbreqaimgramme was newly introduced in
1960s. The performance level of Al programme inahsdhas therefore been discussed in

the present situation under the parameters mertiabeve.

In Assam, there has been rapid increase in the euofbAl done and its corresponding calf
born figure in Assam since 1996-97 when ARIASP tdbk initiative of Al service
expansion in the state in 1996 and subsequentiLA from 2004 onwards. In 1996-97,
number of Al done in the state was only 17,000 whise to 3,23,883 in 2013-14 with an
annual growth rate of 18.93 per cent during thdogeunder consideration. Again, the
number of calf born in the state during 1997-98 @A%2 which rose to 1,13,360 with an
annual growth rate of 17.03 per cent (see Tablg 3able 3.7 further shows the year-wise
conception rate of the Al done in the state. Theraye conception rate across the years
under consideration has been 37.03 per cent. Poweption rate, i.e., the problem of repeat
breeding is reported in several of the studies @8hamd Chand, 2001; Singh and Chauhan,
2006; Agarwal et al., 2007; Yadav et al., 2008; lanrat al., 2009; Rathore et al., 2009a)
conducted in various parts of India. The averageception rate in Assam is almost the
same with what Singh and Singh (1989) found inrtkeidy conducted in lzatnagar, Uttar
Pradesh (37.5) with average number of Al serviogs gonception under field condition
worked out to be 2.6. Again, the conception rateegawidely across all the years under
consideration with highest conception rate durif§22000 (47.12 per cent) with average
number of services required per calf born was Adl.the lowest being 24.8 per cent during
2001-02 with average number of services requiredcpt born was as high as 4. These

variations in the conception rate across years rhaye the implication that the
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production/storage standards of the semen and ititeeval of semen distribution from
production centre to insemination centres to manita quality consistent across years is
not uniform® Persistency in the performance level of the senpcoviders (based on
comparison of performance of stockman in mobilesuerpermanent Al station) is also a

question mark.

Table 3.7: Number of Al done, Calf Born and Concepbon Rate in Assam (1996-
97 to 2013-14)

Year Al Done Calf Born Conception rate
1996-97 17001 NA
1997-98 32912 9152 27.81 (3.6)
1998-99 30850 14360 46.55 (2.1)
1999-00 34919 16453 47.12 (2.1)
2000-01 49250 19945 40.50 (2.5)
2001-02 90842 22529 24.80 (4.0)
2002-03 88033 24834 28.21 (3.5)
2003-04 109499 37898 34.61(2.9)
2004-05 96361 37982 39.42 (2.5)
2005-06 112913 39172 34.69 (2.9)
2006-07 124138 52246 42.09 (2.4)
2007-08 119611 51214 42.82 (2.3)
2008-09 142503 52232 36.65 (2.7)
2009-10 214039 73510 34.34 (2.9)
2010-11 210546 87915 41.76 (2.4)
2011-12 195139 64888 33.25 (3.0)
2012-13 260778 104212 39.96 (2.5)
2013-14 323883 113360 35.00 (2.9)

Source: Assam Livestock Development Agency, Khanaparaafss
Note: 1. Figures in parentheses indicate number of aesviequired per calf born.
2. NA= Data not available

Figure 3.3 displays a rising trend in the numbeAls done and calf born in Assam from
1997-98 to 2013-14. However, in certain years thas a fluctuation in the growth trend of
Al done and number of calf born. The years such2@32-03, 2004-05 and 2011-12
exhibited a marked fall in the number of Al dondhe state compared to its preceding year.
Similarly, 2007-08 and 2011-12 also showed a dedhnthe number of calf born in relation

to its previous year.
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Figure 3.3: Trend in Number of Al Done and Calf Bomn in Assam
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Source: Assam Livestock Development Agency (ALDA), Khanapassam

The district-wise male and female calf born figunégh respect to Al done and the ratio of
male to female calf born during 2013-14 is presgmteTable 3.8. It is noted that Barpeta
district has the highest number of Al done figué®,063) followed by Kamrup District
(49,566) with corresponding calf born figure of 262 and 16,874 respectively. The highly
flood affected district of the state, Dhemaji hlas lowest Al done figure (396) followed by
Dima Hasao (447) during 2013-14. The ratio of ntaldemale calf born is an important
determinant of subsequent adoption rate of Al tetdgy. It often discourages the farmers
to opt for Al service due to the stereotypical eekmong farmers that Al leads to more
male calf born. Table 3.8 reports on this aspedt iththe state as a whole the calf born sex
ratio is 50:50, but there is variation across ditdr The average sex ratio of calf born has
been highly favourable towards male calf in dissrisuch as Goalpara (1.24), Hailakandi
(2.17) and Tinsukia (1.12), whereas the same isuiable towards female calf in districts
like Lakhimpur (0.82), Sibsagar (0.86), Jorhat §),8arrang (0.89) and Dhemaji (0.89).
Regarding conception rate of total calf born wigspect to Al done, it is 35 per cent for the
state as a whole but there is wide variation irception rate across districts in Assam based
on the Al done and calf born figure during 2013-Déstricts such as Golaghat, Hailakandi,
Lakhimpur, and Sibsagar have more than 50 per @amteption rate while the rest of the

districts have below 50 per cent. Districts suchKagrajhar, Morigaon, Nagaon, Dima
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Hasao etc. have a lower conception rate than #te average. Barpeta district which has the
highest Al done figure in the state as a whole hawauch lower conception rate. The
variation in conception rate across districts implithat the quality of FS used and/or

competency of the Al service providers may havaigant variations across districts.

Table 3.8: District-wise Male and Female Calf Borrwith Respect to Al Done in Assam
(2013-14) (In numbers)

District Al done Calf Born Total Calf Ratio of Male
Male Female Born to Female

Barpeta 6006: 894t 8817 17762 (29.57 1.01
Cachar 991: 2362 2251 4613 (46.52 1.0
Darrang 1616¢ 231¢ 261z 4931 (30.5C 0.8¢
Dibrugarh 645¢ 135¢ 1277 2631 (40.7¢€ 1.0¢
Golaghal 7547 1992 214¢ 4141 (54.87 0.9:
Hailakandi 6251 183¢ 156¢ 3403 (54.44 1.17
Jorhat 1069: 2247 254: 4790 (44.8C 0.8¢
Kamrup 4956¢ 842¢ 844¢ 16874 (34.0¢ 1.0z
Karimgan; 507¢ 1047 103¢ 2083 (41.04 1.01
Morigaon 1387¢ 198¢ 193¢ 3923 (28.27 1.0z
Nagaon 3704: 546¢ 5144 10613 (28.6¢ 1.0¢
Nalbari 2080¢ 3971 362¢ 7600 (36.52 1.0¢
Sibsagar 970¢ 2271 264¢ 4926 (50.7% 0.8¢
Sonitpur 1308¢ 251z 279¢ 5308 (40.5€ 0.9¢
Tinsukia 929¢ 1827 1651 3478 (37.41 1.12
Bongaigaon 1378¢ 2141 224¢ 4385 (31.81 0.9t
Karbi 2057 31¢ 34¢ 668 (32.47 0.91
Anglong

Dhubri 935t 1837 172¢ 3563 (38.0¢ 1.0¢
Goalpara 391¢ 70C 56& 1265 (32.32 1.2¢
Lakhimpur 1511 364 447 806 (53.34 0.82
Kokrajhar 418¢ 39t 412 807 (19.2€ 0.9¢
Baska 6271 108¢ 111¢ 2207 (35.1€ 0.97
Chirang 322¢ 444 46¢ 913 (28.2¢8 0.9t
Udalguri 317¢ 704 76¢€ 1470 (46.2¢ 0.92
Dima Hasac 447 57 56 113 (25.28 1.0z
Dhemaiji 39€ 41 46 87 (21.96 0.8¢
Total 32388 5665 5670: 113360 (35.0( 1.0

Source: Assam Livestock Development Agency, Khanaparaasss

Note: Figures in parentheses indicate conception ratleeofAl done

The coverage of breedable cattle population exitbnsiderable progress from 2004-05 to
2012-13 due to extensive awareness and expansidmeefling network. Sasidhar et al.
(2004) observe that farmers have recently develgpesitive attitude towards Al and
crossbreeding in Assam compared to its previousgerIn the state, initially, in 2004-05

most of the districts did not come under the cogeraf Al programme but eventually (from
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2011-12) it became universalized to all veterinasyablishments. During the decade of
2004-05 to 2013-14, Al coverage of breedable pdmancreased by 12.82 per cent per
year in the state with the coverage of 8.6 per teR013-14 from 3 per cent in 2004-05 (see
Table 3.9). According to the data collected fromnitaring cell, ALDA, in middle Assam
districts where demand for milk is high and avallgbof fodder and concentrate feed is
relatively easy, the coverage of breedable pomrahows considerable improvement (6.09
per cent in 2004-05 to 15.35 per cent in 2012-28jecially in districts like Barpeta and
Kamrup. The coverage was at par with the natiometage, but in Barak valley, due to
difficult road condition, flood and low demand fmilk in particular areas, the figure shows
less improvement (2.38 per cent to 7.97 per c&uilarly, in hill districts where demand
for milk and availability of fodder and concentrdeed are low and the Al programme
started from 2008-09 only the coverage was 2.0 eet during 2013-14. In flood affected
Lakhimpur and Dhemaji and in Bodoland TerritoriateA Districts (BTAD) the Al

programme using frozen semen started in 2008-02@60€6-10 only and thus shows

Table 3.9: District-wise Al Coverage of Breedable &ulation during 2004-05 to 2013-
14 (In percent)

District 2004-05 2005-06 2006-07 2007-08 2008-09 2009-10 2010-11 2011-12 2012-13 2013-14
Barpeta 7.2 9.24 11.77 9.55 12.57 18.26 17.69 23.16 23.11 30.98
Cachar 2.05 3 4.06 2.47 3.13 4.87 4.1 5.54 5.73 7.01
Darrang 439 467 221 5.43 6.21 11.06 11.09 11.99 8.58 13.55
Dibrugarh 2.25 211 2.2 221 233 3.27 2.84 3.35 3.26 3.8
Golaghat 0.8 1.96 1.77 2.18 2.24 2.9 3.13 3.9 436 47
Hailakandi 3.65 419 7.04 5.01 6.63 9.36 7.38 10.45 10.97 12.14
Jorhat 2.17 3.3 3.26 3.14 4.26 4.77 4.04 494 5.19 5.44
Kamrup 9.2 11.73 16.06 5.65 6.12 12.72 12.99 15.31 15.31 17.78
Karimganj 1.44 2.29 2.73 2.38 1.95 3.45 3.12 3.99 3.11 4.68
Morigaon 1.55 4.97 4.4 4.86 6.01 7.99 6.84 9.94 10.93 11.88
Nagaon 5.37 6.31 5.55 413 5.06 7.01 7.28 9.57 10.14 12.2
Nalbari 7.14 7.16 8.73 10.4 10.56 13.59 12.11 18.03 17.32 22.33
Sibsagar 3.41 491 4.07 4.53 4.76 5.75 4.75 5.55 5.54 6.54
Sonitpur 5.59 59 5.13 453 4.37 7.28 6.25 6.59 6.17 5.14
Tinsukia 1.07 1.56 1.24 2.83 4.03 4.41 5.03 6.45 7.63 8.29
Bongaigaon 3.28 3.96 3.62 8.09 7.77 12.06 6.95 14.44
K. Anglong 0.41 1.4 1.63 2.62 231 2.27 1.52
Dhubri 1.08 1.31 0.83 2.35 3.98 271 5.05
Goalpara 0.46 0.85 1.59 1.79 3.11 3.76 4.8
Lakhimpur 0.47 0.97 1.13 131 2.15 1.55 0.92
Kokrajhar 0.84 1.14 1.22 2.46 1.32 2.85
Baska 0.49 1.1 2.52 4.6 3.47 5.33
Chirang 0.6 1.38 1.59 14 1.15 3.05
Udalguri 211 2.25 2.34
Dima Hasao 1.88 1.9 2.74 3.31 1.71 2.67
Dhemaji 0.19 0.15 0.1 0.06 0.29
Assam 2.9 3.68 4.04 3.17 3.78 5.68 5.59 7.24 6.92 8.59

Source: Assam Livestock Development Agency (ALDA), Khanapassam
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abysmally low coverage of less than 1 per cent lilmapur and Dhemaji) and 3.57 per cent
(BTAD diistricts). Expansion of Al to the hilly ams and interior and remote areas remains a
major constraint because natural service likelydtminate breeding programme in the
coming years till the development of complete isfiracture (Sasidhar et al., 2004). In
comparison to the infrastructure created for Algramnme and expenditure incurred, the
adoption of Al in dairy animals is not encouragiwhich can be due to many factors.
Studies report that at farmers’ level the reasonsdn-adoption of crossbred cattle are that
crossbred cattle is susceptible to various disedaels of tolerance to sun heat (Gupta and
De, 1989; Singh et al., 2007), unfit for cartinglasther field operations (Ghosh and Chand,
2001) and requirement of extra care as comparkxtéb cows (Yadav and Jain, 1984).

3.3 Bovine Population Dynamics in Assam

The bovine category of livestock population corssist Cattle, buffalo, Yak and Mithun.
But in the context of Assam, the Yak and Mithunnigenon-existent in the state, only cattle
and buffalo combined is considered as bovine pojpunaBovines are instrumental in the
state both for milk production and supply of droughpacity apart from being significant
contributor as slaughter animal for meat productiecording to the 19 Livestock Census
of Assam, 2012, total bovine population in theestat113.28 lakhs of which 44.64 lakhs are
male and 68.63 lakhs are female. To have an umaelisiy of the dynamics of bovine
population in Assam commensurate with the crosslimgetechnology diffusion the
composition, growth and distribution of bovine ptaiion in the state are discussed in detail

below.

3.3.1 Composition of Bovine Population

The composition of adult males, adult females amahgstock indicates that over the census
periods under consideration there is notable coitipoal change in the bovine population.
The first two census periods in Table 3.10 (1978 &882) adult males dominated over
adult females in the bovine population. But, aft882 census, i.e., in 1994, 2003 and 2012
adult females outnumbered the adult males bothbsolate and percentage terms. It is
evident (from Table 3.10) that in livestock cendi@¥2 share of adult males of bovine

population were 39.15 per cent (24.60 lakh) aga®isP9 per cent adult females (31.29
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lakh). But in 2012 census period share of adultesialere 30.63 per cent (32.84 lakh)
against 34.40 per cent (36.88 lakh) of adult fesyadecomparatively much lower share of

Table 3.10: Composition of Bovine Population and Letating Efficiency of Females in
Assam during1972-2012

Particular Livestock Population (in Lakh) Ratio of Cattle to buffalo Lactating
Adult Adult Youngstock  Total  Adult  Adult Youngstock  Total efficiency
males Females males Females

Census Year 197

1. Cattle 22.60 18.03 17.32 57.95 113 11.06 13.86 11.88 0.51
(39.00) (31.11) (29.89) (100)

2. Buffalo 2.00 1.63 1.25 4.88 0.43
(40.98) (33.40) (25.61) (100)

3. Bovine 24.60 19.66 18.57 62.83
(39.15 (31.29 (29.56 (100;

Census Year 198"

1. Cattle 21.39 20.65 25.45 67.49 12.02 11.87 12.41 12.12 0.59
(31.69 (30.60 (37.71 (100;

2. Buffalo 1.78 1.74 2.05 5.58 0.55
(31.96) (31.24) (36.80) (100)

3. Bovine 23.17 22.39 27.50 73.06
(31.71 (30.65 (37.64 (200;

Census Year 1994

1. Cattle 23.02 25.49 16.35 64.86 12.0f 11.91 11.7¢€ 11.9: 0.58
(35.49 (39.30 (25.21 (200;

2. Buffalo 1.91 2.14 1.39 5.44 0.62
(35.11 (39.34 (25.55 (200;

3. Bovine 24.93 27.63 17.74 70.30

(35.46) (39.30) (25.23) (200)
Census Year 2003

1. Cattle 23.33 23.77 18.70 67.73 12.67 10.75 14.27 12.23 0.56
(3445) (37.94)  (27.61)  (100)

2. Buffalo 1.84 2.39 1.31 5.54 0.48
(3321  (43.14 (23.65 (100

3. Bovine 25.17 28.09 20.01 73.27
(3435  (38.34 (27.31 (100!

Census Year 2012

4. Cattle 31.57 35.31 35.98 102.86 24.86 22.49 23.83 23.65 0.54
(30.69  (34.33 (34.98 (100!

5. Buffalo 1.27 1.57 1.51 4.35 0.53
(29.20)  (36.09) (34.71)  (100)

6. Bovine 32.84 36.88 37.49 107.21
(30.63  (34.40 (34.97 (100,

Source: Livestock Census Report of Assam (Various issues)

Notes: 1. Figures in Parentheses are percentages to Btélactating efficiency is the ratio of
females in milk to total adult female$fom 1982 onwards cattle population was computethas
sum of crossbred and indigenous caffleuring Livestock Census 2012 the adult cattle patpar

for indigenous breed was considered when the adbeotattle is above 2 years of age against 3
years of age in the previous censuses.

adult males in the bovine population than whatasvin 1972 census. This may imply that
over the periods under consideration the bovineujatipn have been favoured for milk

production purpose rather than what initially was @irought purpose requiring more of
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working animal during that time due to relativegs$ mechanization of agriculture in the
state. However, apart from favouring bovine popaiatfor milk production and
subsequently determining the trend of compositibnbavine population the cropping
pattern also affects the composition of bovine pajpan. In Kerala, where plantation crops
dominate the cropping pattern and where the reau@neé of drought power in crop
production is relatively low, the function of mildattle has primarily been the production of
milk and drought power of male calves becomes snyn(Doornbos and Nair, 1990). Nair
and Dhas (1990) also observe that crossbred eaélprimarily valued as dairy animals and
hence, from birth to adulthood the sex ratio o ttiieed will shift in favour of femalé8On
the other hand, since indigenous male cattle biegdeferably valued as drought animals,
their sex ratio will shift in favour of male§his may have the implication that with increase
in the proportion of crossbred cattle in the tataltle population the herd composition of
cattle will shift in favour of female and a redustiin the number of male animal available
for drought Perusal of Table 3.11 and Table 3.12 indicateithhivestock Census 2012 the
proportion of adult crossbred male in total crosdbcattle population is much lower in
Assam than what it is for indigenous cattle (8.&r pent versus 35.66 per cent). On the
other hand, the proportion of adult crossbred fes\ah total crossbred cattle population is
much higher than the proportion of adult indigendesiales in total indigenous cattle
population in the same livestock census (69.67 gqamt versus 37.90 per cent)he
compositional change of crossbred cattle alonditlestock censuses is in favour of adult
crossbred females where the proportion of adulsstreed female in livestock census 1982
was 55.09 per cent that increased to 69.67 per ioetlwvestock census 2012. For adult
crossbred males, the proportion declined from 13&0Ocent in livestock census 1982 to
8.87 per cent in livestock census 2012 (see Tallé)3The compositional change of
indigenous cattle along the livestock censuseslss m favour of adult females with
increasing importance laid on milk production fodigenous breed rather than draught
power as there is a declining proportion of aduiigenous males. However, the proportion
of adult indigenous males is still higher than witas$ for crossbred cattle (see Table 3.12),
which imply that there is extensive use of aduligenous male for drought power even at
the recent period. It is further evident from TaBl&0 that almost, one third of the bovine
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population is youngstock which are unproductivéhim present, a pressure on feed resources

but definitely a resource for future as draft powemilch cattle.

Table 3.11: Compositional Change of Crossbred Catlin Assam

Livestock Crossbred Cattle Population (in thousands)

Census Year Adult Males Adult Females  Youngstock Total
1982* 14.34 (13.69)  57.71 (55.09) 32.71 (31.22) 104.77 (100)
1988 16.82 (10.34) 97.59 (60.01) 48.21 (29.65) 162.62 (100)
1994 21.43(9.88) 131.22 (60.48) 64.30 (29.64) 216.96 (100)
1997 27.88 (11.02) 157.91 (62.45) 67.07 (26.52) 252.85 (100)
2003 27.73(8.81) 192.62 (61.23) 94.25 (29.96) 314.60 (100)
2012 22.32 (8.87) 175.37 (69.67) 54.02 (21.46) 251.71 (100)

Source: Livestock Census Report of Assam (Various Issues)
Notes: 1. Figures in parentheses indicate percentagedb t
* Estimation of crossbred cattle p@piain started from 1982 census only.

Table 3.12: Compositional Change of Indigenous Cdé# in Assam

Livestock Indigenous Cattle Population (in lakhs)

Census Year Adult Males  Adult Females  Youngstock Total
1966 23.67 (38.77)  18.52 (30.34) 18.85(30.89) 61.04 (100)
1972 22.60 (39.00) 18.03 (31.11) 17.32(29.89) 57.96 (100)
1979 25.17 (38.85)  19.45 (30.02) 20.17 (31.13) 64.78 (100)
1982 21.25 (32.17) 20.07 (30.39) 24.72 (37.43) 66.05 (100)
1988 25.47 (43.18) 20.78 (35.23) 12.73 (21.59) 58.99 (100)
1994 22.80 (36.88) 24.17 (39.10) 14.85(24.01) 61.82(100)
1997 22.62 (36.02) 24.13 (38.42) 16.05 (25.55) 62.80 (100)
2003 23.05 (35.87)  23.77 (36.99) 17.45 (27.14) 64.27 (100)
2012 31.57 (35.66)  33.55(37.90) 23.40 (26.43) 88.52 (100)

Source: Livestock Census Report of Assam (Various Issues)
Notes: 1. Figures in parentheses indicate percentageab t

Table 3.10 also exhibits that the ratio of calduffalo is remaining almost the same across
all previous census periods in the state exceplithstock census 2012 where the number
of cattle is 12 times higher than the buffalo ia 8tate. As per Livestock Census 2012, ratio
of cattle to buffalo for adult males, adult femakesd young stock are 24.86, 22.49 and
23.83 respectively indicating that during the perisom Livestock Census, 2003 to

Livestock Census, 2012 the indigenous cattle pajpmancreased drastically in the state.
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Moreover, a significant proportion of cattle andfalo remain dry as more than 40 per ¢

of the adult females are no-milk (evident from lactating efficiency

Figure 3.4: Composition of Bovine Population I-Milk in Assam 2012

In-Milk Population

4.17% 5.61%

M Crossbred
H Indigenous

Buffalo

Source: 19" Livestock Census of Assam, 2(

According to 18' Livestock Census, 2012 of Assam, the compositiotheftotal i-milk
bovine population in the state is that, 90.22 pemtcof the i-milk population was o
indigenous breed followed by 5.61 pert and 4.17 per cent are shared by crossbrec

buffalo in-milk population (See figure 3.4

3.3.2 Growth of Bovine Populatior

The crossbred cattle population increased the bigiie63 per cent/year) during 1¢-94. It
was 4.22 per cent/year during 4-2003 and 1.17 per cent/year during 2(-2012. The
corresponding growth rate of-milk crossbreds during the period under considenatvere
8.56, 3.53 and 0.20 per cent. The annual growthafiyyoungstock crossbreds during 2-

2012 was 5.19 per ce which registers the highest growth rate among tlressbrec
components. The growth rate of indigenous cattle mach higher during 20-2012 (2.89
per cent/year) compared to its previous decadessiga negative growth rate -1.17 per
cent/year for mssbred cattle (see Table 3.13). As far the gramthuffalo population i
concerned, there is decline of the same acrosmtai-census periods and the decline
much faster during 2002012 with 4.80 per cent per year. Again, annual growth na in-

69

TH-2034_126141005



milk cattle population of indigenous cattle bresdoositive and high in all the inter-census
periods except a negative growth (-0.57 per ceatjnd 1994-2003. The growth rate of
crossbred male population has declined rapidly fesmannual growth rate of more than 4
per cent per year in 1982-1994 to -2.38 per centypar during 2003-2012 which implies
that due to lower drought capacity of crossbredemidlere is increasingly lesser preference
given to crossbred male cattle by the cattle keefaso see Table 3.11 and Table 3.12). It
is evident from Table 3.13 that although there hasn massive effort undertaken for
improving the cattle stock of the state after fatioraof ALDA in 2004 and NPCBB taking

the lead role in sponsoring cattle breed improvamesgramme in Assam, the annual

Table 3.13: Compound Annual Growth Rate of Bovinegh Assam (During 1972-2012)

Particulars Period
1972-198: 1982-199~ 1994-200¢ 2002-2012

Cattle
A. Crossbred
Male over 2.5 yea - 4.1( 2.9C -2.3¢
Female over 2.5 yes
1. In Milk - 8.5¢€ 3.5¢ 0.2C
2. Dry - 8.5¢ 4.01 -0.94
3. Not calved evel - 6.94 6.4( -4.71
once
Young stoc - 1.6 4.2¢ 5.1¢
Total Crossbre - 7.63 4.2z -1.17
B. Indigenou
Male over 3 yea -0.62 0.5¢ 0.12 3.5¢€
Female over year:
1. In Milk 2.4z 1.3t -0.57 3.5¢
2. Dry 1.2¢ 0.2C 0.21 5.0z
3. Not calved evel 1.3¢ 5.8¢ -1.7¢ 5.3¢
once
Young stoc 3.62 -4.1¢€ 1.81 3.3z
Total Indigenou 1.31 1.4C 0.2t 2.8¢
Buffalo
Male over 3 yea -1.1¢ 0.5¢ -0.4C -4.0:
Female over 3 yee
1. In Milk 3.24 2.8z -2.3¢2 -3.4¢
2. Dry 1.1C -2.32 3.31 -2.84
3. Not calved evel -1.11 8.41 -2.9¢ -2.7¢€
once
Young stoc 5.07 -3.17 -0.6¢ -2.2¢€
Total Buffalc 1.3¢ 1.31 0.45 -4.8(

Source:Livestock Census Report of Assam (Various issues)
Notes * The national and state level enumeration oésbred cattle population started from
Livestock census, 1982 onwards only
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growth rate of crossbred cattle during 2003-2012 besen very unimpressive. This point out
the necessity of emphasizing on identification efedminants of adoption/rejection of the
crossbreeding technology and the underlying coimssraperceived for adoption of

crossbreeding technology at farmer’s level in tiages
3.3.3 Distribution of Bovine Population

The district-wise distribution of bovines is shownTable 3.14. It is found that out of the
total bovine population, indigenous cattle popuwlatshares the highest across the districts
(around 90 per cent). Proportion of adult maleghdigenous breed in the state is above 20
per cent and same is the highest in Bongaigaoriai§hore than 22 per cent) and lowest is
in Dhubri district (15.43 per cent). Again the poojion of in milk cattle population for
indigenous breed hovers around 11 per cent (highdsalbari district and lowest in Jorhat
district). The proportion of crossbred cattle p@pigin to bovine population in Assam is just
4 per cent in which districts like Kamrup (10 pent), Jorhat (8.6 per cent) and Barpeta (6.2
per cent) exhibits relatively higher proportionsbicts such as Lakhimpur (1.91 per cent),
Dhemaiji (1.2 per cent) and Kokrajhar (2 per certigre diffusion of Artificial Insemination
(Al) is relatively cumbersome for being flood proae conflict ridden district in the state,
have the lowest share of crossbred cattle populafille share of buffalo population is
relatively more in the hill districts (Karbi Anglgnand NC Hills) and in Hailakandi and
lowest in Baksa district
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Table 3.14: District-wise Composition and Distributon of Bovines in Assam (TE 2012-13)

Particulars Goalpara Dhubri Kokrajhar ~ Bongaigaon Barpeta Nalbari Baska Kamrup Darrang Udalguri  Sonitpur  Lakhimpur DhemajiMorigaon
Total cattle (Indigenous) 92.19 91.52 92.96 91.47 89.38 91.39 95.09 86.35 9289. 92.77 91.57 93.54 93.53 91.22
Male > 3 Years 21.60 15.43 21.57 22.24 20.33 20.88 21.11 20.00 20.08 21.27 20.59 20.30 21.08 21.12
Cattle in milk 11.47 11.19 11.25 11.94 10.82 11.66 9.95 10.86 10.55 10.93 11.28 11.01 11.80 11.50
Dry 8.50 7.26 7.91 7.91 7.83 6.88 8.89 7.63 6.60 828. 8.21 8.55 9.31 7.50
Not calved yet 2.21 1.98 2.21 2.35 2.38 2.09 2.18 162 1.86 2.46 1.85 2.40 2.26 2.25
Young Stock 32.74 37.78 30.57 29.85 30.47 32.13 5281. 29.09 33.55 29.96 32.24 33.63 33.45 30.25
Total cattle (Crossbred 2.73 2.58 2.00 4.49 6.24 5.11 2.44 10.04 5.42 2.83 3.52 1.91 1.20 4.80
Male > 3 Years 0.30 0.30 0.20 0.49 0.59 0.64 0.25 990 0.56 0.30 0.38 0.24 0.13 0.49
Cattle in milk 0.96 0.90 0.65 1.57 2.15 1.75 0.84 223 1.78 1.02 1.18 0.76 0.44 1.79
Dry 0.39 0.38 0.32 0.61 0.87 0.73 0.33 1.47 0.78 390. 0.46 0.30 0.18 0.69
Not calved yet 0.08 0.08 0.07 0.14 0.19 0.18 0.21 370 0.16 0.12 0.12 0.07 0.05 0.16
Young Stock 1.01 0.92 0.76 1.68 2.43 1.81 0.81 400 213 1.00 1.38 0.55 0.40 1.66
Total Buffaloes 5.08 5.90 5.04 4.04 4.38 3.50 2.47 3.61 4.66 440 914 4.55 5.27 3.98
Total bovines in Lakh to 3.47 5.65 4.73 4.12 5.41 3.74 2.69 6.06 5.31 293 .896 4.95 4.55 3.38
which percentages have
been worked out

Particulars Nagon Golaghat  Jorhat Sibsagar DibtugaTinsukia  Karbi Anglong NC Hills  Karimganj Hailakdi Cachar  Assam Total

Total cattle (Indigenous) 90.39 92.80 86.96 92.67 91.25 93.20 90.79 87.81 2991. 89.78 91.77 91.21

Male > 3 Years 20.96 21.43 17.78 20.67 20.22 21.27 20.29 20.20 20.22 19.67 19.55 20.31

Cattle in milk 10.99 11.09 9.42 11.57 11.11 10.55 1.73 10.76 10.54 9.65 10.15 10.99

Dry 7.75 7.92 7.24 7.66 8.57 8.11 8.37 7.65 7.93 267. 6.87 7.87

Not calved yet 191 2.28 2.00 2.18 2.30 2.12 2.15 .46 2 1.99 2.65 2.04 2.16

Young Stock 31.39 31.96 31.10 31.75 31.02 32.69 184. 35.69 32.94 29.71 33.33 32.20

Total cattle (Crossbred) 4.72 2.99 8.60 3.18 4.11 2.74 3.12 3.54 3.07 3.65 3.29 4.04

Male > 3 Years 0.52 0.32 0.78 0.38 0.45 0.28 0.34 370 0.30 0.43 0.35 0.42

Cattle in milk 1.57 1.10 2.79 1.13 1.43 1.04 1.13 121 0.99 1.18 1.05 1.38

Dry 0.67 0.50 1.08 0.45 0.58 0.44 0.38 0.56 0.41 460. 0.41 0.57

Not calved yet 0.17 0.10 0.25 0.11 0.12 0.09 0.11 110 0.11 0.13 0.13 0.14

Young Stock 1.78 0.98 3.68 1.11 1.53 0.89 1.16 137 126 1.45 1.36 1.53

Total Buffaloes 4.90 4.20 4.44 4.15 4.64 4.07 6.09 8.65 5.64 6.57 94 4 4.75

Total bovines in Lakh to 5.81 5.37 4.83 4.57 5.39 5.41 6.60 2.00 4.40 211 695 116.07

which percentages have

been worked out

Source:Integrated Sample Survey Repp¥arious issuesDirectorate of Animal Husbandry and Veterinargv of Assam.
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As far as cattle density is concerned, on an aegnagr hundred hectare of geographical area in
Assam accommodates 132 cattle, comprising 9 credshnd 123 indigenous cattle. The
corresponding figure for grazing area is 319 (2&sbreds and 297 indigenous cattle). Udalguri
district (238) has the highest cattle density perdred hectare of geographical area followed by
Lakhimpur district (225) whereas NC Hills (8) h&e lowest cattle density per 100 hectare of
geographical area (see Table 3.15). As far depsityl00 hectare of grazing area is concerned
Nagaon district has 971 cattle followed by Udalglistrict (885) and lowest being 10 cattle in
NC Hills. The density of crossbred cattle per 1@0thare of geographical area is the highest in

Table 3.15: District-wise Density of Bovines in Assn (2007)

District Geographi  Grazing Density/100 ha of Geographical Area

Density / 100ahof Grazing Area®
cal Area Area (in  Crossbred Indigenous Total Buffalo Crossbred Indigenous Total Cattle Buffalo

(in ha) ha) Cattle
Goalpara 182400 73826 2.33 123.89 126.23 457 5.77 306.1 311.9 11.3
Dhubri 166410 103097 7.08 284.03 291.11 15.49 11.42 4585 469.9 25
Kokrajhar 316544 65149 0.44 130.82 131.26 6.10 213 635.6 637.8 29.1
Bongaigaon 172529 84320 9.58 132.55 142.13 1.54 6019. 271.2 290.8 3.2
Barpeta 267733 57186 19.54 156.18 175.72 5.73 91.49 731.2 822.7 26.8
Nalbari 100957 32753 24.90 195.28 220.18 4.66 76.7 6019 678.7 144
Baska 200750 47004 6.34 161.26 167.60 1.49 27.1 .7688 715.8 6.4
Kamrup 411095 110105 33.25 131.02 164.27 1.73 124.1 489.2 613.3 6.5
Darrang 185058 76598 6.86 152.53 159.39 8.37 16.6  68.53 385.1 20.2
Udalguri 167394 45044 7.76 230.25 238.01 3.16 28.8 855.7 884.5 11.8
Sonitpur 528058 219314 4.54 133.91 138.46 3.80 109 3224 3334 9.2
Lakhimpur 227700 105476 3.33 221.62 224.95 6.60 7.2 4784 485.6 14.2
Dhemaji 323700 196839 0.04 133.39 133.43 3.09 0.1 19.2 2194 5.1
Morigaon 155100 53547 16.42 184.71 201.13 9.20 47.6 535 582.6 26.7
Nagaon 397300 87380 14.28 199.20 213.48 3.11 649 05.79 970.7 141
Golaghat 350200 78119 7.18 125.34 132.52 7.86 32.2 561.9 594.1 35.2
Jorhat 285100 142956 13.98 164.24 178.22 1091 279 3275 355.4 21.8
Sibsagar 266800 93003 7.10 147.83 154.93 9.53 204 4241 4445 27.3
Dibrugarh 338100 175943 19.14 134.54 153.68 7.29 .8 36 258.5 295.3 14
Tinsukia 379000 142691 7.02 77.73 84.75 6.22 18.6 06.2 2251 16.5
Karbi 1043400 587707 2.80 35.58 38.38 1.42 5 63.2 68.1 5 2.
Anglong
NC Hills 488800 393352 2.59 5.67 8.26 6.81 3.2 7 .310 85
Karimganj 180900 48870 9.34 160.4 169.74 26.83 346 593.8 628.3 99.3
Hailakandi 132700 19873 21.56 92.59 114.15 26.35 4 14 618.2 762.2 176
Cachar 378600 123815 5.48 87.99 93.47 17.44 16.8 9.126 285.8 53.3
Assam Total 7646328 3163967 8.94 122.99 131.94 6.65 216 297.2 3188 16.1

Source: Land Utilisation Statistic, 2013, Directorate afdaomics & Statistics, Govt. of Assam,
Livestock Census of Assam, 2007.

@Grazing Area include permanent pastures and otiagirg land, land under miscellaneous tree crops,

uncultivable land and other fallow lands.
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Kamrup district (33) and the lowest in Dhemaji digt(0.04). Again, the corresponding figure
for grazing area is 124 in Kamrup and 0.1 in DhemEje high crossbred cattle density in
Kamrup district is due to the large concentratibmammercial dairy farm reared mostly by the
Nepali and Bihari communities in the peri-urbantpasf Guwahati city. The low density in

Dhemaji district is due to the lowest coverage meldable cattle population because the Al
service in the district is negatively influencedthg recurrent flood. Districts like Karimganj and
Hailakandi have higher buffalo density than the ofshe districts. From Table 3.15, it is found
that there are variations of cattle and buffalositgramong the districts. Many of the districts
have lower density implying the higher potentialdf breed improvement in those districts

compared to carrying capacity of the district.

If comparison is made in the performance of Assachieving breed improvement with that of
other states in the country, it has a very nedkg#hare of crossbred cattle population. Some of
the southern states such as Kerala (79 per cedif) amil Nadu (39 per cent) and states and UTs
in the North like Punjab (69 per cent), Chandigé&t per cent), Delhi (63 per cent), Haryana
(35 per cent) and Jammu and Kashmir (34 per ceatperforming relatively much better in the

breed improvement programme (See Table 3.16).

Table 3.16: Classification of States According toétcentage Share of Crossbreds in Total
Cattle Population (1997)

Share of crossbreds States

Less than 10 per cent Andhra Pradesh (7.1), Aridd&tadesh (2.4), Assam (4.6), Bihar (0.9), Chégdtih
(1.2), Goa (8.0), Gujarat (5.1), Madhya Prades®)(®Jeghalaya (2.3), Orissa (6.6),
Rajasthan (1.7), Tripura (5.9), Uttaranchal (5\¥st Bengal (5.2), Dadra and Nagar
Haveli (1.7), Daman and Diu (0), All-India (10.1)

10-25 per cent Himachal Pradesh (16.9), Karnatak®), Maharashtra (13.6), Mizoram (23.5), Uttar
Pradesh (10.5), Andaman and Nicobar Island (1@@)dicherry (10.1), Lakshadweep
(25.0)

25-40 per cent Haryana (35.3), Jammu and Kashmif}3Sikkim (36.4), Tamil Nadu (38.8)

Above 40 per cent Kerala (78.6), Nagaland (40.ujpj&b (69.3), Chandigarh (85.7), Delhi (62.5)

Source Sharma (2004)

3.4. Crossbreeding and Milk Production Dynamics

3.4.1. Trend in Bovine Milk Production and Productvity in Assam

Assam has a bovine milk production of 826.213 wnilllitres during 2012-13 of which crossbred

and indigenous cattle milk shares 29.90 per cedt®h52 per cent respectively and the rest
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comes from buffalo milk (see Figure 3.5). The s in indigencs cattle milk production i

the state is not remarkable due to a relativelystamt yield rate over the years (see Table 3

The crossbred cattle that constitutes a negligibbdgortion (3.84 per cent according to Livest
Census, 2012) in the toteattle population contributes a higher proportiortatal cattle milk
production (35.42 per cent) in the state. This basn possible due to higher milk yield
crossbred cattle relative to indigenous breed. ghie milk production by crossbred le has
experienced overtime a higher growth rate in Asgsae Table 3.17

Figure 3.5: Composition of Bovine Milk Production n Assan

Milk Production

B Crossbred cattle
H Indigenous cattle

Buffalo

Source:Integrated Sample Survey Report, 2C

The average annual growth rate in the crossbrat® eailk production was 5.46 per cent duri
1986-87 to 2012-3, a relatively much higher growth in crossbretileanilk production over th
milk production by indigenous breed (0.56 per cenbe growth in buffalo milk production |
the period under consideratias relatively higher than the milk production ingigenous breec
The negative growth in indigenous cattle milk proiitan during 200-07 to 2012-13 and
relatively a much higher growth in crossbred cattitk production during the same period n
havethe implication that during this period, under support of NPCBB, initiatives undertal
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Table 3.17: Trend in Bovine Milk Production in Assan

Particulars Production Annual Growth (%)
(million litres)
1986-87 1997-98 2006-07 2012-13 1986-87 t4997-98to 2006-07 to 1986-87 to
1997-98 2006-07 2012-13 2012-13

Cattle
Indigenous 389 463 511 450 1.60 1.10 -2.10 0.56
Crossbred 62 133 179 247 7.18 3.36 5.51 5.46
Buffalo 72 96 105 129 2.65 1.00 3.49 2.27
Total 523 692 795 826 2.58 1.55 0.64 1.77

Source:Integrated Sample Survey Repoktarious issuesDirectorate of Animal Husbandry and
Veterinary, Govt. of Assam.

by ALDA could change the genetic makeup of somthefnon descript cattle through Artificial
Insemination (Al) and made them crossbred. Thusk rpioduction by indigenous breed

decelerated and there was a higher growth in credstattle milk production.

Table 3.18: Trend in Bovine Milk Productivity in Assam (litres/in milk animal/annum)

Particulars 1986-87 2006-07 2012-13
Cattle
Indigenous 358 390 367
Crossbred 1378 1383 1559
Buffalo 691 786 1097

Source:ntegrated Sample Survey Reppoxtarious issuesDirectorate of Animal Husbandry and
Veterinary, Govt. of Assam.

Table 3.18 presents the growth trend in bovine mil&ductivity per annum in Assam from
1986-87 to 2012-13. It reveals that there has m@nbany significant increase in the milk
productivity of indigenous cattle in the state dgrthe period under consideration. In case of per
annum milk productivity of crossbred cattle Tabld& reveals that there has not been any
significant increase in milk productivity of crossds from 1986-87 to 2006-07 but from 2006-
07 to 2012-13 there is a steep rise in milk progitgtof crossbred cattle (from 1383 litres to
1559 litres) implicating that during this periocethuality traits of exotic germ plasm used in the
local cattle introduced by ALDA under NPCBB is digrantly of high yielding nature (due to
induction of exotic pure-breed bull) compared te guality traits of exotic germ plasm used in
indigenous cattle in the previous periods. Theddaffmilk productivity is also increasing rapidly
during the same period and the reason behind ttredase of buffalo milk productivity in the

state, as reported by the officials of ALDA, thatridg the recent period a massive induction of
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riverine buffalo population had taken place in #tate along with crossbreeding of indigenous

swamp buffalo with Murrah during the last two years

3.4.2 Cattle Crossbreeding and Milk Production Linkage

The comparison in the yield level between crosslaratiindigenous cattle across districts in the
state exhibits a marked difference between the Average productivity of crossbred cattle of
Assam is 4.27 litres/day/cattle in the state whetba productivity of indigenous cattle is 1.01
litre/day/cattle. Average productivity of crossbreattle is the highest in Dhubri district (4.45
litres/day/cattle), whereas it is lowest in Karlmghong district (4.04 litres/day/cattle). Again, as

far productivity of indigenous breed is concernigid the highest in Barpeta district

Table 3.19: Average Productivity (litre/day/cattle)of Crossbred and Indigenous Cattle
across Districts of Assam (2012-13)

Districts Crossbred Indigenous % gain in Yield
Goalpara 4.05 1.00 305
Dhubri 4.45 1.01 342
Kokrajhar 4.25 0.98 334
Bongaigaon 4.40 1.13 288
Barpeta 4.19 1.17 259
Nalbari 4.18 0.99 321

Baska 4.30 1.02 323
Kamrup 4.25 1.14 272
Darrang 4.31 0.93 363
Udalguri 4.21 0.96 339
Sonitpur 4.16 0.95 338

Lakhimpur 4.31 0.98 341
Dhemaji 4.32 1.03 318
Morigaon 4.32 1.01 329

Nagaon 4.25 1.03 313
Golaghat 4.33 0.98 340

Jorhat 4.32 0.98 339
Sibsagar 4.14 0.99 318
Dibrugarh 4.36 0.98 341
Tinsukia 4.22 1.00 322

Karbi Anglong 4.04 0.95 328
N.C. Hills 4.41 0.87 407
Karimganj 4.36 0.97 351
Hailakandi 4.34 1.03 320
Cachar 4.24 0.97 339
Assam 4.27 (0.0243) 1.01 (0.0647) 324 (0.0877)

Source:Integrated Sample Survey Report 20120Bectorate of Animal Husbandry and
Veterinary, Govt. of AssaniNote: Figures in parentheses indicate coefficient of
variation (CV)

(1.17 litres/day/cattle) and lowest in Karbi Angiprdistrict (0.87 litres/day/cattle). The
percentag@ain in yield of crossbred cattle over indigenotsel is 324 per cent in Assam with
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highest being in Karbi Anglong district (402 pemtedue to higher milk yield differences
between the two breeds (see Table 3.19). Althobghetis significant productivity differences
across breeds in the state but for both the datdeds there is not much productivity differences
across districts. The increase in milk yield froewntechnology, i.e., rearing of crossbred cattle
is very significant and likely to give higher retsr over the old technology, i.e., rearing of
indigenous cattle. In a study by Kumar (2001) cateld in Meerut district of Uttar Pradesh it
was found that the contribution of technologicabrpe (indigenous breed to crossbred) was

47.65 per cent.

Perusal of Table 3.20 indicates the role of crassting of cattle in the increase of milk
production in the state. Kumar et al (2003) estadatffect of crossbreeding on milk production
across various states in India through extrapaladbthe population and milk production data.
The present study makes an attempt to analyzeathe across the districts of Assam. Assuming
that there is zero crossbreeding in the state tiwen hypothesized (expected) total milk
production comes out to be 5086 lakh litres andrafbnsidering the increase in milk production
due to crossbreeding then the state has actualpnmutkuction of 6975 lakh litres with an increase
of 1889 lakh litres (37 per cent increase due ¢sshreedindg}. The highest absolute increase in
milk due to crossbreeding at district level is w#Bed in Kamrup district (242.58 lakh litres)
followed by Jorahat (160.72 lakh litres) and Baapdistrict (125.76 lakh litres). However, in
terms of percentage gain due to crossbreeding tidistaict exhibits highest gain (74 per cent)
followed by Kamrup (64 per cent) and Darrang dist(b3 per cent). The districts that reflect
percentage gain due to crossbreeding above treeastatage of 37 per cent are Barpeta, Nalbari,
Kamrup, Darrang, Morigaon, Nagaon, Jorhat, DibrogBiC Hills and Hailakandi.
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Table 3.20: Increase in Cattle milk production dueo crossbreeding in Assam

Districts Milk Production (in litre)
Estimated assuming zero Actual (in lakh)  Net Increase %age increase
crossbreeding (in lakh) (in lakh)
Goalpara 146.55 177.83 31.28 21
Dhubri 250.40 313.31 62.91 25
Kokrajhar 214.73 244.25 29.51 13
Bongaigaon 241.93 317.11 75.17 31
Barpeta 289.15 414.91 125.76 43
Nalbari 174.29 250.23 75.93 44
Baska 111.71 137.65 25.94 23
Kamrup 379.12 621.70 242.58 64
Darrang 195.61 300.26 104.64 53
Udalguri 128.51 159.57 31.06 24
Sonitpur 297.34 389.65 92.30 31
Lakhimpur 186.22 233.08 46.85 25
Dhemaji 165.66 191.52 25.85 16
Morigaon 170.99 245.83 74.83 44
Nagaon 270.32 375.21 104.88 39
Golaghat 224.85 296.74 71.88 32
Jorhat 217.28 378.01 160.72 74
Sibsagar 206.19 270.31 64.11 31
Dibrugarh 241.40 330.06 88.66 37
Tinsukia 209.52 277.69 68.17 33
Karbi 31
Anglong 258.70 338.88 80.18
N.C. Hills 58.37 88.48 30.10 52
Karimganj 152.11 205.68 53.56 35
Hailakandi 82.91 121.76 38.84 47
Cachar 221.17 295.09 73.92 33
Assam 5086.00 6974.91 1888.90 37

Source Author’s estimation from thReport of Integrated Sample Survey, 2012A38vt. of Assam

Table 3.21 represents the percentage contributiondigenous, crossbred and buffalo milk to
the increase in total milk production. The conttibo of indigenous cattle milk to the increase in
bovine milk production was 20.36 per cent while slagne estimate for crossbred cattle showed
61 per cent and of buffalo was 18.67 per cent @gui®87 to 2012. It is evident from Table 3.21
that there has been a marked structural transfaymat the composition of bovine milk in the
state during the period under consideration. Duthrg decade of 1987-1998, contribution of
crossbred cattle in the increase in total milk pidbn was less (42%) than what it was for
indigenous cattle (43.94%). But during 2007-2012, ¢ontribution of crossbred cattle increased
to a remarkably higher proportion of 216.51 pert@ed that for indigenous breed a significantly
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declining proportion of -193.42 per cent. It canitferred that if sufficient importance is laid on
the diffusion of high yielding CB cattle in the ®aof Assam, there is higher potentiality of
improving the milk production scenario in the state

Table 3.21: Contribution of cattle (Indigenous andCrossbred) and buffalo to the increase
in milk production in Assam during 1987 to 2012

Year Increase in total Milk Production (%)
Cattle Buffalo Total
Indigenou Crossbre
1987-199¢ 43.9¢ 41.92 14.1¢ 10C
199¢-2007 46.6( 44 .9¢ 8.41 10C
2007-201z -193.4: 216.5: 76.9( 10C
1987-2012 20.3¢ 60.97 18.67 10C

Source Integrated Sample Survey Reppxarious issugirectorate of Animal Husbandry and
Veterinary, Govt. of Assam.

3.4.3. Decomposition of the Factors Contributing tehe Growth of Milk Production

In the context of studying the influence of teclogatal change in the growth of milk production
in the state of Assam understanding the relativatrimution of milch bovine population or
productivity or the both is important. The additidsecomposition model developed by Minhas
and Vaidyanathan (1965) which was used in the tr@i crop output has been used to analyze
the relative contribution of these factors to thewgh in total milk production in the state. The

model has the following form:

My — Mg = (Pr — Pg)Yp + (Yp — Yg)Pg + (Pr — Pg)(Yr — Y3) (3.1)

Where,

M = Total milk production of cattle/buffalo

P = In-milk population

Y = Average annual milk yield of in-milk population

SubscriptsT andB refers to the terminal and base year respectively

The left-hand side of the equation 3.1 denotegtbesth in milk production of the state whereas
the right-hand side of it has three parts. The pest is the growth in in-milk population of the
species remaining the average milk yield uncharageticonsidered as ‘population effect’. The
second part, on the other hand, is the growth eragge annual yield level remaining growth in
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in-milk population as unchanged and this is terrasdyield effect’. The third part considers
together the changes in population and yield lewel termed as ‘interaction effect’. The results
are given in Table 3.22. The result of the decomipoos model is presented in Table 3.22.
Perusal of the table indicates that with the passddime productivity has played an important
role in the growth of bovine milk production in teate. During the period under consideration
yield effect is dominant (57 per cent) in the growf bovine milk production in the state. The
same holds true for both cattle and buffalo milkhwthe share of yield effect to the tune of 56.94
per cent and 55.68 per cent respectively during4®8to 2006-07. During the decade of 1986-
87 to 1997-98 population effect had dominant rél&.§ per cent contribution) which eventually
during 1997-98 to 2006-07 became negative (-24r5cest). The yield effect in the growth of
bovine milk rose from 27 per cent during 1986-81897-98 to 129 per cent during 1997-98 to
2006-07. From Table 3.22, it is summarized thatit®wilk production has increased in Assam
due to the rise in productivity as there is inceshshare of high yielding crossbred cattle in the
recent period in Assam. The finding is consisteith the finding of the study carried out by
Dhas (2001) in Tamil Nadu. In case of buffalo wathonger yield effect during 1997-98 to 2006-
07 compared to a negative yield effect in the mresidecade may be attributed to the massive
induction of high yielding riverine buffalo breeds Murrah and surti during the last decade (as
per the observation of senior officials of ALDA)

Table 3.22: Relative Contribution of different Facbrs to the Growth of milk Production in
Assam (in per cent)

Output Sources of 1986-87 to 1997-98 1997-98 to 2006-07 1986-87 106207
Contribution

Bovine Milk  Population effec 67.4¢ -24.5¢ 33.4¢
Yield effec 27.3( 129.2¢ 57.0¢
Interaction effec 5.9¢ -4.72 9.9¢

Cattle Milk Population effe 64.5¢ -17.0C 33.0¢
Yield effec 29.32 120.2: 56.9¢
Interaction effec 6.1C 3.2¢ 10.01

Buffalo Milk  Population effec 106.2¢ -158.1° 35.4(
Yield effec -4.62 301.0¢ 55.6¢
Interaction effec 1.6: -42.9:¢ 8.92

3.5 Summing up
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Changes in breeding policy to adjust with localditon and farmer’s needs and expansion of
infrastructure related to crossbreeding since 18@6 resulted in gradual increase in the
proportion of crossbred cattle in total cattle dagon in Assam. However, this increase is very
nominal in comparison to the number of years siooganized efforts were first made on
crossbreeding programme in the state. It is founad trossbred cattle population significantly
contributes to the overall milk production in thats. In 2012-13, share of crossbred cattle milk
production in total bovine milk production was 3@rpent against a meager proportion of
crossbred cattle in total bovine population of 3087 cent. This is largely because of higher milk
yield of crossbred cattle that has resulted in &7gent increase in milk production in Assam due
to crossbreeding of cattle. Although during theatks; 2003-2012 the proportion of crossbred
cattle population has not increased significantdgrethough ALDA took major initiatives under
the support of NPCBB to intensify the activities twossbreeding, the share of crossbred cattle
milk production in the state during this period wasreasing at a sustained rate which was
possible due to increase in yield rate. The ineéayield rate may be due to induction of Jersey
and HF bulls of high genetic merit for quality senmpoduction purpose by ALDA from CCBF,
Sunabeda and Hessarghatta respectively. Thus,e@hand, increase in share of crossbred cattle
milk due to rise in yield and relatively stable pootion of crossbred cattle population during the
post ALDA formation period, on the other hand maaply that the quality of exotic semen used
in local cattle has increased in the state butaith@ption rate of crossbreeding programme at
farmer’s level has not increased in Assam. This puguestion mark on the extension effort and
also indicates the lack of available study to destrate the farmers’ wellbeing impact after
adoption of crossbreeding technology. This callsifigpact study of crossbreeding technology
adoption on farmer’'s economy in Assam and ideraifon of factors leading to adoption of the
breeding technology such as Artificial Inseminatidhe secondary data on factors determining
adoption and welfare impact of crossbreeding teldgyoadoption on farmer’s economy in
Assam is unavailable. So, based on cross-sectaatal of dairy farmers in Assam efforts are
made in the subsequent chapters to understandath@us issues related to production and
productivity, farmer’s wellbeing impact after admot of crossbreeding technology and
identification of factors that influence adoptiomdaextent of adoption of crossbreeding

technology among farmers in Assam.
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Notes:

1. Overall returns (from changes of technical anulis together) from the crossbred cow was ne&ty 1
per cent higher than that of the local cow, wheetrgbution of technological change turned out & b
47.65 per cent whereas the contribution of inpet diference was as high as 109.15 per cent (Kumar,
2001)

2. The guidelines of the government of India tot&Sfairectorates of Animal Husbandry, in the fourth
plan was selection of one breed with a view to Bngucontinuity and economy in breeding operations
and precautions about the maintenance of crossbteekl (Singh, 1986)

3. Although in the North East India context, notamwexperiment is done in the crossing of swamp x
murrah, but in countries like China, Philippinesdaim other South East Asian countries, such
crossbreeding programme was carried out much hefioriact, China imported murrah buffaloes from
India in late 1950 and since then, large numbara$sbreds has been produced with remarkable sesult
in milk production and size of the animals.

4. A National Seminar on Improvement of Swamp Boffa of North Eastern Region of India was held
on February 11, 2005, at Assam Administrative Stafflege, Guwabhati, organized by Assam Livestock
Development Agency (ALDA) and sponsored by Govtinglia (NPCBB).

5. One semen ejaculation from a bull can be usesee 400 to 500 animals through Al and therefore,
one bull can produce sufficient semen to cover ab@00 cows per year (see Peera, 1999) which means
that the bulls with top most germ plasm in the @Warn be selected and used on cows and buffaloes
which are widely separated in space and time (8asiet al., 2004).

6. 300 Fertility Camps and 100 Farmers orientatimps have been organized in the state under NPCBB
phase | for benefit of the farming community whexgart from reproductive cases treatment and
vaccination and de-worming was done. These campssaa platform for introduction of new Gopal
Mitras (Private Al workers) trained under thiépghase of NPCBB. In NPCBB phase I, 1200 new féytil
camps are being organized under Phase-Il underhwhitc documentary and Radio Jingles are being
broadcasted to popularize Al (Monitoring Cell, Asshivestock Development Agency)

7. The selection criterion of th@opal Mitrasare that a) they should be VIl to X standard pds®)
They should have knowledge on cattle breedingjscjdsidence should be 5 km away from government
dispensary, and d) the area where Gopal Mitra will practise should essentially have more thaf(L0
cattle.

8. In most of the states the semen is dispatchedetansemination units on every alternate day i U
Delhi and in some Al centres of a few other stadespen is dispatched to the insemination centrlgs on
twice a week or even at longer intervals and comsetly the quality of semen used at village level i
such places may not be good enough for obtainisgtiafactory conception rate (National Commission
on Agriculture, 1976). Therefore, ideally it shotlel dispatched daily or every alternate days.
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9. The current statistics at all India level indécéhat a stockman per Al centre on an averagesda?@
inseminations in a year. The same stockman in mo%ilunit can easily perform 10,000 Al in a year
which comes out to be 800 Al per month and abowlFer day (Sasidhar et al., 2004).

10. Sasidhar et al. (2004) also observes beatause of less care being taken for crossbred caéles,
few calves would grow in to bulls and majority betn get vanished due to negligence of farmer since
the day it was born.

11. The increase in livestock population in Assaemenmuch higher having the third position among the
states in India with 24.9 and 10.77 per cent duti@i®y(2003-07) and 19 (2007-2012) Livestock Census.

12. Through state-wise comparison of milk producfigures between assumed with zero crossbreeding
and actual Kumar et al. (2003) found that crosshngeof cattle increased the cattle milk production
the country by 35 per cent; whereas in Assam it2@ager cent.
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APPENDIX - 3

Table A3.1: Milk Utilization Pattern in Assam (198687 to 2012-13)

Year Milk Utilization (in Per cent)
Milk Sold as Liquic  Milk Consumed a:  Converted into Milk

Liquid Products
1986-87 14.90 44.17 40.93
1999-00 15.80 48.30 35.90
2006-07 18.20 46.30 35.50
2009-10 30.00 48.00 22.00
2012-13 42.00 36.00 22.00

Source: Integrated Sample Survey Report (Various issuggyt. of Assam,

Table A3.2: Performance of buffaloes in Assam

Trait Genetic Group/Breed
Swamp Murrah Surti
Age at f' calving (months) 59.03+0.42 53.88 + 0.48 51.5P 18
First lactation milk yield (kg) 509.63 +4.20 1089.£17.94 843.34 +5.01
First lactation length (days) 282.87 +78 280.23530 300.36 + 1.87
1°' lactation peak yield (kg) 4.09 + 0.04 6.11 +0.07 4.54+0.04
Days to attain 1 peak yield 58.28 + 0.93 4925+ 1.24 56.80 + 0.64
Persistency ofllactation 0.88 £0.01 0.93 £0.02 0.93+£0.01
Lactation milk yield (kg) 505.95 £ 3.14 1186.31&46 988.14 +£21.71
Lactation length (days) 283.43 £1.44 287.29 £4.38313.60 + 6.17
Peak yield (kg) 4.08 £0.03 8.39 +£0.82 6.07 £ 0.06
Days to attain peak yield 57.89 £ 0.68 51.06 £0.73 60.02 +0.83
Dry period (days) 22458 £ 2.17 204.11 £7.17 32806.48
Service period (days) 181.75 + 2.39 170.56 + 7.04 36.91 + 16.50
Gestation Period (days) 325.85 - -
Inter-calving period (days) 507.80 £ 2.39 479.54.68 636.70 £ 16.49
Milk
Specific gravity 1.0296 + 0.0002 - -
Fat % 8.478 + 0.069 - -
S.N.F % 9.910 + 0.039 - -

Total solids %

17.675 + 0.088

Source:Das (2005)
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Figure A3.1: Comparison of Milk Utilization (in %) in Assam between the periot

1986-87 and 2012-13

Milk Utilizarion (%) in 1986-87

H Sold as Liquid

B Consumed as
Liquid

= Converted into
Milk Products

Milk Utilization (%) in 2012-13

m Sold as Liquid

m Consumed as
Liquid

m Converted into
Milk Products

Source:Table A3.1
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CHAPTER FOUR
FIELD STUDY LOCATION, SAMPLE AND SAMPLE PROFILE

4.1. The Purpose of Field Study

The analysis carried out in chapter three baseth@secondary data provides an idea about the
pattern of diffusion of Al technology and dynamafshe milk production and bovine population
in Assam. It is clear from the analysis that th#udion of the crossbreeding technology has
taken place very lately even though thrust on thessbreeding programme was laid much
earlier. It is seen that the crossbred cattle mdpr in the state constitutes only 3.84 per cent
(According to 19 Livestock Census, 2012) of the total cattle pogoita This implies that there

is not enough penetration of the Al technology ardtic bull calf induction programme to the
interior most areas where Al technology diffusisrpractically cumbersome. If the comparison
is made with some of the southern and Northerestat India, it is found that the crossbreeding
progamme gained momentum much before and resuyltéindse states are having higher
proportion of crossbred cattle in total cattle pagon (see Table 3.16 in Chapter Three). Again,
within the state there are variations with respectoverage of breedable cattle population using
Al technology. It is seen that districts such asp@ta, Kamrup, Nalbari and Bongaigaon have
relatively better coverage of breedable cattle ugho Al compared to the remaining districts.
Thus, it becomes important to understand the dsie¢rAl technology adoption and economic
wellbeing through adopting the technology. Thidsctdr an empirical analysis of the factors that
have significantly led to adoption and extent ab@ttbn of crossbreeding technology at the farm
household level. This may help to set policy prggion on what factors are important to
emphasize in order to increase the adoption rateraxfsbreeding technology (i.e., Al). Again
farmers will adopt a new technology (crossbredle&pntnly if the economic gain from the
technology is more compared to traditional techgplfindigenous breed). Hence, the impact in
terms of income, employment and consumption orfahm households rearing crossbred cattle
has to be compared vis-a-vis a farmer rearing snbgs breed. These information however rely
completely on primary data collected through adfistudy owing to paucity/unavailability of
adequate secondary data on various farm, farmessigai environment at which the farmer

operates and perception characteristics of the eflarthat may facilitate adoption of Al
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technology. Data pertaining to various impact iatthes such as farmers’ income, consumption
and employment after rearing crossbred cattle $® alependent on household level data
collected through field study. Keeping in mind thesquirements, a field study was carried out
during December, 2015 to March, 2016 in few setedistricts of the state.

Thus, the broad aim of the field study is to untéerd impact indicators ex-post adopting the
technology and examine the factors that influersi@ption and extent of adoption (for farmers
who have continued adoption) of Al technology (torease the proportion of crossbred cattle).
The field study also attempts to identify the coaists farmers perceive to be inhibiting the

adoption of Al technology.
4.2. Sampling and Sample Selection

Primary data are collected from dairy farmers spreser three districts of Assam namely
Barpeta, Sonitpur and Karbi Anglong (see Figurefdrithe location of the districts). The study
has used a multi-stage sampling technique. In tfs¢ $tage, sample districts are selected
following stratified sampling method to capture tiligersities in impact and determinants of
crossbreeding technology adoption due to variougeas of location specific (spatial)
diversities. Using the secondary data availableAssam Livestock Development Agency
(ALDA) for the TE (triennium ending) 2013-14, alha 27 districts of the state are first
distributed into three strata based on Al coverafidreedable cattle population. The first
stratum includes the districts with higher than tia¢éional average of Al coverage of breedable
cattle population. In the second stratum distndisch are below the national average but above
the state average are included, and the last striaitludes the districts which are lower than the
state average figure. Accordingly, Barpeta, Somigmd Karbi Anglong districts are randomly
selected from first, second and the third strataspectively. Barpeta district has the highest Al
coverage of breedable cattle population of 25 pat during TE 2013-14, while Sonitpur has
5.97 per cent coverage. Karbi Anglong with 2.03 gt is one among the lowest (rankdd 4
from below) Al coverage of breedable populatiortrdits. In the second stage, two community
development blocks (CDBs) are selected purposifrelsn each district considering that one
block has higher concentration of crossbred catitt high Al coverage and the other with
relatively lesser concentration and low Al coveragbe selection of the blocks is done in

consultation with the senior officials of Assam é&stock Development Agency (ALDA),
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District Veterinary officer (DVO) and the VeteriaDoctor who is in-charge of the Block
Veterinary Dispensary. Before selection of commudivelopment blocks, the purpose of field
study was properly explained to these personnel$hd third stage three villages are selected
from each development block. This selection is #asm® the understanding that a mix of both
adopters of crossbreeding technology and non-adoate sufficiently present in each village. It
is also taken note while selecting the villaged tha spatial distribution of the sampled villages
within the block is such that they are by no meamstiguous to each other. In the last stage,
dairy farm households are selected in two categoadopter and non-adopter of crossbreeding
technology. For operational purpose, the adoptarradsbreeding technology has been defined
as the farm households who have at least one oaifthrough Al during a period of five years
preceding the survey and also have at least onalknerossbred cattle in his/her farm during the
survey. Since, there is lack of concrete informatout the list of farmers (both adopter and
non-adopter of crossbreeding technology) availablth the Al centre and/or veterinary
dispensary, a list was prepared through discussitma group of key informants including the
village headman, VS (Veterinary Surgeon) and thé \Weterinary Field Assistant) engaged in
the Al service of the village. Thus, 20 to 30 pentcof sample farmers are selected from both the
adopter and non-adopter groups from each villagallirthe three districts. A total of 245
respondents (135 adopters and 108 non-adopters)stlacted are interviewed for generating
primary data to fulfill the objectives of the studyhe primary data were collected through a
standard and systematically designed semi-strutturerview schedule administered at the
farm yard covering different aspects of adoptiord ampact of cattle crossbreeding. The
interview schedule was prepared in consultatiorn whe supervisor of the study and finalized
after a few rounds of pilot surveys in each sangi¢rict. One Focus Group Discussion (FGD)
with few selected respondents is also conductedan Community Development Block to elicit
gualitative information and to have a braaadderstanding on issues related to dairying in the

block. The interview schedule used to collect pryr@ata is appended at the end of this thesis

89

TH-2034_126141005



B Baghmora
Bishwanath
e Lumbajong
@ Ronkhang
> Bajali

O Mandia
[_] sonitpur
[ Karbi Anglong
[ Barpeta

Map, not to scale [ Districts of Assam

Figure 4.1: Map showing the sample districts and their surveyed community development blocks
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The various aspects on which data are collectechansehold specific, farm input-output
specific, cattle breeding and lactation specifi@rketing specific and household head’s
perception specific information. Due emphasis igegion the following aspects: (1) socio-
economic issues of the household including geratgr, education, ethnicity and occupation
of the household head, family size, land and In@stholding and household’s amenities
and asset position; (2) Access to institutionakssuch as access to credit and household
saving strategy, access to extension and infrastialcservices; (3) Information regarding
breeding characteristics (such as use of Al andralbservice (NS), conception rate, access
to exotic and local breeding bull etc.), reprodoictand lactation characteristics of owned
animals (such as age of galving, calving interval, lactation length andher of lactation
etc.); (4) Information relating to feeding charaistcs of indigenous and crossbred cattle;
(5) Milk production and utilization; (6) Informathioon various cost components, labour
requirements and household income according &oiisces and (7) information on farmer’s

perception on constraints to dairy farming.

Presentation and analysis of the data collectemlithr field survey have been laid out in the
thesis.

4.3. Broad Profile of the Sample Districts

As discussed above, three districts namely Barp®taitpur and Karbi Anglong each
respectively fall under Lower Brahmaputra valleygrth Bank Plain, and Hills zone are
selected for the primary survey of the milk prodsceélhe present section gives a brief
profile of the three sample districts focusing baly the state of the economy,
demographic and geographic profile and veterinafyastructure. The locations of the
districts and the surveyed community developmeoatks within the districts are shown in
Figure 4.1.

4.3.1. Barpeta District

Barpeta district is situated in the latitude of 386 towards North and longitude of
90.982% towards East. The district is surrounded by Nallistrict in the East and
Bongaigaon district in the West. Towards the NaftiBarpeta district lies the Bhutan hills

and towards its South lies Kamrup and Goalparaictisthe district head quarter is located
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in Barpeta town which is 140 km away from stateitedpThe district geographically spans
2282 knf. The district has two sub-divisions (Barpeta arajaB), 9 Revenue Circles, 11
Community Development Blocks, 129 Gram Panchayats&85 villages. The district has
two major tribes namely Bodo and Rabha, and Assanisngali, Hindi, and Bodo are the

commonly used languages in the district.

According to population census, 2011, Barpeta idistras a population of 16,93,622 of
which male and female population constitute 8,6%,88d 8,26,618 respectively. During
2001-2011, the district records a population grosatie of 21.43 per cent against the growth
rate of 19.62 per cent in the previous decade, diring the inter-census period of 1991-
2001. The population of Barpeta district shareS Jdr cent of the total population of the
state. The population density of the district séased significantly from 521 per ks

per population census, 2001 to 742 pef s per population census of 2011. The sex ratio
of Barpeta district as per population census, 462953 females per 1000 male population.
The average literacy rate in the district is 6328t cent of which average male and female
literacy rate is 69.29 and 58.06 per cent respelgtivihe corresponding average literacy
rate for Assam as a whole is 72.19 per cent of lvaierage male and female literacy rate
of Assam is 77.85 and 66.27 per cent respectideke other districts of Assam, a large
percentage of the population lives in rural are&scording to population census, 2011,
91.30 per cent of the total population lives inatuareas and the rest 8.70 per cent are

dwellers in urban centres of the district.

The total workforce of the district consists of 5&4 persons in 2011 representing about
36.33 per cent of the total population of the distrThe male and female population
workforce participation rate in Barpeta districtagnts for about 56.24 and 15.44 per cent
respectively. Cultivators and agricultural labogrergether account for 54.15 per cent of the
total workforce of the district indicating the dist's economy mostly of agrarian in nature

as agriculture is the main source of livelihooddorast segment of the population.

Regarding the status of livestock development endtstrict as per livestock census 2012,
Barpeta district has a livestock population of Q4@ with percentage share of 3.76 per cent
of the total livestock population of the state. Totl livestock covers cattle, buffalo, sheep,

goat, pig, horses and ponies, mules, Donkeys, Garivithuns and Yak. The percentage
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share of various species of livestock in the disiridicates that Barpeta district has 3.72 per
cent of total cattle population of the state, G2t cent of Buffalo, 18.85 per cent of sheep,
3.16 per cent of goat, and 4.59 per cent of HoaselsPonies. In the total poultry population
of the state, the district shares 4.09 per centhvincludes total birds in the poultry farms
and hatcheries. As on 2012, the veterinary infugstires in Barpeta district to facilitate
veterinary services for its livestock populatiorlude 1 veterinary hospital, 13 veterinary
dispensaries, 32 sub-centres/stockman centresck béterinary dispensaries, 4 key village
centres and 1 regional artificial insemination cenfs the district is enriched with livestock
resources and the economy is largely of agrariamatore, there is ample scope to increase
livestock output through proper programmes andcgoli

4.3.2. Sonitpur District

Sonitpur district is situated in the latitude of @839 towards North and in the longitude of
92.8577 towards East. It is situated in the north bankiwér Barhmaputra in the state of
Assam. Towards the East of the district lies Lakfumdistrict and on the West lies Darrang
district. The district is bordered in the North ®vitArunachal Pradesh. The district
headquarter is in Tezpur which is 198 km away fthenstate capital. District Sonitpur has 3
subdivisions namely, Tezpur (Sadar), Biswanath i@hand Gohpur and 14 community
development blocks that are Gabharu, Bihaguri, [k Rangapara, Chariduar,
Borchala, Naduar, Sootea, Sakomatha, BiswanathhrBag, Bihali, Chariduar and Pub-
Chaiduar. Apart from this, there are 1876 villagEs8 Gaon Panchayats, 1 Zilla parishad
and 7 Revenue Circles. The district with a geogiabtarea of 5204 kfnis considered as
one of the largest districts in the state of Ass@he district is a home for three major tribes
namely, Mishing, Bodos and Adivasis (Tea-tribef)e tommonly used languages in the
Sonitpur district are Assamese, Bengali, Bodo, Negrad Hindi. According to population
census of 2011, actual population of the distsect9,24,110 (6.17 per cent of the total state
population) of which male and female populationpezsively constitute 9,83,904 and
9,40,206. During the inter-census period of 2004 2011, 15.55 per cent growth rate in the
population was recorded which is relatively lesgan the growth rate of 18.11 per cent
recorded in the previous decade. The populatiositeim the district is 370/kfn Like other

districts of the state, 90.96 per cent of the t@@bulation live in rural areas and urban
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population constitute only 9.04 per cent. As pguyation census 2011, the average literacy
rate in Sonitpur district is 67.34 per cent of whaverage male and female literacy rates

respectively are 73.65 and 60.73 per cent.

The total workforce of Sonitpur district consists7970,606 persons in 2011 representing
40.05 per cent of the total population of the distrThe proportion of male and female

workforce participation rate into the total workgerparticipation are respectively 69.71 and
30.29 per cent. Again of the total workforce papetion in the district, 91.94 per cent

workforce is in rural areas and the remaining 8@@8 cent is the urban workforce.

Cultivators and agricultural labourers togetheroact for about 47.23 per cent of the total
workforce of the district revealing that agricuktus the predominant source of livelihood in
the district.

According to the 19 Livestock Census, 2012 the total livestock in §mni district is
16,50,571 that constitute 8.64 per cent of totaédiock population of the state. The
percentage share of poultry population of Sonitgistrict is 6.03 per cent of the total
poultry population in the state. Sonitpur is thenledfor a large number of livestock species.
As per the Livestock Census of India, 2012, théridishouses the highest proportion of
cattle population (9.14 per cent) among the distric the state. It also accommodates third
highest share of total buffalo population (8.30 pemt) in the state and second highest share
of goat (8.13 per cent) and pig (9.57 per centufaton in Assam. The percentage share of
other livestock species such as Sheep and Horse$amnies are 2.60 and 1.86 per cent
respectively. Of the total bovine population in tfistrict, 99.08 per cent is found in rural
areas and the remaining 0.92 per cent is founchénurban parts of the district. As far
availability of veterinary facilities are concernezs on 2012 the district has 2 veterinary
hospitals and 17 dispensaries against the totabeumf 22 hospitals and 346 veterinary
dispensaries in the state. Other veterinary faslithat Sonitpur district has are 65 sub-
centres/stockman centre, 7 block veterinary dispess 4 key village centres and 3

Regional Artificial Insemination Centres (RAIC).

4.3.3. Karbi Anglong District
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Karbi Anglong district is situated between®28 and 2635 North latitude and 920 to
93’50 East longitude. Towards the East of Karbi Angloimgritt lies Golaghat district and
in the West Morigaon district and Meghalaya. To Nwth Nagaon and Golaghat district is
located while towards the South of Karbi AnglongsliDima Hasao district and Nagaland.
The administrative headquarter of Karbi Anglongtritis is Diphu which has a distance of
278 km from the state capital. The district hagehsubdivisions namely Diphu, Bokajan
and Hamran. There are four Revenue Circles thahamed as Diphu, Phuloni, Silonijan
and Donka. Karbi Anglong district has 11 communitgvelopment blocks and 2921
villages. The main towns of the district are DipBwkmoka, Howraghat, Bokajan, Hamren
and Dongkamokam. According to Population Censusl2€@ie total geographical area of
the district is 10,434 kfm As per the Census of 2011, the actual populatfahe district is
9,56,313 constituting 51.26 per cent male and 4Bef4cent female population. During the
inter-census period of 2001 and 2011, the growth o& the population recorded at 17.58
per cent against the growth rate of 22.72 per getihe previous decade. Karbi Anglong
district has a population density of 92 per’kand considered as one of the low population
density districts in the state. It has 3.06 pert adrthe total population in Assam. In Karbi
Anglong district 88.19 per cent of the total distgopulation live in rural areas and the rest
11.81 per cent live in the urban parts of the aistAs per population census, 2011 the
proportion of children population (0-6 age) accauior 15.80 per cent in the district. Again,
the number of female population per 1000 male patpri is 951 as per population census,
2011. The average literacy rate in the distri@&925 per cent in 2011 which increased from
the literacy rate of 57.70 per cent in 2001. Théenliteracy rate in the district is 76.14 per
cent against the female literacy rate of 62.00ceet as per estimates of Population Census,
2011.

The total workforce in the Karbi Anglong district 8,83,441, as per the 2011 Population
Census of India. Of the total workforce, male waoskeonstitute 64.21 per cent while female
workers account for 35.79 per cent. Again, outhef total workers in the district 67.93 per
cent is the main workers while 32.07 per cent &ee mharginal workers. Cultivators and
agricultural labourers together constitute 74.06qaat of the total workforce in the district
indicating that agriculture remains as the mainstagarn livelihood for a vast section of

population in the district.
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The total livestock population in Karbi Anglong dlist is 8,22,729 with share of 4.31 per
cent of the total livestock population of the staf@e total poultry population of Karbi
Anglong district accounts for 5.01 per cent of kgvaultry population of Assam. The
percentage share of total cattle and buffalo pajman Karbi Anglong district is 3.52 and
3.43 per cent respectively. Among the districtsAssam, Karbi Anglong has the highest
share of pig population with 9.92 per cent in thialtpig population of the state. The highest
share of pig population in the district is attrigditto the dominance of tribal population of
the district who are specialized in pig farmingeTdther livestock species such as goat, and
horses and ponies account for 4.56 and 1.45 peotdne total goat, and horses and ponies
population of the state respectively. Like Sonitdistrict 99.13 per cent of the total bovine
population is reared in the rural areas of theridistDiffusion of veterinary facilities in a
district likely to affect livestock development aatso may facilitate adoption of improved
livestock rearing practices. The status of veteyinfcilities indicate that there are 10
veterinary dispensaries, 42 sub-centres/stockmatrese 10 block veterinary dispensaries
and 1 Regional Artificial Insemination Centre (RAI@nlike Barpeta and Sonitpur district,

the district is not found with any veterinary hdaapand key village centre.

4.4. Composition of the Sample

Table 4.1 to Table 4.4 shows the village-wise ttistion of sample households across the
sample districts of the study. Of the total 245 deholds surveyed in three districts of
Assam, 37.55 per cent households are surveyed npeBadistrict while the proportion of
sample households surveyed in Sontpur and Karbiofggdistricts is 33.47 per cent and
28.98 per cent respectively. Due to relatively highadoption intensity in Barpeta district
the survey covered relatively higher proportionadiopter households compared to other
two districts. Of the total 137 adopters survey®u3 per cent are from Barpeta district
whereas 31.39 per cent from Sonitpur and 29.2 @etr fcom Karbi Anglong district. Out of
the 108 non-adopters as a control group of theystugiveyed in the three districts, the
proportion of households is 35.19, 36.11 and 2&i7gent in Barpeta, Sonitpur and Karbi
Anglong district respectively (see Table 4.1).
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Table 4.1: Sample Districts with Number of Sample &ms

Name of District Adopter Non-adopter Total

Barpeta 54(39.42 38 (35.19 92 (37.55
Sonitpur 43 (31.39 39 (36.11 82 (33.47
Karbi Anglong 40 (29.20 31 (28.70 71 (28.98
Total 137 (100 108 (100 245 (100

Source:Field survey, 2015-16Yote: Figure in parentheses indicates percentage toneotatal

The two community development bocks (CDB) surveye8arpeta district are Bajali and
Mandia where 48 per cent of the total sample haaldshare from Bajali CDB and 52 per
cent from Mandia CDB. The villages covered in BafaDB are Belana, Dumuria and
Ratanpur. Except Belana and Dumuria where the sampliseholds with crossbreeding

technology adoption and non- adoption are almoshig\distributed the remaining village

Table 4.2: Survey Locations with Number of Sample &ms in Barpeta District

Name of the village Adopter Non-adopter Total
A. Bajali CDB
Belan 7 6 13
(12.96) (15.79) (14.13)
Dumurie 8 7 15
(14.81) (18.42) (16.30)
Ratanpu 15 1 16
(27.78) (2.63) (17.39)
Total 30 14 44
(55.56) (36.84) (47.83)
B. Mandia CDB
Moriparr 8 8 16
(14.81) (21.05) (17.39)
Mandie 8 8 16
(14.81) (21.05) (17.39)
Agmandic 8 8 16
(14.81) (21.05) (17.39)
Total 24 24 48
(44.44) (63.16) (52.17)
Total (A+B) 54 38 92
(100) (100) (100)

Source: Field survey, 2015-16
Note: Figure in parentheses indicates percentage toncototal

Ratanpur has a much higher concentration of Al seprelative to bull user. In Mandia
CDB, Moripam, Mandia and Agmandia are the threeveygd villages. It is found by

making initial general overview of the villages atidough discussion with the Village
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Headman, Veterinary Doctor and Veterinary Fieldigtssit (VFA) that the distribution of
sample villages in Mandia CDB is almost evenly ribstted between adopter and non-
adopter groups. Hence, an equal proportion of sarhplseholds are surveyed in all the

three villages in this block (see Table 4.2).

Of the three surveyed districts, Sonitpur is incogted as one of the sample districts in the
study that falls as medium category district immterof Al coverage of breedable cattle
population (5.97 per cent). The two surveyed CDisEiswanath and Baghmora in which
almost 51 and 49 per cent of the total sample Hmide surveyed in the district are covered
respectively. The villages surveyed in BiswanathBCGide Panibharal, Kadamani and Galia,
while in Baghmora CDB Gelapukhuri, North Gingia aBdst Gingia are surveyed (see

Table 4.3 for village wise percentage distributidrsample farmers of Sonitpur district).

Table 4.3: Survey Locations with Number of Sample &ms in Sonitpur District

Name of the village Adopter Non-adopter Total
A. Biswanath CDB
Panibhar 8 6 14
(18.60) (15.38 (17.07)
Kadamar 7 7 14
(16.28) (17.95) (17.07)
Golia 7 7 14
(16.28) (17.95) (17.07)
Total 22 20 42
(51.16) (51.28) (51.22)
B. Baghmora CDB
Gelapukhui 8 7 15
(18.60) (17.95) (18.29)
North Gingie 7 6 13
(16.28) (15.38) (15.85)
East Gingi 6 6 12
(13.95) (15.38) (14.63)
Total 21 19 40
(48.84) (48.72) (48.78)
Total (A+B) 43 3¢9 82
(100) (100) (100)

Source:Field survey, 2015-16
Note: Figure in parentheses indicates percentage torrototal

Table 4.4 presents the village-wise distributionsaimple farmers across crossbreeding
technology adoption category in Karbi Anglong dattrSince the Al activity was carried

out lately in this district intensity of Al adoptias found to be relatively less and thus the

98

TH-2034_126141005



sample households covered is also less comparsaiple households covered in Barpeta
and Sonitpur district. Lumbajong and Rongkhang CRBssurveyed constituting 57.5 and
42.5 per cent of adopters respectively and 45 &npgeb cent of non-adopters respectively.
Thus, a total of 52 per cent households are sudveyéumbajong CDB and 48 per cent in
Rongkhang CDB. The villages included are Saraswatidir, Taralangshu and"awlile
(Nepali Basti) in Lumbajong CDB and Dongka, Tisugaa Kolonga in Rongkhang CDB
(see Table 4.4).

Table 4.4: Survey Locations with Number of Sample &ms in Karbi Anglong District

Name of the village Adopter Non-adopter Total
A. Lumbajong CDB
SaraswatiMand 8 6 14
(20.00) (19.35) (19.72)
Taralangsh 7 6 13
(17.50) (19.35) (18.31)
9" Mile (Nepali Basti 8 2 10
(20.00) (6.45) (14.08)
Total 23 14 37
(57.50) (45.16) (52.11)
B. Rongkhang CDE
Dongke 5 5 10
(12.50) (16.13) (14.08)
Tisugac 6 6 12
(15.00) (19.35) (16.90)
Kolonge 6 6 12
(15.00) (19.35) (16.90)
Total 17 17 34
(42.50) (54.84) (47.89)
Total (A+B) 40 31 71
(100) (100) (100)

Source: Field survey, 2015-16
Note: Figure in parentheses indicates percentage tonrotatal

4.5. Sample Profile and Socio-Economic Characteriss

In this section an attempt is made to analyze th®oseconomic characteristics of the

sample households.
4.5.1. Ethnic and Religious Profile of the Sampledfmers Engaged in Dairying

The major ethnic groups engaged in the dairy aygtivi the state of Assam are represented

by the distribution of sample farmers accordingh® various communities that constituted
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the surveyed households of the three selectedatiésin the study. The classification of the
ethnic groups is made based on the linguistic idiffees and to capture the ethnicity-wise
heterogeneity in the practice of rearing high yieddcrossbred cattle and adoption of Al

technology* The present study also attempts to investigaaayfethnicity-based differences

may be found in assessing the determinants of lmresding and impact of rearing high

yielding crossbred cattle. Table 4.5 and 4.6 prsstre distribution of major ethnic groups

of the surveyed 245 households.

Table 4.5: Major Ethnic Groups Engaged in Dairyingin the Sample Districts

Ethnic groups Barpeta Sonitpur Karbi Anglong
Assames 40 (43.48 8 (9.76 1(1.41
Bengal” 51 (55.43 11 (13.41 15 (21.13
Nepal 0 (00.00 51 (62.19 32 (45.07
Bihari 1 (1.09 6 (7.32 17 (23.94
Other: 0 (00.00 6 (7.32 6 (8.45
Total 92 (100 82 (100 71 (100

Source:Field survey, 2015-16

Note: Figures in parentheses indicate percentage tb tdtae Bengali community also

includes the Bengali speaking Muslims found inghmple; * Others include Karbi,

Dimasa, Adivasi and Lalung
It is seen that after the ethnicity-wise disaggtiegaof the sample households into five
major groups, Nepali community shares the highettedairy activity (34 per cent) in the
state followed by the Bengali community (includesnBali speaking Muslim community)
with 31 per cent. The share of the Assamese contgnuni the number of sample
households is 20 per cent followed by the Biharmownity (9.79 per cent). Other
community that is mostly constituted by the varidalsal communities of Karbi Anglong
district that carries out dairy activity in the tetashares 4.90 per cent of the surveyed
households. It is evident from Table 4.5 that Bdngammunity seems to be more
specialized in rearing indigenous breed whereasmese and Nepali community are found
to be interested in rearing of high yielding crassb cattle through adoption of Al
technology. The district-wise decomposition of #ihnic groups entails that in Barpeta
district Bengali and Assamese community is domingith their respective share of 55.43

per cent and 43.48 per cent in the total surveyreéholds in the district. There is absence
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of Nepali and Bihari community associated with diaig among the surveyed households in
Barpeta district. However, in Sonitpur and Karbighong district there is a much higher
concentration of dairy activity in the hands of MEpcommunity. The share of Nepali
respondents among the total respondents of SoratpdikKarbi Anglong district is 62.2 and
45.07 per cent respectively. The Assamese commimaisya much lower share of 10 per

cent in Sonitpur and 1.41 per cent in karbi Angladsirict.

Table 4.6: Major Ethnic Groups Engaged in Dairyingamong the Sample Households

Ethnic groups No. of sample farms households
Adopter Non-adopter Total
Assamesi 33 16 49
(24.09) (14.81) (20.00)
Bengal” 36 41 77
(26.28) (37.96) (31.43)
Nepal 52 31 83
(37.96) (28.70) (33.88)
Bihari 10 14 24
(7.30) (12.96) (9.79)
Others* 6 6 12
(4.38) (5.56) (4.90)
Total 137 10¢ 24t
(100) (100) (100)

Source: Field survey, 2015-16

Note: Figures in parentheses indicate percentage tb tdtiae Bengali community also

includes the Bengali speaking Muslims found inghmple. * Others include Karbi,

Dimasa, Adivasi, and Lalung.
Looking at the composition of sample respondentadilly at religious line, it is divided
between two major religious groups, Hindu and Isl&mgure 4.2 exhibits the distribution
across adoption categories. It is found that of ttital sample respondents in the three
districts 79 per cent belongs to Hindu religion 1 per cent are Islam. The distribution
of the sample respondents on religious groups aatosssbreeding technology adoption
status indicates that of the 137 adopters, alm@sp& cent are from Hindu religion;
whereas 18 per cent from Islam. Again, of the 188 e respondents with non adoption of

cattle crossbreeding, 75 per cent are Hindu ange2%ent are Muslim (see Figure 4.2).
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Figure 4.2: Distribution of Sample Farmers Accordirg to Religious Profile

Al adopter

Al Non-adopter B Hindu

M Islam

Whole sample

0 50 100 150 200

4.5.2. Family Size

The average family size of the overall sample hbalkis is5.91 with a minimum famil
size of 1 member and a maximum of 18 members. Vaeage family size for the adopt
category is 5.72 and 6.14 for r-adopter’'s category. Distribution of the family s
according to various age group is represented bleT47 where it is seen that avere
number of adult members for the whole sample I8 44326 for adopters and 4.42 for -
adopters). Similarly, the average number of youregnimers and children is 0.90 and O

respectively for the whole sample surveyeche three districts of Assam (see Table .

Table 4.7: Size of the Sample Households According Different Age Groups across
Crossbreeding Technology Adoption StatL

Family size Adopter Non-adopter Total
Average Family Siz 5.72 6.1< 5.91
Maximum siz 17 18 18

Minimum size 1 1 1

Average No. of Adult Members (>14 yea 4.2¢ 4.4z 4.3:
Average No. of Young Members-14 years 0.7 1.0¢ 0.9
Average No. of Children (<6 yea 0.71 0.7% 0.7:2

Source: Field survey, 2015-16

4.5.3. Educational Profile othe Sample Farmers
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Information on education profile of the sample farmis very important in the present study
in terms of its relevance in the adoption of im@owairy technology and acceptance of
improved farm practices for realizing higher farmguctivity. Education profile of the head
of the sample household is shown in Table 4.& toinote that the education profile of the
household head was collected as years of schodlingg the primary survey. It is found
from the table that 26.12 per cent of the total @enmousehold’s heads are illiterate. More
than half of the total literate farmers have edocatevel of primary to below matriculate.
Farmers being matriculate but below higher secondanstitute 23.2 per cent of the total
literate farmers. Similarly, farmers having edueatievel in the range of HS passed but
under graduate forms 13.26 per cent of the tdtdie sample farmers. Only a 5 per cent of
the total sample farmers have graduation or paadugte degree. It is witnessed from the
table that majority of the sample farmers haverathlower level of education in terms of

last class attended by them.

Table 4.8: Distribution of Sample Farmers Accordingto the Level of Education of the
Household Head

Education leve No. of sample householc
llliterate 64 (26.12
Primary (up to class 39 (15.92
Primary passed but not matricu 64 (26.12
Matriculate but below Higher Second 42 (17.14
Higher Secondary passed but under Grad 24 (9.79
Graduation anabove 12 (4.90
Total 245 (100

Source: Field survey, 2015-16
Note: Figures in parentheses indicate percentage tb tota

4.5.4. Age profile of the sample farmers

Table 4.9 presents the distribution of sample faouseholds according to the age of the
household head. Perusal of Table 4.9 indicategtieatajority of the sample farmers are in
the age group of 40 to 70 years of age. The mininagm of the sample farm household
head is found to be 22 years while the maximunvigé&ars. According to the different age

cohort of the sample farmers as represented byeTablindicates that only a 2.04 per cent
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of the sample farmers are in the age group oftlems 30 years of age. Highest number of
farmers are found in the age group of 40 to 50 sy€aB.57 per cent) followed by the
number of farmers in the age group 50 to 60 ye24s40 per cent). Highly aged farmers
with more than 70 years have a percentage sha@58f in the total sample farmers.
Distribution of sample farmers according to crossbiing technology adoption category
indicates that farmers in the age group of 30 tyeHs constitute 20.44 per cent among the
adopter group whereas in the non-adopter groupptbeortion is 14.81 per cent. The
distribution of farmers is the higher towards naojaters in the age group 40 to 60 years
against the Al adopter (Table 4.9).

Table 4.9: Distribution of Sample Farm Households Acording to the Age of the
Household Head across Al Adoption Groups

Age group of household head Adopter Non-adopter Tat

< 30 year: 2 (1.46 3(2.78 5(2.04

30 < 40 year: 28 (20.44 16 (14.81 44 (17.96
40 < 50 yeal 36 (26.28 34 (31.48 70 (28.57
50 < 60 yeal 32(23.36 28 (25.93 60 (24.49
60 < 70 yeal 29 (21.17 21 (19.44 50 (20.41
> 70 year 10 (7.30 6 (5.56 16 (6.53
Total 137 (100 108 (100 245 (100

Source: Field survey, 2015-16
Note: Figures in parentheses indicate percentage tonrotatal

4.5.5. Occupational Profile of the Sample Farmers

Table 4.10 and Table 4.11 exhibit the occupatipnafile of the sample farmers. It is found
from Table 4.10 that around 33 per cent of thel teample farmers have reported dairying
as their primary activity to earn livelihoods. Teare also a large number of farmers (34.69
per cent) who report cultivation as their primaoyce of livelihood. Proportion of farmers
engaged in off-farm activities such as wage empkyngovt. and private service and
business as their primary source of earning ar&,815.74, 2.45 and 13.88 per cent
respectively. A large number of farmers adoptingssbreeding technology report dairying
as their primary occupation (47.45 per cent), wttie proportion of non adopting farmers

who consider dairying as primary activity is 13,88 cent. Again, 30.66 per cent of the
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crossbreeding technology adopting farmers and 38e8icent of the non-adopting farmers
consider cultivation as primary activity (Table @)1

Table 4.10: Distribution of Sample Households Accaling to the Primary Occupation
of the Household Head across Adoption Groups

Occupation type No. of sample farm householc
Adopter Non-adopter Total

Dairying 65 (47.45 15 (13.89 80 (32.65
Cultivatior 42 (30.66 43 (39.81 85 (34.69
Wage Earne 4(2.92 16 (14.81 21 (8.57
Govt. Servic 8 (5.84 9(8.33 17 (15.74
Private Servic 1(0.73 5(4.63 6 (2.45
Business 16 (11.68 18 (16.67 34 (13.88
Othel 0 (00 2 (1.85 2 (0.82
Total 137 (100 108 (100 245 (100

Source: Field survey, 2015-16
Note: Figures in parentheses indicate percentage toncototal

It is found from Table 4.11 that out of the totdl52sample farmers the number of farmers

reporting dairy as secondary occupation is 189hitkw103 farmers are adopters and 86

Table 4.11: Distribution of Sample Household Accorthg to the Secondary Occupation
of the Household Head across Adoption Groups

Occupation type No. of sample farm households
Adopter Non-adopter Total

Dairying 103 (75.18 86 (79.63 189(77.14
Cultivatior 28 (20.44 13 (12.04 41 (16.73
Wage Earne 2 (1.46 4 (3.70 6 (2.45
Gowt. Servic 0 (00 1(0.93 1(0.41
Private Servic 0 (00 1(0.93 1(0.41
Busines: 3(2.19 3(2.78 6 (2.45
Othel 1(0.73 0 (00 1(0.41
Total 137 (100 108 (100 245 (100

Source: Field survey, 2015-16
Note: Figures in parentheses indicate percentage toncototal

105

TH-2034_126141005



farmers are non-adopter of crossbreeding technolbigg implicates that a large number of
farmers are primarily engaged in other source obnme generating activities apart from
being engaged in dairy farming. Next to dairying,42 per cent and 12.04 per cent of the
adopters and non-adopters respectively are engagedltivation as secondary source of
employment. A very small proportion of sample farsnef both adopter and non-adopter of
crossbreeding technology are found to be consigeha various off farm sources of income

as secondary occupation (see Table 4.11).

Table 4.12 explains the overall importance of dagyamong the sample farmers across the
crossbreeding technology adoption groups. The fagt of the first column indicates the
extent of sample farmers having pure agricultuaakiground (either dairying or cultivation)
and their respective distribution in terms of clwegding technology adoption and non-
adoption. It is found that 61.63 per cent of theltsample farmers in the three surveyed
districts have dairying or cultivation as primary secondary occupation. The remaining
38.37 per cent have off-farm sources of incomeithereprimary or secondary occupation.
The second raw of the first column indicates thember of sample farmers having complete
reliance on dairying as their livelihood source ifgaas both primary and secondary
occupation). It is seen that out of 245 respondentg 15.51 per cent earn their income
solely from dairy farming. Again, 23.36 per centngde respondents from adopter group

and 5.56 per cent from non-adopter group have camplependence on dairying. It can be

Table 4.12: Distribution of Sample Households Accaling to the Priority of Dairying as
Primary/Secondary Occupation

Priority of Dairying Response Adopter Non-adopter Total
Dairying and cultivation as  Yes 101 (73.72) 50 (46.30) 151 (61.63)
either primary or secondary No 36 (26.28) 58 (53.70) 94 (38.37)
occupation

Dairying as both primary and Yes 32 (23.36) 6 (5.56) 38 (15.51)
secondary occupation No 105 (76.64) 102 (94.44) 207 (84.49)
Dairying being neither primary  Yes 1(0.73) 13 (12.04) 14 (5.71)
nor secondary occupation No 136 (99.27) 95 (87.96) 231 (94.29)
Total 137 (100) 108 (100) 245 (100)

Source:Field survey, 2015-16
Note: Figures in parentheses indicate percentage to tota
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assumed that these farmers may have commercigl fdam from which family income is
generated. The third raw of the first column in [Eab4 distributes the sample respondents
according to number of farmers with dairy farm hawing very insignificant role of it on
their livelihood (have occupation other than ddiaym as primary or secondary income
source). It is found that 5.71 per cent (14 nundfesample farmers) of the total respondents
have dairy farm but it is neither a primary norexandary source of income for them.
Across crossbreeding technology adoption grouply, @i@3 per cent of adopters and 12.04
per cent non-adopters have dairy farming which egher a primary nor a secondary
occupation for them (Table 4.12).

4.5.6. Housing Condition and Access to Assets andan&nities

Information on housing condition of the sample farsncollected in the field survey reveal
that 35.51 per cent of the total sample farmer® katchahouses, 33.88 per cent haami-
puccahouses and the rest 30.61 per cent l@wxahouses. According to crossbreeding
technology adoption category, 37.96, 28.47 and3pdy cent adopters hakatcha, semi-
pucca and pucca house respectively. Similarly 32.41, 40.74 and826per cent of non-
adopters havé&utcha, semi-puccand pucca house respectively (Table 4.13). Table 4.13
also indicates about the percentage of farmers riyvather assets and amenities such as
cooking gas, sanitized latrine facility, electryctonnection, mobile phones, television, two
wheelers, bullock cart, four wheelers, tractor, powller, cello tube-well etc. Information
on access to other subsidized govt. provisions asdfation card and/or BPL card owned by
the sample farmers were also collected during ild Survey which are reported in Table
4.13. It is found that 67.76 per cent of the tstaihple farmers have cooking gas connection
and 43.27 per cent have sanitized latrine facditytheir home. Majority of the surveyed
households have electricity connection (92.24 met)cwhich may have become possible
due to the recent mass rural electrification sch¢Regiv Gandhi Grameen Vidyutikaran
Yojana, 201phto provide free and subsidized electricity corioecto poor households. To
have better access to information and communicd#oifity majority of sample households
have mobile phone connection (almost 94 per centyj aven many of the sample
households have television (70.20 per cent) atr theme. To have better mobility and

reduce transaction cost, own transportation fgaay help the farmers and this may also
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indirectly help in adopting new agricultural techogy. It is envisaged from Table 4.13 that
of the total 245 sample households, almost 36 pet are found to possess a two wheeler,

1.22 per cent a bullock cart and 3.67 per cenbgsess a four wheeler.

Table 4.13: Household Access to Amenities and Assetf the Sample Farmers across
Adoption Groups

Assets ancAmenities Adopter Non-adopter Total
Housing condition
Pucce House 46 29 75
(33.58) (26.85) (30.61)
Sem-pucce Houst 39 44 83
(28.47) (40.74) (33.88)
Kutche Houst 52 35 87
(37.96) (32.41) (35.51)
Assets and amenities
Cooking Ga 91 75 16€
(66.42) (69.44) (67.76)
Latrine (Sanitizec 58 47 10€
(43.07) (43.52) (43.27)
Electricity Connectio 13C 96 22¢€
(94.89) (88.89) (92.24)
Mobile Phone 131 99 23C
(95.62) (91.67) (93.88)
Televisior 97 75 172
(70.80) (69.44) (70.20)
Two Wheeler: 51 37 88
(37.23) (34.26) (35.92)
Bullock Car 3 0 3
(2.19) (00) (1.22)
Four Wheeler: 6 3 9
(4.38) (2.78) (3.67)
Tractol 2 3 5
(1.46) (2.78) (2.04)
Power Tille 2 2 4
(1.46) (1.85) (1.63)
Cello Tubewell 29 23 52
(21.17) (21.30) (21.22)
Subsidized Ration Ca 101 81 182
(73.72) (75.00) (74.29)
BPL Carc¢ 17 20 37
(12.41) (18.52) (15.10)
Total 137 10¢ 24E
(100) (100) (100)

Source:Field survey, 2015-16
Note: Figures in parentheses indicate percentage to tota

Possession of income generating assets such & tr@@wer tiller and cello tube-well may

have some indirect implication on changing thegratof dairy farm practices along with
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the perceived direct effect on cultivation practicBossession of these may also signify the
wealth position of the sample farmers. Howevers itound that only 2.04 per cent of the
sample households have tractor, 1.63 per cent paweer tiller and 21.22 per cent have
cello tube-well. It is also seen that 74.29 peit éaim households have access to subsidized
ration card and 15.10 per cent have BPL card (T4lil8).

4.5.7. Household Access to Institutional Credit an&avings

The household access to institutional servicessacmossbreeding technology adoption
category is reported in Table 4.14. It shows thdy d6.33 per cent sample farmers have
access to formal credit with average amount of itraccessed is Rs. 98625.00 during a
period of 5 years preceding the survey. Accordimgrossbreeding technology adoption
category, 15.33 per cent of the adopting farmeve lecessed formal credit and 17.59 per
cent of non- adopting farmers have access to focnedlit facility. The maximum amount of
credit received by Al adopters is Rs. 500000 whils Rs. 200000 by the farmers in the
non-adopter category. It is found in Table 4.14 thaizable number of farmers are found to
have access to banking services in terms of passestbank account (76.33 per cent for
the whole sample) during the survey period whicly mave resulted due to the massive
financial inclusion scheme of the Govt. calleBrddhan Mantri Jana Dhan Yojaha
initiated on August, 2014.

Table 4.14: Household Access to Institutional Cretliand Savings of Sample Farmers
across Adoption Groups

Institution Adopter Non-adopter Total
Access to Formal Credit Sources 21 (15.33) 19 @7.5 40 (16.33)
Maximum Amount Received 500000 200000 500000
Average Amount Received 74309.52 54447.37 98625.0
Financial Inclusion* 104 (75.91) 83 (76.85) 187.33H
Total 137 (100) 108 (100) 245 (100)

Source: Field survey, 2015-16
Note: Figures in parentheses indicate percentage td; ttmancial inclusion indicates about
farmers having bank account in formal financiatitaons.

4.6. Agrarian Structure of the Sample Farmers
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In the following section an attempt is made to gralthe composition of the sample farm
households and their agrarian structure like sifzeown agricultural holding, total
operational holding and livestock holding acrossper and non-adopter of crossbreeding

technology.

Distribution of sample farm households accordinght® size of their own agricultural land
holding and operational holding are shown in Ta#lé5 and Table 4.16 respectively
Separate presentation of agricultural land holding operational holding is based on the
understanding that former is considered as clgaresentation of the asset position of the
household while the later is an indicator of refatintensity of agricultural activities of the
household. Table 4.15 shows that 41.22 per cetiteototal sample households belong to
the landless category. Marginal farmers with owncadfural land holding of less than 1
hectare constitute 44.08 per cent followed by sifaaihers (11.02 per cent). Only 1.22 and
2.45 per cent belong to semi-medium and mediumdesmespectively. There are no large
farmers found among the surveyed households istiy. Among the adopters 36.36 per
cent are landless farmers, while from non- adoptér22 per cent are landless. Again, 46.72
and 40.74 per cent for adopter and non-adoptepecésely have own agricultural holding
of less than 1 hectare. Farmer households with 2 hectare of own agricultural holding

constitute almost 11 per cent for both adopterrandadopter groups (Table 4.15).

Table 4.15: Distribution of Sample Farm Household Acording to Own Agricultural

Holdings

Size classes of own agricultural holding Adopter bh-adopter Total
Landles 50 (36.36 51 (47.22 101 (41.22
Marginal (below 1.00 hectal 64 (46.72 44 (40.74 108 (44.08
Small (1- 2 hectare: 15 (10.95 12 (11.11 27 (11.02
Sem-medium (2- 4 hectare: 2 (1.46 1(0.93 3(1.22
Medium (4- 10 hectare! 6 (4.38 0 (00 6 (2.45
Large (above 10 hectar 0 (00 0 (00 0 (00
Total 137 (100 108 (100 245 (100

Source:Field survey, 2015-16
Note: Figures in parentheses indicate percentage tonrotatal
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The distribution of sample farm household accordiogtheir operational holding is

presented in Table 4.16. The value of distribuionording to size of operational holding in
Table 4.16 may differ from the distribution of larfiblding in Table 4.15 due to

consideration of land sharing agreements betweenefs (based upon leasing in/out or
mortgaged in/out). Table 4.16 shows that 32.65ceet sample farmers are landless with
27.01 per cent in the adopter category and 39.81ceet in the non- adopter category.
Considering the land holders across size classesseen that maximum concentration of
sample farmers is in the size category of less thdrectare (almost 45 per cent) with
adopter category having 46.72 per cent of the fesraad 42.59 per cent for non-adopters.
The small and semi-medium farmers account for 16884.49 per cent respectively for the

whole sample surveyed in the three districts ofafxss

Table 4.16: Distribution of Sample Farm Household &cording to their Operational

Holdings
Size classes of operational holding Adopter Non-agter Total
Landless 37 (27.01) 43 (39.81) 80 (32.65)
Marginal (below 1.00 hectare) 64 (46.72) 46 (42.59) 110 (44.90)
Small (1 — 2 hectares) 27 (19.71) 13 (12.04) 40336
Semi-medium (2 — 4 hectares) 7 (5.11) 4 (2.92) 4149
Medium (4 — 10 hectares) 2 (1.46) 2 (1.85) 4 (1.63)
Large (above 10 hectares) 0 (00) 0 (00) 0 (00)
Total 137 (100) 108 (100) 245 (100)

Source: Field survey, 2015-16
Note: Figures in parentheses indicate percentage toncototal

4.7. Summing up

The chapter presents detailed discussions on sagnaiid sample profile, composition of
the sample and descriptive statistics on varioggoseconomic characteristic of the sample
farmers collected from selected districts of tlaestThe broad profile of the sample farmers
of both adopter and non-adopter of crossbreedinfgntdogy provides a background for
more intensive analysis of the issues related bressling of cattle through adoption of Al
technology. Thus in the following chapter, intemsdiscussion based on the primary survey

data is presented. Issues with respect to milkymitpety of indigenous and crossbred cattle,
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economics of milk production, labour use statisaosl marketing and marketed surplus of
milk among the sample farmers are analyzed usingplei analytical techniques such as
mean, ratios, percentagesest and multivariate regression.

Notes:
1. It is observed during the field survey that agrtimmigrated ethnic groups (e.g. Nepali
and Bihari community) have better expertise in irgprcrossbred cattle, carry out dairy

business in the peri-urban parts of Karbi Anglomg &onitpur district and have prompt
behavior to adopt Al technology.
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CHAPTER FIVE

MILK PRODUCTIVITY AND THE UNDERLYING ISSUES OF MILK
PRODUCTION

In the previous chapter a broad profile of the danfprmers are presented. The milk
productivity and production may be influenced byai&ability of various types of inputs
(both domestically and purchased) including fami&pour required for bovine milk
production. The availability of such inputs may @aw bearing on increased profitability,
various lactation and reproduction traits of thdmels, strengthening of input-output
relation, labour use in farm management, and awéitha of milk marketing options. The
aforesaid issues related to raising milk productioey also connect with the adoption of
improved dairy technology such as high yieldingsstwed cattle. Therefore, in this chapter,
an attempt is made to know the broader economaxsceged with milk production, factors
influencing farm profitability and farm productiyitvarious physiological characteristics of
the animal related to milk productivity, labour usattern according to various farming
operations, gender and farm types, nature and sibdég of market and determinants of
marketed surplus. The analysis has taken into zagoe the empirical findings of several

studies carried out in various states of Indiaudioig Assam.

The chapter is organized under five sections. 8e&il makes categorization of the sample
farms based on the average size of cattle holdmyaccordingly distributes the sample
households across the sample districts. SectiodiSc2isses the milk productivity, lactation
and reproduction characteristics and input-out@létion in milk production across the
breed of cattle (crossbred and indigenous). Sedii@nanalyses the economics of dairy
farming and discusses the determinants of profitgbof dairying among the sample
farmers. Section 5.4 discusses the employment inyilig among sample farmers, while
section 5.5 presents the discussions on issuesafeting and marketed surplus of milk.

Section 5.6 finally sums up the whole discussidrtt® chapters.
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5.1. Farm Type and Distribution of Sample Farms

Table 1 presents the break-up of sample respondmdsrding to various herd size
categories in the three sample districts of thdes@nd according to crossbreeding
technology adoption statuStandard Animal Unit (SAW)is derived from Kumbhare et al.
(1983) to standardize production characteristicdifférent farms with different species of
animals. Different herd size category farms (snma#dium and large) are post-stratified on
the basis of milch SAUs usingumulative frequency of the square root technique
Sample households that have herd size from 1 @ &® considered as small; 3 to 5.99 as
medium and 6 and above are considered as larges.férms seen from Table 1 that of the
total number of sample households, 92, 82 and 7mbeu of sample farmers are
administered with questionnaires from Barpeta, ®oni and Karbi Anglong district
respectively. In Barpeta, the small, medium anddaadopters constitute 31.52, 21.74 and
5.43 per cent of the total selected sample respugade the district respectively; whereas,
31.52 and 9.78 per cent sample

Table 5.1: Distribution of Different Herd Size Category Sample Households across
Groups and across Districts

Herd Size Category No. of Households
Barpet: Sonitpu Karbi Anglong
Adopter
Smal 29 23 6
(31.52) (28.05) (8.45)
Mediurr 20 18 11
(21.74) (21.95) (15.49)
Large 5 2 23
(5.43) (2.44) (32.39)
Overal 54 43 40
(58.70) (52.44) (56.34)
Non-adopter
Smal 29 18 12
(31.52) (21.95) (16.90)
Mediurr 9 2C 12
(9.78) (24.39) (16.90)
Large 0 1 7
(0.00) (1.22) (9.86)
Overal 38 3¢ 31
(41.30) (47.56) (43.66)
Total 92 82 71
(100) (100) (100)

Source:Field survey, 2015-16
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Note: Figures in parentheses indicate percentage to cotatal

farmers are selected from small and medium nont{adopespectively. Likewise, of the
52.44 per cent adopter farmers in Sonitpur distr&tall, medium and large farmers
respectively form 28.05, 21.95 and 2.44 per cersanfiple respondents, while, 29.95, 24.39
and 1.22 per cent constitute small, medium ancelaan-adopters respectively. Because of
the lower intensity of dairying in Karbi Anglongstiiict, number of sample farmers (both
adopter and non-adopter) selected for surveying rafatively less (71 households)
compared to Barpeta and Karbi Anglong district. hell (8.45 percent), medium (15.49)
and large (32.39) farmers constitute 40 adoptegs3bper cent) and 31 non-adopters (43.66
per cent) in Karbi Anglong district. Because of ttncentration of large commercial dairy
farms with crossbred cattle in selected peri-ugpackets of Karbi Anglong district, number
of large crossbred adopters selected are relatifeind to be higher (32.39 per cent)

compared to large adopters in Barpeta and Sondigtrict (see Table 5.1).

5.2. Milk Productivity, Lactation and Reproduction Characteristics of Cattle and

Input-Output Relation in Milk Production
5.2.1. Milk Productivity of Crossbred and Indigenots Cattle

Based on the analyses of secondary data in chizypgey, it is found that there remain sizable
differences in per day milk productivity betweewssbred and indigenous cattle. Lactation
productivity difference between breeds based-tests (two tailed) is presented in Table

5.2. There is found to be significant differenceniik productivity per lactation between the

Table 5.2: Lactation Productivity of the Dairy Animals for Different Herd Size
Categories across Groups

Farm type Crossbred Indigenous Difference
(litre/milch SAU) (litre/milch SAU)

Overal 860.7¢ 324.0¢ 536.67***
(48.13) (21.412) (57.46)

Smal 1029.2. 402.7: 626.51***
(86.05) (33.21) (91.65)

Mediun 697.1¢ 223.0¢ 474.10%*
(56.14) (18.78) (63.78)

Large 802.2¢ 324.0¢ 536.67***
(97.10) (21.412) (57.46)

Source: Author’s estimation based on field survey data
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Notes: Figures in parentheses indicate standard error;
*** indicate significant at 1% probability level

two breeds for all size category farmers pointingt ahat crossbred cattle yields
approximately 537 litersp&0.01) of more milk per lactation than the non-diggccattle.
Table 5.2 further shows that according to differgiae class farmers crossbreds owned by
smallholders are relatively high milk yielding th#re local cattle owned by small farmers
which shows that the difference is 626.51 litqgs0(01). In section 5.2.3, factors that affect
productivity are discussed in a linear productiomction approach for both the breeds

(crossbred and non-descript)
5.2.2. Lactation and Reproductive Characteristics foCrossbred and Indigenous Cattle

Apart from productivity difference between crossbend indigenous cattle, there are other
factors which may help us to consider crossbretlecas superior breed over indigenous
one. Table 5.3 reports these differences betweerivib breeds under consideration with
respect to age of first calving, calving intervalddactation length. In Table 5.3 it is seen
that age of first calving of crossbreds in the gtadmple is relatively much lower than the
indigenous breeds. This indicates that farmers aitissbreds have to wait relatively lesser
time to get the first calf compared to the farmertsh indigenous cattle. The age of first
calving for crossbreds, on average, across sizgpgrof farmers is 31 months compared to
almost 46 monttfs This implies that a farmer with crossbreds hase#s on average around
15 months less to get the first calf than a farrearing indigenous cattle which may have
implications on conservations of feed and foddesoweces and economy in farm
management activities. Some of the studies suchaadsani (1987), Rao et al. (1995)
provide similar justification on the superiority arossbreds over indigenous breeds.
However, there is not any notable difference in &ge of first calving between the two

breeds across groups (See Table 5.3).

Differences between the two breeds in terms ofieglinterval and lactation length explain
that the calving interval is shorter for crossboadtle compared to indigenous ones, while
lactation length of crossbred cattle is relativetyuch longer than indigenous cattle. It is
found from Table 5.3 that calving interval for tbeerall crossbred cattle is 427.71 days

against 530.56 days of indigenous breed. With sjgelactation length, crossbreds give
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milk for an average period of 277.23 days comp&oe?i33.06 days. It is noted that for the
large farmers the differences in calving intervadl dactation length between the two types
of animals is more acute with 159.25 and 53.25 dagpectively. Interaction with the

farmers during the field survey makes the researkhew that the balanced feeding and
effective management of the animals, especiallgsheds are the important determining
factors to gain efficiency even within groups wiegards to lactation and reproduction

characteristics of the animals.

Table 5.3: Lactation and Reproductive Characteristts of the Dairy Animals for
Different Herd-size Categories across Groups

Farm typ Age of first calving Calving interval Lactation length
(Months) (Days) (Days)
Crossbrec  Indigenou.  Crossbrec  Indigenou  Crossbrec  Indigenou
Overal 30.9( 45.6¢ 427.7: 530.5¢ 277.2: 233.0¢
Smal 31.8: 46.7: 416.4¢ 530.5¢ 284.2: 231.8t¢
Mediumr 30.4¢ 44.1¢ 444.4¢ 520.9¢ 275.2( 238.5¢
Large 29.8i 46.0( 422.0( 581.2¢ 267.0( 213.7¢

Source:Field Survey, 2015-16

5.2.3. Functional Relationship between Input and Ogput in Milk Production

For the empirical estimation of the production fiime using input-output data of milk
production among the sample farmers separatelycfossbred and indigenous cattle,
following linear form of the Cobb-Douglas productitunction has been considered.

InY; = Iny + BiinXq, + BolnX, + L3lnX; + BylnX, + BsinXs + p; (5.2)
Where,

Yi = value of milk production per day per milch SAU

Bo = constant

B1- Bs = coefficients of the variables

X,= Value of green fodder fed per day per milch SAU
X, = Value of dry fodder fed per day per milch SAU

X5 = Value of concentrate fed per day per milch SAU
X, = Value of labour hour spent per day per milch SAU
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X5 = Miscellaneous cost incurred per day per MilcHUSA

u; = Standard error term

The results of the OLS estimates of production fionc are presented in Table 5.4
separately for crossbred and indigenous cattlefandrossbred and indigenous combined
(pooled). Table 5.4 reports that the models hageaal fit with high B value. Based on the
regressions it has been found that concentratieeismiost important input to significantly
affect the productivity of crossbred and indigencatile followed by dry fodder. It shows
that one per cent increase in the value of conaenfed to the animal leads to 0.40 and 0.13
per cent increase in the value of milk productier day per standard animal unit of
crossbred and indigenous cattle respectively. Tdscates that feeding of concentrate has
higher positive elasticity of milk production. Dfgdder is the next important factor to have
statistically significant (p<0.01) relationship Weien the value of dry fodder fed to the
animal and rise in milk productivity. A one per temncrease in the value of dry fodder fed
to the animal leads to 0.19 and 0.25 per cent aseren the value of milk production for
crossbred and indigenous cattle respectively. legppwialue of the labour hour spent for
indigenous cattle exerts a positive and statigyicaignificant relationship with the
productivity of cattle. However the same is not fduto be significant to influence
productivity of crossbred cattle. The reason mayttzs since the average herd size of
standard milch animal unit of crossbreds is higttean the average herd size of the
indigenous cattle (5.69 milch SAU of crossbreds pared to 2.65 milch SAU of
Indigenous breed), labour hour spent per crossimiézh SAU on farming operations may
be proportionately less compared to indigenouslecatt the study sample. Value of
miscellaneous factors such as expenditures on megidoctor’s fee, vitamin, calcium and
minerals and cost incurred on artificial insemioat{Al)/natural service (NS) are found to
affect significantly and positively the productiviof both crossbred and indigenous cattle
with an extent of 0.23 and 0.22 per cent respédgtivéalue of green fodder fed per milch
SAU is not found to be statistically significantaéfect productivity of crossbred cattle and
it is negatively associated with the productivityindigenous cattle (see Table 5.4). The
reason may be that for a large number of farmethansample households access to green
fodder is constrained by seasonality due to flood @on-availability of land due to sowing

of paddy fields for which productivity is affectén case of crossbred cattle. On the other

118

TH-2034_126141005



hand, negative association implicates prevailingbfgm of overfeeding in case of
indigenous cattle. Similar findings are reporteddayymar (2001) in his study conducted in
Meerut district of Uttar Pradesh.

For the pooled regression all the factors have sitipe and significant relation with the
productivity of crossbred cattle. It is seen thmegspective of breeds, one per cent increase in
feeding of green fodder, dry fodder and concentraéy lead to increase in the value of
output in the magnitude of respectively 0.03, Ga2%l 0.31 per cent per milch SAU/day.
Table 5.4 thus reports that productivity increaserossbred cattle is highly influenced by
feeding of concentrate followed by miscellaneoust @ocurred and feeding of dry fodder.
The finding of the study is consistent with Paudl &handel (2010) and Rais Uddin et al.

(2007).
Table 5.4: OLS estimates of milk production functims

Variable Pooled Crossbred cattle Non-descript cali
B - value “”Value p-value “t"Value p-value “t’"Value

Intercept 1.042*** 15.20 1.038*** 12.51 0.934*** 8.54
(0.686) (0.830) (0.109)

Green fodder  0.0295*** 0.95 0.042 1.21 -0.020 -0.33
(0.311) (0.035) (0.059)

Dry fodder 0.249*** 6.77 0.195*** 441 0.250*** 3.88
(0.368) (0.044) (0.064)

Concentrate 0.305*** 9.22 0.402*** 8.88 0.133** 2.44
(0.033) (0.045) (0.055)

Labour 0.119* 2.30 0.082 1.30 0.276*** 3.09
(0.052) (0.063) (0.089)

Miscellaneous 0.249*** 7.11 0.228*** 4.64 0.217*** 3.97
(0.035) (0.049) (0.055)

R? 0.7922 0.8079 0.6487

F-value 182.22%** 110.17%** 37.67***

Number of 245 137 108

observation

Source: Author’s estimation based on field survey data
Notes: Figures in parentheses indicate standard error;
** and *** indicate significant at 5% and 1% prdtifity level respectively
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5.3. Economics of Dairying and Determinants of Pratfability in Dairying
5.3.1. Economics of Dairying

The economics of dairying based on operational andtvalue of milk production among
the sample farmers of various farm size categavidsand without imputations of costs and
returns are presented respectively in Table 5.5 &able 5.6. In Table 5.5, various
operational costs and income from milk productise presented by taking the imputed
value of domestically available fodder resourcesputed cost of family labour, and
imputed value of cow dung and on the income side ithputed value of domestically
consumed milk. This is compared with the dairy bass based on actual costs (without
imputations) presented in Table 5.6, where onlyl mait cost components are incorporated
following Kassie et al. (2011) along with the inaemeceived from the milk sale. It is seen
from Table 5.5 that operational costs incurred giandard animal unit/day is Rs 82.44 for
overall adopters and Rs 54.54 for non-adoptersugtnjg the total operating costs for the
imputed value of cow dung produced in the farmawesed at net operating costs which are
estimated at Rs 75.61/day/milch SAU for adopterd Bs 47.95/day/milch SAU for non-
adopters. For both adopters and non-adopters theoperational costs decreased with
increase in farm size. It is seen from Table 5& th case of adopters, 51.20 per cent of the
total operating costs per standard animal unit/deg constituted by the labour cost
(hired+family labour), while for non-adopters tHigure is even higher (68.01 per cent).
Following this, feed and fodder cost is the nexihd@nt cost component for both adopters

(44.20 per cent) and non-adopters (29.35 per eendss farm size groups.

Higher productivity of crossbred cattle realizescmihiigher net return from milk production
for adopters compared to non-adopters. It is foilmad net return from milk production for
adopters is Rs 37.02/day/milch SAU compared to B2 2or non-adopters (Table 5.5).
According to farm size category, large farmers haigher net returns for both adopters (Rs
50.28/day/mich SAU) and non-adopters (Rs 14.32fd&yy SAU) group. It can be
estimated that for the average size of cattle hgkliof adopters (5.69 milch SAU), the
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annual income is expected to be Rs. 76,884.99 sigtie income of non-adopters (Rs

2534.20) for the average size of cattle holding.66 milch SAU.

Table 5.5: Cost and Return of Milk Production for Different Herd Size Categories

across Groups

Particulars Adopter Non-adopter
Small Medium Large Overall Small Medium Large Overall
(N=58) (N=49) (N=30) (N=137) (N=59) (N=41) (N=8) (N=108)

Operational cost (Rs/day/milch SAU)

Green Fodder 255 201 2.18 2.27 1.32 1.28 0.76 1.27
(2.41) (2.95) (3.58) (2.75) (1.87) (3.63) (2.16) (2.33)

Dry fodder 11.45 7.32 6.41 8.87 8.74 4.06 4.13 6.62
(10.82) (10.75) (10.54) (10.76) (12.37) (11.52) (11.72) (12.14)

Concentrate 28.58 21.67 24.90 25.30 9.67 5.95 7.89 8.12
(27.02) (31.83) (40.95) (30.69) (13.69) (16.89) (22.39) (14.89)

Feed and fodder 42.58 31.00 33.49 36.44 19.73 11.29 12.78 16.01
(40.25) (45.54) (55.07) (44.20) (27.93) (32.05) (36.28) (29.35)

Labour cost 58.35 34.14 24.30 42.21 49.10 22.94 21.11 37.09
(55.16) (50.15) (39.96) (51.20) (69.51) (65.11) (59.92) (68.01)

Cost on AI/NS 0.49 0.51 0.62 0.53 0.006 0.00 0.00 0.004
(0.46) (0.75) (1.02) (0.64) (0.008) (0.00) (0.00) (0.007)

Veterinary expenses 436 242 2.50 3.26 1.80 0.91 1.33 1.43
(4.12) (3.56) (4.11) (3.95) (2.55) (2.58) (3.78) (2.62)

Total veterinary cost 485 293 3.12 3.79 1.81 0.91 1.33 1.43
(4.58) (4.30) (5.13) (4.60) (2.56) (2.58) (3.78) (2.62)

Total operational Cost 105.78 68.07 60.81 82.44 70.64 35.23 35.23 54.54
(200) (200) (100) (200) (200) (100) (100) (200)

Return from cow dung 6.88 6.91 6.76 6.83 6.45 6.51 6.78 6.59

(Rs)

Net operational cost (RS) 98.90 61.16 54.05 75.61 4.1% 28.72 28.45 47.95

Return from dairying

Daily milk production 8.01 11.99 34.07 15.14 2.30 3.32 8.19 3.12

(litres)

Average sale price of 36.38 37.26 36.17 36.65 38.49 36.70 34.00 37.47

milk (Rs/litre)

Return from milk 134.70 91.56 104.33 112.63 63.64 33.27 42.77 50.57

production (Rs/day/milch

SAU)

Net return from milk 35.80 30.4 50.28 37.02 -0.55 4.55 14.32 2.62

production (Rs/day/milch
SAU)

Source: Field survey, 2015-16

Note: Figures in parentheses indicate percentage thdptaational cost

Based on actual value of operational cost and meftom milk sale, the economics of milk

production is presented in Table 5.6. It is founat the total paid out operational cost is Rs
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36.50/day/milch SAU for adopters against Rs 14@7nbn-adopters. Table 5.6 also shows
that of the total operational costs incurred focheatandard animal unit, cost on feed and
fodder constitute the highest share for both adep{®6.36 per cent) and non-adopters
(83.58 per cent). Among the remaining cost comptseshare of total veterinary costs
(Costs on Al, medicines, vitamins and calcium, mateeand doctor’s fees etc.) incurred on
standard animal unit is ranked as second with 1pe88&ent for adopters and 9.98 for non-
adopters. Hired labour cost constitutes a very teishare of 3.29 per cent for adopters and
6.40 per cent for non-adopters. It has also been #&t the percentage share of labour cost
decreased with increase in herd size for both tfopt@on groups. The pattern is consistent
with the finding of the study carried out by Bardrend Sharma (2012) on comparative cost
of milk production between members and non-membkeceoperative in Kumaon region of
Uttarakhand. The net return from milk sale per déad animal per day is estimated at Rs
61.60 for adopters and Rs 19.22 for non-adoptecsodling to farm size category, small
farmer adopters have net return of Rs 69.62/dagm8lAU which is higher than the average
net return of overall adopters. Similar is the cimsenon-adopters as well. Thus, given the
actual net return per standard animal per day optis and non-adopters, the annual
income for the average farm size households imagtd at Rs 1,27,933.96 for adopters and
Rs 18,590.55 for non-adopters.
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Table 5.6: Cost and Return of Milk Production for Different Herd Size Categories

across Groups

Particulars Adopter Non-adopter
Small Medium Large Overall Small Medium Large Overall
(N=58) (N=49) (N=30) (N=137) (N=59) (N=41) (N=8) (N=108)
Operational cost (Rs/day/milch SAU)
Green Fodder 0.02 0.04 0.13 0.05 0.00 0.84 0.00 0.03
(0.05) (0.13) (0.38) (0.14) (0.00) (8.41) (0.00) (0.21)
Dry fodder 7.83 4.50 5.68 6.17 461 2.79 3.78 3.86
(17.98) (15.18) (16.67) (16.90) (26.24) (27.93) (28.64) (26.86)
Concentrate 28.58 21.67 24.90 25.30 9.67 5.95 7.89 8.12
(65.63) (73.09) (73.06) (69.32) (55.04) (59.56) (59.77) (56.51)
Feed and fodder 36.43 26.21 30.71 31.52 14.28 9.58 11.89 12.01
(83.65) (88.40) (90.11) (86.36) (81.27) (95.90) (90.08) (83.58)
Labour cost (hired 2.27 0.51 0.27 1.20 1.48 0.26 0.20 0.92
labour only) (5.21) (2.72) (0.79) (3.29) (8.42) (2.60) (1.52) (6.40)
Cost on AI/NS 0.49 0.51 0.62 0.53 0.007 0.00 0.00 0.004
(1.13) (2.72) (1.82) (1.45) (0.04) (0.00) (0.00) (0.03)
Veterinary expenses 436 242 2.50 3.26 1.80 0.91 1.33 1.43
(10.01) (8.16) (7.34) (8.93) (20.24) (9.11) (10.08)  (9.95)
Total veterinary cost 485 293 3.12 3.79 1.81 0.91 1.33 1.434
(11.14)  (9.88) (9.15) (10.38) (10.30) (9.11) (10.08)  (9.98)
Total operational Cost 4355 29.65 34.08 36.50 17.57 9.99 13.20 14.37
(100) (200) (100) (100) (200) (100) (200) (100)
Return from cow dung 2.03 2.56 2.34 2.33 1.94 1.76 2.05 1.93
(Rs)
Net operational cost (Rs) 41.52 27.09 31.74 34.17 5.63 8.23 11.15 12.44
Return from dairying
Daily milk Sale (litres) 6.69 10.14 31.82 13.43 2.4 234 7.13 2.19
Average sale price of 36.38 37.26 36.17 36.65 38.49 36.70 34.00 37.47
milk (Rs/litre)
Return from milk sale 111.14 77.03 96.66 95.77 37.09 22.74 37.38 31.66
(Rs/day/milch SAU)
Net return from milk 69.62 49.94 64.92 61.60 21.46 14.51 26.23 19.22

sale (Rs/day/milch SAU)

Source:Field survey, 2015-16

Notes: Figures in parentheses indicate percentage tbdap¢aational cost

The comparison of Table 5.5 and Table 5.6 expl#iwas imputed value of family labour

estimated at par with cost on hired labour brirtgs major differences in the net returns

from dairying for the two different cases (with andhout cost/return imputations). During

the primary survey it is observed that sizable darfaymers carry out dairying activities by

engaging family labor leading to underestimatiompérational costs. In other words, if cost
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of family labour is excluded from the total opeoatl costs then there is significant increase
in net returns from dairying. This finding is costeint with several studies such as Bardhan
and Sharma (2012), Saha and Gupta (2000), KumarDdnradka (1999) etc. Again, in a
mixed-farm system, internal input flow also reduaetuial costs if the imputed value of the
domestically available fodder resources (greendagdodder) is excluded. From Table 5.5
and Table 5.6, it is found that the share of gffeeider cost in the imputed total operational
cost decreased from 2.75 per cent to 0.14 perigehe actual cost for overall adopters and
from 2.33 per cent to 0.21 per cent for non-ada@pteikewise, in case of dry fodder also
there is decline in absolute cost of Rs 2.7 perdsted animal unit/day for both adopters and
non-adopters Thus, based on the finding it can be summariatinternal flow of input in

a mixed farm system and operating dairy businegsgusmily labour may incentivize
farmers to go for dairying due to higher net resudn the next section, an attempt has been
made to identify factors influencing profitabilitgf dairy farming in the two different

estimates of net return calculations among the &afapmers.
5.3.2. Factors Determining Profitability (Net returns/milch SAU) in Milk Production
A multiple regression equation of the following rforis fitted to identify the factors that
significantly influence profitability in milk prodztion (net returns/milch SAU).
Yi = Bo+ B1Xy + BoXo + B3Xs + PaXy + BsXs + PeXe + B7X7 + PeXgt BoXo +
BioX10 + B11X11 + B12X12 + B13Dy + B14D; + B1sD3+ B16Ds + B17Ds + B1gDe + 1
(5.2)
Where,
Y = Net returns/SAU/day (Rs)
By = constant
B - B1g = coefficients of the independent variables
X; = Age of household head (years)

X, = Education of the household head (Numbers of yelasshooling or education
completed)

X5 = Family size (number of family members in a housgho
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X, = Landholding size (hectare)

X5 = Operational holding allotted for fodder cultivat (hectare)
X, = Distance to nearest village market (km)

X, = Years of starting the dairy farm (number of gar

Xg = Herd size (total number of SAU)

Xq = Sale price of milk (Rs)

X,0= Proportion of milk produced in the farm that @ds(per cent)
X11,= Labour cost (actual/actual+imputed) (in Rs)

X1, = Feed and fodder cost (actual/actual+imputediREn

D, = Dummy for access to credi? = 1 if the household had accessed credit duriag th
period of five years preceding the survBy;= 0, otherwise)

D, = Dummy for membership of Dairy Cooperative Soci@CS) O, = 1 if the household
head is a member of DCB; = 0, otherwise)

D; = Dummy to capture the effect of extension contAgt= 1 if the household had
contacted any extension agent during 12 monthsegieg the survey); = 0,
otherwise)

D, = Dummy for off-farm incomel{, = 1 if the household has any off-farm sources of
income;D, = 0, otherwise)

Ds = Location dummy to represent district Barpda € 1 if households falls under Barpeta
district; D = 0, otherwise)

D¢ = Location dummy to represent district Sonitpy € 1 if households falls under
Sonitpur districtDg = 0, otherwise)

p = Standard error term

For the explanatory variables mentioned above,sggarate models (model 1 and model 2)
are estimated. In model 1, dependent variable,riet.returns per standard animal unit/day
is based on the value of actual paid out costglerbasis of Table 5.6); while in model 2,

dependent variable is the estimates of actual phpsited costs of domestically available

fodder resources and family labour (based on Talale Among the variables considered in

the regression models, age of the household hdadagon of household head, family size,
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land holding, fodder cultivation, access to crediembership of DCS, herd size, extension
contact, off-farm income, price received on theesaf milk, proportion of milk sold,
actual/imputed value of feed and fodder fed pendsded animal unit are hypothesized to
have positive relation with the dependent varialde. the other hand, variables such as
distance to nearest village market and actual/isppueibst on labour are expected to have
negative relation with the profit from dairying. &lhemaining variable, years of starting the
dairy farm may have either positive or negativatieh with the dependent variable. The
reason being that the more number of years withddiey farm may implicate better
experience (+) or new farms are more profit oridnteth innovative production methods
(-)- The inferences with regards to district dumwayiables are in relation to the excluded
dummy (Karbi Anglong as reference district). Thieefl function is estimated using OLS
technigue in STATA 14.

The results of the multiple regression analysisiedrout to identify the factors significantly
affecting the profitability in milk production (blotwith and without imputations) are
presented in Table 5.7. Table 5.7 shows that a Rfglalue of 0.7274 in model 1 and
0.7761 in model 2 and a corresponding significantilse of 33.50 and 43.52 respectively
indicate a better fit of the models. In both thedels explanatory variables are checked for
problems of multicollinearity and it is found th&ere is not any multicollinearity problem
as the VIF values are less than 5 (mean VIF forehddand model 2 are 1.50 and 1.56
respectively) (See Table 5.8). It is seen thatréh&tion of most of the significant variables
with the dependent variable are in accordance thigthypothesized sign in both the models.
In model 1, variables that affect actual profitapibf dairying positively and significantly
are landholding@<0.05), access to credji<0.10), membership of DC$<0.10), sale price
of milk (p<0.01), proportion of milk soldp&0.01), and actual value of feed and fodder fed
to the animal §<0.01), while the only variable that has statidlycaignificant negative
relation with the dependent variable is years aftstg the dairy farmp<0.10). This implies
that a one hectare increase in landholding lea@®¥ 186 per cent rise in the profitability of
dairying. Similarly, a farmer who has access talitrand have membership of DCS, his
chances of increase in profit is more by 12.45 BEh@7 per cent respectively. Again, as the
sale price of milk increases by one rupee and ptigomoof milk sold out of the total milk

production increases by one per cent, there maya bdaghly significant increase in
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profitability to the extent of 1.39 and 58.59 pentrespectively. Table 5.7 further shows
that actual value of feed and fodder fed to themahiis indicative of nutritional supply
which may lead to higher profitability. On the Izaef the results of the multiple regressions
it is found that increase in the actual value efdfand fodder of one rupee equivalent fed to
the animal increases profitability by 1.95 per c@ifite model also shows that the new farms
are more profitable than the older farms. It shoned one additional year reduction in the
duration of operation of dairy farming leads to®8er cent more profit. Thus, there is
various market and non market factors that areifgigntly found to influence actual profit

from dairying (see Table 5.7).

Factors influencing profitability in milk productioin model 2 indicates that like model
1most of the statistically significant variables/éa@xpected sign. This implies that variables
such as herd size, contact with extension ageftaonh income, price received for the milk
sold and proportion of milk sold positively and rgfgcantly affects profitability from
dairying, while variable, the imputed labour coasIsignificant expected relation with the
dependent variable. The highly significant and tiggaelation of imputed labour cost with
dependent variable implies that imputations of faemily labour cost are the important
determinant of the differences between the two rsodénis may give similar implication
for family size to have a negative significant tiela (model 2 in Table 5.7). The households
that have higher family size also have higher adgliivalent to work in the dairy farm.
Adjustment of the opportunity cost of the familypdaur through imputations at the level of
the cost of hired labour may exert a negative éfbecthe profitability of milk production.
Households having devoted land for fodder cultwatalso have a negative and significant
effect on the profitability. This implies that tleeBouseholds feed greater amount of green
fodder compared to other farmers and incorporathey imputed cost of green fodder
reduces profit margin significantly. One hectareréase in the area of land devoted for
fodder cultivation reduces profit margin by 8.6Q gent. Unlike model 1, herd size and
extension contact significantly and positively ughces farm profitability of milk
producers. Farm households with the increase ofanoltitional standard animal unit their
probability of profit margin increases by 3.11 gent <0.01). Again, the farmers that had
contacted extension agent during last 12 monthsegieg the survey are seemed to better

guide the farmers to have better farm managemextipes that may lead to significantly
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higher farm profit p<0.05). Farm households with off-farm sources @bme may have
capital base which can be reinvested in the damnfand also have ability to meet easily
the recurring expenses of farm management. Thshsttengthening of dairy business and
a higher profit margin. Model 2 in Table 5.7 shdvattfarmers with off-farm income may
have 3.94 per cenp€0.05) higher profitability of milk production. has also been found
that increase in sale price of milk by one rupeg @me per cent increase in the proportion of
milk sold in the total milk production may lead@&’2 and 8.52 per cent increase in the farm
profitability of milk producers respectively. Botinodel 1 and model 2 are checked for
influence of location fixed effects in terms of tdist dummy. It is seen that model 1 do not
represent having any significance of location fixa#fct. But in model 2, Sonitpur district

with reference to Karbi Anglong has significancearsing profitability in dairying.

Overall, it is found that although the dependemialde in the two models in Table 5.7 is the
estimation of net returns in milk production, theiagnitude of net returns differs from one
another with or without consideration of imputedueaof domestically consumed milk.

There are also differences in certain explanateyables associated with cost of dairying
affecting profitability (See Table 5.7). Identiftean of factors determining profitability of

milk production is guided by inclusion (or exclusjoof cost and return imputation which
brings differing direction and significance level imdependent variables affecting the

dependent variables in model 1 and model 2.
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Table 5.7: Factors Influencing Profitability in Dairying [Dependent Variable: Net
returns from dairying (Rs/milch SAU/day)]

Variables Model 1 (Without imputations) Model 2 (Wth imputations)
B - values t-Value B - values t-Value
Intercept -85.239*** -4.25 -41.267*** -5.67
(20.041) (7.277)
Age of the HH head 0.185 0.82 0.055 0.69
(0.227) (0.080)
Education of HH head 0.052 0.09 0.109 0.55
(0.563) (0.199)
Family size -0.672 -0.67 -0.719** -2.04
(1.002) (0.353)
Land holding (hectare) 37.863* 2.26 8.604 1.46
(16.76) (5.896)
Fodder cultivation (hectare) 2.413 0.98 -3.456*** -3.97
(2.474) (0.871)
Access to credit (Dummy) 12.452* 1.87 -1.047 -0.45
(6.672) (2.350)
Membership of DCS (Dummy) 11.970* 1.88 -0.191 -0.08
(6.369) (2.251)
Distance to nearest village market (in Km) -0.646 -0.42 -0.816 -1.48
(1.547) (0.549)
Years of starting the dairy farm (years) -0.351* -1.74 -0.001 -0.01
(0.202) (0.070)
Herd Size (total SAU) -0.351 -1.01 3.114%** 22.06
(0.391) (0.1412)
Contact with Extension agent (Dummy) 7.793 1.10 6.219** 2.48
(7.054) (2.509)
Off-farm Income (Dummy) 2.779 0.53 3.940** 2.15
(5.204) (1.837)
Sale price of milk (Rs) 1.393*** 3.52 0.722%** 5.19
(0.396) (0.139)
Proportion of milk sold 58.598*** 5.07 8.528** 2.14
(11.566) (3.979)
Actual Labour cost (Rs/SAU/day) 2.343 1.40 - -
(1.668)
Imputed Labour cost (Rs/SAU/day) - - -0.129*** -2.96
(0.044)
Actual feed and fodder cost (Rs/SAU/day) 1.951%** 12.46 - -
(0.157)
Imputed feed and fodder cost (Rs/SAU/day) - - -2.00 -0.04
(0.059)
Barpeta (Dummy) 1.131 0.68 3.357 1.33
(7.066) (2.530)
Sonitpur (Dummy) -4.889 -0.68 6.204** 2.44
(7.211) (2.539)
R® 0.7274 0.7761
F-value 33.50*** 43.52%*
No. of observations 245 245

Source: Author’s estimation based on field survey data
Notes: Figures in parentheses indicate standard error;
*** *% and * indicate significant at 1%, 5% antD% probability level
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Table 5.8: Variance Inflation Factor of the Explandory Variables

Variables Model 1 Model 2

VIF Tolerance VIF Tolerance
Age of the HH head 1.54 0.45 1.55 0.64
Education of HH head 1.35 0.74 1.36 0.73
Family size 1.23 0.81 1.22 0.82
Land holding (hectare) 1.22 0.82 1.21 0.83
Fodder cultivation (hectare) 1.32 0.75 1.32 0.76
Access to credit (Dummy) 1.18 0.85 1.17 0.85
Membership of DCS (Dummy) 1.64 0.61 1.64 0.61
Distance to nearest village market (in Km) 1.21 0.82 1.23 0.82
Years of starting the dairy farm (years) 1.68 0.59 1.63 0.61
Herd Size (total SAU) 1.34 0.74 1.40 0.71
Contact with Extension agent (Dummy) 1.42 0.70 1.44 0.69
Off-farm Income (Dummy) 1.24 0.80 1.24 0.80
Sale price of milk (Rs) 1.43 0.70 1.42 0.70
Proportion of milk sold 1.62 0.62 1.54 0.65
Actual Labour cost (Rs/SAU/day) 1.42 0.70 - -
Imputed Labour cost (Rs/SAU/day) - - 1.91 0.52
Actual feed and fodder cost 1.79 0.55 - -
(Rs/SAU/day)
Imputed feed and fodder cost - - 241 0.41
(Rs/SAU/day)
Barpeta (Dummy) 2.22 0.45 2.29 0.44
Sonitpur (Dummy) 2.20 0.46 2.19 0.46
Mean VIF 1.50 1.56

Source: Author’s estimation based on field survey data

5.4. Crossbreeding of Cattle and Employment in Daying

Dairy is basically a labour intensive enterprisd ases surplus family labour and attached
labour (Sidhu and Bhullar, 2004). Improved farm agagment with the rearing of crossbred
cattle leads to higher milk productivity which inglctly also leads to higher employment
level. Various empirical studies such as Chauhahkamdus (2005), Singh (1997) etc. have
established that introduction of high yielding @imsed milch animals and relatively better
management of farm operations have led to increaseiman labour employment along

with increase in household income. In the presemtys based on Table 5.9 and Table 5.10
an attempt is made to provide a comparative estsnah the scope of employment in the
improved milk production system (rearing of crogsbcattle with commercial orientation)

in relation to traditional system (rearing of noesdript cattle) on the sample farmers in
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Assam. A detailed breakup of the estimated labaerfigure in terms of farm size, gender
and according to various farming operations hase been presented in Table 5.9 and Table
5.10. In Table 5.9, disaggregated labour use estsrare presented separately for male and
female workers in the household across farm omersitand farm types. It points out that
there is an increase in the overall use of labperson days/month) with the increase in
farm size. This pattern of labour use applies tthidor male and female. However, the
differences in the engagement of male and femalékevrs in case of small farms across
farm operations are relatively much less (5.72 ferparson days/month vis-a-vis 8.56 male
person days/month) compared to large farms whemilause of male person days/month is
three times more than the female person days. imten§s have contradicted with Akhter et
al. (2002) in their study conducted in Bareillytdt of Uttar Pradesh where it is claimed
that the contribution of women is more than thatrefn in performing animal husbandry
activities. It is also found that there are vaga$ in the use of labour hour between male
and female groups according to various operatidrdamying. Operations like feeding and
grass collection and cleaning of cattle shed anshimg of animals engage relatively more
female labour than activities like marketing of kniks far cleaning activities are concerned,
female labourers in the small farm size categomresimore than 50 per cent of the total
labour hour used. However, with the increase insike of farm, commercialized farming
takes the motion with high yielding crossbred eattidoption and in the process male
labourers are gradually found to be engaged towaifdfl time worker. This has resulted in
the decline in share of female labourers for al fdwrming operations (see Table 5.9). It is
also observed that operations like marketing otkkmwhere male labourers are engaged
proportionately much more across farm sizes thanother activities under consideration.
The findings in the study are consistent with Clzauand Kundu (2005)
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Table 5.9: Labour Use in Various Dairying Activities across Different Farm Size and
Gender Groups. (Person days/month)

Feeding and Grass Collectiot

Farm size Male Femalt Total

Smal 3.14 (52.6¢ 2.81 (47.1F 5.96 (100
Mediun 5.83 (61.37 3.54 (37.2€ 9.50(100;
Large 12.04 (67.6C 5.77 (32.4C 17.81 (10C
Overal 5.51 (60.8¢ 3.54 (39.12 9.10 (100

Milking
Smal 0.53 (60.23 0.35 (39.77 0.88 (100
Mediun 0.95 (76.61 0.29 (23.3¢ 1.24 (100
Large 2.63 (92.2¢ 0.22 (7.72 2.85 (100
Overal 1.01(76.52 0.30 (22.72 1.32 (100
Marketing of milk
Smal 1.80 (97.3C 0.05 (2.70 1.85 (100
Mediun 1.51 (94.97 0.08 (5.03 1.59 (100
Large 4.62 (100 0.00 (0.00 4.62 (100
Overal 2.13 (97.71 0.06 (2.75 2.18 (100
Cleaning of Cattle Sheds and Washing of an
Smal 2.22 (49.01 2.31 (50.9¢ 4.53 (100
Mediun 3.12 (52.3¢ 2.85 (47.82 5.96 (100
Large 5.64 (63.01 3.31 (36.9¢ 8.95 (100
Overal 3.08 (53.6€ 2.66 (46.34 5.74 (100
Overall

Smal 8.56 (59.9¢ 5.72 (40.01 14.27 (10C
Mediun 12.25 (64.61 6.71 (35.3¢ 18.96 (10C
Large 27.66 (74.6€ 9.39 (25.34 37.05 (10C
Overal 12.87 (65.9C 6.65 (34.1C 19.53 (10C

Source:Field Survey, 2015-16
Notes:Figures in parentheses indicate percentage to total

Differences in labour use between adopter and doptar (of crossbred cattle) category of
farmers across farm size and farm operations &septed in Table 5.10. As stated earlier,
the primary objective to disaggregate the use lobua between adopter and non-adopter is
to highlight the employability prospect of crossiag technology adoption. The
differences in the use of labour (person days/mobétween adopter and non-adopter is
worked out according to overall farm and milch gi@nd animal unit (see Table 5.10). The
consideration of labour use according to per miAU is to provide the estimate
addressing the heterogeneity in the number ofechtilding within each farm size category.

Table 5.10 shows that there is significantly highse of labour per farm for adopter groups
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for all farm size categories and farm operatiohg found that adoption of crossbred cattle
significantly leads to 13.9€0.01) more person days/month compared to non-adoftie
increase in labour use is the highest for largen$af19.65 person days/monibx0.05)
followed by medium category farms (11.88 personstfagnth;p<0.01). Considering the
labour use per standard animal unit, it is founal ttnere is positive but non-significant
effect in labour use per milch SAU for crossbredmdrs. However, there is statistically
significant increase in labour use per milch SAt¢madoption of crossbred cattle for small
and medium farmers in the magnitude of 1.4k0(10) and 1.71 p<0.05) person
days/month respectively (Table 5.10). Labour usterdinces according to farm operations
with adoption of new dairy technology, i.e., cragsbcattle indicates that operations like
feeding and grass collection leads to statisticsiliyificant increase in the use of labour per
farm across farm size categories (7.03 person whaygh; p<0.01). Again, monthly use of
labour per milch standard animal unit following pton of crossbred cattle also increases
significantly to the extent of 0.54 person daysQj08) in feeding and grass collection.
According to farm type, the monthly increase ofdabuse per milch SAU is the highest for
the medium category farms (0.99 person days/m@h01) followed by small farms (0.73
person days/monttp<0.10). Other farm operations such as milking, eleéning of cattle
sheds and washing of animals also exhibits sigmifiencrease in the labour use for both
farm-wise and milch SAU-wise. Table 5.10 shows thabpter farms have higher labour
requirements equivalent to 1.07 person day®.01) in milking activities compared to non-
adopters and with respect to labour requirementsnideh SAU adopter farms require 0.08
person days/monthp€0.05). The higher labour hour requirements is tudigher milk
productivity of crossbred cattle for which adopt@Emers have to milk their cattle relatively
for longer duration. Perusal of Table 5.10 alsoidates that increase in the labour

requirements in milking operations are proportiehamore for higher farm sizes.

The next important farm management operations dfeding and grass collection that
require a higher amount of labour is the cleanihgaitle sheds and washing of animals.
Since crossbred cattle are associated with highpitad investments compared to non-
descript cattle and most of the farmers perceiesntlas being susceptible to disease, they
are devoted utmost care and management. Thisesdds Lo relatively more use of labour in

cleaning and washing operation by the adopter fesnTable 5.10 shows that monthly use
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Table 5.10:Labour Use in Various Dairying Activities across Diferent Farm size and

Adopter Groups. (Person days/month)

Farm size Labour use/Farm Labour use/Milch SAU
Adopter Non-adopter “t” - test Adopter Non-adopter “t” - test
Feeding and Grass Collection
Small 7.95 3.99 3.964*** 3.69 3.96 0.73*
(0.614)) (0.418) (0.742) (0.275) (0.273) (0.387)
Medium 12.48 5.95 6.53*** 2.65 1.66 0.99%**
(1.067) (0.467) (1.243) (0.210) (0.1212) (0.255)
Large 19.94 9.85 10.09* 1.76 1.49 0.27
(2.740) (2.407) (5.403) (0.213) (0.234) (0.432)
Overall 12.10 5.17 7.03*%** 2.90 2.36 0.54**
(0.845) (0.342) (0.100) (0.159) (0.169) (0.234)
Milking”
Small 1.78 0.59 0.59*** 0.56 0.45 0.11
(0.087) (0.055) (0.102) (0.047) (0.049) (0.068)
Medium 1.68 0.77 0.86*** 0.35 0.21 0.14%**
(0.151) (0.071) (0.178) (0.034) (0.017) (0.0412)
Large 3.23 1.42 1.82** 0.28 0.21 0.07
(0.436) (0.296) (0.866) (0.034) (0.045) (0.070)
Overall 1.79 0.72 1.07*** 0.42 0.34 0.08**
(0.133) (0.050) (0.156) (0.026) (0.030) (0.039)
Marketing of milk
Small 2.40 1.31 1.09*** 1.15 1.06 0.09
(0.280) (0.207) (0.347) (0.152) (0.194) (0.247)
Medium 1.75 1.408 0.34 0.37 0.38 -0.01
(0.225) (0.306) (0.373) (0.044) (0.046) (0.084)
Large 4.90 3.57 1.33 0.48 0.51 0.03
(2.008) (1.567) (1.328) (0.099) (0.215) (0.222)
Overall 2.72 1.51 1.20*** 0.80 0.76 0.04
(0.280) (0.203) (0.363) (0.076) (0.115) (0.133)
Cleaning of Cattle Sheds and Washing of animal
Small 6.11 2.97 3.137*** 2.96 221 0.75**
(0.511) (0.205) (0.547) (0.289) (0.159) (0.329)
Medium 8.04 3.48 4.56%** 1.71 0.99 0.72%*
(0.594) (0.250) (0.688) (0.122) (0.075) (0.150)
Large 10.27 3.99 6.28** 0.90 0.60 0.30
(1.520) (0.552) (2.980) (0.117) (0.098) (0.234)
Overall 7.71 3.24 4 4T7rrx 2.06 1.63 0.43**
(0.466) (0.154) (0.543) (0.149) (0.111) (0.195)
Overall
Small 18.77 9.85 8.926*** 8.87 7.47 1.41*
(1.195) (0.686) (1.372) (0.606) (0.547) (0.816)
Medium 24.37 12.49 11.88*** 5.19 3.49 1.71%**
(0.800) (1.501) (1.798) (0.295) (0.189) (0.366)
Large 41.19 21.54 19.65** 3.68 3.21 0.47
(4.229) (2.681) (8.378) (0.325) (0.413) (0.667)
Overall 25.68 11.72 13.97*** 6.42 5.64 0.78
(1.383) (0.593) (1.645) (0.363) (0.340) (0.501)

Source: Author’s estimation based on field survey data

Notes: Figures in parentheses indicate standard error;

* ** and *** indicate significant at 10%, 5% antPb6 probability level respectively
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of person days in cleaning of cattle sheds and wwgs#f animals in the farms of adopters is
significantly higher by 4.47p&<0.01) over non-adopters. Again, the use of monpi@sson
days in the same operation for every standard drsigaificantly rises by 0.43p&0.05).
Labour use per farm across farm size in farmingatpe such as marketing of milk shows
significant increase after adoption of crossbregdechnology. However, in marketing of
milk there is no significant increase in the labase per milch SAU after adoption of
crossbreeding technology. There is also not angr giattern in the increase of labour use
with the increase in farm size after adoption afssbreeding technology. The reason may
be that relatively larger farmers may find it difiit to sell their produce themselves in the
market due to short supply of labour and thus timay prefer to sell it to either private
trader that picks up milk from the farmyard omiearby cooperatives. However, according
to Kumar et al. (2010), from vendor and processiwost marketing and processing of milk
is one of the important segments of employmenhédairy sector of Assam and accounts

for about 10 per cent of the workforce engagedhédairy sector.

Thus it is seen that crossbreeding technology amlojd associated with increased amount
of labour use for various farming activities pemficand per standard animal unit, and there
lies heterogeneity in the level of labour use adicwy to farm size and farm operations.

Overall increase in the farm employment in daimnfimg in the present study is consistent
with finding of the study carried out by Sidhu aBidullar (2004)

Effect of crossbred cattle adoption on labour usmaling to gender for various farm sizes
is presented in Table 5.11. Adoption of crosshiatiecdirectly leads to significant increase
of male and female labour use equivalent to 9.9d4 403 person days per month
respectively. For the small and medium farms tloeeiase in labour use after adoption of
crossbred cattle is significant at 1% probabilgydl for both male and female workers.
However, for large farms, there is a significarquieement of services for male labourers
after adopting crossbred cattle but increase inafemabour requirement is not found

statistically significant (Table 5.11).
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Table 5.11: Labour Use Effect of Crossbred Cattle Aoption According to Gender
Groups (Person days/month)

Farm size Gender Labour use/farm
Adoptel Non-adopte t-tes
Smal Male 11.4¢ 5.72 5.73%**
(0.833) (0.571) (1.007)
Femal 7.3¢ 413 3.20%**
(0.716) (0.537) (0.893)
Mediunr Male 15.6¢ 8.18¢ 7.46%%*
(1.392) (0.859) (1.714)
Femalt 8.7¢ 4.3( 4,43***
(0.850) (0.457) (1.019)
Large Male 31.1: 14.6¢ 16.47**
(3.689) (2.698) (7.34)
Femalt 10.0¢ 6.8¢ 3.1¢
(1.431) (1.009) (2.844)
Overal Male 17.2¢ 7.3z 9.94***
(1.194) (0.538) (1.427)
Femalt 8.4< 4.3¢ 4.03*+*
(0.535) (0.353) (0.679)

Source:Author’s estimation based on field survey ¢
Notes: Figures in parentheses indicate standard €
** and *** indicate significant at 5% and 1% prokilily level respectivel

Figure 5.1 shows the distribution of labour usegsary farm for adoter and no-adopter of
crossbred cattle. It has been seen that the diifeein the pattern of labour use betw
adopter and nomadopter is not much visible. But, as stated earlibere are notabl

differences in the labour use activ-wise.

Labour Use (Adopter) Labour use (Non-adopter)

&n

11%

B Feeding and grass collection M Feeding and grass collection
H Milking m Milking
Marketing Marketing of milk

Figure 5.1: Operation-wise Distribution of Labour Use/farm for Adopter and Non-adopter
(Source: Table 5.10)
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Regression Analysis

The estimation of employment effect is done usirepmdifference test of crossbred cattle
adopters and non-adopters usintgst (two tailed) in Table 5.10 and Table 5.11eTh
robustness of thetest results and relationship between milk produacand monthly total
labour use spent have been checked by employingottmary least squares (OLS)
technique (log lin) to isolate the impact of cragsbcattle adoption on the total monthly
labour use of the farmers. It is hypothesized théhere is higher employment effect of
crossbred cattle adoption then the coefficienttfier adoption dummy may be positive and
significant with relatively higher magnitude. Thelationship between the dependent and
independent variable is explained by inclusion ofme control variables which are
hypothesized to have direct or indirect influenae tbe dependent variable. They are
monthly household milk production, age of the hdwadg head, family size, distance to all-
weather road, membership of dairy cooperative $pcfarm size, and distance to nearest

village market. The following regression modelitgetl in the study.
n
Y =x +y4; + Z.Bjxi + (5.3)
J

Where,Y; refers to log of total person days spent per mdmyttthe I farmers;« is the
intercept termy indicates the coefficient of crossbred cattle aidopdummy,A4;; X; refers
to various farm and farmer characteristics influegcy;; B; are the partial regression

coefficients where j varies from 1 to; is the standard error term.

In order to examine the effect of crossbred caitleption on employment, adoption dummy
(1=adopter; 0= otherwise) of the farm household basn tested, controlling all other
variables relating to farm and farmer charactesstThe sample means of the explanatory
variables used in the regression are presentedilieT5.12. The variable household milk
production is expected to have a positive relatioth monthly labour use in the sample
farms, because as production increases, theregiehirequirement of time in care and

management of the farm. Adopters are found to havenuch higher production of
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milk/month (141.30 litres) compared to the non-ddop (24.50 litres) due to the high

yielding nature of crossbred cattle.

Farmer characteristics such as age of householtl theg be either positively or negatively
related with labour use. The reason for positiviatien is that older farmers are more
experienced and have contacts with extension ageatsnay expand dairying by investing
in high yielding cattle breeds or young farmersngeinnovative may commercially adopt
high yielding crossbred cattle and thus invest ntione in the care and management of the

animal.

Table 5.12: Sample Mean of the Explanatory Variable Used in the OLS Regression

Variables Unit of Adopter Non-adopter
measurement Mear Std. erro Mear Std. erro
Milk production/montl Litres 141.3( 14.93¢ 24.5( 1.88i
Age of HH hea Years 50.6i 1.101 49.7¢ 1.167
Family Size Number: 5.72 0.20z 6.1< 0.257
Distance to A- Metres 350.0( 33.28: 471.7" 35.90:
weather road
Membership of Dain Dummy 0.4¢ 0.04: 0.11 0.03(
Cooperative Society (1=member;
O=otherwise)
Farm Size Numbe 7.1¢€ 0.73¢ 5.3¢ 0.357
Distance to neare Km 2.8t 0.13: 3.1% 0.161

Village Market

Family size indicates availability of family laboult is hypothesized to have a positive
relation with the employment because as family sm#eases more number of persons
within family offer services to the farm or in amcreasingly labour scarce (of hired labour)
farming system supply of labour is eased. In theda farms average family is found to be
relatively larger in the non-adopter farm (6.14rhhe adopter farms (5.72).

Farm characteristics such as distance to all weathed and distance to nearest village
market is expected to have a positive relation whh requirement of labour. As distance
increases carrying of inputs (purchased feed addeig and selling of outputs (milk) takes
more time leading to rise in the labour requirem&able 5.12 shows that non-adopters are

constrained in terms of these two farm charactesist

Membership of dairy cooperative society (DCS) isasegorical variable. It is considered

that being member of DCS will facilitate informatiaccess on key aspects of dairying
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through discussion among farmers and may help enatifoption of commercial dairying
through rearing of improved cattle breed. In thecpss, it results in increased use of
monthly person days in the farm. Thus, there isitpes expected relation between

membership of cooperative society and labour hpens

It is expected that farm size is positively relateith labour use. Labour requirement will
increase if care and management are to be takdarfggr number of animals. The average
farm size is bigger for adopters of crossbred eg#l16) than the non-adopter households
(5.39)

Table 5.13 presents the OLS (log linear) regressesults of the factors affecting labour use
in the sample dairy farms. The OLS regression msusing the software STATA 14. It is
seen from Table 5.13 that significant F value ahd&@ue (56.40%) indicate good fit of the
model. All the explanatory variables conform to thected sign in the model. It further
shows that the target variable, adoption of crassbrattle is found to be statistically
significant at 1% probability level. It is seen tiarm household with crossbred cattle have
24.77 per cent higher monthly labour use in themarfarms. This implies that crossbred
cattle adoption has a much higher effect on empéwngeneration. Efforts for diffusion of
artificial insemination technology or deployment @urebreed exotic bull will be
instrumental in absorbing rural youths productivélythe dairy sector. Other control
variables, such as milk production/month, farm sind distance to nearest village market
significantly affect labour use. It is seen thalitde increase in monthly milk production
leads to 0.07 per cent increase in the overallualabsorption. Similarly, one unit increase
in cattle numbers and one kilometre increase indistance to nearest village market
significantly leads to 0.73 and 3.42 per cent iaseein labour use in the sample dairy farms.
Our results are checked for presence of multicediity. The problem of multicollinearity is
checked by using Variance Inflation Factor (VIF)damolerance Level (TOL) for the
explanatory variables. The estimated VIF suggdststhere is absence of multicollinearity
problem (the mean VIF is 1.23) (see Table 5.14).
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Table 5.13: Factors Affecting Labour Use in Total Brson Days/month in Dairy Farms:

OLS

Variables Coefficient Std. Error t-value
Adoption of Crossbred Catt 0.2477*%* 0.028: 8.7¢
(1=Adoption; O=otherwise)
Milk production/montl 0.0007*** 0.000: 6.3
Age of HH hea -0.000¢ 0.000¢ -0.5¢
Family Siz 0.002° 0.004¢ 0.5¢
Distance to Al-weather roa 0.0000:« 0.0000: 1.2t
Membership of Dairy Cooperati\ 0.011 0.030: 0.3¢
Society
Farm Size 0.0073*** 0.002( 3.5¢
Distance to nearest Village Mark 0.0342*** 0.007¢ 4.51
Constar 0.8401*** 0.062¢ 13.4:
Number of Observatior 24E
F(8, 236 38.1¢
Prob>F 0.00c¢
R-square 0.564(

Source: Author’s estimation based on field survey data
Note: Significant * at 10%, ** at 5% and *** at 1% probgity level

The discussion in the foregoing section reveal$ #umption of high yielding crossbred
cattle results in higher labour requirement whichaympartially help in solving
unemployment problem in the state of Assam. Ifatdimes possible to achieve national
average of 20.81 per cent of crossbred cattle adipual by effectively implementing the
crossbreeding programme in the state of Assamitimeay create 158400.53 and 192102.77
person days/month for small and medium farms reésmd¢’. In a situation when
agriculture sector is grappled with the problemdfguised unemployment coupled with
stable or declining labour use in the crop sec#dtgrnative farming system such as
commercial dairying with crossbred cattle may léada win-win situation (productivity
growth plus labour absorption). Thus given that fireportion of crossbred cattle is
abysmally low in the state (3.84 per cent) compdeethe national average, it is suggested
to take policy priority towards laying more emptsasn the crossbreeding programme in the
state. Controlling selection bias of farmers bamghe adopter group, labour use effect of
crossbred cattle adoption is further shown in teet khapter (Chapter six) using propensity

score matching technique.
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Table 5.14. Variance Inflation Factor (VIF) of theExplanatory Variables: OLS

Variable VIF Tolerance

Milk production/montl 1.6€ 0.6(
Age of HH hea 1.04 0.9¢
Family Siz¢ 1.04 0.9¢
Distance tcAll -weather roa 1.07 0.9
Membership of Dain 1.3C 0.7%
Cooperative Society

Farm Size 1.6¢€ 0.7¢
Distance to nearest Villag 1.0 0.97

Market

5.5. Milk Marketing, Market Accessibility and Determinants of Marketed Surplus
5.5.1. Marketing of milk

Milk production, sales and retention for self-comgtion on the sample households for the
two different adoption groups are presented in &@dbll5. The table shows that average
milk production, sales and retention for self-canption are directly related to farm size.
This indicates that production, sales and housetsi&htion for self-consumption increases
with the increase in farm size for both the adapt@poups. It is seen from Table 5.15 that
production, sales and retention for consumptiomdk per farm across farm size groups
among adopters are 15.14, 13.43 and 1.72 (11.36eme) litres respectively. Production of
milk per farm for crossbred cattle adopter grougnds at 8.01 litres for small farms (<3
milch SAU) that increases to 11.99 and 34.07 lipesfarm for medium (3<6 milch SAU)
and large X6 milch SAU) farms respectively. Similar patternsaies and retention for self-
consumption is envisaged among the adopter grotigeagample farmers. Again, among the
non-adopter farmers overall production of milk fem is found to be 3.12 litres of which
2.19 liters per farm is sold by the farm househanid the remaining 0.93 litres (29.81 per
cent) retained for consumption in liquid form arrdéonsumed as processed product. The
retention for self-consumption for small farms (@8ch SAU) of the non-adopter category
farm households is as high as 37.83 per cent gb¢éhéarm milk production. The reason for
such high consumption proportion of this grouphiatta sizeable number of sample farmers
in the non-adopter group are autarkic farmers wioolygoce milk solely for self-consumption
(see Table 5.16). It is, thus, seen that almost 80%e farm milk production for sample

farmers across groups of the non-adopter categoopmsumed domestically and the rest
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70% is sold as marketed surplus. Thus, Table 5Xi{Bams that adopters have higher
absolute consumption and sales of milk per farmroensurate with increased production
in relation to the sales and consumption of norpsets. This finding corresponds to the
finding of Kumar and Shah (2016) where it is s&dttconsumption of milk is proportional
to with the volume of milk production and there s#%i also a clear difference in milk
consumption level between producer and non-produceseholds.

Table 5.15: Milk Production, Sales and Retention fioConsumption Pattern among
Sample Household (Litres/day)

Farm Adopter Non-Adopter
size Producti Sales Retained for % Production  Sales Retained for %

on consumption consumption consumption consumption
Small 8.01 6.69 1.32 16.48 2.30 1.42 0.87 37.83
Medium 11.99 10.14 1.85 15.43 3.32 2.34 0.97 29.22
Large 34.07 31.82 2.25 6.60 8.19 7.13 1.06 12.94
Overall 15.14 13.43 1.72 11.36 3.12 2.19 0.93 29.81

Source:Field survey, 2015-16

Table 5.16 presents the market participation behmawi the crossbred adopter (or non-
adopter) farm households. Farm household that peduilk solely for their domestic
consumption apparently do not generate marketeplusurin contrast, rest of the farm
households, apart from part of their produced rmmdksumed domestically, also produces a
major proportion for market. Table 5.16 reveald thigher level of market participation is
more explicit for crossbred adopters compared to-adopters. In other words, adopters are
commercially oriented to a higher extent in theitknproduction behavior. Of the 137
sample farmers with adoption of crossbred catt®54 per cent farmers are market

participant that sells a part of their produce @rket (or any other marketing agent) against

Table 5.16: No. of Sample Farmers According to Mar&t Participation Status

Farm category Participant Non-participant Total no. of sample
farmers

Adoptel 135 2 137
(98.54) (1.46) (100)

Non-adopte 90 18 10¢
(83.33) (16.67) (100)

Total 22t 20 24t
(91.84) (8.16) (100)

Source:Field survey, 2015-16
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the 83.33 per cent of the non-adopters. Howevenduming for the market must be
incentivized by availability of effective marketirgptions for the farmers. The next section
presents the various marketing options farmerszesilto sell their marketed surplus and

their respective average prices of milk.

5.5.2. Access to market

The marketing of milk and milk products in Assanoisa small scale, partly because of the
demand-side constraints and partly because of tdckffective marketing strategy to
overcome the demand-side constraints (Sirohi et 2009). An effective marketing
condition particularly for agricultural commoditiean facilitate agricultural intensification
resulting from higher accrual of farm profit. Acdorg to Sharma (2016), smallholder
farmers face various marketing constraints thdteeitaise marketing costs or market risks
associated with market access and market informabio Assam, the large scale informal
milk handling in the marketing side exposes theydf@rmers to the clutches of middleman
that slashes the remunerative price significatitli. evident from Table 5.17 that more than
one third of total produce (37.11 per cent) acrémsn size groups are bought by
cooperatives followed by market pulling almost doerth of the total produce (25.69 per
cent). In the existing marketing channels on threpa households, private traders may be
considered exploiter of the small and marginal frsndue to the lowest price of milk
offered, i.e., Rs. 28.31. The prevalence of deogperative society (DCS) assists the dairy
farmers by regularly procuring milk from the memipeoducers even during a sudden
declaration ofbandh (strikes) and extending non-market support suclprasiding help
during the time of credit needs of the farmers,pdyipg quality concentrate and extension
support. It is also observed during the primaryswuithat certain milk producers have fixed
buyers in the neighborhood that picks up milk frdva farmer’s doorstep during the period
when farmers are producing surplus milk. The pcleémed by the sample farmers for retalil
selling is usually at par with the market pricenoifk. Table 5.17 shows that almost 13 per
cent of the total milk produced is sold retail e theighborhood of the farmers. According
to size classes of farmers, large farmers usetgrivader relatively more compared to small
and medium farmers as the source of milk sale 88Dhis is for the reasons that these

farmers being handicapped with manpower shortagk due to voluminous production
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resorts to private trader to collect the milk frtime farmer’s doorstep. However, a large part
of the milk is also sold in the market by this guaaf farmers (41.08 per cent) to fetch better
prices. Table 5.17 further shows that small andiomedarmers are the highest user of DCS
to source the milk sale because of the advantageassed above and prices fetched by the
farmers which are relatively better than the poéered by private trader (Rs. 33.48/litre

against Rs 28.31/litre). Thus, among the markethmnnels prevalent on the overall sample
farmers, cooperative and farmers selling self te tharket together constitute as the

dominant source of milk sale (almost 63 per cemitpived by the rest of the sources, that is,

selling to private traders and retail sale in teeghborhood.

Table 5.17: Sale Pattern by Type of Buyers among feeted Households that are Net

Sellers of Milk

Farm size Private trader Market Cooperative Sold retail in the

neighborhood

Per cer Price Per cer Price Per cer Price Per cer Price

(Rsllitre) (Rsllitre) (Rsllitre) (Rsllitre)

Smal 10.1( 30.5¢ 37.1¢ 40.0¢ 40.8¢ 34.0¢ 10.91 38.4¢
Mediun 14.17 26.5( 15.5Z 39.6¢ 46.6¢ 33.51 23.3¢ 39.0(
Large 28.0: 27.8: 41.0¢ 38.9: 14.01 28.5( 16.8¢ 40.0¢
Overall 14.9¢ 28.31 25.6¢ 39.6¢ 37.11 33.4¢ 13.0¢ 39.1¢

Source:Field survey, 2015-16

5.5.3. Determinants of marketed surplus of milk

Studies indicate that marketed surplus of agricaltoutput depends on various price and
non-price factors (Sharma, 2016). Empirical studiesw that farmers respond positively
towards price change and the finding is consistgtfit economic theory. However, there are
other non price variables relating to socio-ecompmnstitutional, technological and
infrastructural factors that affect marketed susplln most cases, there remains a strong
linear and in certain cases non-linear relationgt@pveen the quantity sold out and factors
such as farm size, volume of production, houselsie, prices of output received and
socio-economic and institutional factor such agasdto credit, distance to market etc. Thus,
the postulated linear relationship between the niéget and explanatory factors designed

for the present study can be written as:

Yi=a+ BXi+u (5.4)
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Where,Y; represents the marketed surplus as a percentaggbbutput per household, and
X; (i=1, 2, ..., n) represents the explanatory fescadfecting marketed surplus. Marketed
surplus is defined as sales as a percentage shatalooutput per household. Independent
variables include adoption of crossbred cattle (shyml=adopter; O otherwise), herd size
(number of milch SAU), family size (numbers), prieeeived for the milk sold (Rs/litre),
distance to nearest market (kilometre), members#fipDCS (dummy: l=member; O
otherwise) and access to credit (dummy: l=accedsetherwise). It is hypothesized that
with the increase in adoption of crossbred catied size, family size, price received for the
milk sold, membership of DCS and access to créuét,marketed surplus should increase.
On the other hand, distance to market is expeciddve a negative effect on the marketed
surplus of milk. It is also hypothesized that sireressbred adopters are relatively more
commercially oriented compared to non-adoptersnifrthe analysis of Table 5.16),
crossbred cattle adoption variable should have figignificant relationship with the

dependent variable and also have higheoefficient.

The result of the multiple linear regression analys examine the impact of various market
and non-market factors influencing marketed surplumilk is presented in Table 5.18. It
shows that the marketed surplus model has a signifiF value of 42.41p{value = 0.000)
and a high Rvalue of 0.5561 which indicate a better fit of tmedel. The independent
variables are free from the problem of multicolangy as the mean VIF value is less than 5
(See Table 5.19). Perusal of Table 5.18 shows eRaept family size and distance to
market, the changes in the remaining variables peaitive relationship with changes in
marketed surplus. The existence of an inverse amifisant (p-value < 0.10) relationship
between distance to market and marketed surpldaiagghat higher the distance to market,
lower is the marketed surplus of milk. The poss#atelanation for the inverse relationship
can be that use of other marketing channels (sagbrigate trader, cooperatives and retail
selling in the farmer’s neighborhood) has strorgféect than selling directly in the market.
As, it is evident from Table 5.17 that more thanp@® cent of the total produce is sold to
cooperatives or picked up by professional vendat hayers in the neighborhood. The
negative relation between family size and market@gblus of milk shows that higher the
size of the family lower is the marketed surpluseGtrong hypothesis behind postulating

the model was that adoption of crossbred cattlestragger and highly significant effect on
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increased marketed surplus due to adopter's mididymtion activity strongly guided by

market participation. The result of the same imtbas expected as it is found from Table
5.18 that crossbred cattle adoption is highly digant (o value = 0.000) and likely to

induce a 14.60 per cent higher marketed surpluserGexplanatory variables such as herd
size, price received for the milk sold and membersif DCS are positive and highly

significant to influence increased marketed surpRrece received on the sale of milk is an
important signal in the study location to positiveifluence marketed surplus of milk. The
elasticity of marketed surplus of milk to its prichange is about 1.33, implying that
increase in the price of milk fetched by one ruplkely to induce a 1.33 per cent higher
marketed surplus. Similarly, one cattle head ineea the herd size and rise in the
probability of becoming member of DCS respectivedgults in 0.58 and 4.34 per cent
increase in the marketed surplus of milk. Familgesmatters and it has negative but

statistically non-significant influence on marketdplus of milk in the present study.

Table 5.18: Factors influencing marketed surplus omilk

Factors B - value “t” Value Relative rank

Constar 14.2908*** 2.67 -
(5.3463)

Crossbred cattle adopti 14.6031*** 5.8t 2
(2.5046)

Herd size 0.5798*** 3.3¢ 3
(0.1736)

Family siz -0.687¢ -1.5¢ 6
(0.4407)

Price received for the milk sc 1.3339*** 12.4¢ 1
(0.1068)

Distance to mark 1.3448° 1.97 4
(0.6839)

Membership of DC 4.7210** 1.7¢ 5
(2.6357)

Access to crec 2.457¢ 0.81 7
(3.0316)

F value 42.41%**

R? 0.556:

No. of observatio 24&

Source: Author’s estimation based on field survey data
Notes: Figures in parentheses indicate standard error;
* ** and *** indicate significant at 10%, 5% antPb probability level respectively
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The relative importance of factors influencing metdd surplus as measured by
standardized regression coefficient implies thatepfetched for the milk sold is the most
important factor, followed by crossbred cattle adwp herd size, distance to market,
membership of DCS and family size. Access to crisdibe least important factor to affect
marketed surplus of milk. The findings are in saniline with the findings of some of the
empirical studies such as Sharma (2016) carriedfauthe marketed surplus of rice and

wheat in some of the major agricultural statesohid.

Table 5.19: Variance Inflation Factors (VIF) of theExplanatory Variables

Variables Collinearity Statistics

VIF Toleranc
Crossbred cattle adopti 1.2¢ 0.77
Herd size 1.22 0.81
Family siz 1.1C 0.9C
Pricereceived for the milk so 1.0% 0.9:
Distance to mark 1.0¢ 0.94
Membership of DC 1.04 0.9¢
Access to crec 1.04 0.9¢
Mean VIF 1.12

5.6 Summing Up

The surveyed households in the present chaptecaegorized into small, medium and
large farms by using cumulative frequency of theiasg root technique. The milk
productivity of cattle and various underlying issuef milk production are analyzed
according to disaggregation of farms. Chapter fpuesents that there is significant
difference in milk productivity between crossbrediandigenous cattle. This point out that
crossbred cattle yields approximately 537 litresmadre milk per lactation compared to
indigenous cattle. In terms of various lactatiod aeproductive characteristics of crossbreed
and indigenous cattle it is indicated that crosslwattle are highly superior over indigenous
cattle in terms of age at first calving, calvingeirval and lactation length. The chapter also
indicates that concentrate is the most importaptitiio significantly affect productivity of
crossbred and indigenous cattle followed by feedihdry fodder. Using imputed value of
domestically available inputs including labour amguted value of domestically consumed

milk, returns from milk production is estimated.ighs again compared with the returns
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from milk production based on actual paid out st income received from milk sold in
the market. It is found that for the average sizeattle holding of adopters of crossbred
cattle (5.69 milch SAU), the annual income basedcost and returns would be Rs.
76,884.99 against the income of non-adopters (@ SAU) of Rs. 2534.20. With actual
paid-out costs and returns from milk sale, the ahincome for the average size of cattle
holding is estimated at Rs. 1,27,933.96 for adsp#erd Rs. 18,590.55 for non-adopters.
Higher net returns based on actual paid-out casisraturns from milk sold implies that
internal flow of input in a mixed farm system angecating dairy business using mostly
family labour incentivize farmers to go for damgi using improved breeds due to higher
net returns. The study also makes attempt to iiyefactors influencing profitability in
dairying in the chapter based on the two sets afetso Identification of factors determining
profitability of milk production is guided by incsion (or exclusion) of cost and return
imputations which brings differing direction andjsificance level of independent variables
affecting the dependent variable in model 1 andeh@dVarious dairy farming operations
engage human labour. It is found in chapter fi\e #s farm size increases, irrespective of
breed of cattle, the engagement of male labousemdportionately more than the female
labourers. It is also seen based on t-tests thadsbreeding technology adoption is
associated with increased amount of labour usgdnous farming operations per farm and
per standard animal unit, and there lies a cleéerbgeneity in the level of labour use
according to farm size and farm operations. Fusttiex chapter points out that adopters
have higher absolute consumption and marketed wurgf milk per dairy farm
commensurate with increased production comparedhéo consumption and marketed
surplus of non-adopters. Again, adopters are cowialsr oriented in their milk production
behavior as 98.54 per cent of the adopter farmergdugce milk for market against the non-
adopters of whom almost 17 per cent of the farrpesduce milk for self-consumption. The
chapter has also highlighted the available souotexsilk sale for the sample farmers that
generate marketed surplus and their prevailingepraf milk for each source. It is seen that
percentage distribution of marketed surplus by tgpéuyers varies with the variations in
size-classes of farmers. However, for the overh@e farmers, cooperative and farmers
selling self to the market together constituteresdominant source of milk sale (almost 63

per cent) followed by the remaining sources. Thaptér finally focused on identification of
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market and non-market factors determining the madkeurplus of milk. It shows that
crossbred cattle adoption significantly affectscD4per cent higher marketed surplus. Other
factors such as herd size, price received for tliik sold and membership of DCS are

positive and highly significant to influence mar@tsurplus.

Notes:

1.For standardizing the herd size among the sampigefs following standards were followed:
a) Milch crossbred = 1.40
b) Milch Indigenous =1.00

2.Rao et al. (1995) point out that the average adiestfcalving for crossbreds ranges from 25 to 33
months compared to 38 to 41 months for indigenaiitiec

3. The percentage share showed opposite direcdoause with the inclusion of the imputed value
of family labour the total imputed operational cgsimped significantly and this reduced the
percentage share of dry fodder in the total impotelational costs.

4. According to Livestock Census, 2012, the totdtmcattle is calculated to be 3072772 numbers
and assuming that there is 20.81 per cent crosshileti cattle in the state, the total milch cattle
becomes 639443.85 numbers. Accordingly number aithip person days for small or medium

farms (from Table 5.10) is extrapolated.
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CHAPTER SIX

CROSSBRED CATTLE ADOPTION AND TREATMENT IMPACT ON
FARMERS' WELLBEING

Chapter five brings forth some important milk protlan and productivity characteristics of
crossbred cattle adopters and non-adopters faaimple farm households surveyed in three districts
of Assam. Analyses on economics of milk productamd farm level employment in the two
production systems (with and without crossbreds) ararketed surplus and marketing of milk
provides interesting findings in the previous cleaptChapter five also points out various
productivity and other reproductive and lactatidraracteristics between the two breeds of cattle
owned by the sample households. It is noted thadstrred cattle are found to be superior over
indigenous breeds. Regarding economics of milk petidn among the sample farmers, the net
returns under both imputed (for domestically suggplinputs including labour) and actual costs
computations are found to be significantly higher drossbred cattle adopters compared to the non-
adopter counterpart. It is also noted while idgimij the determinants of farm profitability with én
without imputations of various farm inputs includinabour show differing directions and
significance level of the explanatory factors. Rartmore, it shows based otest (two tailed) and
multiple regression technique that crossbred catiteption is associated with increased amount of
labour use. Chapter five also highlights the immatrtdeterminants of marketed surplus of milk
among the sample households using OLS techniquerebtingly, it shows that crossbred cattle

adoption significantly affects 14.60 per cent highmarketed surplus.

The present chapter attempts to study the impacradsbred cattle adoption on major outcome
variables relating to household wellbeing suchassbhold income from various sources, labour use
to understand employability prospect of crossbrggirogramme and consumption of high value
commodities for nutritional requirements of farmubeholds. Two components of outcome
indicators of farm households, viz. net dairy ineoamd labour use are estimated in chapter five to
see the difference between adopters and non-adapt@rossbred cattle usitgest. However, the
estimation process may have endogeneity problemtaldi@rmers’ self-selection of being into the
adopters’ group. Thus, impact estimates using lsleitenicro-econometric techniques may address
selection bias and may give robust estimation ef dlatcome indicators mentioned above. The

primary objective behind the work in the currenggter is to understand the superiority of new
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technology such as high yielding crossbred cattl®rider to justify the need for policy priority

towards diffusion of breeding technology, i.e., Al.

The rest of the chapter is organized in six sesti@ection 6.1 discusses the conceptual framework
of improved technology adoption such as crossbattiecand the estimation technique. Section 6.2
elaborates on the variable choice and estimatiogprapensity scores. In section 6.3, estimation of
average treatment effects on the treated (ATT)oisedor the outcome variables of our concern in
order to find the treatment impact of crossbredeaidoption. While, section 6.4 tries to enqufre i
there is treatment heterogeneity according to icefitaportant farm characteristics, section 6.5
checks robustness of the ATT by using alternatiep@nsity score specifications. Section 6.6 finally

sums up the whole discussion of the chapter.
6.1. Conceptual Framework and Estimation Technique

6.1.1. Conceptual Framework: Technology Adoption ath Household Wellbeing

Following Becerril and Abdulai (2010), Gitonga ¢t (@013) and Khonje et al. (2014), the adoption
decision of a new technology such as high milkdjie crossbred cattle is modeled in a random
utility framework. A dairy farmer may adopt new e@ology only in the situation when the expected
utility derived after adoption of the technology sore compared to the traditional technology.
Considering that the farmer is risk neutral theeidunction for estimating adoption decision of
improved cattle breed can be expressed as:

Z; =Ty +¢ (6.1)

WhereZ; is a latent variable indicating the differenceviEsn the utility derived from adopting
improved cattle breedU(,) and from non-adoption of improved cattle breetbgsbred cattle)
denoted byJ;y . Farmers will go for new technology i#Z;= Ua - Uiy >0. However, the utilities
derived from adoption and non-adoption is unobddevaln this case what can be done is to
postulate a relationship between unobservable &sdreable variables. The teffiy provides an
estimate of the difference in utility from adoptimgproved cattle breeddJ{, - Uy), using the
observable farm and farmer characteristjcs a vector of parameters to be estimatedsrs an

error term.

The basic relationship we consider between adoptibmew technology and changes in the

household wellbeing measured in the study in tesmisicome, consumption of protein-rich high
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value food and employment, is a linear functionaofrector of explanatory variabl&) and a

technology adoption binary variable;). The linear regression equation can be specified

WhereY; denotes the outcome variables of our intergstss the standard normal disturbance term
andD; is an indicator variable for technology adoptidn;= 1 if technology is adopted aiy = 0
otherwise.X; indicates vector of explanatory variables représgrfarm and farmer characteristics.
Becerril and Abdulai (2010) and Gitonga et al. (@0&bserve that due to the inherent differences
with respect to observable and unobservable chaistits of both adopters and non-adopters it
becomes a non trivial issue to compare outcomebis between the adopters and non-adopters. In
estimating equation 6.1 and 6.2, one needs tortateethat the relationship between adoption of new
technology and outcome variable of our interesticcdne interdependent. Here, thus appears the
problem of self selection into treatment with grafpadopters being systematically different from
non-adopters. According to Gitonga et al. (2013%imple regression model containing binary
adoption variable as treatment variable, failsaotiml for selection bias emanating from differesice

in observed and unobserved characteristics.

Various methods have been proposed by researchérsrature available to address selection bias.
de Janvry et al. (2011) have proposed random assiginto treatment as one way to reduce selection
bias but for ex-post studies like ours it is impblesto follow this method. Some authors are found
to employ Heckman two-step method to deal with dide bias in situations when correlations
between the two error terms are greater than ZEme. major limitation of this approach is its
reliance on the restrictive assumption of normalistributed error terms (Becerril and Abdulai,
2010). One way of controlling selection bias isamploy instrumental variable (IV) approach
(Abadie, 2003; Angrist, 2004; Yen et al., 2008; klman and Navarro-Lozano, 2004). However, a
major drawback of this approach is its challengérad or in identifying correct instruments in the
estimation process (Imbens and Woolridge, 2009)ithkahally, the IV approach violates the overlap
assumption by not relying on exogeneity assumpti{gmbens, 2004) and IV approach like OLS
imposes functional form assumption indicating ttiee coefficients on the control variables are
similar for adopters and non-adopters (Jalan andlRan, 2003). This assumption may not hold
because coefficients are different instead of bedirgilar (Becerril and Abdulai, 2010). Other
potential panel data method that can control unebbées is the difference-in-differences method
(Heckman et al., 1997; Abadie, 2005), panel estinsatvith household fixed effects and first

differences. But, since the present study is basedross-sectional data and panel data is rarely
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available in our case, these methods are inappttepin the context of present study. Another
econometric method that deals with the problenetection bias using cross-sectional data in a non-
experimental causal framework and ignoring funaloor distributional form assumptions or
exogeneity of covariates is the propensity scoréchidg (PSM) method (Gitonga et al., 2013;
Heckman et al., 1997; Jalan and Ravallion, 200k} fethod has gained immense popularity in the
recent studies dealing with impact evaluation obgoamme participation. In PSM technique
selection bias is addressed by conditioning on relbbée variables and does so by matching each
adopter households to its one or more non-adoptingnterparts with similar observable
characteristics. One limitation of PSM techniquewaver, is that it fails to capture selection bias
based on unobserved heterogeneity which can partied corrected by Rosenbaum bounds
sensitivity analysis if PSM results are sensitivéitiden bias.

In several of the recent studies on impact evalnadf different agricultural technologies adoption
are found to have been carried out using PSM tegclenin different parts of the world. These studies
include impact of metal silos adoption on maizeagie, storage losses and food security in Africa
(Gitonga et al., 2013); impact of adoption of imped maize varieties on crop incomes,
consumption expenditure and food security in Eas#Eambia (Khonje et al., 2015); adoption of
genetically modified cotton and its impact on payen Pakistan (M'mboyi et al., 2010); Impact
assessment of improved agricultural technologieb sis improved maize seeds, improved granaries,
tractor mechanization, and animal traction on hbakkincome in rural Mozambique (Cunguara and
Darnhofer, 2011); Adoption of improved maize vaeston household income and poverty reduction
in Mexico (Becerril and Abdulai, 2010); adoptioniofproved groundnut varieties and its impact on
rural poverty in Uganda (Kassie et al., 2011). Thiethod has also been used to evaluate the impact
of maize-pigeonpea intensification in Tanzania (Aenat al., 2012); improved pigeonpea and
chickpea varieties adoption in Ethiopia and Tared@isfaw et al., 2012); impact of adoption of
integrated rice-fish farming system on welfare oérginalized indigenous farm households in
Bangladesh (Islam et al., 2015) and impact of agjtical technology adoption on poverty alleviation
strategy in Rural Bangladesh (Mendola, 2007). Tokmowledge, this method has not been applied
so far to study the impact of crossbreeding teamobdoption on wellbeing indicators of farmers

such as income, consumption and employment.
6.1.2. Propensity Score Matching: Estimation Techijue

Following Heckman et al. (1998), Amare et al. (201&#hd Rosenbaum and Rubin (1983), each

person may have two possible outcomd&s, and Y; in the untreated (control) or treated

154

TH-2034_126141005



(experimental) states respectively. In a situatibren each person has omfyor Y, and never both,
the issue of programme participation becomes atriviat issue. When there is the problem of self
selection of programme participation, ¥tbe the value of outcome indicators (income fromoes
sources, labour use and per capita daily consumptio high value commodities) when the
household is subject to treatment, i.e., adopt high yieldingssbred cattlez(= 1) andY,, the same

variable when it does not adopt crossbred cattte). The observed outcome becomes,

Y = ZYl + (1 - Z)YO (63)

When, ¢ = 1) we observer; and when £ = 0) we observeY,. The average effect of treatment on the
treated (ATT) is defined as

ATT=E(Y,—Y, 1z=1)=EY, 1z =1)—E(Y, 1z=1) (6.4)

However, it is not possible to get a gross impéct Y; — Yo for the same person. In other
words, we can only observe the outcome variableineome, consumption and labour use
of adoptersE(Y; 1z =1) and unable to observe the outcome variables fwsetladopters
had they not adoptdtl(Y,, 1z = 1). Therefore, matching estimation assumes counteedbc
analysis by matching the control with the treatn@gervations. The primary assumption in
the matching process is the conditional indepergl@ssumption (CIA) which states that
given a set of observable covariakewhich are unaffected by treatment, potential omes
are independent of treatment assignment (Caliemdb Kopeinig, 2005). According to
Mendola (2007), CIA is more plausible than in ca$eOLS, since it is assumed that
technology adoption is random (not correlated wi)hwithin groups of households that

have identical behavior towards adoption of Tecbggl In notation,

(YY) Lz 1X, v X (6.5)

This implies that the counterfactual outcome (inednem various sources, labour use and
per capita daily consumption of high value commiedjtindicators in the treated group are
the same as the observed outcome for the nontrgedag

ATT =E(Y, 1X,z=1)=E(Y, 1 X,z = 0) = E(Y, IX) (6.6)

Now, when we are based upon CIA, it rules out adaptn the basis of unobservable gains
from adoption. The CIA also requires, apart frortelsobased on observable characteristics,
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that the set oK's should contain all the variables that influemeatiment assignment and
potential outcomes simultaneously (Amare et all22@aliendo and Kopeinig, 2005).

Thus, under CIA, computation of ATT becomes asfe,

ATT=E(Y, - Yy IX,T=1)=EY, 1X,T =1)—E(Y, 1X,T =1) (6.7)

Where, Y, and Y, is the treated and untreated outcome respectieglgl, T indicates treatment
assignment and is equal to 1 if the household vesdireatment and 0 otherwise. When the set of
covariates is sufficiently large, matching the tadoption groups based on observed covariates may
not be desirable or difficult due to dimensionaliRosenbaum and Rubin (1983) suggested that in
order to deal with the problem of dimensionalithie tuse of balancing score as a single index
variable is important which summarizes the obsew@diriates. Propensity score as a single index
variable P(X) indicates the conditional probability for an inidival to participate in a treatment
which is one such balancing score that can beemras-

PX)=Pr(z=1) 1X (6.8)
The ATT in equation (6.4) can then be written as
ATT =E(Y, 1P(X),z =1)—E(Y, IP(X),z=1) (6.9)

A further requirement besides CIA is the commonpsup or overlap condition while
matching treated and untreated groups. It rulest@iphenomenon of perfect predictability
of z given X:

0<P(z=11X)<1 (6.10)

This indicates that household with the same vabdieovariates have a positive probability

of being either participants or not-participant®&¢kman et al., 1999).

Literatures on propensity score matching suggesttige to check whether the distribution
of relevant covariates is balanced in both (treatna&d comparison) groups. (Rosenbaum
and Rubin, 1985; Lee, 2008; Caliendo and Kopeia@f)8). Prior studies have indicated a
number of tests to reduce the influence of confoundariables (Rosenbaum and Rubin,
1985; Sianesi, 2004; Caliendo and Kopeinig, 2006¢ present study thus adopts tests such
as the equality of means of the relevant covarimtdbe treatment and comparison groups
after matching by using two samphkests implying that after matching there should lre

any significant differences. Another test throughick the matching quality is assessed is
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by comparing the pseudd Rndp-values of likelihood ratio test of the joint siipance of

all the covariates obtained from Probit analyigfobe and after matching the samples. The
rule of thumb is that pseudo?Rfter matching should be sufficiently lower ane fjoint
significance of covariates should be rejectedptealues of the likelihood ratio should be
insignificant) (Sianesi, 2004). Several of the emopl studies using propensity score
matching used propensity score graph to visualgckhf the common support condition is

satisfied or there is substantial overlap in prajtgrscore.

Additionally, Rosenbaum and Rubin (1985) suggestube of mean absolute standardized
bias (MASB) between adopters and non-adopters whexeecommended that standardized
difference of greater than 20 per cent should hesidered as too high and becomes an
indicator that matching process has failed to fatise balancing property. In case of

MASB, for each observable and propensity scoresthedardized bias is estimated before

and after matching as:

Xe—Xnt
Vi(X)+VntX)
\j 2

WhereX, andX,, are the sample means for the treatment and natwtemt (comparison)

SB(X) = 100 X (6.11)

groups respectivelW; (X) andV,;(X) are the corresponding sample variance (Caliendo an
Kopeinig, 2008). The bias reduction (BR) can be goted as:

(6.12)

BR = 100 (1 = —B(X)“f“”>

B(X)pefore

Prior studies on propensity score matching aredaonuse a number of methods to match
the similar pair of adopters and non-adopters. Mibst commonly used matching methods
are nearest neighbor matching (NNM), kernel-basattihing (KBM) and radius matching
(RM). It is also found that within the same variaot matching method, different
bandwidth/caliper are used. The nearest neighbéchimg method consists of each treated
individual with the control individual that has tloéosest propensity score (Becerril and
Abdulai, 2010). More commonly NNM is used with rapgément in the control
observations.In the next step of propensity score matching@$NM is to estimate the

differences of each pair of matched observationd @e resulting mean difference is
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obtained as ATT. KBM is a non-parametric matchistineator that used weighted averages
of all comparison units to construct the counterfacoutcome. KBM method has one major
advantage that it has lower variance which is pbsdiecause of more information being
used. In radius matching, it is indicated that uh#t lies within the radius (propensity
range) and is closest in terms of propensity scine.basic idea of radius matching is to use
not only the nearest neighbour within each calipgrall the comparison members within

the caliper (Caliendo and Kopeinig, 2005)
6.2. Variable Choice and Estimation of Propensity &re
6.2.1. Descriptive Statistics

In estimating the impact of crossbred cattle adwoptin wellbeing of the sample farmers, the
study has considered outcome indicators such asehold income, consumption of protein
rich high value commaodities and employment. Hoo&imcome is estimated according to
different sources that include dairy income, incofmen livestock (other than dairying),
crop and/or plantation income and off-farm incor8amilarly, consumption of high value
commodities incorporates consumption of milk, fismeat, fruits and vegetables.
Employment effect of crossbred cattle adoption easured as changes in the total person
days per month engaged in dairying after adoptiahfarther disaggregating the changes in
total person days into male and female person gaysmonth. Table 6.1 to Table 6.3
presents the outcome variables and their desceifstiatistics. For the purpose of the study
adopters are classified as farmers who are fourithte at least one high yielding in-milk
crossbred cattle during the survey and non-ado@ersreferred to the farmers who are
found rearing only localdes) cattle breed. Table 6.1 reports tlateris paribughe mean
difference test between adopters (treatment grang)non-adopters (comparison group) of
crossbred cattle is significant for the importantoome variables such as net dairy income,
livestock income, total household income and netydacome per milch cattle per day. It is
seen from Table 6.1 that holding other things camsadopters have significantlyg=0.000)
higher dairy income equivalent to Rs. 73,581.99 ggarum compared to the non-adopter
counterpart. Similarly, the annual livestock income and housgliocome of adopters over
non-adopters are significantly higher by Rs 394@8d Rs. 93205.67 respectively. The two

important components of total household income sfschrop income and off-farm income
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show positive rise for adopters compared to its-adopter counterpart but the increase is
statistically insignificant. In order to normaliskee net dairy income differences between
adopter and non-adopters in terms of herd sizel@iey income per milch cattle per day is
computed for the sample data set. It is seen fraleT 6.1 thateteris paribusadopters
have statistically significan{p€0.000) higher income of Rs 51.61 per milch catée day

against the non-adopter counterpart.

Table 6.1: Mean Income from Different Sources durig 12 Months Preceding the
Survey for the Sample Farmers and their Mean Diffeence Test

Outcome Variable Treatment Comparisons t-test
(N=137) (N=108) (2-tailed)
Mean Std. error Mean Std. error Difference p-value

a) Value of Milk Produced 158566.60 19328.980 26548.470 1951.726 132018.10 0000.
(Dairy Income) (Rs)

Value of milk sold (Rs) 141032.60 19027.390 185680.2 1912.757 122532.30 0.000
Value of milk consumed (Rs)  17534.010 984.902 8098. 443.855 9485.820 0.000
b) Paid out Expenses of Milk 69979.790 9142.695 11543.650 1014.237 58436.140 000.0
Production (Rs)

¢) Net Dairy Income (a — b) 88586.820 11103.550 015820 1183.291 73581.990 0.000
d) Income from Livestock 9120.438 960.227 5179.630 568.071 3940.808 0.001
(Excluding Dairy) (Rs)*

e) Net Crop Income (R5) 27253.280 5714.343 21061.110 8404.365 6192.174 00.53
f) Off Farm income (RS} 102949.50 12435.610 93458.80 10823.240 9490.693 .5770

g) Total household income  227910.40 17384.69 134704.40 13493.33 93205.670  000.0
(Rs) (c+d+e+f)

f) Net Dairy Income/milch 70.63 4.95 19.03 1.42 51.61 0.000
Cattle/Day (Rs)

Source: Author’s estimation based on field survey data;

Notes: p<0.01, p<0.05 and p<0.1 indicates significarit%{ 5% and 10% respectively; * Includes
the income from selling of live animals such adleabuffalo, poultry, and other output mainly egg,
cow dung etc. # Net Crop Income refers to the vafusrop output minus the intermediate c&st.

Off farm income refers to income accrued to thesetwold from all the sources other than net
income received from dairying, livestock and cropduction

The other outcome variables of our choice are #recppita daily consumption of protein
rich and high value food commodities and employm@abour use in person days per
month). Table 6.2 presents the mean differenceofgser capita daily consumption of milk,
fish, meat, vegetables and fruits between the mesnioé adopter and non-adopter
households of crossbred cattle. It is found thaeothings remaining constant, there is
statistically significant increase in per capitasomption of milk, fish, meat and fruits after

adoption of crossbred cattle. Table 6.2, howeveintp out that although there is a positive
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change in per capita per day consumption of ve¢gdaditer adoption of crossbred cattle but
the change is not statistically significant. It feund that ceteris paribusadoption of
crossbred cattle leads to approximately 164, 1and 8 grams increase in the per capita

daily consumption of milk, fish, meat and fruitspectively (Table 6.2).

Table 6.2: Mean per capita Daily Consumption of Hif Value Commaodities for the
Sample Farmers and their Mean Difference Test

Outcome Variable Treatment Comparisons t-test
(N=137) (N=108) (2-tailed)
Mear Std.erro Mear Std. erro Difference  p-value
Consumption of Milk (granr  308.69(  16.20¢  144.57: 11.46¢ 164.11¢ 0.00¢
Consumption of Fish (grar ~ 45.14« 3.45¢ 34.04: 3.39: 11.10: 0.02¢
Consumption of Meat (grar  22.25¢ 2.18( 15.27¢ 1.10¢ 6.98( 0.00¢
Consumption of Vegetabl¢  151.28:¢ 7.541 130.87!  14.59¢ 20.40¢ 0.18¢
(gram)
Consumption oFruits 18.24° 1.83¢ 10.40¢ 1.72¢ 7.83¢ 0.00z
(gram)

Source: Author’s estimation based on field survey data;

Notes: p<0.01, p<0.05 and p<0.1 indicate significant at 5% and 10% respectively

Table 6.3 presents the summary statistics and rddéference test of outcome variables
relating to employment potential for adopter andch-adopter of crossbred cattle. The
outcome variables are the overall and gender @leddabour use in rearing dairy animals
among sample households. It is seen that adopfidngb yielding crossbred cattle may

significantly increase overall labour use to theeakof 13.97 (p=0.000) days per month.

Table 6.3: Mean Employment of Labour (Person days/onth) for the Sample Farmers
and their Mean Difference Test

Outcome Variable Treatment Comparisons t-test
(N=137) (N=108) (2-tailed)

Mear  Std. erro Mear Std. erro Difference  p-value

Employment (male persc 17.25¢ 1.19¢ 7.31% 0.53¢ 9.93¢ 0.00(

days/month)

Employment (female persc 8.42¢ 0.53¢ 4.39¢ 0.35: 4.03( 0.00(

days/month)

Employment (total persc 25.68: 1.38: 11.71¢ 0.59: 13.96¢ 0.00(

days/month)

Source: Author’s estimation based on field survey data;
Notes: p<0.01, p<0.05 and p<0.1 indicate significant at $% and 10% respectively

160

TH-2034_126141005



Adoption of crossbred cattle also directly leadsigmificant increase of labour use for both
male and female equivalent to 9.94 and 4.03 petlsgs per month respectively. Thus the
test of the equality of means between adoptersnaneadopters of high yielding crossbred
cattle signifies that adopters have significantiyhler use of labour for both male and female
members of the farm households compared to nontaxop

The outcome variables of our interest indicatingidehold wellbeing show that using
sample mean difference test between adopters amcadupters, there is found to have a
positive impact after adoption of high yielding ssbred cattle for most of the variables in
Table 6.1 to Table 6.3. However, these results aabe used to make inferences regarding
the impact of crossbred cattle adoption. This isabbse confounding factors should be
controlled for to do away with selection bias astest before. As Table 6.4 shows that the
mean difference test for various farm charactessthat may influence both the outcome
variable and adoption of crossbred cattle indicdtes non-adopters are likely to be
constrained in terms of household head’s educatistance to all-weather road, herd size,
credit access, information on improved breedingvises such as Al, cooperative
membership, accessing benefit from government dimelopment programme, having a
saving/bank account and average price of milk dolid.seen that treatment group (adopter)
is more educated compared to its comparison (noptad group by an average years of
schooling of 2.81 years and have lesser distanadl-tweather road equivalent to 121.77
metres. Furthermore, treatment group is likely daoenhigher herd size of 7.16 cattle heads
against the herd size of 5.39 cattle heads. Tleéilidod of access to credit and membership
of dairy cooperative society for the adopters afssbred cattle is larger vis-a-vis the non-
adopters. Number of years since first knew aboutad been taken as a proxy for access to
extension services and indicates that adopters &detter access to extension services and
thus knew about Al much before over the knowledg® non-adopter counterparts. It also
appears that adopter households are more likebetthe beneficiary of government dairy
development programmes (such as free distributiofodder seeds and distribution of
subsidized concentrates under RKVY). Average pdtenilk is considered as proxy to
availability of better marketing facility in the rfaer’s locality and indicates that adopters
have better and remunerative marketing facility pared to the non-adopter of crossbred

cattle (Table 6.4). For all other variables (iage of household head, family size, off-farm
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income, distance to market and duration of the Yathe mean differences between the two
groups are not statistically significant, implyitigat for these variables there is no selection

bias in adoption of high yielding crossbred cattle.

Table 6.4: Descriptive Statistics for Explanatory \ariables of Unmatched Sample

(mean)
Explanatory Variables Treatment Comparisons t-test
(N=137) (N=108) (2-tailed)

Mear  Std. erro Mear  Std. erro Difference  p-value
Age of the Household head (ye: 50.67: 1.10(¢ 49.77¢ 1.167 0.89¢ 0.58(
Education of the household he 7.48¢ 0.40¢ 4.67¢ 0.41: 4.81: 0.00(¢
(number of years in school)
Family size (humber of famil 5.722 0.20: 6.13¢ 0.257 -0.41¢ 0.19¢
members)
Off-farm income (1=yes 0.62( 0.042 0.55¢ 0.04¢ 0.06¢ 0.30¢
O=otherwise)
Distance to market (kr 2.85: 0.13¢ 3.14¢ 0.161 -0.29¢ 0.16(
Distance to a-weather road (metr ~ 350.0( 33.28: 471.76¢  35.90: -121.76° 0.01¢
Herd size (number of catt 7.161 0.73¢ 5.38¢ 0.35i 1.77:2 0.047
Access to credit (1=ye 0.212 0.03¢ 0.111 0.03( 0.10(¢ 0.03¢
O=otherwise)
Number of years since first kne 13.45¢ 0.747 7.85: 0.57( 5.60¢ 0.00(
about Al technology (years)
Membership of dairy cooperati 0.45¢ 0.04: 0.111 0.03( 0.34¢ 0.00(
society (1=yes; 0=otherwise)
Beneficiary of govt. dain 0.32¢ 0.04( 0.02¢ 0.01¢ 0.30( 0.00(
development programme (1=yes;
O=otherwise)
Having saving/ bank account (1=yt 0.85¢ 0.03( 0.64¢ 0.04¢ 0.20¢ 0.00(
O=otherwise)
Price of milk sold (Rs/litre 34.99: 0.64¢ 31.37( 1.31¢ 3.62: 0.00¢
Duration of the farm (year 27.54( 1.27¢ 27.19: 1.39¢ 0.34¢ 0.85¢
Ethnicity dummie
Bengali (1=yes; 0=otherwis 0.25¢ 0.03: 0.35:2 0.04¢ -0.09¢ 0.10:
Nepali (1=yes; 0=otherwis 0.37¢ 0.04: 0.28i 0.04¢ 0.09: 0.12¢
Bihari (1=yes; 0=otherwis 0.07: 0.02: 0.12¢ 0.03: -0.057 0.13¢
Others (1=yes; 0=otherwis 0.04¢ 0.017 0.05¢ 0.02: -0.01: 0.67:
District dummie
Sonitpur (1=yes; 0=otherwis 0.31¢ 0.04( 0.361 0.04¢ -0.047 0.43¢
Karbi Anglong (1=yes; O=otherwis  0.29: 0.03¢ 0.28i 0.04¢ 0.00¢ 0.93:

Source: Author’s estimation based on field survey data;
Notes: p<0.01,p<0.05 anc<0.1 indicate significant at 1%, 5% and 10% respelt
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The incidence of adoption by farm size and edunatevel of the household head is
presented in Table 6.5. It is seen that the in@dest adoption is higher in case of average
to small farmers (with less than 6 cattle headshgared to large farm holders. It is found
that of the 245 total sample farm households, am8sper cent average to small farm
owners have adopted high yielding crossbred cattide only 18 per cent large farm
owners (with more than 6 cattle heads) have adogteskbred cattle. It is again envisaged
from Table 6.5 that there exists a positive assiotiebetween education of the household
head and adoption of high yielding crossbred cattlecording to Kassie et al. (2011),
educated household head may have better accesfotmation and may be better able to
analyze the importance of the technology and mameye technologies efficiently. The
proportion of farmers with high education adoptthg high yielding crossbreds is 31 per
cent against 25 per cent for the households with flean 6 years of schooling. The summary
statistics and mean difference tests in Table Gdl Table 6.5 report that adopters of high
yielding crossbred cattle may be systematicalljed#int from non-adopters which may be

due to farmer’s self-selection into treatment.

Table 6.5: Category of Households by Farm Size (nuper of cattle heads) and
Education Status (per cent of total sample)

Household Category Adopters Non-adopters
(N =137) (N =108)
Large Farm size (> 6 cattle hee 17.9¢ 10.2(
Average/small farm< 6 cattle head 37.9¢ 33.8¢
High education (> 6 years of schooli 31.0zZ 18.7¢
Low Education < 6 years of schoolin 24.9( 25.31

Source: Field Survey, 2015-16
Note: * classification is done with reference to higher#oihan the average years of scooling (5.99
years) and cattle heads owned by the farm housel®I88 numbers)

6.2.2. Estimation of Propensity Scores

The empirical analysis of the treatment impact begwith the probit estimation of
propensity score where adoption of crossbred cattiae probit model is coded as 1 for
adopter and O for non-adopter. The selection oflamgtory variables for adoption of
crossbred cattle is drawn from some of the themak(Feder et al., 1985; Doss, 2006) and

empirical literatures based on analysis of socmnemic factors influencing agricultural
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technology adoption. A detailed explanation of teeplanatory variables for Probit

estimates of propensity score is given below.

Farmer characteristics such as age of the housétsald characteristics can be associated
either positively or negatively with improved agtittiral technology adoption. This may be
due to the fact that older farmers are more expeei@ (Beshir, 2014) or younger farmers
may be more innovative (Adesina and Baidu-Forsd®951 Doss, 2006). Household
characteristics such as education may positivefijuence adoption of crossbred cattle
(Huffman, 2001). A literate household head maylgasomprehend the likely benefit of
adopting productivity enhancing technology. Studiase also shown that education of the
household head can be a symbol of household’'s mma#ts and likely to bear a positive
relation with new and improved agricultural tectogy adoption (Walker et al., 2004;
Cunguara and Darnhofer, 2011). Family size of thaskhold is included in the present
study to model the crossbred cattle adoption cenig that lack of labour may impair the
use of labour intensive technology such as reaoihgrossbred cattle (Mekonnen et al.,
2009; Doss, 2006). Some studies include availgmlitassets as one of the determinants of
new agricultural technology adoption. Participation off-farm employment for the
household head can be included as a suitable pooagset endowment (Walker et al, 2004)
as farmers may be facilitated with meeting captad/or operating expenses required in the

new technology.

Some of the location characteristics such as distém market (Baltenweck and Stall, 2000)
and distance to all-weather road (Barett, 2008eFetl al., 1985; Cunguara and Darnhofer,
2011) are likely to reduce constraints to informatiaccess and transaction costs. Farm
households located close to the market and nealit-teeather road may reduce transaction
cost through easy access to input and output marietthus incentivize towards crossbred
cattle adoption. Hence, there is a negative hypithd relation between adoption of
crossbred cattle and distance to market and distdacall-weather road from farm
household. Farm size affects positively the adoptibnew agricultural technology (Smale
and Mason, 2013). In the present study also irésymed that as farm size increases, the
farmers may start adopting more high yielding doosd cattle because this may help them

in two ways: (i) having a capital base (througHisglof low productive local cattle) to buy
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relatively expensive crossbred cattle and/or Kiiptigh domestically growing of such breeds
through impregnating the local female cattle with ok using bull of high genetic merit
(exotic). Credit is an important factor incorporhia Probit estimation of crossbred cattle
adoption. Literatures point out that when init@véstments in the adoption process of a new
technology, access to credit may facilitate thénnetogy adoption (Hazarika et al., 2016;
Noltze et al., 2012; Shiferaw et al., 2008; Lapeteal., 2015). In a rural economy when
expansion of crossbred technology (diffusion ofsshwed cattle through purchase) is
partially conditioned by the access to credit smyj it is hypothesized that there is a

positive relationship between adoption of crosslmatle and access to financial services.

Access to information about new technology is ideldithrough two binary proxy variables:
number of years since first knew about Al techngland membership of farmer’s
association such as DCS. The understanding idahaers that knew about this technology
had access to extension services much earlieratfarmer who has known the technology
very recently. Also one can tap the advantage ofabeapital by becoming members of
farmers association such as DCS where informatialyl to move very quickly among
farmers (Cunguara and Darnhofer, 2011; Doss, 200mnirez, 2013). Beneficiary of
government dairy development programme affectstipelr the adoption of crossbred
cattle. Farm households that have ever benefitteth fsuch programme may get an
incentive and support to adopt a new agricultieahhology. The household’s possession of
a saving/bank account points out the financialusidn status (Hazarika et al., 2016).
Having a saving/bank account acts as a catalysirttsradoption of crossbred cattle through
time sensitive Al technology adoption and thus rhaye positive effect on the same. Price
of milk is an important indicator of expected pta#x-post the adoption of crossbreeding
technology. A higher market price can act as anomant signal of better marketing
facilities and encourage farmers towards adoptibnnew technology and thus may
positively affect adoption of crossbred cattle.ritity and location dummy are included in
the Probit model to control for heterogeneity agsdue to differences in the crossbreeding
technology adoption behaviour among farmers arabidrol for spatial heterogeneity of the

sample households.
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The probit estimates of the propensity equationpaesented in Table 6.6. The model is
significant at 1% probability level with LR Chi2 e 110.48 per cent and Pseudo R2 value
of 0.3286. The log likelihood ratio is -112.86 athé model correctly predicts 78.70% of
adopters and 79.56% of non-adopters. Table 6.@ates that many of the variables have

the expected sign with some of the important véembuch as herd size, number of years

Table 6.6: Probit Estimation of Determinants of Crassbred Cattle Adoption

Variables Coefficient Std. error p-value
Age of the Household head (ye: 0.013° 0.009¢ 0.16¢
Education of the household he 0.03( 0.026: 0.25¢
(number of years in school)

Family size (numbers of fami -0.008" 0.045¢ 0.84¢
members)

Off-farm income (1=yes; 0=otherwit 0.122¢ 0.229: 0.53¢
Distance to market (kr -0.052¢ 0.067: 0.431
Distance to a-weather road (metr -0.0000¢ 0.000: 0.71:
Herd size (number of catt 0.061¢ 0.032¢ 0.057
Access to credit (1=yes; 0=otherwi -0.002¢ 0.313: 0.99:
Number of years since first knew ab: 0.079( 0.018¢ 0.00(¢
Al technology (years)

Membership of dairy cooperati 1.037: 0.320: 0.001
society (1=yes; 0=otherwise)

Beneficiary of govt. dairy developme 1.025: 0.392° 0.00¢
programme (1=yes; 0=otherwise)

Having saving/ bank account (1=y: 0.208: 0.246¢ 0.39¢
O=otherwise)

Price of milk sold (Rs/litre 0.022( 0.011( 0.04¢
Duration of the farm (year -0.020: 0.008¢ 0.02¢
Ethnicity dummie

Bengali (1=yes; 0=otherwis 0.493: 0.363( 0.17¢
Nepali (1=yes; O=otherwis 0.398¢ 0.418: 0.341
Bihari (1=yes; O=otherwis 0.148¢ 0.499¢ 0.76¢
Others (1=yes; 0=otherwis 0.648¢ 0.594: 0.27¢
District dummie

Sonitpur (1=yes; 0=otherwis -0.962: 0.370: 0.00¢
Karbi Anglong (1=yesO=otherwise 0.019¢ 0.400¢ 0.96(
Constar -2.485¢ 0.750: 0.001
LR Chi2 (20 110.4¢

Prob>Chi: 0.00(

Pseudo R 0.328t¢

Log likelihooc -112.8¢

Non-adopters correctly predict 79.56%

Adopters correctly predict: 78.70%

No. of observatior 24E

Source: Author’s estimation based on field survey data
Notes: p<0.01,p<0.05 anc<0.1 indicate significant at 1%, 5% and 10% respelt
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since knowing about artificaial insemination (Af)embership of Dairy Cooperative Society
(DCS), beneficiary of government dairy developmeanaigramme, and price of milk sold are
found to significantly and positively influence gdion of high yielding crossbred cattle.
Duration of the farm that significantly affects @tion of crossbred cattle is having a
negative association with the dependent variabis.fbund from Table 6.6 that as herd size
increases by one cattle head, probability of cneskisattle adoption increases by 6.19 per
cent. Membership of DCS and becoming beneficiarygofernment dairy development
programme have a stronger influence on adoptiaradsbred cattle. It has been found that
farmers with membership of DCS and availing thevises of any government dairy
development programme leads to respectively 1080182102.52 per cent higher chances of
crossbred cattle adoption. The other two signiticaariables, price of milk sold and
duration of farm imply that with one rupee increas¢he price of milk and one additional
year increase in the duration of the farm lead .@ Zrcent increase and 2.02 per cent

decrease in the probability of crossbred cattldianpespectively (see Table 6.6).
6.2.3. Covariate Balancing Test

Before going to the causal effect of adoption ghhyielding crossbred cattle, we want to
discuss the quality of matching process. Estimatiteyindividual propensity score for the
observations in the sample by implementing prolmtieh the common support condition is
checked. The estimated propensity scores range d¢tose to zero (0.0125031) to close to
one (0.9999) with a mean of 0.5592184 and a stdndiawiation of 0.3052. It is found that
there is considerable overlap in common supportdit@m as the predicted propensity
scores for adopters of high yielding crossbredeatinges from 0.068306 to 0.9999 with a
mean of 0.7276378 and a standard deviation of @.248l for non-adopters, it ranges from
0.0125031 to 0.9114233 with a mean of 0.3455754 arstiandard deviation of 0.2273.
Thus, following the minima and maxima criteria, themmon support region for the
estimated propensity scores distribution of the @anfiarmers would lie in the range of
0.068306 to 0.9114233. In the process of overlagpgie common support about 18.37 per
cent of the total observations whose propensityesctie outside the region of common
support are discarded from the analysis that falowhis intersection region for the

propensity score is also clear from the common supygraph (Figure 6.1) as well. Figure
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6.1 gives the histogram based on the estimatedcepsiy scores for both adopters and non-
adopters. The bottom half of the graph shows tl@gnsity scores distribution for the non-
adopters and upper half for adopters and the densif the scores are represented in the y-
axis. A cursory look of propensity scores densistributions for the two adoption groups
indicate that the common support condition is §etis i.e., there is substantial overlap in

the distribution of the propensity scores for the groups (adopters and non-adopters).

As mentioned above, a major objective of propensitgre estimation is to match the
distribution of relevant variables between the @dwption groups, i.e., adopters and non-
adopters, rather than obtain a precise predictfosekection into treartment. According to
DING et al. (2011), three features that explainc@dymatched samples are that (a) the
covariates incorportated in the propensity scotenesion model (probit or logit) are good
predictors of the treatmaent variables; (b) it indaa large percentage of the treated
observations after implementation of common suppord (c) the individual variables used
to match adopters and non-adopters are adequatdnced’ across treatment and control

groups.

As far (a) and (b) is concerned, the present stulifyls such conditions as discussed above
and so far (c) is concerned we tried to see ifviddial variables used to match the two
adoption groups (adopters and non-adopters) aguatkdy balanced across treated and non
treated (control) groups based various matchinignagirs as suggested by several authors
(Smith and Todd, 2005; Dehejia and Wahba, 2002kl and Copening, 2005). Hence, in
the present study we implemented matching estimatoch as nearest neighbour matching,
kernel matching, and radius matching using propgssiore matching algorithms developed
by Leuven and Sianesi (2003) in STATA 14. Theooastiiteratures on PSM suggests few
properties for a good matching between treatmedtcamtrol group and satisfaction of it
indicates that the two groups are similar and we pastulate a counterfactual situation.
Firstly, it generates statistically identical caeée means for both groups (Caliendo and
Kopeinig, 2005) and provides from a relatively higteudo-R value before matching to a
low pseudo-R value after matching (Sianesi, 2004) along withtistically insignificant
likelihood ratio test of all regressors after matgh (Smith and Todd, 2005). More

specifically, rejection of the group means differertest after matching implies a good
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balancing of the covariates. Secondly, reductiomefn standardised bias by a more than

20 per cent indicates that the matching processdias Rosenbaum and Rubin (1983).

Table 6.7 and Table 6.8 presents that balancingeptyis satisfied between the distribution
of covariates of adopters and non-adopters of bredscattle. In particular, mean equality
tests of covariates between adopter householdshairdcorresponding non-adopters shows
that the two adoption groups are comparable. Ascanesee in Table 6.7, the unmatched

Table 6.7: Covariate Balancing Tests for Matched Saple

Variable Unmatched sampli Five-nearest neighbor maching
Treatet Contro Diff: Treate! Contro Diff:
p-value p-value
Age of the Household he  50.67: 49.77¢ 0.581 49.20° 50.70: 0.45:
Education of the househc  6.81(  4.96: 0.00z 6.021 5.47¢ 0.40¢
head
Family size 5.72:  6.13¢ 0.19¢ 5.75( 5.73i 0.96¢
Off-farm income 0.62C  0.55¢ 0.307 0.641 0.91: 0.301
Distance to marke 2.85:  3.14¢ 0.161 2.88: 2.93: 0.85¢
Distance to a-weather roa  350.C 471.7: 0.01¢ 385.3¢ 436.3: 0.361
Herd size 7.16(  5.38¢ 0.04 6.152 6.41% 0.71(
Access to cred 0.21:  0.111 0.03¢ 0.11¢ 0.12¢ 0.85¢
Number of years since fir ~ 13.4¢  7.85:Z 0.00( 10.16: 10.74¢ 0.54¢
knew about Al technology
Membership of dair 0.45¢ 0.111 0.00( 0.271 0.241 0.63¢
cooperative society
Beneficiary of govt. dair 0.32¢  0.02¢ 0.00( 0.10¢ 0.07¢ 0.41¢
development programme
Having saving/ ban 0.85¢  0.64¢ 0.00(¢ 0.79: 0.821 0.62¢
account
Price of milk solc 34.99: 31.37( 0.00¢ 35.08: 35.39¢ 0.81¢
Duration of the farn 27.54( 27.19: 0.85¢ 26.71° 27.85¢ 0.59¢
Ethnicity dummie
Bengali 0.25¢  0.35: 0.10z 0.36¢ 0.38¢ 0.80¢
Nepali 0.37¢  0.28i 0.13( 0.29: 0.32¢ 0.63¢
Bihari 0.07:  0.12¢ 0.14( 0.09i 0.06¢ 0.42:
Others 0.04:  0.55¢ 0.67: 0.06t 0.04¢ 0.56¢
District dummie
Sonitpur 0.31¢ 0.28i 0.93: 0.261 0.25¢ 0.97:
Karbi Anglong 0.29:  0.28: 0.93: 0.33¢ 0.34¢ 0.90:

Source: Author’s estimation based on field survey data
Notes: p<0.01,p<0.05 anp<0.1 indicate significant at 1%, 5% and 10% respelst
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sample does not show that the balancing propesgtisfied although the groups are found
to be comparable in terms of age, family size faffn income, distance to market, duration
of the farm and ethnicity and district dummiesjgnsicant difference is found between the
two adoption groups for the majority of the obsereevariates before matching. The results
of matching using five-nearest neighbour matchitgprethm indicates that the observed
covariates do not vary between the treated andraogtoup in a statistically significant

way. Covariate balancing test using kernel basetthimey (KBM) and radius matching

(RM) is shown in Appendix Table A6.1 and Table A&u2d the results do not vary in a

significant way from five-nearest neighbour matchin

Table 6.8 presents the results of the covaridnbang tests based on the above mentioned
indicators using various matching algorithms. TisewRlo-R before matching was 32.9%
before matching gets reduced to 1.6 — 2.5% aftechmay. Again, thep-values of the
likelihood ratio tests (joint significance of colates) was significant and never rejected
before matching is always rejected after matchirige standardised mean difference for the
covariates used in the propensity score of aro@2P2 before matching is reduced to about
4.4-6.8% after matching. This reduces total biaks&ntially in the range of 76.71 —
84.93%. It is further observed that the number l[mfepvations retained after matching are
200 from a total of 245 observations and indic#tes the matching process did not result to

substantial loss of observations (see Table 6.8).

Table 6.8: Indicators of Matching Quality Before ard After Matching

Matching Pseudo Pseuda LR y°(p- LR ¢°(p- Mean Mean Total %
algorithm R?before RZ?after  value) value) standardized standardized bias
matching matching before after bias before  bias after reduction

matching  matching matching matching

NNM?® 0.32¢ 0.02¢ 110.48 6.29 29.2 6.€ 76.71
(p=000)*** (p=0.998)

KBM" 0.32¢ 0.01¢ 110.48 4.70 29.2 5.2 82.1¢
(p=000)***  (p=1.000)

RM® 0.32¢ 0.01¢ 110.48 4.03 29.2 4.4 84.9:

(p=000)*** (p=1.000)
Source: Author's estimatiom based on field survey data;
Note: *** Significant at 1% probability level
4 NNM = five nearest neighbor matching with replaeatand on common support
® KBM = kernel based matching with band width 0.66 @n common support
°RM = radius matching with caliper 0.1 and on comreopport
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0 2 4 6 8 1
Propensity Score

I untreated I Treated: On support
P Treated: Off support

Figure 6.1: Distribution of propensity scores and estimationcofmmon support fc
propensity scoresNote: “Treated: on support” indicates the observation high
yielding crossbred cattle adoption group that hswitgable comparison. “Treated: off
support” indicates the observation of high yieldangssbred cattle adoption groups that

do not have suitable comparisons.

6.3. Estimation of Treatment Impact

The estimated treatment effects on the treatedgudiM, KBM and RM estimators are
shown in Table 6.9. Different matching estimatasshsas five nearest neighbor matching
and Epanechnikov kernel based matching with barttiwdd06 and radius matching with
caliper 0.1 have been used to see consistencyedi¢htment effects. Common support is
implemented for all the matching estimators so thatpropensity scores distributions for
adopters and non-adopters lie in the same domdie.significance of outcome variables
(outcome differences of adopters over non-adopisréased onz value obtained from

bootstrapping of standard errors using 50 repbcesti
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Table 6.9: Estimation of ATT: Impact of Crosshred Gittle Adoption on Income and

Consumption
Outcome Variables NNM (5) KBM (0.06) RM (0.1)
ATT (Income in Rs
Crop and/or plantatio 7141.9¢ 8754.8t 8220.4°
income/annum (0.88) (1.07) (1.01)
Net dairy incom*annun 44716.90*** 44573.03*** 44904.27***
(6.02) (6.27) (6.29)
Livestock incom® 1526.9¢ 1774.9¢ 1715.4.
(0.98) (1.09) (1.12)
Off-farm income/annul 1003.2¢ -7244.9: -8540.6:«
(0.04) (0.29) (0.29)
Total Household Incon 54389.08 47857.96 46299.54
(1.87) (1.84) (1.83)
Net dairy incom”/milch cattle/da 42.06*** 42.14%** 42.21%**
(7.07) (7.62) (8.13)
Outcome Variables ATT (Per Capita Daily Consumption in grat
Milk consumptiot 105.87*** 109.55** 106.17***
(4.71) (3.76) (3.85)
Fish consumptic 5.37 5.7¢ 4.5:
(0.77) (0.82) (0.67)
Meat consumptic 8.40* 7.09* 6.51*
(1.75) (1.73) (1.92)
Vegetable consumptis -1.2¢ 11.4¢ -0.2¢
(0.02) (0.27) (0.00)
Fruit consumptio 2.07 1.0 -0.7¢4
(0.36) (0.20) (0.13)
Outcome Variables ATT (Labour use in person days/mon
Male 6.31*** 6.04*** 6.10%**
(4.65) (4.48) (5.02)
Female 4.24%** 4.22%* 4.34%*
(4.74) (4.63) (5.29)
Total 10.55%* 10.27*** 10.44%**
(6.22) (6.60) (6.11)

Source: Author’s estimation based on field survey data;

Note: “Net dairy income is calculated as: gross value froitk and milk product sale + imputed
value of domestically consumed milk minus the paid cost;® Livestock income includes the
selling of livestock products (other than milk amilk products) such as live animals, cow dung,
eggs etc.; ATT estimates of all matching algorithare obtained by implementing ‘psmatch2’
command (Leuven and Sianesi, 2003) in STATA 14ufgg in parentheses indicate bootstrapped z
value using 50 replications;*, ** and ***indicatdgmificant at 10%, 5% and 1% probability level
respectively;

NNM (5) = five nearest neighbour matching with eg@ment and common support

KBM (0.06) = kernel based mathing with bandwidt@@and common support

RM (0.1) = radius matching with caliper 0.1 and coom support
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The outcome variables to represent wellbeing of fdren households are the household
income by different sources after adoption of doosg cattle, per capita consumption of
high value commodities, and employment of laboacr@ased labour use). Although the
various matching estimators provide slightly diffier quantitative results for the statistically
significant outcome variables in Table 6.9 but gaalely crossbreeding technology
adoption effects are same across all the matchstigha&tors. The significant increase- (
value = 0.000) in net dairy income per annum &teption of crossbred cattle ranges from
Rs 44,573.03 to Rs 44,904.27 (see Table 6.9) fer different matching estimators.
Normalizing the net dairy income in terms of perdmicattle per day, the significant
increase [§-value = 0.000) after adoption of crossbred cattlestimated in the range of Rs
42.06 to Rs 42.21. Dairy income being the dominemmponent of farm households
showing highly significant rise after adoption aflm yielding crossbred cattle, the total
household income also shows significant changéhéatl0% probability level) for adopters
vis-a-vis the matched non-adopters of crossbretecdihe total household income is found
to increase in the range of Rs 46299.54 to Rs 5088&fter adoption of crossbred cattle.
The other income components of the total houseimaloime, namely crop and/or plantation
income and livestock income display a positive dtatistically non-significant change after

adoption of crossbred cattle.

The average treatment effects on the treated adfteption of high yielding crossbred cattle
for average per capita daily consumption of highuedood commodities indicate a positive
and significant increase for consumption of milkianeat. Adopter households have higher
average per capita daily consumption by a range®56f87 to 109.55 grams of milk and milk
products and 6.51 to 8.40 grams of meat. The eéiffees in average fish consumption
between similar pairs of households belonging tieitint technological status (adopters and
non-adopters of cattle crossbreeding) are posibué found to be statistically non-
significant. Moreover, the changes in per capitdydansumption of vegetables and fruits
are found to be positive for specific matching restiors only (KBM for vegetable

consumption and NNM and KBM for fruit consumption)

Another outcome variable considered as indicatonarfsehold wellbeing is the increased

labour use of adopters of crossbred cattle ovemthtched non-adopters. Studies indicate
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that as the total change in milk output is positwel high with the adoption of new dairy
technology such as crossbred cattle the net aff¢htt of increasing employment (Lalwani,

1987). It is seen from Table 6.9 that adoptersfaumd to have statistically significant

increase in total labour use after high yieldingssbred cattle adoption equivalent to the
range of 10.27 to 10.55 person days per mopti®.000) in relation to the matched non-
adopters. Of the changes in monthly total persors,dsignificant rise in male and female
person days is constituted in the range of 6.08.3d =0.000) and 4.22 to 4.34 person
days per monthpE0.000) respectively.

These findings are consistent with some of thentestudies on impact of adoption of
modern agricultural varieties such as studies edrout by Hossain et al. (2006) in
Bangladesh, Kassie et al. (2011) in Uganda and Aregal. (2012) in Tanzania.

6.4. Treatment Heterogeneity

In order to have further understanding of the legfeneous effect of high yielding crossbred
cattle adoption across education and farm sizesdtmlds are divided into higher and lower
than the average years of schooling (educationpjrand average cattle heads owned (farm
size group) based on matched samples implementintpeathree matching algorithms
(NNM, KBM and RM) (see Table 6.10 for the result3he outcome variables are
judiciously selected to understand impact heteretgrronsidering that the same variables
are important to represent farm household’s incdai@ur use and consumption of high
value commodities. These outcome variables ardyhagnificant in the estimation of ATT

in Table 6.9. It is evident from Table 6.10 that thcome effect (rise in net dairy income)
after adoption of crossbred cattle increases whth increase in farm size and level of
education. The increase in annual net dairy incémnghe adopter households are in the
range of Rs 58320.20 to Rs 59508.54 for the laggm$ compared to its matched non-
adopters against the small to average farms (wgh than 6 cattle heads) with a range of Rs
39896.75 to Rs 40177.31. Similarly, educated hanlgshhave significantly higher farm
income in the range of Rs 62966.87 to Rs 783000@%ared to its non-adopter counterpart.
The increase in net dairy income for farms with $ehold head’s low education is in the
range of Rs 36069.57 to Rs 36875.64 compared tacahaterfactual non-adopters. The
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higher net dairy income for the high educated aglofairms may be due to their ability to
process the information on high yielding cattlerireg practices resulting to better farm
management capacity. Table 6.10 further showstheabverall labour absorption is higher
by a small margin in case of large adopter farmserspared to its matched non-adopters (in
the range of 11.55 to 12.05 person days/monthnhagtie small to average farmers ( 10.01
to 10.26 person days/month). Similarly, increaseotal labour absorption of adopters with
higher than average education of the household iseadch higher (in the range of 13.20 to
13.93 person days/month) against the matched casoparof adoption group with lesser
than the average education of household head (811441 person days/month). The pattern
is partially consistent with the findings of Kasgieal. (2011) which is based on impact of
agricultural technology adoption on crop income gralerty alleviation in Uganda.
However, one interesting finding in Table 6.10 hatf according to farm size category,
smallholder farmers have significantlyp<Q©.01) higher effect on per capita daily
consumption of milk after adoption of crossbredleatt has also been noted that members
of low educated crossbred cattle adopter farm Huldse drink significantly more milk
compared to its matched non-adopter farm househglitishe matching algorithms show
statistically insignificant increase in per capitieily consumption of milk for farm
households with higher than the average educat¢ieal land larger than average farm size
(except using RM). These results suggest that teffedairy income and employment will
be more in case of relatively larger farmers ananés with higher than the average
education level of household. It can also be sugdethat smallholder farmers may be
better able to supplement their nutritional neegdnsuming more milk once they adopt

high yielding crossbred cattle.
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Table 6.10: Differential Impact of Crossbred CattleAdoption Disaggregated by Farm

Size and Education Level of Household head

Stratification

ATT

Net Dairy Income

Total Employment

Milk Consumptiol

(Rs/annum) (person days/month) (Gram/person/day)
Stratified by Farm Size
Large farn Small Farn Large farn Small Farn Large farn Small Farn
(>6 cattle (< 6 cattle (>6catle  (<6cattle  (>6catle (<6 cattle
heads) heads) heads) heads) heads) heads)
NNM (5) 59198.13*** 40177.31*** 11.73* 10.26*** 104.1¢ 111.89***
(3.35) (5.84) (2.11) (5.96) (1.78) (3.48)
KBM (0.06) 58320.20 39896.75*** 11.5¢ 10.01%** 96.9: 104.93***
(1.72) (5.14) (1.46) (6.17) (1.63) (3.75)
RM (0.1 59508.54*** 40175.45*** 12.05*** 10.08*** 100.20° 103.81***
(4.18) (5.74) (10.22) (6.49) (1.70) (3.89)
Stratified by education level of Household head
High Low High Low High Low
education education education education education  education
(> 6 years of (<6 yearsof (>6 yearsof (<6 yearsof (>6 yearsof (<6 years of
schooling) schooling) schooling)  schooling) schooling)  schooling)
NNM (5) 62966.87**  36069.57*** 13.20*** 10.03*** 62.9¢ 100.18***
(2.18) (4.36) (3.30) (4.32) (1.13) (3.31)
KBM (0.06) 78300.08*** 36660.15*** 13.72*** 10.41%** 93.2¢ 99.00***
(2.68) (4.36) (4.23) (4.01) (1.54) (3.64)
RM (0.1 66657.05*** 36875.64*** 13.93*** 9.74*** 55.3¢ 92.01***
(3.19) (4.03) (3.46) (4.17) (0.85) (2.82)

Source: Author’s estimation based on field survey data;

Notes: Figures in parentheses indicate bootstrapped zwading 50 replications; significant * at
10%, ** at 5% and *** at 1% probability level;

NNM (5) = five nearest neighbour matching with ee@ment and common support

KBM (0.06) = kernel based mathing with bandwidt@@and common support

RM (0.1) = radius matching with caliper 0.1 and caoom support

6.5. Robustness Check

It is tried to check the sensitivity of the estiedittreatment effects to changes in the
specification of the probit estimates of propensitgre. There are studies (Smith and Todd,
2005; Heckman et al., 1998; Kassie et al., 2014) show that matching estimates can be
sensitive to changes in propensity score spedificatin the absence of experimental

benchmark estimate, sensitivity of the estimatadlts with the changes in propensity score

specification is the most basic check a researchldiperform (Dehejia, 2005)
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Following Kassie et al. (2011) and Abate et al.1@0three propensity scores specifications
for sensitivity checks are carried out by incorpimiguhigher order variables such as squared
term of age and education with the explanatoryaideis of the original propensity score
specification and reduced probit model specificatim the first specification (column 1),
age squared is included as additional covariatharset of original explanatory variables in
the probit estimates of propensity score indicatedlable 6.11, while in the second
specification (column 2) both age and educationasepl term are included as additional
covariates. The third specification (column 3) useduced probit model specification for
probit estimation of propensity scores by excludpagentially endogenous variables such
as, education of the household head, family siffefaom income and farm size from the
original specifications. The matching quality ftvetestimation of ATT using all the three

propensity scores specification is presented inefyox Table A6.3.

The comparison of the results are reported in Téé. The estimates are obtained using
five nearest neighbour matching (5 NNM) with reglaent. Consistent results are also

found by using other two matching algorithms (KBWdaRM) and thus it has not been

Table 6.11: Robustness of Average Treatment Effects) the Treated (ATT) Results for
Crossbred Cattle Adoption

Outcome variables Treatment variable: Adoption of crossbred cattle
First specific Second specifi Third specific
NNM (5) NNM (5) NNM (5)
ATT ATT ATT
Net Dairy Income 50184.52*** 50163.85*** 48658.40***
(Rs/annum) (5.87) (6.14) (6.52)
Total Employment 10.93*** 10.85*** 10.66***
(Person days/month) (6.56) (6.95) (6.20)
Milk Consumptiot 118.91*** 116.45** 124.23%*
(Gram/person/day) (5.15) (4.76) (4.90)
Number of observatiol 21€ 21¢ 207

Source: Author’s estimation based on field survey data;

Notes: Figures in parentheses indicate bootstrapped z2wvading 50 replications; significant * at

10%, ** at 5% and *** at 1% probability level; aftemposing common support condition, the
matched samples include 108 of adopters (treatmasmdt) 108 for non-adopters (comparison) for
specification 1 and 2 and 108 adopters of crosslattie (treatment) and 99 non-adopters
(comparison) for matching based on the specifioadio

NNM (5) = five nearest neighbour matching with e@ment and common support
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reported. It is seen from Table 6.11 that the et of outcome variables are reasonably
robust to alternative propensity scores specificafi.e., results are insensitive to propesnity
score specification). Outcome variables are founbe similar with the original propensity
score specifications (Table 6.9) both qualitativielyheir values and significance level. The
outcome variable, annual net dairy income showhlhigignificant increase after adoption
of crossbred cattle ranging from Rs. 48658.40 to 30484.52 [(=0.000). The other two
outcome variables showing statistically significatange after high yielding crossbred
cattle adoption indicate that there is a monthly5%0to 10.93 person days increase
(p=0.000) in labour absorption and per capita congiammf milk in the range of 105.87 to
124.23 grams p=0.000). Thus, it is seen that our results disgégbility to different
propensity score specifications as the range ohgdm in the outcome variables are for
comparisons of propensity scores specificatiorte@noriginal and the alternatives.

6.6. Summing Up

Treatment impact of crossbreeding technology adaoptin farmers’ wellbeing indicators
such as income, employment and consumption of kajbhe commodities are analyzed
using semi-parametric technique, namely properssitre matching. One major advantage
of using this analytical method is its ability tddaess selection bias over the other methods
as the adopters of crossbred cattle, given thesemiable variables, may be systematically
different from non-adopters. It is found from theadissions in the present chapter that using
three matching estimators such as NNM, KBM and Rid implementing common support
there is a significanfpfvalue = 0.000) increase in the annual net diacpine of adopters
after adoption of crossbred cattle compared tong$ched non-adopters in the range of Rs
44,573.03 to Rs. 44,904.27. Normalizing the netydmicome in terms of per milch cattle
per day, adoption of crossbred cattle has led ¢oirtbrease of income in the range of Rs
42.06 to Rs 42.21. Dairy income being the domiramponent of total household income
of cattle rearing farmers leading to highly sigreint change after adoption of crossbreeding
technology, the increase in total household incatse found to be significant. The other
income components of the total household incommetya crop and/or plantation income
and livestock income show a positive but statififfaaon-significant change after adoption

of crossbred cattle. It is also found from the abdiscussion that crossbred cattle adopters
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have significantly higher average per capita dadpsumption of high value commodities
such as milk (in the range of 105.87 to 109.55 g)aand meat ( in the range of 6.51 to 8.40
grams). The other important outcome variable of cumcern is the increased labour use
after adoption of crossbred cattle over the matched-adopters. Analyses show that
adopters are found to have statistically significemcrease in total labour use after high
yielding crossbred cattle adoption equivalent ® linge of 10.27 to 10.55 person days per
month @-value=0.000) in comparison to the matched non-smtep Similar results are
reported in studies such as Hossain et al. (20K&3sie et al. (2011) and Amare et al.
(2012). Analyses are made also on treatment hetrenty by the size of farm and level of
education of the household head. It is found thatrise in net dairy income after adoption
of crossbred cattle increases with the increagarm size and level of education. It is also
seen that increase in total labour absorption optats with higher than average education
of the household head is much higher against thtehad comparisons of adoption groups
with lesser than the average education of househe#tl. Furthermore, it is found that,
according to farm size category, smallholder fagrieve significantly higher effect on per
capita daily consumption of milk after adoptionavbssbred cattle. It is surprisingly noted
that members of low educated crossbred cattle addgtm households drink significantly
more milk compared to its matched non-adopter faomseholds. The robustness of ATT
estimates of the significant outcome variablesdecked using three different propensity
score specifications and it is found that the tssdisplay stability to alternative propensity

score specifications.

As it has rightly been pointed out of having pagtiwellbeing impact on farm households
after crossbred cattle adoption, the issue thatrbes important is to diffuse this technology
to the the majority of the farm households in thetes The analyses of secondary data in
chapter three points out that the penetration le¥eéll technology which is the important
scientific invention for cattle crossbreeding ig mp to the mark in Assam. Therefore, it is
important to identify the factors that influenceoption of Al technology at farm-household
level. In the next chapter, an attempt is madalémtify the various farm, farmer, physical
environment at which farmers operate and percegdtetors that influence adoption and

extent of adoption of Al technology.
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Notes:

1. Matching with replacement involves a trade-@&ffvieen bias and variance. Allowing replacement
increases quality of matching and decreases blas.i$ of particular interest with data where the

propensity score distribution is very differenttire treatment and the control group (For more see
Caliendo and Kopeinig, 2005)

2. During the survey period, 68.80 Indian Rupe@ (®ss equivalent to 1.00 US Dollar.
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Appendix — 6.1

Table A6.1: Covariate Balancing Tests for Matched &mple

Variable Unmatched sample Kernel based matching
Treatet  Contro Diff: Treate! Contro Diff:
p-value p-value

Age of the Household he 50.67: 49.77¢ 0.581 49.20° 50.39: 0.55¢
Education of the househa 6.81( 4.96: 0.00: 6.02: 5.741 0.67¢

head

Family size 5.72: 6.13¢ 0.19¢ 5.7t 5.77¢ 0.93¢
Off-farm income 0.62( 0.55¢ 0.30i 0.641 0.70¢ 0.32¢
Distance to marke 2.85: 3.14¢ 0.161 2.88: 2.93¢ 0.84:
Distance to a-weathelroac 350.( 471.7° 0.01¢ 385.3: 433.0: 0.38¢
Herd size 7.16( 5.38¢ 0.047 6.152 6.307 0.82¢
Access to cred 0.21: 0.111 0.03¢ 0.11¢ 0.12¢ 0.91¢

Number of years since fir 13.4¢ 7.85z 0.00( 10.16: 10.57: 0.667
knew about Al technology

Membership odairy 0.45¢ 0.111 0.00( 0.271 0.24¢ 0.72¢
cooperative society

Beneficiary of govt. dair 0.32¢ 0.02¢ 0.00( 0.10¢ 0.081 0.53¢
development programme

Having saving/ ban 0.85¢ 0.64¢ 0.00(¢ 0.79: 0.79: 0.98¢
account

Price of milk solc 34.99: 31.37( 0.00¢ 35.08: 35.32! 0.85¢
Duration of the farn 27.54( 27.19¢ 0.85¢ 26.71" 27.40¢ 0.74¢
Ethnicity dummie

Bengali 0.25¢ 0.352 0.10z2 0.36¢ 0.347 0.75¢
Nepali 0.37¢ 0.281 0.13( 0.29: 0.32¢ 0.641
Bihari 0.07: 0.12¢ 0.14( 0.097 0.07¢ 0.66¢
Others 0.04: 0.55¢ 0.67: 0.06¢ 0.07( 0.891
District dummie

Sonitpur 0.31¢ 0.281 0.93: 0.26( 0.25¢ 0.94¢
Karbi Anglong 0.29: 0.281 0.93: 0.33¢ 0.36¢ 0.64¢

Notes: p<0.01,p<0.05 ancp<0.1 indicate significant at 1%, 5% and 10% redpelyt Source:
Author’s estimation based on field survey data
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Table A6.2: Covariate Balancing Tests for Matched &nple

Variable Unmatched sample Radius matching
Treatec  Contro Diff: Treatel Contro Diff:
p-value p-value
Age of the Household he  50.67:  49.77¢ 0.581 49.20° 50.22¢ 0.97(
Education of the househc  6.81( 4,96: 0.00z 6.021 5.87i 0.831
head
Family size 5.72: 6.13¢ 0.19¢ 5.75( 5.75¢ 0.977
Off-farm income 0.62( 0.55¢ 0.307 0.641 0.72i 0.21c¢
Distance to marke 2.85: 3.14¢ 0.161 2.88: 2.94: 0.82¢
Distance to a-weather roa  350.( 471.7: 0.01¢ 385.3: 419.C 0.53¢
Herd size 7.16( 5.38¢ 0.047 6.152 6.177 0.971
Access to cred 0.21: 0.111 0.03¢ 0.11¢ 0.127 0.86¢
Number of years since fir  13.4¢ 7.85:2 0.00¢ 10.16: 10.66¢ 0.59i
knew about Al technology
Membership of dair 0.45¢ 0.111 0.00¢ 0.271 0.26¢ 0.92¢
cooperative society
Beneficiary of govt. dair 0.32¢ 0.02¢ 0.00¢ 0.10¢ 0.09¢ 0.74¢
development programme
Having saving/ ban 0.85¢ 0.64¢ 0.00¢ 0.79: 0.78( 0.83¢
account
Price of milk solc 34.99:  31.37( 0.00¢ 35.08: 35.11¢ 0.97¢
Duration of the farn 27.54(  27.19¢ 0.85¢ 26.71" 27.64: 0.66¢
Ethnicity dummie
Bengali 0.25¢ 0.352 0.102 0.36¢ 0.35¢ 0.83¢
Nepali 0.37¢ 0.28 0.13( 0.29: 0.32¢ 0.64¢
Bihari 0.07: 0.12¢ 0.14( 0.097 0.08¢ 0.85]
Others 0.04: 0.55¢ 0.67: 0.06¢ 0.05¢ 0.80(
District dummie
Sonitpur 0.31¢ 0.287 0.93: 0.26( 0.28: 0.74¢
Karbi Anglong 0.29: 0.287 0.93: 0.33¢ 0.34: 0.94(

Notes: p<0.01,p<0.05 ancp<0.1 indicate significant at 1%, 5% and 10% respelt Source:
Author’s estimation based on field survey data
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Table A6.3: Indicators of Matching Quality Before and After Matching

Matching Pseudo Pseudo LR ¥°(p- LR y°(p- Mean Mean Total %

algorithm R? R?after  value) value) standardized standardized bias
before matching before after bias before  bias after reduction
matching matching  matching matching matching

Speicific.  0.33¢ 0.04¢ 112.90 13.73 28.2 8.€ 69.5(

1 (p=000)*** (p=0.881)

Speicific.  0.33¢ 0.05( 112.92 14.87 28.¢ 8.C 69.1(

2 (p=000)***  (p=0.868)

Speicific.  0.31Z 0.022 104.85 6.16 29.7 7.€ 73.4(

3 (p=000)***  (p=992)

Source: Author’s estimatiom based on field survey data

Note: *** indicats significant at 1% probability level;
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CHAPTER SEVEN

DETERMINANTS OF CROSSBREEDING TECHNOLOGY
ADOPTION AND FARMERS’ PERCEPTION ON CONSTRAINTS

In the preceding chapter impact of crossbred catl@ption on farmers’ various wellbeing
indicators such as income, consumption of protah high value food and employment
(increased labour use) are analyzed employing panaimetric analytical technique such as
propensity score matching. The findings based ogetimatching estimators such as NNM,
KBM and RM indicates that crossbred cattle adophiag higher impact on net dairy income
and so also the total household income (net dacgme being the dominant source of the
total household income). The chapter also points afuhaving higher per capita daily
consumption of milk and meat for adopter farmersrathe counterfactual non-adopters.
Outcome indicator such as employment shows thaptamo of crossbred cattle leads to
higher requirement of total person days per moothpared to the matched non-adopters
indicating that crossbreeding technology adopti®rassociated with higher employment
opportunity. Based on the analysis of secondary dat chapter three) available at
government departments and milk production andymtidty characteristics of the sample
farmers (in chapter five), it is found that increas the dairy productivity may be realized
only through genetically improving the low prodwetiindigenous cattle stock towards high
yielding crossbred cattle. Al technology which Fe tsignificant scientific invention for
changing the genetic makeup of the cattle stockrfaking high yielding crossbred cattle
must, therefore, be diffused at farmers’ level. Bampared to many states in India, the
adoption rate of Al technology is significantly low Assam. Important factors that
influence the adoption of Al technology must theref be identified so that policy
prescription may be made to work on those fact@terdhining adoption decision and
intensity of use of Al technology. Hence, in thdldaing sections, an attempt is made to
identify the determinants of Al technology adopt@infarmer’s level by using appropriate

micro-econometric model of agricultural technol@gloption.

The rest of the chapter is organized in six sesti@ection 5.1 discusses the econometric

specification of agricultural technology adoptioodel. The analytical and empirical model
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of Al technology adoption has been specificallycdssed in this section. Section 5.2
elaborates the measurement and definitions of blasafor adoption and intensity of

adoption of Al technology. Section 5.3 deals witke tlescription of explanatory factors of
empirical adoption model. Discussion on the ecortameesults for Al technology adoption

that includes model specification, diagnostic temtsl factors influencing adoption and
extent of adoption of Al technology is reportedsiection 5.4. While section 5.5 discusses
farmers’ perception on constraints to adoption wfssbreeding technology, section 5.6

finally sums up the whole discussion of the chapter
7.1. Econometric Specification of Agricultural Tecimology Adoption Model
7.1.1. The Analytical Model

Adoption refers to a decision at the individualnier level subject to various constraints
such as credit and information (Feder and UmalQ320 The diffusion of information
literature (Roger, 1983; Feder et al., 1985) haghty taken a turn towards adoption
decision, i.e., whether to adopt a new technolagyad and further if adopted then to what
extent, i.e. the intensity of adoption (Kaaya et 2005; Tefera et al., 2014; Rehman et al.,
2007; Awotide et al., 2014; Beshir et al., 2012)eTintensity of adoption is implied as the

aggregate use level of a given technology withmoasehold (Feder et al., 1985).

Farmers make technology adoption decision baseathe@wbjective of utility maximization
(Rahm and Huffman, 1984). Let the technology integenoted by, wherek = 1 for the
old technology anét = 2 for the new technology. The preference foechology (new or
sticking to old) depends on a non-observable ugihgylutility function U(Hyi, Tyj). Utility
derivable from new technology dependsHiwhich implies the vector of farm, farmer and
physical environment characteristics at which #rener operates aniit which is a vector of
attributes embodied in the technology itself. Thbéty function, albeit unobserved, a linear
relationship is postulated between the utility dalle from thek™ technology and a vector
of observed farm, farmer and physical environmgetsic characteristics (e.g. experience
in dairying, size and physical location of the faimstitutional access etc.) and perception
about the technology (whether new technology isyjignd a disturbance teregwith zero

mean.
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U = X; <+ep; ,k=1,2;i=1....n (71)

Farmers are assumed to adopt a technology fromhwthiey derive the maximum utility.
Thei™ farmer will choose new technologylif; > Us; and the latent variablg indexes the

adoption decision.

_ { 1if Uy; < U,; (Adoption) } 79

Zi= 0 if Uy; = Uy;(Non adoption) (7.2)

The probability that; is equal to one i.e., the farmer adopts a new t@olgy is a function
of farm, farmer, and physical environment and patioa specific independent variables:

Py = PB(z;=1)= BUy; < Uy)
= P(X; gt ey <X <ot ey)
= PBley — ey < Xi(oa—o<y)] (7.3)
= P (Ui <Xip)
= FXB)

P (.) is a probability functionX is the vector of explanatory variables (n X k mxt@andp is

ak x 1 vector of parameters to be estimatéds a random disturbance term, an@;g) is

a cumulative distribution function fdy; evaluated aX;5. Thus the probability that tH&
farmers adopt the new technology is based uporgtbater utility derived from the same
vis-a-vis the utility derived from the old techngig and the probability that a farmer adopts
Al technology is a function of the vector of obsmivindependent variables and the
unknown parameters and disturbance term. The ebstcibution ofF is determined byJ;.

If Uiis normal, therF has a cumulative normal distribution (Rahm andfidah, 1984;
Mazvimavi and Twomlow, 2009). The functional formFois specified by a Double-Hurdle
model, wherdJ; is an independent and normally distributed erromtevith zero mean and

constant variance®.
7.1.2. The Empirical Model

When the dependent variable is binary, normal dgfsnction (Probit) or logistic function
(Logit) is used to see factors that drive the aidoptecision. In order to identify the factors

that drive the adoption and extent of adoption Taobodel is frequently used following
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Tobin (1958) under the assumption that the twodgiacs (adoption and extent of adoption)
are affected jointly by the same set of factorsusTiiobit model is appropriate when the
adoption and extent of adoption is affected by saeateof factors and the same is estimated
through right or left censoring of the dependentialde (Green, 2007). Some previous
research undertook this as norm to identify factesponsible for extent of adoption (Kaaya
et al., 2005, Mazvimavi and Twomlow, 2009). Howevarcorner solution application, an
important limitation of the standard Tobit modeltie reliance on single mechanism that
determines adoption and extent of adoption decigoragg, 1971; Wooldridge, 2010;
Burke, 2010). Given this limitation of the Tobit del, a Double-Hurdle or Two-Tired
model is proposed originally by Cragg (1971) and lateplemented by several technology
adoption studies (Tefera et al., 2014; Hazarikal.e2016; Beshir, 2014; Beshir et al., 2012;
Gebremedhin and Swinton, 2003). The basic assumptithe double hurdle model is that
the decision to adopt precedes the decision tonextieadoption and the factors that may
affect the two decisions are likely to be differé@abremedhin and Swinton, 2003; Tefera
et al.,, 2014), since resource endowments, conggrgierception on risk and other socio-
economic factors tend to be heterogeneous acrdssduoals (Hazarika et al., 2016). In the
present study double hurdle model is consideredenappropriate in which a Probit
regression on adoption decision (using all obsemats followed by truncated regression
on the non-zero observations (Cragg, 1971).

The Double-Hurdle model is parametric generalizatad the Tobit model, where two

different stochastic processes explain the decigicedopt and the intensity of adoption of
the technology (Green, 2007; Gebremedhin and Swjr2003; Tefera et al., 2014). The
model is applied in such a way that both hurdleiglon to adopt and extent of adoption)
have equations associated with them, incorpordatiegmpact of various farm, farmer and
physical environment characteristics. The explawyatmariables appearing in both the
equations may be different or may appear in eite@ of them. However, a variable
appearing in both the equations may have cont@yietffects in the two equations (Moffat,

2005). The double-hurdle model allows for the paifisy that the two decisions are affected

by the different set of variables with a varieddiesf impact.
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As explained earlier, in the present study Cradly ()'s Double-Hurdle model is used to
identify factors influencing the probability of golion and intensity of use of Al
technology. The two decision process is conditiobgdthe various explanatory factors
mentioned in section 5.2. The double-hurdle mods &n adoption (D) decision with an

equation:

D=1..if... D/ >0...and

D=0...if... Dy <0 (7.4)

D - dZi+ g
Where D'is a latent variable that takes the value 1 iffirener adopts Al technology and 0
otherwise, Zi is a vector of household charactiesstnda is vector of parameters. refers
to standard error term. The second hurdle of thebBsHurdle model involves truncated
model which considers all the non-zero (positivéseyvations of the first hurdle as

observations in the dependent variable. The tradcatodel, which closely resembles the

Tobit model, is expressed as:
Y=DifY{>0and B >0
Y, = 0 otherwise (7.5)
Y =B + v

Where, Y is the observed response on the proportion ofechtitn using Al technology, x

is vector of explanatory factorg,is a vector of parameter andvthe standard error term.
The error terms are distributed as:

{ ei~N(0,1) (7.6)

vi ~N (0,62)

The error termsg; and vare usually assumed to be independently and normiatributed. It
Is assumed that for each respondent the decisi@thehto adopt the technology and the

decision on what proportion to adopt are made iaddpntly.
And finally the observed variable in a Double-Herdhodel is:
Yi= Di*Y | (7.7)
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The log likelihood function for the Double-Hurdleodel is

LogL =Y, ln [1 — Qaz; (%)] +>,n [(Dazi %qb (Y‘_—ﬁxlﬂ (7.8)

(o2

Under the assumption of independency between tioe rmse; and y the Double-Hurdle
model is equivalent to univariate Probit model @qn 7.4) and the truncated regression
model (equation 7.5). The@d" denotes the standard normal CDF (Univariate or

multivariate) and ¢” is the univariate standard normal PDF.

Whether a Tobit model or Double-Hurdle model is rappiate for a given set of data on
dependent and independent variables, can be dettny running the Probit, Tobit and
the Truncated regression model separately anditheonducting a likelihood ratio test that
compares the Tobit with the sum of the log likebddunctions of the Probit and Truncated
regression models (Greene, 2007). This test has teeied out by several researchers to
identify the appropriateness of the Tobit versusilde-Hurdle model (Gabremedhin and
Swinton, 2003; Moffat, 2005; Tefera et al., 2014sBir, 2014; Hazarika et al., 2016) and
the test results indicated the superiority of Detidurdle model over Tobit model. In the
present study also the likelihood ratio test isriedrout between Tobit and the Double-
Hurdle model to find out the appropriateness ofrtialel. The likelihood ratio statistic is

computed using the following formula

I'==2[inL; — (InL, + InLzg)|~x% (7.9)

WhereL, is the likelihood for the Tobit model,, is the likelihood for the Probit model;

Ly refers to likelihood for the Truncated regressimodel andc is the number of

independent variables in both the equations.

The test hypothesis is written as:

HO:AZEQTldHl:AiE
o o

Ho will be rejected on a pre-specified significaneed!, if " >y2
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7.2. Measurement and Definitions of Variables for Aoption and Intensity of Adoption
of Al Technology

Adoption literature identifies various factors wiiare hypothesized to have a combi
influence on whether to adopt Al technology or antl to what extent it is adopted. Th
factors may include household characteristics (adaecation of the houseld head, family
size, land size, land allotted for fodder cultiead, socio economic characteristics (acces
credit, membership of dairy cooperative societyethier beneficiary of any govt. dai
development programme, years of starting the darm, herd size, number of years sit
first new about the technology) and the physicalirenment at which farmers opere
(distance to market, distance to all weather r@atess to grazing land, distance to

centre, easy access to local breeding In the locality). The model has also incorporatt

e B
Household Characteristics \

— Al Technology Adoption

Socio-economic Characteristics

~
Physical Environment of the \
farmer

Extent of Al Technology Adoption

Perception factors

Figure: 7.1 Conceptual Model of Adoption and Extent of Adoption of Al Technology

perception factor (farmer’s srassessment regarding riskiness of the Al technplumgee
if that has an influence on uptake of Al technologlgese explanatory variables have b
identified in thecontext of Assam following various technology adoptliteratures (Dos¢
2006; Feder et al., 1985; Feder and Umali 1993;yKaat al., 2005; Tefera et al., 20:
Rehman et al., 2007; Awotide et al., 2014; Besthirake 2012). Based on literatur
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conceptual framework is presented in Figure 7.4eigregate the factors affecting adoption

and extent of adoption of Al technology

The theoretical justification for inclusion of tladove variables along with their description
and hypothesized relationship with adoption ancemxbf adoption of Al technology has
been discussed below.

Age of the household head

Age of the farm household head is an importantofatitat may positively or negatively
affect adoption of a technology. Older farmers gkimowledge through experience in
entrepreneurial activity (Hazarika et al., 2016;sBe 2014), have more contacts with
extension agent, better preferred by credit insbiis and grows to be a less risk averse
(Langyituo and Mekuria, 2005). However this maydmeountered by young farmers being
innovative (Adesina and Baidu-Forson, 1995; Do6862.Thus, both adoption and extent of
adoption of Al technology can increase (or decreasth increase in the age of household
head.

Education of the household head

Educated farm household head, who is assumed tioebeajor decision maker in farming
related issues, may easily understand the berfeddapting a new technology compared to
a less educated farm household head. He/she may dxaosure to better access to and
acquisition of new technology related informationdaknowledge. Hence, education is
hypothesized to have a positive relation with amwpbf Al technology among the cattle

rearing farm households.
Family Size

Household size has been considered as a proxyntiyféabor supply. Households with

relatively larger family size may be beneficial rieplacing the monetary cost incurred on
hired labour when there is a shift from traditiotethnology to a labour intensive modern
technology such as dairying with crossbred cafiles is due to the fact that high yielding

crossbred cattle reared in stall fed condition mega higher person days compared to
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indigenous cattle reared with open grazing (Mwametyal., 2013). Thus, there remains a

positive expected relation between family size Ahtechnology adoption.
Agricultural land holding

In a rural setting, land ownership of farming hdwusd is an important indicator of wealth
position. Thus land holding is expected to affesthhology use for a number of reasons
including that wealthier households have greateesg to resources and are better able to
assume risk. Amount of land owned by the houselatsdd reflects the social status and
prestige of the farm household, and the abilityadfrmer to obtain credit (Doss, 2006).
Thus, having a positive hypothesized relation betwland holding by the household and Al

technology adoption and use intensity, land sizebmaan important variable in the model.
Land for fodder cultivation

Input supply at domestic level may encourage adgpi new technology which is of high
input-high output nature. Famers practising fodddtivation by allotting land for it from
the total operational holding may tend to reduce itiput cost and subsequently exploit
higher gains of the improved technology. Thus, famwaseholds which are able to devote
larger amount of land for fodder cultivation mayptlAl technology and also may increase
the extent of adoption compared to households wtad#s not have such practice or have

practice at a low extent.
Access to credit

Most of the empirical studies on technology adapt{ddesina and Zinnah, 1993; Bhalla,
1979; Hardiker et al., 1997; Islam et al., 201%®pmorate credit as one explanatory variable
to identify whether access to the same helps as/eraf agricultural technology adoption.
Access to credit facility helps in the adoptionn&w technology by mitigating liquidity
constraint and improving risk taking capacity oé thousehold. The expected sign of the
relation between credit access and Al technologypton is positive. The effect of the
variable is captured as a dummy which takes theevdl” if the farm household has
accessed credit and “0” otherwise.

Membership of DCS
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Being in a farmer’s group helps in rapid dissemorabf knowledge and information about

a new technology through a better social networ Hrat gives an impetus to a non
adopting farmer to adopt the technology (Ramire@13}. According to Sauer and

Zilberman (2010), Spreading adoption related infation through relevant peer groups can
induce faster technology diffusion. The hypothesimdation between membership of dairy
cooperative society and Al technology adoptiorhexice, positive. The probable impact of
this variable can be captured as a dummy assighegalue “1” if the farmer is a member

of DCS, “0” otherwise.

Distance to market

Market is an important source for buying inputs hswas fodder (green and dry) and
concentrates along with being an important souae sklling output (milk and milk
products) produced in the farm. Farm householdshvhave relatively higher distance to
the nearest market may increase the transactias eosl thus reduces the profit margin.
Again, market is an important place for a farmeh&ve an access to information about a
new technology. Moreover, lesser distance to neamesrket may help in reducing
marketing risk which is particularly relevant foilknwhich is bulky, perishable and sold
daily (Baltenweck and Stall, 2000). Increased distafrom farm households to the market
may reduce the possibility to adopt a technolodwsl there exists a negative hypothesized

relation of Al technology adoption and distancenarket.
Distance to all weather road

Distance to the nearest all weather road may teflecremoteness of the farm households
and may be negatively related with information ascés pointed out by Beshir (2014) that
places where labour input is a major cost compoirerivestock production investment
distance to the nearest all weather road can b®aa groxy for differences in the
opportunity cost of labour. Hence, a priory assuompts that there is a negative relation

between distance to the nearest all weather rodcdoption of Al technology.

Access to grazing land
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Crossbred cattle that are reared under stall fewliton usually are less dependent on
availability of grazing land against non-descripgtttle that completely depend on open
grazing. Farming households that intend to shitinfrrearing of indigenous breed
(traditional technology) to high vyielding crossbrezhttle (modern technology) may
gradually become unconcerned about availabilitygafzing land. In other words, farm
households which have easy access to grazing laydstick to rearing of indigenous breed
and thus unlikely to accept the Al technology. Her priory assumption can be that there
is a negative relation between easy availability gpdzing land and adoption of Al
technology. Value “1” has been assigned for farméis have easy availability of grazing
land and “0” otherwise.

Beneficiary of Govt. dairy development programme

Farm households that have ever benefitted fromgow. dairy development programme
may get an incentive and support to adopt a nelantdogy. According to Feder and Umali
(2003), “in a situation when technology adoptiorcanditioned by constraints such as lack
of credit, limited access to information and inpuasid inadequate infrastructure,
Government generally pursues two general strategifssmation provision (e.g., extension
programmes) and the provision of subsidies and@tippogramms (output, input and credit
subsidies and the provision of complementary itfeasure)”. It has a positive hypothesized
relation between farming households that have ewailed the benefit of any dairy
development programme and adoption of Al technalofye effect of the variable is
captured as a dummy which takes the value “1”éf fdrm household has ever availed any

of the govt. support programms related to dairyettggment in the state and “0” otherwise.
Years of starting the dairy farm

Households having older farms may earn better maragskills through experience than
the new farm owning households. Thus, farm housishelith higher management skills
may likely to adopt and intensify a new technololghdazvimavi and Twomlow (2009) took

intensity of adoption of different components ot ttechnology to regress on years of

experience with conservation farming as explanatiagtor. There may be a positive
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expected relation between number of years sinet @stablished the dairy farm and

adoption and extent of adoption of Al technology.
Distance to Al centre

Distance to Al centre is an important variable &moption of Al technology. Longer
distance to Al centre may affect the conceptioe retgatively when farmers getting their
cattle inseminated in the nearest Al centre. Ascdifle owner has to reach the Al centre
carrying the cattle covering long distances thet Ipesiod of the cattle may be adversely
affected. Thus, the service is constrained posinggative relationship between distance to
the nearest Al centre and adoption of Al technol@®gynolds et al., 1996)

Access to local breeding bull

Easy availability of local breeding bull in the &ity of farming households may tend to
discourage farmers to go for Al technology. Thiglig to the fact that the resource poor
farmers being risk averse by nature are generalikely to adopt modern technology if low
cost and easily available traditional technology ba found at the farmers’ locality. Thus,
there remains a negative hypothesized relationshtgveen availability of local breeding
bull and adoption and extent of adoption of Al tealogy. This variable is a dummy with

“1” if the local breeding bull is easily availakd¢ farmer’s locality, “0” otherwise.
Herd size

The number of cattle owned by the farming househqithys an important role in the
adoption of Al technology. The use of Al requiresigher level of management input in
aspects like feeding, routine cattle/herd obsemwati and communication with
inseminator/technician and thus appears that at $iee is increased, farmers’ capacity to
manage and pay for Al services are constrained 8\ymd Cranfield, 1995). Hence, there
may be a negative expected sign between herd $izbeofarmer and adoption of Al

technology.

Number of years since first knew about Al
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Longer the knowledge about a technology, largethes possibility that the farmer may
consider to adopt it. Risk-averse farmers immediat#ter knowing about a technology may
not adopt unless he is confident about long termefie from the adoption of new
technology. Initiating early dissemination of infoation about a technology through
awareness programme can be instrumental to dranests towards the technology. Thus,
there lies a positive hypothesized relation betwgennumber of years since the head of
household first heard about the technology and tamlond extent of adoption of Al

technology.
Farmers self-assessing Al to be risky

Importance of attitudes in successful adoption deehnology, indicating the effective
promotion of a new technology has to examine thiefseof the respondents (Rehman et al.,
2007; Sauer and Zilberman, 2010). According to $unénd Zilberman (2001), the risk
preferences of farmers are important in influendimg technology adoption decision. Thus,
a subjective variable is incorporated to understiredeffect of what the farmer perceives
about the inherent riskiness of going for Al tedogg. The intuition is that poorer
households that are unable to avoid consumptidnaneid this risk by opting lower return
lower risk agriculture (Brick and Visser, 2015).ride, farmers that consider Al technology
as risky may not go for adopting it. The effectlus variable is captured as binary with “1”

being that the farmer considers going for Al tedbgg as risky and “0” otherwise.

The description of the variables used in the dotrbiedle model and their corresponding

hypothesized relation of the coefficients are suned in Table 7.1.
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Table 7.1: Description of Variables and their Hypohesized Relation with Adoption of
Al Technology

Factors Description Measure Hypothesized
relation

Dependent variable

Al Adoption Decision to Adopt Al or Not 1 for thesvho have gone
for use of Al, 0 otherwise

Proportion of cattle bred Number of calves born using Al outRatio

using Al of total calves

Independent variable

Age Age of the household head in years  Years +/-

Education Number of years spent in school years +

family size Number of family member living  Number +
together

Land size Land owned by the household (in Number +
hectare)*

Fodder cultivation Land allotted by the farmer for Number +
fodder cultivation (in hectare)

Access to credit Access to formal or informal 1 if farming household have +
sources of credit access to credit, O otherwise

Membership of DCS Farming household having 1 if farming household have +
membership to Dairy cooperative membership to DCS, 0
Society otherwise

Distance to market Distance to the nearest market  Kilometer -

Distance to all weather road Distance to the neéatbweather  Meter -
road

Grazing land Easy access to grazing land 1 ifilgrhousehold has -

access to grazing land, O
otherwise
Beneficiary of Govt. Dairy  Farming household has ever 1 if household is a +

Development programme  availed the benefit of any dairy beneficiary, 0 otherwise
development programme

Years of starting the dairy Number of years since first Years +
farm established the dairy farm
Distance to Al Centre Distance to nearest Al centre Kilometer -
Access to local breeding Easy availability of local breeding 1 if farmer has access to local -
bull bull in the locality of the farming breeding bull, 0 otherwise
household
Herd size Number of cattle owned by the ~ Number -
farming household
Number of years since first Number of years since the head of Years +
knew about Al household first heard about Al
Farmers self assessing Al asFarmer’s self assessment or 1 if the household head -
risky perception in inherent riskiness of considers Al to be risky, 0
going for Al technology otherwise

Notes: '+’ and ‘-* indicates respectively the positivecanegative hypothesized relationship of the
independent variables with the dependent variables

7.3. Description of Explanatory Factors of Empiricd Adoption Model

Table 7.2 presents the descriptive statistics efcibntinuous explanatory factors with mean

difference test across adopters and non-adoptetg@f Al technology. It is evident that
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among the continuous explanatory factors the meacation of the household head, land
size owned by the household, land size allottedddder cultivation, distance to all weather
road and number of years since first knew aboual found to be statistically different
between the two categories of respondents andfisamti at 1 Per cent probability level
while the mean herd size is significantly differdr@tween the two groups at 5 Per cent
probability level. The mean age of the householddhef the adopter group is relatively
higher compared to the non-adopter group but rgtifstant. Mean years of schooling is
more than 7 years for respondents adopting Al teldgy against 4.7 years for non-adopter
group. The reason may be that during the survayecaout in the three districts of the state
of Assam it is observed that respondents from thpaN community engaged in the dairy
activity had higher mean years of schooling andr th®portion in the total sample size of
the adopter group is 37 per cent (see Table 4chapter four). They are relatively dominant
in Sonitpur and Karbi Anglong district. Educatioeitg crucial for technology adoption, a
lower level of education limits the absorption nfarmation and thus hampers the process
of technology adoption-diffusion (Hazarika et &@,18). Non-adopters have relatively higher
family size compared to the adopter category batdifference between the two categories
is not significant. The mean land size owned byatthepter group is higher by 0.067 hectare
against the non-adopter group. Similarly, amountanid allotted by the Al technology
adopting respondents for fodder cultivation is leigihy 0.087 hectare compared to non
adopting respondents. The mean distance to theesteamarket from the non-adopter
households is almost 4 kilometers while it is 2iforketers for the adopters of Al
technology. There is a notable difference obsemedtie mean distance to all-weather road
from the respondent’s house between the two caesydther important factors among the
continuous variables incorporated in the model thay exert significant causal relation in
the adoption of Al technology are the herd size andreness about Al. The mean herd size
of the Al adopting respondents is 7 numbers ofledteads against 5 numbers of non
adopting respondents. A sizable difference is alsserved with respect to number of years
since first heard about Al where the mean periokradwing about Al for the adopter
category is more than 13 years against close tea8syfor the non-adopters of Al. This

indicates that the adopters have relatively bettrmation access about Al and may also
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be active participant in the awareness programnmégedaout by the concerned government

departments.

Table 7.2: Descriptive Statistics of Explanatory Fetors (continuous) by Farmer’s

Group in the Al Technology Adoption Model (mean)

Factors Non-adopter Adopter Total t- test
(N=108) (N=137) (N=245) (two tailed)

Age 49.778 50.672 50.277 -0.5531
(1.167) (1.101) (0.801)

Education 4.676 7.489 6.249 -4.8128***
(0.413) (0.404) (0.303)

family size 6.083 5.723 5.882 1.103
(0.263) (0.203) (0.162)

Land size 0.1277 0.1943 0.1649 -3.4955%*
(0.060 (0.117) (0.072)

Fodder cultivation 0.0117 0.0985 0.0603 -4.9361***
(0.031) (0.114) (0.068)

Distance to market 4.0648 2.8525 3.3869 1.4735
(0.9112) (0.137)) (0.409)

Distance to all weather road 471.7685 350.0007 403.678 2.4745%**
(35.902) (33.283) (24.686)

Years of starting the dairy 27.083 27.5401 27.3387 0.2398

farm (1.4112) (2.274) (0.944)

Distance to Al Centre 2.3865 2.5080 2.454 -0.6942
(0.130) (0.117) (0.087)

Herd size 5.3889 7.16058 6.379 -1.994**
(0.358) (0.736) (0.444)

Number of years since first 7.852 13.459 10.988 -5.7084***

knew about Al (0.570) (0.747) (0.518)

Source Authors’ estimation based on field survey data

Significant * at 10%, ** at 5% and *** at 1% poability level

Table 7.3: Distribution of Sample Households by Exjanatory Variables (categorical)

Factors Character Non-adopter Adopter Total Pearson chf
(N=108 (N=137) (N=245) value

Access to credit No 96 108 204 4.383*
Yes 12 29 41

Membership of DCS No 96 74 170 34.5789***
Yes 12 63 75

Grazing land No 67 94 161 1.1592
Yes 41 43 84

Beneficiary of Govt. Dairy No 106 2 198 37.422%*

Development programme Yes 92 45 47

Access to local breeding bull No 2 106 35 24.3852***
Yes 33 104 210

Farmers self-assessing Al as No 39 108 147 45,925%**

risky Yes 69 29 98

Source Author’s estimation based on field survey data;
Notes:Significant * at 10%, ** at 5% and *** at 1% prob#ity level

TH-2034_126141005
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Among the dummy explanatory factors incorporatedh@ model statistically significant
differences in the two categories of respondentsbserved for all the variables except

grazing land (see Table 7.3).
7.4. Econometric Results for Al Technology Adoption
7.4.1. Model Specification

The results of the likelihood ratio test betweea Tobit and the two step modeling (using
Probit and Truncated Regression) show that the [@edbrdle model is superior over Tobit
model since thd'=237.42 which exceeds the criticgl value with 17 degree of freedom
[¥2(17)=34.41] and significant at 1 Per cent probgbievel. For the robustness of model
specification, Akaike’s Information Criterion (AICand Bayesian Information Criterion
(BIC) are included as model selection criterione(#@pendix A7.1). Model with lowest
AIC and BIC is always preferred. This also indisagebetter fit of the Double-Hurdle model
over Tobit model and suggests that decision to dbpechnology and to what extent it is
to be adopted are governed by two independent ggese Some other studies (Hazarika et
al., 2016; Tefera et al., 2014; Beshir et al., 20h&ve adopted these criteria of model
specification between the Tobit and the Double-Hundodel.

Table 7.4: Test Statistics of Double-Hurdle Model

Type of statistics Probit, D Truncated, Y(Y>0)
Waldy* 97.7¢ 62.9¢

Prob>y® 0.000%*** 0.000***

LOG-L -80.9( 35.31

AlC 197.8( -32.61

BIC 260.82! 22.8i

x>-Test Double Hurdle versus To  1'=237.42>y%(17)=34.4:

7.4.2. Diagnostic Tests

While using the Double-Hurdle model for estimatthg probability of adoption and extent
of adoption of Al technology, explanatory variablese checked for problems of
multicollinearity, endogeneity and heteroscedastidtollowing Gujarati (1995) and Beshir
et al. (2012) the problem of multicollinearity foontinuous variables is checked using the

technique of Variance Inflation Factor (VIF) andldm@ance Level (TOL) where each
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continuous explanatory variable is regressed ontradl other continuous explanatory
variables. The larger is the value of VIF of a ahte, more it is said to be collinear. As a
rule of thumb, VIF of a variable exceeding 10 arfdoRthe model is more than 0.90 the
variable has severe multicollinearity problem. Ehare literatures which even suggest that
the VIF of a variable should not exceed more thaor ®lse the variable is said to be
collinear. However, in the present study, thereasany problem of multicollinearity as the

VIF value for all the continuous explanatory vatesbis less than 2 (mean VIF is 1.21) (see

Table 7.5)
Table 7.5: Variance Inflation Factor (VIF) of the Continuous Explanatory
Variables
Variables Collinearity Statistics
VIF Tolerance

Age 1.52 0.66
Education 1.14 0.87
family size 1.14 0.88
Land size 1.16 0.86
Fodder cultivation 1.13 0.89
Distance to market 1.05 0.95
Distance to all weather road 1.04 0.96
Years of starting the dairy farm 1.64 0.61
Distance to Al Centre 1.06 0.94
Herd size 1.14 0.88
Number of years since first knew about Al 1.24 0.81

To check the degree of association among the catayexplanatory variables contingency
coefficients are computed (Table 7.6). Contingecasfficient is a clfi based measure of
association and the rule of thumb is that a valu®.@5 or above indicates a stronger
relationship between dummy explanatory variablesafi4 1984; Beshir et al., 2012). This
is also checked for the dummy variables includeth&x Double-Hurdle model and all the
values are found to be less than 0.32. For enddgetast, there is no such explanatory
variable that is expected to be endogenous in th#ehand thus there is no need to conduct

this test. In order to avoid problem of heterosséiday, robust standard error is estimated.
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Table 7.6: Contingency Coefficients of Dummy Explaatory Variables

Factors Access Membership Grazing Beneficiary of  Access to Farmer’s self
to credit of DCS land Govt. Dairy local assessment of

Development  breeding riskiness of
programme bull going for Al

Access to credit 1 0.2005 -0.0704 0.2166 -0.1295 0.0536

Membership of DCS 1 -0.0133 0.3188 -0.2097 -01253

Access to grazing land 1 -0.0623 -0.0737 0.0948

Beneficiary of Govt. Dairy 1 -0.0699 -0.1379

Development programme

Access to local breeding bull 1 0.0952

Farmers self assessing Al as 1

risky

7.4.3. Factors Influencing Adoption and Extent of Aoption of Al Technology

As the adoption and intensity of Adoption of Al heology is a two-step decision process
and explanatory factors affect both the decisidnseaying degree, the marginal effects are
used for interpretation purpose of the variables pfesented in Table 7.7, both the first and
second hurdle of the Double-Hurdle model are diedilty significant (p=0.000) with Wald
chi” value of 97.76 and 62.95 respectively indicatirgad fit of the model.

The results of the Probit regression model showbl@&.7) that the sample farmers in
Assam are influenced significantly towards Al teclogy adoption by the education of
household head, amount of land allotted for fodnétivation, distance to nearest market,
distance to all weather road, availability of gragiland, influence of govt. dairy
development programme, years of starting the daimy, distance to the nearest Al centre,
availability of local breeding bull at farmer’s lldty, herd size, number of years since first
heard about Al and farmer’s perception of riskineBsut Al. However, the present study
fails to provide evidence for significant influescef few other explanatory variables such
as age of the household head, family size, larel@ned by the household, access to credit
and membership of DCS. The results of the trunceggdession model show that access to
credit, years of starting the dairy farm, availaypibf local breeding bull at farmer’s locality,
herd size, number of years since first heard aBdwind farmers self assessing Al to be

risky significantly influence the extent of adoptiof Al technology (Table 7.7).

Education of the household head positively andiogmtly (at 1 Per cent probability level)

affects adoption of Al technology, i.e., with oneay increase in schooling leads to increase
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in the probability of adoption of Al technology Hy94 per cent. But to what extent the
technology will be adopted is not significantly &dped by the formal years of schooling of
the head of household in the present study. Theoremay be that educated farmers may
immediately think of deciding to adopt a technoldgy their capacity to think on the
perceived benefit of a new technology. But oncepéetb the education level of head of the
household plays no role on deciding how much tepicof the new technology. The finding
is consistent with the findings in the previousH#tures (Ghimire et al., 2014; Asfaw et al.,
2012; Kassie et al., 2011; Abdulai and Huffman, 0@®ut contradicts the findings of
Beshir et al. (2012) and Beshir (2014) where fbisnd that education is negatively related
with the extent of adoption of improved forage tealogy in Ethiopia.

Fodder cultivation has a positive and statisticalignificant effect on adoption of the Al
technology by the farming households. One extradnecof land brought under fodder
cultivation may increase 47.10 per cent chanceldeéhnology adoption by the dairy farm
households. As mentioned earlier, domestic supplgputs facilitates acceptance of a new
technology. The reason may be that their expectefit pvill be higher due to lower input
cost. However, the same does not exert signifieffiect on the extent of adoption of Al
technology. Farmers after adopting a technology gragually become commercialized and

may become indifferent to whether they have thein snput supply or not.

In accordance with the findings of many previousds&s on agricultural technology
adoption, the present study has also found acceseetlit as important determinant in the
intensification of Al technology. As explained ady the importance of credit on the
households seeking to adopt new technology, ceetdiess can play a bigger role in the
extent of adoption of Al technology in Assam. These positive and significant relation
witnessed in the extent of adoption of Al techngl@gd access to credit. The study shows
that there is 8.4 per cent increase in the proibaloif Al technology intensification for the
farmers having access to credit facility. The firglis consistent with Islam et al (2015) and
Lapple et al. (2015).

Distance to market has negative and significaritiémice in the adoption of Al technology.
Farm households that are away from the market @mst@ined by higher transaction cost

and information access about a new technology bod have lower adoption rate. The
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present study has found that 1 kilometer increasthé distance from farm house to the
nearest market results to 10.98 per cent decread@ei probability of Al technology
adoption. However, there is no significant influeraf the same on extent of adoption of Al
technology. The reason may be that those who Havady adopted the technology and are
in the process of intensification may have attairedficiency and are gradually less
concerned about the transaction costs and infoomaitcess. The finding is consistent with
the finding in some other studies (Hazarika et2416; Abdulai and Huffman, 2005).

The effect of distance to all-weather road is neght related with Al adoption decision and
significant at 10 per cent probability level. Hightte distance to the nearest all weather
road the opportunity cost of labour increases &and aidoption decision of Al technology is
negatively affected. But, the influence of the anste to all weather roads on extent of
adoption is not significant. The possible explamatican be that as farmers go for
intensification of the Al technology to increases thumber of crossbred cattle they may
ensure higher earnings of the family labourers loykimg in their own farm rather than

seeking alternative options.

The present study hypothesized that the availghilitgrazing land negatively affects the
adoption and intensity of adoption of Al technologjhe reason may be that rearing of
indigenous breed is dependent on open grazing stgéie crossbred cattle that are reared
under stall feeding condition. Those farmers whl fgrazing land easily in the locality,
their input cost will decline and they may find nieg indigenous breed economical and
hence may unlikely to adopt Al technology. The fitgd counters this hypothesis and a
significant positive relationship is observed ie tidoption of Al technology and availability
of grazing land. It is found that farmers havingyeaccess to grazing land are 1.58 per cent
more likely to adopt Al technology. One justificati that can be put forth is that farmers are
initially indifferent about the input cost and mdgcide to try the technology. However,
there is a negative though not significant relatdtiserved between availability of grazing
land and extent of Al technology adoption. Gradedhnce on stall fed rearing of crossbred

cattle make them indifferent to availability of gitag land nearby.

Farmers having older farms are generally more \likel adopt the Al technology. The

reason may be that older farms are associatedbsiter working experience as a source of
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informal learning (Hazarika et al., 2016; Mazvimarid Twomlow, 2009). However, the
present study finds that farmers with a new farenraore likely to adopt the Al technology
compared to the farmers having older farm. Simd@nificant and negative relation is
witnessed between the extent of adoption of Al neétgy and number of years since the
farmer started the farm. With one additional yeldendairy farm may have the probability
of decrease in the adoption and extent of adopiipr0.6 per cent and 0.02 per cent
respectively. The justification in support of theding may be that farmers starting with a
new farm may be aspiring to increase the profitgbthrough adopting more innovative
technology. It may also be the case that the diteners being risk averse may always stick
to the traditional technology and may not want ¢earA new enterprise started by a new
entrepreneur may have the intent to generate higheme and thus may be less risk averse.
There can be direct effect on adoption of a teahmplvhen distance from the source of the
necessary equipments/inputs and technicians refjtoreperformance of Al technology is
concerned. Adoption rate will increase when theadise is less and vice versa. However,
finding of the present study goes against the megdtypothesized relation between
distance to Al centre and adoption of Al technololgyhas been found that one kilometer
increase in the distance to Al centre from farmédsise leads to 11.6 per cent increase in
the probability of adoption of Al technology by tfem households. The justification in
support of the positive relation may be that duting survey it was found that only 10.22
per cent of the farm households had inseminated ¢agéle at Al centre. The inseminator
uses two wheelers to visit the farming householdd he feels always profitable to
inseminate farms located at distant places frontekitre. He can charge much higher fees
than the usual rate in the name of higher fuel ireqents of his vehicle and thus extra
income allures him to service Al more to farms wdhger distance from Al centre. Similar
positive but non-significant relation is witnessegtween distance to Al centre and extent of

adoption of Al technology.

It is found in the study that increase in herd sigmificantly and positively affects adoption
of Al technology at 1 per cent probability levelHowever, increase in herd size
significantly lowers intensity of Al technology golion. One cattle head increase in the
herd size increases 2.5 per cent increase in thigapility of adoption and 1.26 per cent

decrease in the probability of extent of adoptibAltechnology. This implies that increase
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in the number of cattle heads to a certain exteay mmbolden farmer to accept more
innovative Al technology because he is gaining tanfce to rear high yielding crossbred
cows. However, it may happen that with further @ase in the herd size with more
crossbred cattle his capacity in cattle herd mama&ge and individual monitoring of stages

of heat of individual cows are constrained and ddgtion intensity may decline.

Table 7.7: Double-Hurdle Estimates of Variables Infuencing Adoption and Intensity of
Adoption of Al Technology

Factors Probit, D Truncated regression, Y(Y>0)
Coefficient Robust Marginal Coefficient Robust Marginal
Std. Err. Effect Std. Err. Effect
Age 0.117¢ 0.10¢ 0.003¢ 0.002« 0.001t  0.0023!
Educatior 0.632*** 0.2428° 0.019¢ 0.006¢ 0.004(  0.0065:
family size -0.11¢ 0.044: -0.0037  0.006¢ 0.005¢  0.0064:
Land size 0.265¢ 0.172 0.081: 0.012: 0.009¢  0.012]
Fodder cultivatior 1.5384*** 0.420¢  0.471( 0.009¢ 0.0107  0.0095!
Access to cred 0.151¢ 0.34¢ 0.046¢ 0.084** 0.038¢  0.084(
Membership of DC¢ 0.203: 0.288.  0.062¢ 0.028: 0.036¢  0.028:
Distance to marke -0.359*** 0.94( -0.109¢  0.000¢ 0.014:  0.000¢
Distance to all weather ro -0.0054 0.000:  -0.0001¢ 0.0000: 0.000C  0.0000:
Grazing lan 0.5164 0.298.  0.015¢ -0.016: 0.041C -0.016:
Beneficiary of Govt. Dain 0.8062’ 0.477: 0.024. 0.037: 0.036¢  0.037:
Development programme
Years of starting the dairy fa -0.0222* 0.010¢ -0.006¢ -0.0022 0.001: -0.002:
Distance to Al Cent 0.37931** 0.112¢ 0.116: 0.005¢ 0.015(C  0.005¢
Access to local breeding b -1.759%** 0.027:  -0.538F  -0.1547** 0.033¢ -0.154
Herd size 0.8246*** 0.0274: 0.025: -0.0126*** 0.0037 -0.012¢
Number of years since first kne 0.0714*** 0.020¢ 0.218: 0.0064***  0.002(  0.006
about Al
Farmer’s self assessment -0.0102**  0.768: -0.289: -0.0869 0.048¢  -0.086¢
riskiness of going for Al
Constar 0.102: 0.768: 0.7604***  0.096¢

Test statistic:

Wald y***(17) = 97.76

Log-L =-80.9(
Pseudo = 0.5:
No of Observation = 2

Wald y™***(17) = 62.95
Log-L = 35.37

No of Observation = 1:

Note: Significant * at 10%, ** at 5% and *** at 1% probiity level

Number of years since first knew about Al is taksnproxy to access to extension support.
The farmer who heard about Al much before has betttension contact compared to the
one who has recently known about Al. The relatibrihts variable to the likelihood and

extent of adoption is consistent with the hypothegisign. There is significant (at 1 per cent

probability level) increase in the adoption andeextof adoption of Al technology with
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increasing number of years since first heard aldutt is found that with one additional
year increase in the period between first knowibgua Al and adoption increases the
probability of adoption and extent of adoption Hy&per cent and 0.6 per cent respectively.

Thus, access to information about Al is very crufdaadoption decision of Al technology.

Perception on probable risk embedded in a new t#abw is very important determinant in
the adoption literature. Farmers who feel new tetdgy to be risky are very unlikely to
adopt it. The finding of the study is in line withe hypothesized relation. There is
significant (at 1 per cent probability level) dexse in the likelihood of adoption of Al
technology when farmers self-assess a new techypdtobe risky. There is 28.92 per cent
decrease in the probability of his/her adoptiobfvhen he/she feels adoption of Al to be
risky. Corollary to this, there may be 8.69 pertagecrease in the probability of extent of
adoption of Al when the farmer considers that amopof Al technology is risky. Adequate
information dissemination about the Al technologhgrough deployment of sound
technicians is very important so that there is reafen the negative perception about Al and

adoption rate is thus increased.
7.5. Constraints to Adoption of Crossbreeding Techmiogy

As pointed out in chapter three that even thougioua efforts have been laid for diffusion
of crossbreeding technology in an organized stléerate of adoption of the same is highly
unimpressive. There may be various underlying camdt that farmers may perceive to
hinder adoption of the technology. Ranking of tbastraints according to their severity is,
therefore, important so that policy prescription b& made to address them on priority basis
so that rate of adoption of the technology can figaeced in Assam. For this, constraints
that farmers may perceive to negatively influertogrtadoption decision of crossbreeding
technology are identified. Selection of the coristgin the present study is guided by
previous empirical studies (Kumar et al.,, 2009ami&u et al., 2009b; Reddy et al., 2003;
Rathore at al., 2009 b; Singh and Chauhan, 2008awY &t al., 2008 etc.) carried out in
different parts of India along with certain consita identified from comments made by
farmers while carrying out the pilot study. To ratike constraints for adoption of
crossbreeding technology ‘Rank Based Quotient’ (REQhnique has been employed. The

probable constraints that farmers may be facingfossbreeding technology adoption were
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listed in the questionnaire during the pilot stuBgrmers were asked about their perceived
constraints as severe and were recorded and etgmtere reminded of the remaining listed
constraints and asked for their preferred rankirige criterion followed by the farmers was
listed first and later they were asked to rank loa Ibasis of individual priority by giving
number 1 to 5. The strongly preferred criterion wasked as 5, followed by 4 as less
important and then 3 and so on. After interviewihg farmers, the constraint analysis was
done to rank the preferences on the basis of RB@lyAis was done for the entire sample
households of adopter (137) and non-adopter (3&phking the constraints.

RBQ as a problem identification technique is repnésd by the following mathematical
notations:

fi (n+1)*100
Nsn ’

RBQ = Yj—4 (7.10)

Where,

N = Total number of farmers

n = Total number of ranks (since there is five grdo n = 5)

i = Total rank for which RBQ is calculated (for arpcular problem)
f = Number of farmers reporting the rank i (for r@blem)

Table 7.8 to Table 7.12 presents the ranking ofctivestraints based on RBQ. While Table
7.8 presents the ranking of constraints for theralseonstraints influencing crossbreeding
technology adoption, Table 7.9 to Table 7.12 prisseanking according to various
categories of constraints such as breeding, feedistitutional and infrastructural services,
and socio-psychological constraints. It has beemdothat among the various constraints
farmers perceive to hinder their adoption of cresstling technology, the most severe
constraint reported by the sample farmers is thgh fdost of fodder and concentrate
followed by higher requirements of feed and foddsr crossbred cattle. The other
constraints hindering adoption of crossbreedingnetogy in the order of severity are high
overall cost of rearing crossbred cattle, highequreement of care by crossbred cattle,
getting green fodder is difficult etc. (see Tabl8)7The least severe constraints perceived
by the sample farmers is the unavailability of fegumilk market (consistent with the

observation of ILRI (2007) in the context of Assdiml)owed by exposure to seasonal flood

209

TH-2034_126141005



hampers the rearing of crossbred cattle, favouratbieide towards growing grain and other

crops than growing fodder crops, long calving iméiof crossbreds etc (see Table 7.8).

Table 7.8: Adoption of Crossbreeding Technology anBarmer’s Perception on
Constraints to Dairying (N=245)

Sl. No. Perceived Constraints RBQ Score Rank
1. Poor conception rate i.e., poor results c 70.2¢ 16
2. Too much repeat breeding througt 66.7¢ 18
3. Long calving interve 50.5: 28
4, Non availability of semen at Zcentre 58.5: 24
5. Non Availability of Inseminator round the clc 51.3¢ 27
6. Lack of pregnhancy diagnostic (PD) facil 64.2¢ 20
7. Lack of progeny tested b 71.1¢ 14
8. Lack of Al centre in the vicini 56.6¢ 25
9. Inadequate knowledge of 70.4% 15
10. High cost of A 74.9¢ 10
11. Natural Service is favourable than 59.3¢ 22
12, Crossbreds require higher amount of feed and fi 84.6¢ 2
13. Lack of knowledge on treatment of poor quality roages 75.61 9
14, Fodder and concentrate cost is much hi 85.1¢ 1
15, Lack of common grazing fie 67.5] 17
16. Lack of knowledge on balanced feed 76.4¢ 8
17. Getting green fodder is much difficult now a d 77.9¢ 5
18. Favourable attitude towards growing grain and otheps 50.5: 29

than growing fodder crops
19 Lack of knowledge of recommended manager 77.0¢ 6
practices
20. Unavailability of veterinary facilities near 62.12 21
21, Unavailability of regular milk marke 38.4¢ 31
22, Poor extension suppc 73.6% 12
23, Lack of institutional credit facilit 74.8¢ 11
24, Distant location of Al cent 58.61 23
25, Crossbred cattle are susceptible to dis 76.8:2 7
26. Crossbred cattle require comparatively more ca 82.0¢ 4
rearing
27, Crossbred cattle cannot tolerate high temper 66.9¢ 18
28 Overall cost of rearing crossbred cattle is vegh 83.1( 3
29, Al results to more male calw 54.8¢ 26
30. It is uneconomical to rear crossbreds due to pomrght 72.2¢ 13
capacity of crosshred male
31 Exposure to seasonal flood hampers the rearil 45.7¢ 30

crossbred cattle
Source: Author’s estimation based on field survey data

RBQ score and the ranking of the constraints reltidoreeding practices of crossbred cattle
adoption is presented in Table 7.9. It indicated #imong the eleven breeding constraints

identified based on the previous studies and askiagample farmers about the severity of
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these constraints, it is found that high cost ofiAthe most serious constraint the farmers
face while trying to improve the genetic makeuptleé indigenous cattle stock. This is
followed by lack of progeny tested bull and poonception rate of Al. These constraints
however seem to be interrelated because poor cbocegte is supplemented with high
cost of Al leads to multiplication of their totabsts incurred that affects negatively the
farmers to go for Al. This is seen in the fieldtthi@e inseminators charges the same rate for
the repeated Al even though ideally the repeatgehhas to be zero or lesser than the charge
of the first service. According to Mugisha et &014), there should not be any extra charge
in repeats. Longer calving interval, non-availapibf the inseminator round the clock, lack
of Al centre in the vicinity etc. are the least in@ant constraints affecting adoption of

crossbreeding technology (see Table 7.9).

Table 7.9: Adoption of Crossbreeding Technology anBarmer’s Perception on
Constraints Related to Breeding Practices (N=245)

Sl. No. Perceived Constraints RBQ Score Rank
1. Poor conception rate i.e., poor results c 70.2¢ 3
2. Too much repeat breeding througt 66.7¢ 5
3. Longcalving interve 50.5: 11
4. Non availability of semen at Al cen 58.5: 8
5. Non Availability of Inseminator round the clc 51.3¢ 1C
6. Lack of pregnancy diagnostic (PD) facil 64.2¢ 6
7. Lack of progeny tested b 71.1¢ 2
8. Lack of Al centrein the vicinity 56.6¢ 9
9. Inadequate knowledge of 70.4¢ 4
10. High cost of A 74.9¢ 1
11. Natural Service is favourable than 59.3¢t 7

Source: Author’s estimation based on field survey data

Table 7.10 presents constraints regarding feediactipes which may affect the adoption of
crossbreeding technology. High cost of fodder amttentrate is the most serious constraint
as perceived by the sample farmers followed byfénmer's perception that crossbreds
require higher amount of feed and fodder. Tabl® 8lHows that growing of fodder crops is
equally important with growing of grain and otheogs in the situation when farmer adopt
crossbred technology. Their justification as emedhan the field is that growing of fodder
crops will certainly address feed scarcity and énalhem to partially substitute the high

priced concentrate feed and encourage them tdrglaryielding crossbred cattle. It has also
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been observed in the field that most of the adofdemers assign less importance on
availability of common grazing land due to staledeng nature of crossbred cattle and
majority of the farmers have knowledge on treatnwnpoor quality roughages although

they do not practise in the field condition. Theammon apprehension is that fungus may

affect it and become poisonous in a damp enviromfeethe animal to eat.

Table 7.10: Adoption of Crossbreeding Technology ahFarmer’'s Perception on
Constraints Related to Feeding Practices (N=245)

Sl. No. Perceived Constraints RBQ Score Rank
1. Crossbreds require higher amount of feed and fi 84.6¢ 2
2. Lack of knowledge on treatment of poor quality roages 75.61 5
3. Fodder and concentrate cost is much hi 85.1¢ 1
4, Lack ofcommon grazing fiel 67.5] 6
5. Lack of knowledge on balanced feed 76.4¢ 4
6. Getting green fodder is much difficult now a d 77.9¢ 3
7. Favourable attitude towards growing grain and otheps 50.5¢ 7

than growing fodder crops
Source: Author’s estimation based on field survey data

Availability of various institutional and infrasictural services such as knowledge on
recommended management practices, veterinarytfesijliregular milk market, extension
support, access to institutional credit and locatid Al centre which may have bearing on
adoption of crossbreeding technology is presemtedable 7.11. It is found that lack of
knowledge of the farmers on recommended managepnaatices is the serious constraint

among the constraints relating to institutional arfchstructural services in adopting new

Table 7.11: Adoption of Crossbreeding Technology ahFarmer’s Perception on
Constraints Related to Institutional and Infrastructural Services (N=245)

Sl. No. Perceived Constraints RBQ Score Rank
1. Lack of knowledge of recommended manager 77.0¢ 1
practices
2. Unavailability of veterinary facilities near 62.1Z 4
3. Unavailability of regular milk marke 38.4¢ 6
4, Poor extension suppc 73.6:1 3
5. Lack of institutional credit facilit 74.8¢ 2
6. Distant location of Al cent 58.61 5

Source: Author’s estimation based on field survey data

dairy technology such as crossbreeding followethbly of institutional credit facility. Table

7.11 also shows that unavailability of regular nmiarket is the least important constraint in
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crossbreeding technology adoption followed by distebcation of Al centre. This is
consistent with the results of Double-Hurdle modbich indicate that distance to Al centre

affects positively the adoption of Al technology@mg the sample farmers (see Table 7.7).

Farmer’s socio-psychological constraints to adoptmf crossbreeding technology are
reported in Table 7.12. It shows that among sev#erent socio-psychological constraints
that were believed to affects adoption of crosdlirge technology adoption, farmer’s
perception on high cost of rearing crossbred catimpared to the rearing of indigenous
cattle is the dominant constraint affecting thepoim of crossbreeding technology. This is
followed by farmer’s perception on crossbred catlguiring more care in rearing compared
to indigenous cattle. Farmer’s perception on exposo seasonal flood hampers rearing of
crossbred cattle is the least important socio-psipgiical constraint followed by Al results

to more male calves as reported by the sample farimé¢he study (see Table 7.12).

Table 7.12: Adoption of Crossbreeding Technology ahFarmer’'s Perception on Socio-
psychological Constraints (N=245)

Sl. No. Perceived Constraints RBQ Score Rank

1. Crossbred cattle are susceptible to dis 76.82 3

2. Crossbred cattle require comparatively more ca 82.0¢ 2
rearing

3. Crossbred cattle cannot tolerate high temper 66.9/ 5

4, Overall cost of rearing crossbred cattle is vegh 83.1( 1

5. Al results to more male calvi 54 .8¢ 6

6. It is uneconomical to rear crossbreds due to pomurght 72.2¢ 4
capacity of crossbred male

7. Exposure to seasonal flood hampers the reari 45.7¢ 7

crossbred cattle
Source: Author’s estimation based on field survey data

7.6. Summing Up

The above discussion deals with identification tué factors that affect the probability of
adoption and intensity of use of Al technology issAm. Cross-section data are used to
analyze the influence of farm, farmer, physicalimment at which farmers operate and
perception characteristics on the probability ob@ttbn and extent of adoption of Al

technology.
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In the analysis of the chapter, the study has fadutation of the head of the household as
positive and significant suggesting that it is avpdul factor explaining probability of
adoption of Al technology. Amount of land allottéat fodder cultivation is also found to
significantly and positively influence Al technolp@doption. Also, there is a positive and
significant relation between credit access andrgxié Al technology adoption which calls
for facilitating Al adopting farmers with better @ass to credit services. Physical
environment characteristics in which farmers opesaich as distance from farm household
to market and all-weather road affect adoption bftechnology negatively implying that
market linkages and expansion of rural roads cama ¢ing way in increasing the rate of
adoption of Al technology. The study has also fouanilability of grazing land’ and
‘beneficiary of existing dairy development progragshas positive and significant factor
for Al adoption. Relatively new farms are foundo® influenced more towards adoption and
extent of adoption of Al technology necessitatingliqy priorities on the part of the
government for targeting these farms for diffusairmAl technology. It has been found that
distance to Al centre is positive and significamiplying that more than the spread of Al
centre, deployment of technicians is important dssérvices are mostly carried out at
farmers’ door step. Access to local breeding bebjatively influences both adoption and
extent of adoption of Al which has the implicatidmt risk-averse farmers finding local
breeding bull easily at the locality may not adapt intensify Al. Therefore, castration of
local breeding bull may be carried out at a massoate to diffuse the Al technology among
the farmers. Farmers with bigger herd size are taup@Al technology more but further
increase in the herd size is found to negativefgcafthe intensity of adoption of the
technology. This may be attributed to the diffiguid pay for the larger number of services
with a bigger herd size or due to declining coniceptate resulting from the failure to
individually monitor the stages of heat of the leatNumber of years since knowing about
Al is taken as a proxy to extension effort and amass programme. In the above analysis,
it has been found that farmers knowing about Al Imbefore are more likely to adopt and
increase the intensity of use of Al technology.sThalls for strengthening the extension
services of the government for making people avedoeut the Al technology. It is also
found that the chances of adoption and extent optoh reduced by 28.9% and 8.69%

respectively for those farmers who consider Al texdbgy to be risky. If this perception can
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be reversed through better extension services avateaess programme, the rate of

adoption and use intensity of Al are likely to iease in the state.

Various constraints those are likely to affect adawpof Artificial Insemination by the cattle
farm household have been ranked according to Seierity in the analysis above. The
ranking is done by categorizing the constraintsetiam breeding, feeding, institutional and
infrastructural services, and socio-psychologicahstraints and also across categories.
Ranking of constraints across categories indida farmers rank the high cost of fodder
and concentrate as severe followed by higher reqénts of feed and fodder by crossbred
cattle. Higher requirement of care by crossbretiesagetting green fodder difficult etc. are
the other constraints that are ranked in termstofseverity following the above two
constraints. The constraints that farmers consadethe least important in affecting their
adoption of crossbreeding technology are unavéitalaf regular milk market followed by
exposure to seasonal flood and favourable attitaderds growing grain and other crops
than growing fodder crops and long calving intergalcrossbreds. According to various
categories of constraints, high cost of Al, lackpobgeny tested bull and poor conception
rate of Al are the most severe breeding constedfiecting non-adoption of Al technology.
Constraints related to feeding practices indicha# high cost of fodder and concentrate and
higher requirement of feed and fodder by crosshiedsnked as the most important feeding
constraints affecting negatively the adoption obssbred cattle. While the lack of
knowledge of the farmers on recommended managepmaatices and lack of institutional
credit facility have the highest RBQ score indicgtisevere constraints relating to
Institutional and infrastructural services in adogt new dairy technology, farmers’
perception on crossbred cattle requiring more careearing envisage the highest RBQ

score in the category of socio-psychological casts.

Notes:

! The finding in the present study encounters théifigs in Kaaya et al. (2005). However, a
notable difference in the quality of the variablases. The average number of cattle herd
size in the present study was 5.39 cattle headshwikimuch lower than what Kaaya et al.
(2005) found in their study in Uganda (14 cattlads.
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APPENDIX 7

Appendix A7.1: Double-Hurdle and Tobit Estimates ofVariables Influencing Adoption
and Intensity of Adoption of Al Technology.

Factors Probit, D Truncated regression, Y(Y>0) Tobit

Coefficient Robust Marginal Coefficient Robust Margina Coefficient Robust Marginal

Std. Err  Effect Std. Err | Effect Std. Err  Effect
Age 0.1179 0.109 0.0036 0.0024 0.0015 0.00235 22P0  0.00378 0.00113
Education 0.632*** 0.24287 0.0194 0.0065 0.0040 00653 0.01962** 0.00818 0.00978
family size -0.119 0.0441 -0.0037 0.0064 0.0059 O&42 -0.0133 0.01615 -0.00664
Land size 0.265¢ 0.17: 0.081: 0.0127 0.009¢ 0.0127 0.0292: 0.0229¢  0.0145¢
Fodder cultivation 1.5384*** 0.4208 0.4710 0.0095 0.0107 0.00955 0.05112 0.03391 0.02549
Access to credit 0.1519 0.345 0.0465 0.084** 0.03840.0840 0.04998 0.10035 0.02492
Membership of DCS 0.2037 0.2881 0.0624 0.0281 68503 0.0282 0.11146 0.08542  0.05558
Distance to marke -0.359%** 0.94( -0.109¢ 0.000¢ 0.014: 0.000¢ -0.0638**  0.0251: -0.0318:
Distance to all weather road -0.0054* 0.0003 -0.@001 0.00003 0.0000 0.00003 0.0166 0.00009 0.57907
Grazing lan 0.5164 0.298: 0.015¢ -0.016: 0.041( -0.016:  -0.019( 0.0927¢ -0.0094¢
Beneficiary of Govt. Dairy 0.8062* 0.4773 0.0247 0.0374 0.0365 0.0374 0.2193970.09195 0.109401
Development programme
Years of starting the dairy farm -0.0222** 0.0105 aB8 -0.0022* 0.0013 -0.0022  -0.0015 0.00323  -0.@007
Distance to Al Centre 0.37931*** 0.1123 0.1161 0.905 0.0150 0.0059 0.06695** 0.03316 0.03338
Access to local breeding bull -1.759%** 0.0274 -8B53 - 0.0339 -0.1547 - 0.08553  -0.22428
0.1547*** 0.4498***
Herd size 0.8246*** 0.02741 0.0252 - 0.0037 -0.0126  0.0032 0.00369 0.00160
0.0126***

Number of years since first knew 0.0714**  0.0204 0.2187 0.0064**  0.0020 0.0064 093***  0.00453 0.00962
about Al
Farmer’s self assessment of -0.0102***  0.7683 -0.2892 -0.0869* 0.0486 -0.0869 - 0.08317 -0.24388
riskiness of going for £ 0.4891***
Constant 0.1021 0.7683 0.7604***  0.0969 0.40367* 0.24015

Test statistics

Wald y>*(17) = 97.76
Log-L =-80.90

Pseudo R= 0.52

AIC = 197.80

BIC = 260.82!

No. of Observation = 245

Wald y***(17) = 62.95
Log-L =35.31

AIC =-32.61
BIC =22.8.

No. of Observation = 137

Log-L =-164.30
Pseudo®R- 0.33

AIC = 366.61
BIC = 433.1.

0. bf Observation = 245

Significant * at 10%, ** at 5% and *** at 1% probiiby level

TH-2034_126141005

216



CHAPTER EIGHT

SUMMARY OF FINDINGS, CONCLUSION AND POLICY
SUGGESTIONS

The present study is motivated by the debate ascligsion centering around the issues of
impact of crossbreeding technology on cattle fasntre factors determining adoption of
crossbreeding technology and constraints impedsigdoption in Assam. These issues are
mostly considered to be region specific. The preserdy may be considered as an effort to
understand the issues of cattle crossbreedingerstite, where crossbreeding technology
has a relatively much lesser penetration. Befomviohg the final conclusion and elicit
policy implications, it would be worthwhile to hazerecap of the principal findings of the

study. A brief summary of these findings is presdrih the following section.
8.1. Principal Findings
8.1.1. Crossbreeding Technology Diffusion in Assam

* For the crossbreeding programme to function effetti breeding policy was revised
and adopted in the state considering the climattt iafrastructural conditions of the
locality. For the diffusion of Al Deep Frozen Semigank was established under Indo-
Australian Cattle Breeding policy in March 1976 aladler on strengthened under
ARIASP. ALDA was created in 2004-05 as a state anp@nting agency for the smooth
conduct of the Al activities in the state. Thus, Wdtwork expanded to all veterinary
establishments, existing FSBs are renovated andré mSBs are also introduced. For
enhancing distribution capacity, FSBs are equippét liquid nitrogen (LN) silos,
distribution vehicles, storage cyo cans and trariggpe cans. Emphasis was also given
on ensuring quality of semen by starting newly @zen Semen Bull Station at
Barapetta by inducting quality bulls from CCBF, 8bada, Orissa and Hessarghatta.
Bangalore. Furthermore, training of Al workers ohrdanagement, FS technology and
quality control was conducted for efficient servieivery. In 1996-97, number of Al
done in the state was only 17,000 which rose t8,883 in 2013-14 with an annual
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growth rate of 18.93 per cent during the periodanrmbnsideration. Again, the number
of calf born in the state during 1997-98 was 9,%8#ch rose to 1,13,360 with an
annual growth rate of 17.03 per cent. At distretdl, Barpeta district has the highest
number of Al done figure (60,063) followed by KarprDistrict (49,566) with
corresponding calf born figure of 17,762 and 16,8@dpectively. The highly flood
affected district of the state, Dhemaji has thedsinvAl done figure (396) followed by
Dima Hasao (447) during 2013-14.

8.1.2. Bovine Population and Milk Production Dynamts in Assam

. The bovine population in the state over the yesravoured for milk production as
share of adult males has decline and adult fenfadee increased. Similar pattern is
envisaged in the composition of crossbred cattjgufaion. Again, pattern of growth
of crossbred cattle shows that although there lkas Imassive efforts undertaken for
improving the cattle stock of the state after fatioraof ALDA in 2004 and NPCBB
taking the lead role in sponsoring cattle breedrawpment programme in Assam, the
annual growth rate of crossbred cattle during 2P0B2 has been very unimpressive.
In addition to this, Assam has a very negligiblarghof crossbred cattle population
compared to the other states. Some of the soutitetes such as Kerala (79 per cent)
and Tamil Nadu (39 per cent) and states and UTienNorth like Punjab (69 per
cent), Chandigarh (86 per cent), Delhi (63 per ;etéryana (35 per cent) and Jammu
and Kashmir (34 per cent) are performing relativetyich better in the breed
improvement programme.

. The crossbred cattle constituting a negligible prapn (3.84 per cent according to
Livestock Census, 2012) in the total cattle popatatontributes a higher proportion
in total cattle milk production (35.42%) in the tetaThis has been possible due to
higher milk yield of crossbred cattle relative teetindigenous breedinalyses of
secondary data reveal that cattle crossbreedingesatted 37% increase in total milk
production in the state. A marked structural transftion in the composition of
bovine milk in the state is also noticed during pleeiod 1986-87 to 2006-07 indicating
that with the passage of time productivity has ethgn important role in the growth of
bovine milk production in the state.
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8.1.3. Milk Productivity, Lactation and Reproduction Characteristics of Cattle and
Input-Output Relation in Milk Production

. Among the sample farmers there is significant d#fifee in milk productivity per
lactation between crossbred and indigenous cattleds across size category farmers
pointing out that crossbred cattle yields approxetya537 liters §p<0.01) of more
milk per lactation than the non-descript cattle.

. The age of first calving of crossbreds in the stsample is relatively much lower than
the indigenous breeds. The age of first calvingcfmssbreds, on average, across size
groups of farmers is 31 months compared to almésndnths for indigenous cattle.
This indicates that farmers with crossbreds haweatio relatively lesser time to get the
first calf compared to the farmers with indigenaadtle having the implications on
conservations of feed and fodder resources andoewpnn farm management
activities.

. Differences between crossbred and indigenous aattlerms of calving interval and
lactation length explain that the calving interval shorter for crossbred cattle
compared to indigenous ones, while lactation lergfticrossbred cattle is relatively
much longer than indigenous cattle. It is foundthe sample farms that calving
interval for the overall crossbred cattle is 427.d4ys against 530.56 days of
indigenous breed. With respect to lactation lengtbssbreds give milk for an average
period of 277.23 days compared to 233.06 days.

. Based on regressing various inputs on average pmokluctivity (employing OLS
technique) it is found that concentrate is the mogiortant input to significantly
affect the productivity of crossbred and indigenoatle followed by dry fodder. It is
found that one per cent increase in the value nteotrate fed to the animals leads to
0.40 and 0.13% increase in the value of milk praéidacper day per SAU of crossbred
and indigenous cattle respectively.

. Dry fodder is important factor to significantly (@01) influence milk productivity. A
one per cent increase in the value of dry fodddrtéethe animal leads to 0.19 and
0.25% increase in the value of milk production émossbred and indigenous cattle

respectively.
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. Imputed value of the labour hour spent for indigenoattle influences positively and
significantly the productivity of indigenous cattldowever the same is not found to be
significant to influence productivity of crossbredttle. The reason may be that the
average herd size of standard milch animal unicrassbreds is higher than the
average herd size of the indigenous cattle (5.866hn8AU of crossbreds compared to
2.65 of Indigenous breed). Hence, the labour hpantsper indigenous milch SAU on
farming operations may be proportionately more camag@ to crossbreds in the model.

. Factor such as expenditures on medicine, doctegs \fitamin, calcium and minerals
and cost incurred on AI/NS are found to affect pheductivity of both crossbred and
indigenous cattle significantly and positively.

. Linear OLS regression on input-output relation stidhat irrespective of breeds, one
per cent increase in feeding of green fodder, dddér and concentrate may lead to
increase in the value of output in the magnitudeespectively 0.03, 0.25 and 0.31%
per milch SAU/day.

8.1.4. Economics of Dairying and Determinants of Rifitability in Dairying

. Returns from milk production by taking the imputealue of domestically available
fodder resources, imputed cost of family laboud anputed value of cow dung and
on the income side the imputed value of domesyicansumed milk indicates that
net return from milk production for crossbred leatiadopter farmers is Rs.
37.02/day/milch SAU compared to Rs. 2.62 for ndogders.

. According to farm size category, large farmers haugher net returns for both
adopters (Rs. 50.28/day/mich SAU) and non-adep(®s. 14.32/day/mich SAU)
group. It is estimated that for the average sizeattle holdings of adopters (5.69
milch SAU) the annual income is estimated as Rs884.99 against the income of
Rs. 2534.20 for the non-adopters for the average of cattle holding of 2.65
milch SAU.

. Based on actual value of operational cost andmdtom milk sale the net return from
milk sale per standard animal per day is estimateRs. 61.60 for adopters and Rs.
19.22 for non-adopters. Thus, given the actualretetrn per standard animal per day

of adopters and non-adopters, the annual incomrethie average farm size
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households is estimated at Rs. 1,27,933.96 foptad® and Rs. 18,590.55 for non
adopters.

. According to farm size category, small farmer adopthave net return of Rs.
69.62/day/milch SAU based on actual paid out eost returns from milk sale which
is higher than the average net return of ovedapters.

. Imputed value of family labour estimated at parhwebst on hired labour brings the
major difference in the net returns from dairyifoy the two different cases (with
and without cost and return imputations). A |lapgecentage of the sample farmers
carried out dairying activities by engaging famillabour which led to
underestimation of operational costs.

. Variables that affect actual profitability (returfrem milk sale minus the paid out
cost) of dairying positively and significantly ateandholding (p<0.05), access to
credit (p<0.10), membership of DCS (p<0.10), salee of milk (p<0.01), proportion
of milk sold (p<0.01), and actual value of feed &mdder fed to the animal (p<0.01).
The only variables that have statistically sigrafit negative relation with the
dependent variable is years of starting the damy (p<0.10).

. Variables such as herd size, contact with extensigent, off-farm income, price
received for the milk sold and proportion of milkld positively and significantly
affects profitability from dairying (returns fromikk produced minus the imputed
value of domestically available inputs). Variablech as the imputed labour cost has
significant expected relation with the dependentaide. The highly significant and
negative relation of imputed labour cost with defet variable implies that
imputation of the family labour cost is the impaottaleterminant of the differences
between the two models. The households that hajeehfamily size also have higher
adult equivalent to work in the dairy farm. Adjusim of the opportunity cost of the
family labour through imputations may exert a nagaeffect on the profitability of

milk production.
8.1.5. Crossbreeding of Cattle and Employment in Deying

. The pattern of labour use in the sample farms atdi that the differences in the

engagement of male and female workers in case all $anms across farm operations
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are relatively much less (5.72 female person daystmin relation to 8.56 male
person days/month) compared to large farms whebeulause of male person
days/month is three times more than the femaleopetays.

. There are variations in the use of labour hour betwmale and female groups
according to various operations of dairying. Operet like feeding and grass
collection and cleaning of cattle sheds and wasbfranimals engages relatively more
female labour than activities like marketing of kil

. There is significantly higher use of labour pemiafor adopter group over the non-
adopter. It is found that adoption of crossbredleaignificantly leads to 13.97 more
person days/month compared to non-adopter. Theaserin labour use is the highest
for large farms (19.65 person days/month) followgdnedium category farms (11.88
person days/month).

. Labour use differences according to farm operatiaitsh adoption of new dairy
technology, i.e., crossbred cattle indicates thaerations like feeding and grass
collection leads to statistically significant inase in the use of labour per farm across
farm size categories (7.03 person days/month).rG#mn operations such as milking
and cleaning of cattle sheds and washing of anialats exhibits significant increase
in the labour use for both farm-wise and milch Siide.

. Adoption of crossbred cattle directly leads to #igant increase of male and female
labour use equivalent to 9.94 and 4.03 person gaysanonth respectively. For the
small and medium farms the increase in labour tise adoption of crossbred cattle is
significant at 1% probability level (based on tvadedt-test) for both male and female
workers. However, for large farms, the requiremehtservices is found to be
significant for male labourers only.

. OLS (log linear) regression results of the factaffecting labour use in the sample
dairy farms point out that adoption of crossbrettleas found to be statistically
significant at 1% probability level. It is seentia'm household with crossbred cattle
have 24.77 per cent higher monthly labour use & dample farms implying that
crossbred cattle adoption has a much higher effeemployment generation.

. If it becomes possible to achieve national averHdg20.81 per cent of crossbred cattle

population by effectively implementing the crossalieag programme in the state of
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Assam then it may create 1,58,400.53 and 1,92,702erson days/month for small

and medium farms respectively.
8.1.6. Milk Marketing, Market Accessibility and Determinants of Marketed Surplus

. Average milk production, sales and retention fdf-sensumption are directly related
to farm size. This indicates that production, saad household retention for self-
consumption increases with the increase in farm feizboth the adoption groups.

. It is found that almost 30% of the farm milk protian for sample farmers of the non-
adopter category is consumed domestically and #is¢ 70% is sold as marketed
surplus. Adopters have higher absolute consumpdiod sales of milk per farm
commensurate with increased production in relatothe sales and consumption of
non-adopters.

. Adopters are commercially oriented to a higher mixte their milk production
behaviour. Of the 137 sample farmers with adoptdrsrossbred cattle, 98.54%
farmers are market participants that sell a patheir produce in market (or any other
marketing agent) against 83.33% of the non-ado1€8 sample farmers).

. Among the marketing channels adopted by the safapigers, cooperative and selling
by self in the market together are the dominantcsiof milk sale (almost 63%). This
is followed by other channels such as, sellingriogte traders and retail sale in the
neighborhood.

. Crossbred cattle adoption is highly significamtv@lue = 0.000) and likely to induce a
14.60 per cent higher marketed surplus. Other bEsasuch as herd size, price
received for the milk sold and membership of Ddlgoperative Society (DCS) are
positive and highly significant to influence incsed marketed surplus.

. The existence of an inverse and significapivdlue < 0.10) relationship between
distance to market and marketed surplus explaiasttigher the distance to market,
lower is the marketed surplus of milk. The possibbplanation for the inverse
relationship can be that use of other marketingnohls (such as private trader,
cooperatives and retail selling in the farmer'sghbourhood) has stronger effect than
selling directly in the market as more than 65%tleé total produce is sold to

cooperatives or picked up by professional venddrkaryers in the neighborhood.
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. Price received on the sale of milk is found to Ipeimportant signal in the study
location to positively influence marketed surpldsnalk. The elasticity of marketed
surplus of milk to its price is about 1.33, implgithat an increase in the prices of milk

by one rupee may likely to induce a 1.33 per cargdr marketed surplus.
8.1.7. Crossbred Cattle Adoption and Treatment Impat on Farmers’ Wellbeing

. Different matching estimators such as five neamegghbour matching, Epanechnikov
kernel based matching with bandwidth 0.06 and sadmatching with caliper 0.1 and
implementing common support have been used torsaéent effects of crossbred
cattle adoption on wellbeing of the farmers. Thdllveeng of the farmers is measured
in terms of the household income by different sesrafter adoption of crossbred
cattle, per capita consumption of high value comitrex] and employment of labour
(increased labour use). The results broadly indipastitive effects on the farmers.

. The significant increasepfvalue = 0.000) in net dairy income per annum after
adoption of crossbred cattle ranges from Rs 4408/@& Rs 44,904.27 for the different
matching estimators. Normalizing the net dairy meoin terms of per milch cattle per
day, the significant increas@-¢alue = 0.000) after adoption of crossbred catile i
estimated in the range of Rs 42.06 to Rs 42.21.

. Dairy income being the dominant component of faraudeholds showing highly
significant rise after adoption of high yieldingossbred cattle, the total household
income also shows significant change (at 10% pntibakevel) for adopters vis-a-vis
the matched non-adopters of crossbred cattle. dtiaé household income is found to
increase in the range of Rs 46,299.54 to Rs 54)88after adoption of crossbred
cattle.

. The average treatment effects on the treated adteption of high yielding crossbred
cattle for average per capita daily consumptionhwh value food commodities
indicate a positive and significant increase fanszomption of milk and meat. Adopter
households have higher average per capita dailgucoption by a range of 105.87 to
109.55 grams of milk and milk products and 6.58.40 grams of meat consumption.

. The differences in average fish consumption betwsemlar pairs of households

belonging to different technological status (adopteand non-adopters of
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crossbreeding) are positive but found to be siediby non-significant. Moreover, the
changes in per capita daily consumption of vegetaland fruits are found to be
positive for specific matching estimators only (KBfer vegetable consumption and
NNM and KBM for fruit consumption)

. Adopters are found to have statistically significarcrease in total labour use after
high yielding crossbred cattle adoption equivalemtthe range of 10.27 to 10.55
person days per montlp=0.000) in relation to the matched non-adopters.ti@f
changes in monthly total person days, significégsg in male and female person days
is constituted in the range of 6.04 to 6.p%{.000) and 4.22 to 4.34 person days per
month ©=0.000) respectively.

. Heterogeneous treatment effects indicate thatriibee@se in annual net dairy income
for the adopter households are in the range ofd32®& 20 to Rs 59508.54 for the large
farms compared to its matched non-adopters agtiastmall to average farms (with
less than 6 cattle heads) with a range of Rs 39896.Rs 40177.31.

. Educated households have significantly higher fanmeome in the range of Rs
62966.87 to Rs 78300.08 compared to its non-adamianterpart. The higher net
dairy income for the high educated adopter farmg beadue to their ability to process
the information on high yielding cattle rearing @rees resulting to better farm
management capacity.

. The overall labour absorption is higher by a smadirgin in case of large adopter
farmers compared to its matched non-adopters @rrdahge of 11.55 to 12.05 person
days/month) against the small to average farm&@s(ql to 10.26 person days/month).

. The increase in total labour absorption of adoptetis higher than average education
of the household head is much higher compared tohed non-adopters (in the range
of 13.20 to 13.93 person days/month) against theehred comparisons of adoption
groups with lesser than the average education uwédtmld head (9.74 to 10.41 person
days/month).

. All the matching algorithms show statistically igisificant increase in per capita daily
consumption of milk for farm households with highlean the average education level
and larger than average farm size (except using RM)
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. The propensity score matching result suggest tlifgicte of dairy income and
employment will be more in case of relatively larf@mers and farmers with higher
than the average education level of household.

. Three propensity scores specifications for sensitithecks by incorporating higher
order variables such as squared term of age andagdua with the explanatory
variables of the original propensity score speatfan and reduced probit model
specification indicates that the results displagb#ity to different propensity score
specifications as the range of changes in the maogariables do not vary noticieably
in level of significance and magnitude between pngity scores specifications in the

original and the alternatives.
8.1.8. Determinants of Crossbreeding Technology Agtion

. Education of the household head positively andiogmtly (at 1 per cent probability
level) affects adoption of Al technology. With ogear increase in schooling the
probability of adoption of Al technology goes up b¥4 per cent. But to what extent
the technology will be adopted is not significanéiyplained by the formal years of
schooling of the head of household in the presticlys

. Fodder cultivation has a positive and statisticalynificant effect on adoption of Al
technology by the farming households. One extraane®f land brought under fodder
cultivation may increase 47.10 per cent chanceldeéhnology adoption by the dairy
farm households. As mentioned earlier, domesticplyumf inputs facilitates
acceptance of a new technology. The reason makatahteir expected profit will be
higher due to lower input cost.

. Access to credit is found to be an important deireant in the intensification of Al
technology. The study shows that there is 8.4 pat increase in the probability of Al
technology intensification for the farmers havingess to credit facility.

. Distance to market has negative and significantu@mice on the adoption of Al
technology. Farm households that are away fromntheket are constrained by higher
transaction cost and information access about ataelnology and thus have lower

adoption rate. The present study has found thatoinkter increase in the distance
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from farm house to the nearest market results t®8L@er cent decrease in the
probability of Al technology adoption.

. The effect of distance to all-weather road on Abgtbn decision is found to be
significant and negative. Higher the distance te tiearest all weather road, the
opportunity cost of labour increases and thus adopdecision of Al technology is
negatively affected. But, the influence of the aliste to all weather roads on extent of
adoption is not significant.

. For those farmers who find grazing land easily labde in the locality, the input cost
will decline. As a result, they may find rearingligenous breed economical and hence
are unlikely to adopt Al technology. The findingstloe study counters this hypothesis
as significant positive relationship is observetiMeen adoption of Al technology and
availability of grazing land. It is found that faems having easy access to grazing land
are 1.58 per cent more likely to adopt Al technglobhe reason may be that farmers
are initially indifferent about the input cost améy decide to try the technology.

. Farmers with a new farm are more likely to adogpt At technology compared to the
farmers having older farm. Similar significant andgative relation is witnessed
between the extent of adoption of Al technology anthber of years since the farmer
started the farm. With one additional year, oldairydfarms may have the probability
of decrease in the adoption and extent of adogio0.6 per cent and 0.02 per cent
respectively.

. There can be direct demotivating effect on adoptibra technology when distance
from the source of the necessary equipments/inpats technicians required for
performance of Al technology is concerned. Howefiadings of the present study go
against the negative hypothesized relation betvdestance to Al centre and adoption
of Al technology. It has been found that one kilt@nencrease in the distance to Al
centre from farmer's house leads to 11.6 per ceotease in the probability of
adoption of Al technology by the farm householdse Justification in support of the
positive relation may lie in the following. Duringe survey, it was found that only
10.22 per cent of the farm households had inseetntteir cattle at Al centre. The
inseminators use two wheelers to visit the farmihmuseholds and they find it

profitable to inseminate farms located at distalaicgs from Al centre. They can
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charge much higher fees than the usual rate im#@nee of higher fuel requirements
and thus extra income allures them to service Atento farms with longer distance
from Al centre. Similar positive but non-signifidarelation is witnessed between
distance to Al centre and extent of adoption otethnology.

. Increase in herd size significantly and positivatfects adoption of Al technology at 1
per cent probability level. However, increase indhgize significantly lowers intensity
of Al technology adoption. This implies that incsedan the number of cattle heads to a
certain extent may embolden farmer to accept mareviative Al technology because
he is gaining confidence to rear high yielding stwed cows. However, it may happen
that with further increase in the herd size withrenorossbred cattle his capacity in
cattle herd management and individual monitoringtafjes of heat of individual cows
are constrained and Al adoption intensity may aecli

. There is significant (at 1 per cent probabilitydBvincrease in the adoption and extent
of adoption of Al technology with increasing numlzéryears since first heard about
Al (proxy to extension service availability). It feund that with one additional year
increase in the period between first knowing abaltand adoption increases the
probability of adoption and extent of adoption. Thaccess to information about Al is
very crucial for adoption decision of Al technology

. There is significant (at 1 per cent probability dgvdecrease in the likelihood of
adoption of Al technology when farmers self-assessew technology to be risky.
There is 28.9 per cent decrease in the probabilitbys/her adoption of Al when he/she
feels adoption of Al to be risky. Corollary to thteere may be 8.69 per cent decrease
in the probability of extent of adoption of Al whéime farmer considers that adoption

of Al technology is risky.
8.1.9. Constraints to Adoption of Crossbreeding Tdmology

. Among the various constraints farmers perceive toddr their adoption of
crossbreeding technology, the most severe contreeported by the sample farmers
are the high cost of fodder and concentrate foltbdwg higher requirements of feed
and fodder by crossbred cattle. The other consgraimndering adoption of

crossbreeding technology in order of severity agh bverall cost of rearing crossbred
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cattle, higher requirement of care by crossbretlesajetting green fodder is difficult
etc.

. The least severe constraints perceived by the safapiners is the unavailability of
regular milk market followed by exposure to seasdioad hampering the rearing of
crossbred cattle, favourable attitude towards gmgwgrain and other crops than
growing fodder crops, long calving interval of csbeeds etc.

. High cost of Al followed by lack of progeny testidll and poor conception rate of Al
are the important breeding constraints; while long@ving interval, non-availability
of the inseminator round the clock, lack of Al genin the vicinity etc. are the least
important breeding constraints affecting adoptibarossbreeding technology

. Regarding feeding practices that may affect adaptb crossbreeding technology,
high cost of fodder and concentrate is the mosbg&rconstraint as perceived by the
sample farmers followed by the farmer’s perceptibat crossbreds require higher
amount of feed and fodder.

. Among the constraints relating to institutional andrastructural services, lack of
knowledge of the farmers on recommended managepnaatices is the most serious
constraint in adopting new dairy technology suclrassbreeding. This is followed by
lack of institutional credit facility as one imparit constraint the farmers percieve.
Non-availability of regular milk market is the Ieéasmportant constraint in
crossbreeding technology adoption followed by distacation of Al centre.

. In the category of socio-psychological constraaffecting negatively the adoption of
crossbreeding technology, farmer’s perception @ lsiost of rearing crossbred cattle
is found to be the dominant constraint. ‘Farmeescpgption on exposure to seasonal
flood hampers rearing of crossbred cattle’ is st important socio-psychological
constraint followed by ‘Al results to more male \&@4’ as reported by the sample

farmers in the study
8.2. Conclusion

Analyses based on both primary and secondary datd put that higher productivity of
crossbred cattle may be considered as the mostrtiampodriver of enhancing dairy

production in a milk deficit state like Assam. Tsteidy reveals that adoption of crossbred
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cattle has favourable impact on raising marketeglss and farm profitability considering
several other control factors. The study pointstbrdgugh descriptive comparisons based on
t-test that crossbred cattle has significantly higlwenual milk productivity by 537 litres
over the non-descript cattle. Moving beyond theliogpions of crossbred cattle adoption on
productivity parameter of the smallholder dairynfers, the study tried to explore whether
crossbred cattle adoption has wellbeing impact o dairy farmers of the state. The
wellbeing of the farmers is measured as househwtdme disaggregating by sources,
consumption of protein rich high value commoditeasd farm employment using semi-
parametric technique, namely propensity score nragcht is found from the study that the
total household income after adoption of crosslwatle significantly rises by in the range
of Rs. 46,299.54 to Rs. 54,389.08 (for alternativatching algorithms) over the
counterfactual non-adopters. The increase in nety dacome being the dominant
component of total household income is in the raofjdRks. 44573.03 to Rs. 44904.27
(p=0.000) over the farmers with only the non-desccigitle. The treatment impact of net
dairy income per milch cattle per day of crosskeratlle adopters increases in the range of
Rs. 42.06 to Rs. 42.21 compared to the matchecadopters. Other income components of
the total household income namely crop and/or ptaont income and livestock income
shows positive but statistically non-significanfeets on the dairy farm households after
adoption of crossbred cattle. Furthermore, the ayeeitreatment effect of crossbred cattle
adoption on consumption of high value commoditiedidates a positive and significant
increase for the per capita daily consumption ofknaind meat. Furthermore, adopter
households also have significantly higher averagecppita daily consumption in the range
of 105.87 to 109.55 grams of milk and milk produatsd 6.51 to 8.40 grams of meat
consumption. Average fish consumption differenceviben similar pairs of households of
adopter and non-adopter of crossbred cattle shastiye but statistically non-significant
effects across matching estimators. Another outcoieator of household wellbeing is the
increased labour use ex-post the adoption of credstattle. The study shows that adopters
have statistically significant increase in totdddar use after high yielding crossbred cattle
adoption equivalent to the range of 10.27 to 1(oBEson days per month (p=0.000) in
relation to matched non-adopters. The significésd m total monthly person days is also

evident for both male and female workers. Thus bypotheses that “Adoption of
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crossbreeding technology enhances dairy produgtarid production and other wellbeing
indicators such as income, employment and consompfi protein-rich commodities of the

adopter farmers” is partially accepted.

The results of Cragg (1971)’s Double-Hurdle moadelicate that there are multiple factors
influencing the decision to adopt and extent of pim of crossbreeding technology
(artificial insemination). The study shows that eahion of the household head and amount
of land allotted for fodder cultivation affects jtogely the decision to adopt crossbreeding
technology. Better access to credit services iomapt as there is a positive and significant
relation between credit access and extent of creeding technology adoption. Physical
environment characteristics such as distance faam household to market and all-weather
road affect adoption of artificial insemination h@ology negatively implying significance
of market linkages and expansion of rural roaddnereasing the rate of adoption of
artificial insemination technology. The study hdsoafound ‘availability of grazing land’
and ‘beneficiary of existing dairy development peogmes’ as positive and significant
factor for crossbreeding technology adoption. Ret new farms are found to be
significantly affected more towards adoption andteek of adoption of artificial
insemination technology as there is a negativelfisgnt relationship between the two. It is
found that distance to Al centre is positive anghgicant implying that Al services are
mostly carried out at farmers’ door step. Accesktal breeding bull negatively influences
both adoption and extent of adoption of artificredemination which has the implication that
risk-averse farmers finding local breeding bullilyaat the locality may not adopt and
intensify artificial insemination. Farmers with bigr herd size are adopting crossbreeding
technology more but further increase in the hemt 38 found to negatively affect the
intensity of adoption of the technology. This mayattributed to the difficulty to pay for the
larger number of services with a bigger herd sizedwe to declining conception rate
resulting from the failure to individually monittine stages of heat of the cattle. Number of
years since knowing about Al is taken as a proxyextension effort and awareness
programme. The results of the Double-Hurdle modemsthat farmers knowing about Al
much before are more likely to adopt and increhedrttensity of use of Al technology. It is
also found that the chances of adoption and exteadoption reduced by 28.9 per cent and

8.69 per cent respectively for those farmers whusicker artificial insemination technology
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to be risky. Thus, our second hypotheses of thelysttiAdoption of crossbreeding

technology is influenced by various farm, farmgshysical environment and perception
factors” also gets partially accepted. However,ptido and use intensity of crossbreeding
technology is contingent upon various breeding,difggg management and socio-

psychological constraints identified among the denfarmers. Prominent among these
constraints are the high cost of rearing crossbatilie due to higher cost of feed and fodder
and difficulty in getting green fodder, higher re@g@ment of care and management by the
crossbred cattle, lack of knowledge on recommendadagement practices while rearing

crossbred cattle etc.

8.3. Policy Suggestions

The important policy suggestions emerging fromfthe@ings of the study are summed up in

the following points:

. As the education of the household head positivéfgcts adoption of artificial
insemination technology at farm level, interveninghe rural education may influence
positively the adoption of the technology among I#mé&der farmers in Assam. Again,
since access to credit affects positively the extéradoption of Al technology, easy
availability of credit facility may encourage thatensification of Al technology
among the dairy farmers in the state.

. Based on the finding, the study recommends thalittding the farmers with dairy
development programmes such as subsidized feedraet fodder seed distribution
may help to motivate farmers towards adoption afssbred cattle. However, it is
found that the relationship between access to ddéwyelopment programmes and
extent of adoption of Al is non-significant suggegt that once adopted the
technology, withdrawal of this kind of support dotnaffect negatively the
intensification of Al technology of the dairy farnse

. The finding of the study recommends that deployn@dnnore Al technicians in the

rural areas of the state and castration of locaéding/scrub bull due to risk averse
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farmers’ knack for easily available and cheapehnetogy will help in increasing the
adoption rate of crossbreeding technology.

. Proxy variable to extension services and awarepesgramme, namely ‘number of
years since first knew about Al' points out strémggting of the extension services of
the government for making people aware about théeglnology to raise the rate of
adoption of crossbreeding technology. Since farrasgdy nature risk averse, they are
found to be reluctant to adopt new technology durtmers’ perceived risk embodied
in the artificial insemination technology. If thpgerception can be reversed through
better extension services and awareness prograrnimaerate of adoption and use
intensity of Al are likely to increase in the state

. Since crossbreds require higher amount of feedf@shdier and according to farmers’
perception, high cost of feed and fodder affectgatieely the intensification of
crossbreeding technology, emphasis should be givetine development of feed and
fodder market to make them easily available anordéble for the dairy farmers of the
state.

8.4. Limitations of the Study and the Scope for Fuire Research

Some of the limitations of the study as observedhieyresearcher during the course of this

study are pointed out below:

. The present study is based on cross sectionalala?45 sample farmers collected
through a field survey from three districts of Assa he study would have been more
effective and clearer to depict a picture of thitlearossbreeding scenario of the state
if sample size could have been increased by cayeriore districts in the primary
survey. Considering the resource and time constriie researcher had to stick to the
present sample size and admits it as one of thiations of the study. Increasing the
sample size and studying cattle crossbreeding soeimathe state can be a scope for
future research.

. The primary survey disregarded the adoption deteants and impact of
crossbreeding of the buffalo population. This wasgeig less attention in the study
because diffusion of crossbreeding of indigenouarSbuffalo using Murrah buffalo
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is very limited in the state due to silent heat pioms of buffalo. Again, the
secondary data also reveals that proportion ofabmfpopulation in the total bovine
population is also quite less in the state (alnfogter cent only). Thus, a study of
overall bovine population (including buffalo) ofetlstate with respect to crossbreeding
can be good scope for future research.

. Impact evaluation of crossbreeding technology adops done using propensity score
matching that creates a counterfactual situatioadiress selection bias by matching
the treatment group with the control group basedobservable variable. Thus,
addressing the selection bias based on unobservabébles such as motivation and
risk perception of the farmers to adopt crossbregtkchnology have been ignored in
the estimation of propensity score. This is an irtgrd limitation of the present study.
Estimation using more recently development metmaanely Endogenous Switching
Regression (ESR) may address selection bias andprbetter impact estimates.

. Finally, the study is carried out in a controlledvieonment using primary data
collected from the field. Variations may arise lie results of the analyses considering

that they are all done with “reported” data andearmb controlled environment.

*kkkkkkk
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Appendix 4.1: Questionnaire Administered in the field to collectPrimary data

“Dairy Productivity and Crossbreeding Technology Adgotion in Assam: Impact and Determinants”
A study undertaken for the award of the degreeauft® of Philosophy (PhD) by the Department of Huaities and Social Sciences, IIT
Guwabhati, Guwahati-39, Assam, India. Ph-91-(36332600.Name: Baban Bayan (Reg. No. 12614108&pervisor: Prof. M.K. Dutta

1. Household General Data
1.1. Household Identification

District Block

Village nami Village ID

Household Head nar HH head'’s father’s nan
Respondent’s nar Respondent’s relation with HH he
Addres: Phone numb:

1.2. Household head characteristics
Gende Age (Years | Years of Schoolin Ethnicity Primary Secondar

Occupatiol” Plac¢ Occupatiol” Place

m - f

f 1=Dairying, 2=Agriculture (other than dairyng),Basiness, 4=Wage earner, 5=Govt. Job, 6=0thersifgpe
1=Farm, 2=Village, 3=District, 4=State, 5=0Otherp&&ify)

1.3. Household member characteristics

No. of HH member: Adults (>14 y Young (€14 y) Children (<6 y
Male Femalr Male Femalt Male Femalt
Total in HF
Working on dairy farm (full time) _
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Working on dairy farm (part tim
Studen

Working/employment other than dairy fe

2. Asset, Accessibility and Food
2.1. Access to household asset
2.1.1. Land ownership
Land Type Own Lanc Land lease-in | Land lease-oul | Land Mortgage-in | Land Mortgage-oul | Total Operational Holdin:

Homestead/Courtya

Crop Lant

Land for Fodde
Cultivation
Other (specify

2.1.2. Livestock ownership

Currently Keeping (Femal Currently Keeping (Mal¢ Purchased la: Sold last 1Z Numbe

12 months months (currently

in milk | dry young | adultanima | adult animal use | young stoc | Type |numbe | Type | numbe | keeping)
stock used for work | for breeding

Cattle— crossbre
Cattle— indigenou
Buffalo-crossbre
Buffalo - indigenou
Goa

Shee|

Pig

Poultry (local
Poultry (commercia
Others (Specify

2

Type: In milk=1; Dry=2; young (female)=3; adult aral used for work=4; Young (male)=>5; others (spgcib
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2.1.3. Household access to amenities and asset

House type Code= Bullock cart y/n
No. of rooms Four wheelers y/n
Cooking Gas y/n Tractor y/n
Latrine (sanitized) y/n Power tiller y/n
Electricity y/n Thrasher y/n
Mobile Phone y/n Cello tube-well y/n
Television y/n Accessed to subsidized Food (Ration y/n
Card)
Two wheelers y/n BPL Card y/n

" pucca house=1; semi-pucca house=2; kutcha house=3

2.2. Access to institutional asset

2.2.1. Credit access and saving strategy

Whether access to credit last y/n If yes, amount
5 years. received (RS)
1% Source formal / informal | Spent on

2" Source formal / informal | Spent on
Any savings? y-n How/wheré

“livestock related activities=1; buying of land=2nstruction activities=4; agriculture (other thasttk)=4; social
ceremonies=5; any other (specify) Z8ommercial bank=1; Post office =2; Group Savingsas8/ other (specify)=4

2.2.2. Access to extension and infrastructural seices

a. Do you know the KVK agent y -n k. Did you ever attend in a y -n
of your village? farmer’s orientation camp/Friday

evening meeting
b. If yes, how frequently you d-w-m-sm-y-nll Membership of DCS/MPI y -n

meet him?

c. Did you consult him on dairy
farming related problems durin
last 12 months?

g

Yy -n

m. If yes, no of years since
becoming a member of DCS/MPI

d. If yes, have you followed hig

Code=

n. What is the distance to nearest
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advice and found useful? village market? (km/walking
hour)
e. Comment on extension Code= 0. What is the distance to all-
servicd weather road? (in metre)
f. Did ever participated in a calf y -n p. Do you have access to BMC? y -n
rally?
g. Do you know the VFA/GM y -n g. Do you have access to grazing y -n
of your village? land?
h. If yes, how frequently you d-w-m-sm-y- n r. Whethera beneficiary of govt y -n
meet him? dairy development programme
i. Did you consult him on dairy y -n s. If yes, name the programme
farming related problems during you are benefitted from.
last 12 months?
J. If yes, have you followed his| Code= t. No of years since starting of
advice and found useful? dairy farming (Farm with CBs)
" followed and found useful=3; followed but did notd useful=2; did not follow=1
"highly satisfied=5; partially satisfied=4; no commt¥e3; somewhat dissatisfied=2; highly dissatisfied=
2.2.3. Food access

How often does your HH Milk Fish Meat Vegetables Fruit

Eat/drink (weekly frequency )

Volume (kg/litre)/meal

Source of availability Code= Code= Code= Code= Code=

" Purchased=1; 2= home grown; both=3

3. Breeding, Reproduction and Feeding Characteriste
3.1. Breeding characteristics

a. Whether heard about / y I r m. Average number of Al services taker
conceive for the last calf born.
b. If yes when did you first hear of n. Number of services taken at farm (dur
(year)? last 5 years).
c. What was the source of information? | Code- 0. Number of services taken at Al cer
(during last 5 years).
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farm during last 5 years

centre/with VFA (or GM) when needed?

d. Have you tried Al y [ r p. What is the distance to Al Centre? (walk
hour)?
e. If no, state the reaso 1. g. Chargeimposed for carrying out A RS...oovviinn. (@ farm
2. services. RS.viiiiiins (@ Al centre)
3.
4
f. If yes, when did you first try Al (year r. Whether you go for natural service (N y Ir
g. Who did Al for your animalé? Code: s. Do you have access to exotic for the y I r
dairy animal at your farm?
h. Are you still using Al y [ r t. If yes, how much to be paid per serv
through exotic bull?
i. If no, when did you stop using Al (yea u. Do you have easy access to local bree y Ir
bulls for the dairy animal at your farm?
j- Reasons for discontinuation of using 1. v. Number of calf born through NS in yo
2. farm during last 5 years?
3.
4
k. Number of calf born through Al in yo w. Do you find semen stre available at Al y I r

l. Years of Experience with Al if Al is beir
continued in the farm

X. Farmer’s self Assessment of Riskines
going for Al?

Risky / not risky / D¥

"Extension agent=1; cooperative member=2; otherde] VFA=4; GM=5; Radio=6; others (specify) =7

*Al Administrator: VFA=1; GM=2; Others (specify)=3

3.2. Reproduction and lactation characteristics obwned animals

Dairy anima | Covered by| Covered by | Covered by locz| Age of I calving | Calving interval | Lactation lengtt | No. of lactatiol
Al Impr. Bull breeding bull [months] [months] [months]
Cattle (ind
Cattle (CB
Buffalo (ind)
Buffalo (CB)
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3.3. Feeding Characteristics
3.3.1. Daily feed ration for adult crossbred cattle

Feed nar | Kg/day/anime | Domestically Amount Price /k¢ Availability constraini | Reasons for not easi
available (kg) | purchased (kg) (1= easily available; available
2=not easily available
Dry fodder 1.
2.
3.
4.
Green Foddel 1.
2.
3.
Concentrates 1.
2.
3.
4.
" Imputed price of locally available feed resoursbsuld be stated
3.3.1. Daily feed ration for adult indigenous catt
Feed nar | Kg/day/anime | Domestically Amount Price /K¢ Availability constraint Reasons for nc
available (kg) | purchased (kg) (1= easily available; easily available

2=not easily available

Dry fodder

Green Fodder

PlhONREIA~ODNRE

Grazing tim
Concentrates
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2.
3.
4,
" Imputed price of locally available feed resoursksuld be stated
4. Milk Production and Utilization
4.1. Milk yield of lactating animals (according tobovine type) during the last 12 months
Animal Type | Avrge milk yield Maximum vyielc Minimum yielc Major reason behind yiel
(/day/anim.) variability
(I/day/anim. | Up to lactn mont | (I/day/anim. | Lactn months post pe
Cattle (Ind
Cattle (CB
Buffalo (Ind)
Buffalo (CB)
4.2. Utilization of household milk production
Particular Average daily | Sold to Sold to Sold in Kept for HH | Milk offered to Processed Processe" for
HH milk prod | vendor/marke{ Cooperative retail form | consumption | relatives/neighbors 5 home sale
consumption
Volume
Pricel/litre
%ge us 10C

oisance (i [ [ Y AR B

" Processed product: curd=1; cream=2; ghee=3; swketkanna5; other (specify)=6

5. Labour Requirements
Operation No. of hours | No. of hired labour/de | No. of Family labour/de | Total person days/month
required/day Male Femal Male Femal Male Female

Feeding & grass collectis
Milking
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Marketing of milk

Cleaning/washing c
animals and cattle sheds

Total

6. Milk production cost (during last 12 months)

Particular Amount Cost per unit Total amount

Feed (kg

Green Fodder (K

Dry Fodder (kg

Artificial Insemination (numbe

Natural Service (numbe

Medicines Cost (R

Veterinary doctor fee (R

Hired labour (numbe

Interest on loan (R

Cost on cattlssheds (repair) (R

Any other cost (specif

Total Cost

7. Revenue receipts on sale of milk (during lad2 months)

Milk production (litres

Sales (litres

Amount received (R

Total amount
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8. Annual household income (during last 12 mohs)

Sources Income (RS)

Cropping and Plantatic

Livestock (excluding dair

Wage labou

Dairy

Employment other than dairying and ag

Others (Specify

Overall total income

9. Farmer’s perception on constraints to dairy farming

sl. no. | Constraints Regarding Breeding Practices

1. Poor conception rate i.e., poor result of Al - -[+ | + | ++| na.
2. Too much repeat breeding through Al -- -[+ | + | ++| na.
3. Long calving interval -- -[+ | + | ++| na.
4. Non-availability of semen at Al centre -- -[+ | + | ++| na.
5 Non availability of inseminator round the clock - -[+ | + | ++| na.
6. Lack of PD facilities -- -+ | + | ++ | na.
7 Lack of progeny tasted bulls -- -+ | + | ++| na.
8. Lack of Al centre in your vicinity -- -+ | + | ++ | na.
9. Inadequate Knowledge of Al - -[+ | + | ++| na.
10. Animal do not come to heat on time -- -[+ | + | ++| na.
11. High cost of Al -- -[+ | + | ++| n.a.
12. Natural Service is favourable than Al -- -+ | + | ++ | na.

Constraints regarding feeding practices

13. Crossbreds require higher amount of feed and fotthder indigenous cattle -- -+ | + | ++ | na.
14, Lack of knowledge on treatment of poor quality roages -- -+ | + | ++ | na.
15. The fodder and concentrate cost is much higher -- -+ | + | ++ | na.
16. Lack of common grazing fie -- -+ | + | ++| n.a.
17. Lack of knowledge on balanced feeding - -+ | + | ++| n.a.
18. Getting green fodder is much difficult now a daye do the scarcity -- -+ | + | ++ | na.
19. Favourable attitude towards growing grain and otheps than growing fodder crops | -- -[+ | + | ++| na.
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Constraints regarding institutional & infrastructur al practices
20. Lack of knowledge of recommended management pesctic -- -[+ | + | ++ | na.
21. Unavailability of veterinary facilities nearby -- -[+ | + | ++| na.
22. Unavailability of regular milk market -- -[+ | + | ++| n.a.
23. Poor extension support -- -[+ | + | ++| n.a.
24, Lack of institutional credit facility -- -[+ | + | ++| n.a.
25. Distant location of Al centre -- -[+ | + | ++| n.a.

Socio-psychological Constraints
26. Crossbred cattle are susceptible to diseases -- -+ | + | ++| na.
27. Crossbred cattle require comparatively more careanng -- -[+ | + | ++| na.
28. Crossbred cattle cannot tolerate high temperature. -- -[+ | + | ++| n.a.
29. Overall cost of rearing crossbred cattle as contparéndigenous cattle is very high -- -[+ | + | ++| n.a.
30. Al results to more of male calves -- -[+ | + | ++| na.
31. It is uneconomical to rear crossbreds due to pomught capacity of crossbred male | -- -+ | + | ++ | na.
32. Exposure to seasonal flood hampers the rearingpgkbred cattle -- -[+ | + | ++| n.a.

" - strongly disagree; disagree:/+ neither agree nor disagreeagree;++ strongly agreen.a. not applicable

10. Investigator’s remarks
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