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1.

Summary

The Australian Centre of International Agricultural Research (ACIAR)
has sponsored several research projectswith the aim of increasing the
efficiency of straw utilisation by cattle and buffaloesin some Australian
and Indian situations. These projectsinvolved research on upgrading
technology and field testing specific feed formulationsto determinetheir
impact onimproving livestock productioninIndia. Thisreport containsan
economic assessment of threeinterrel ated projects supported by ACIAR
over aperiod of nineyears, starting 1983-84.

Apart from validating the feasibility of improving the efficiency of straw-
based diets through strategic supplements, the projects under review had
played asignificant rolein the commercial introduction of ureamolasses
blocks (UMBS) in 1985 and bypass protein feed (BPF) in 1989. It was
anticipated that the supply of these products, through the milk producers
cooperatives organised under the Operation Flood Programmein India,
would make asubstantial contribution to Indian dairy farmerstowards
increasing the efficiency of milk production. Based on the adoption level
of these products over aperiod of about eight years, an assessment was
made on the likely contributions of the products over a period extending
upto 2013.

Theresults of the analysisindicate that these projects are economically
viable even under the most conservative set of assumptionsregarding the
project outcome. Theinternal rate return of the project was above 12 per
cent and the benefit—cost ratio was 2.15 for the base level estimates, with a
net present value of $4.7 million.

Sensitivity analysis has aso clearly demonstrated that the cost incurred on
these projectsisjustified by the potential economic benefitsto the Indian
dairy farmers.
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2.

2.1

Background

Introduction

Indiaaccountsfor about 20 per cent of theworld bovine popul ation, but its
shareintheworld’smilk productionisonly 10 per cent. The experiences
of many developing countriesin Asiaand Africaalsoindicate similar
tendencies, and it has been identified that one of the major constraintsfor
increased milk production in these countriesisthe inadequate supply of
nutrientsfor milch animals. Further it has been observed that feed cost is
the largest component in the cost of livestock production, accounting for
about 70 per cent of the cost of milk and meat. Thereforeit isimportant
that any effort to improve the efficiency of livestock production should
give adequate emphasisto improving feed availability and optimal use of
availablefeed inputs, along with improvementsin the genetic potential of
the animal's. Hence, the strategy adopted for increasing milk productionin
Indiathrough the Operation Flood (OF) program has emphasised breeding
and feeding aspects.

A recent survey (Patel 1992) of member households of the milk producer
co-operative societiesin OF areas hasindicated that about 43 per cent of
the members had only one milch animal and about 75 per cent of the
members belonged to thelandless, marginal and small farmer category.
The mgjor feeds available to these small and marginal farmers, the
landless labourers and village artisans rearing 1-2 milch animals, are crop
residues and cereal by-products such as straw from rice, wheat, sorghum,
barley and millet. However, the available feed and fodder resources
indicate that the avail ability wasfar bel ow the requirements of thetotal
cattle population (George 1996). In this context, new technologies

devel oped to upgrade the crop residues through enrichment of straw by
ammoniatreatment and use of ureamolasses blockswere considered as
potential meansfor effective utilisation of available supplies (Kunju
1988). Maximising the efficient utilisation of straw or alkali-treated straw
by lactating animalswasidentified as an essential requirement of
achieving the objectives of Operation Flood. The Australian Centre for
International Agricultural Research (ACIAR) initiated several projectsin
Indiatoincreasethe efficiency of straw asan integral part of OF. These
projectsinvolved research into theimpact of improved feeding
technologies on livestock production and development of specific
productsfor farm level use by small scale cattle holdings.
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2.2

This study analysesthe economic impact of threelinked projectsinitiated
with the support of ACIAR: Project 8203—Increased Efficiency of Straw
Utilisation by Cattle and Buffalo for Growth, Reproduction and L actation;
Project 8601—Research into Technologiesfor Increasing the Efficiency
of Straw Utilisation by Cattle and Buffalo for Growth, Reproduction and
L actation; and Project 8817—Strategic Supplementsfor Improved Milk
Production.

Livestock Situation in India

In order to appreciate the significance of these projects, it isrelevant to
review some aspects of thelivestock situationin India. Cattle and
buffaloesare anintegral part of the Indian farm economy. It has been
estimated that in 1990 India had a bovine population of 272.3 million,
consisting of 197.3 million cattle and 75 million buffaloes. Traditionally,
cattle have been raised for draught power for agricultural purposes, and
buffaloesfor milk production. However, this position has somewhat
changed with the introduction of crossbred cows. Interms of the breeding
population, the number of breeding cows was about 55 million (of which
about 10 million were crossbred) and the number of breedable buffaloes
was about 31.5 million. Between 1966 and 1987 the population of
breeding cowsincreased at an annual rate of 0.53 per cent and breeding
buffaloesat therate of 1.79 per cent. According to the 1987 Cattle Census,
the composition of animalsin each category indicated that among the
indigenous cattle adult males exceeded adult femal es, but among
crossbred cattle and buffal oes adult femal es were dominant (Table 1).

Table 1. Composition of bovine population in India (per cent).
Category Indigenous cattle Crossbred cattle Buffaloes
Adult males 384 21.6 9.8
Adult females
in milk 145 25.6 31.0
dry 135 10.8 16.9
not calved 25 3.7 3.6
Total 30.5 40.1 515
Young stock below 3 years 31.1 38.3 38.7

Source: Livestock Census 1987.

Thetota milk productionin Indiaincreased from 17 million tonnesin
1951 to 70 million tonnesin 1996. The growth ratein annual production of
milk in the eighties and nineties has been faster than in the previousthree
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decades. Thisisdueto theincreased productivity of milch animalsand the
changesin the composition of cattle, with the higher proportion of
crossbred animals. For example, in 1978 the average daily milk yield of
animalsin milk inthe Kerala State was 1.64 kg for indigenous cows and
3.23 kg for crossbred cows. By 1990 thisincreased to 1.75 kg for
indigenous cows and 5.26 kg for crossbred cows (George and Nair 1990).
During the same period the proportion of crossbred cattlein thetotal cattle
population increased from about 44 per cent to 53 per cent. Analysisof the
increased milk production for an earlier period indicated that yield and
breed had approximately equal influence on the additional milk output
(Nair 1979).

Operation Flood

A major step toward revitalising dairying in Indiawasinitiated by the OF
programwhich replicated the achievements of villagesin the milkshed
areas of the Anand Milk Union Limited (AMUL) along thelines of what is
commonly referred to asthe Anand Pattern. The main aims of OF included
thefollowing:

m  capturing adominant share of the urban milk market;

m  creating aprocurement network to link numerous cooperative
producer societiesin different milkshed areas of the organised dairy
industry; and

m upgrading the milk production capacity of the Indian bovine stock
through aprogram of crossbreeding, veterinary servicesand auxiliary
activities.

Theactivitiesunder the program wereinitiated in four phases. Thefirst
phase of OF (OF-1; 1970-1980) was launched using the supply of

126 000 t of skimmed milk powder and 42 000 t of butter oil fromthe
World Food Programme. Thetotal outlay of this phase was about rupees
(R) 1200 million. The main objectives of this phase wereto:

m  makewholesome milk availableto the bulk of city milk consumersat
stable and reasonabl e prices;

m  link 27 rural milkshed districtsto the four metropolitan markets of
Bombay, Calcutta, Delhi and Madras,
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m improvethe productivity of dairy farminginrural areaswith thelong
term objective of achieving self sufficiency in milk, thereby
increasing agricultural output and income; and

m removedairy cattle from the citieswhere they represent problems of
genetic waste, social cost and public health.

The second phase (OF-11; 1981-85) envisaged an outlay of R 4855
million, financed by the European Economic Community (EEC; 49%), a
loan from the World Bank (36%), and OF-I loans. The major objectives of
this phase wereto:

m  enable 10 million rural milk producer familiesto build aviable, self-
sustaining dairy industry by mid-1985;

m enablethemilk producersto rear aNational Milk Herd of some 14
million crossbred cows and upgraded buffal oes during the 1980s; and

m erectaNationa Milk Grid whichwouldlink therural milkshedsto the
major demand centres, with urban population totalling some 150
million.

Thethird phase (OF-I11; 1987-1995) had an estimated outlay of R 8766
million. Its main objective wasto ensure that cooperativeinstitutions
became self sustaining. The fourth phase of OF isongoing.

A number of evaluation studies of OF have been carried out by both
government and non-government agencies. While some of these studies
werecritical of the basic approach and itsrelevanceto al regions, thereis
general agreement that the project has made significant contributions
towardsimproving the conditions of rural milk producers (see Alderman
1987; Atkins 1998; Mascarenhas 1988; George 1985; Terhal and
Doornbos 1983; Jha 1985;Doornbos et al. 1990). Further review of these
studiesis beyond the scope of this study.

General Approach to the Study

All three projects covered under this study involve substantial research
inputsleading to specific product development. Though the approach
followed inthe analysis of each project is specified where appropriate,
certain common features are applicableto all the projects.
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Research isadditivein the sensethat current research builds upon the past
efforts and the research resultsindicate acumulative total of the outcome
of alarge number of observationsover time. Inthis process, the success
and failure of past efforts make val uable contributionstowards building up
abody of knowledge. Astheresearch effortsindicate acumulative
outcome, it isnatural to argue that the cost of research should also be
considered in acumulative sense.

While the argument that the present state of knowledge builds upon the
past effortsisperfectly valid from apurely logical perspective, it does not
offer arationalefor choice of projectsworth funding, or for evaluating the
contributions of past studies. In project analysis, it is often suggested that
anincremental rational e should be used to estimate both costs and
benefits. Thisis often achieved by constructing scenarios of costsand
benefitsin both casesof ‘withthe project’ and * without the project’ and the
difference between the two scenarios can beidentified asthe project cost
and project benefit asthe case may be. Theincremental rationaleis
particularly applicable when the project costs and outcomes can be clearly
specified in terms of identifiable components. The current study proposes
toidentify all possibleitems of costs and benefitsthat can be directly
linked to these projects.

Theidentified costs and benefits can be either tangible or intangible.
Whileit isrelatively easy to valuetangibleitemsusing either market
prices or appropriate shadow prices, intangibles often create problems of
valuation. It isproposed that in this study intangibleswould be specified to
the extent possible, but valuation will be attempted only if the analysis of
the tangibles does not |ead to a definite set of conclusions.

Another mgjor difficulty in assessing the benefits of research output from
projects of thetype studied hereisthe gap between the potential and
realised benefits. Research, often carried out in acontrolled environment,
provides responses which can be obtained under those conditions, but not
necessarily transferred to the‘real world'. It ispossiblethat ahighly
promising research finding may not produce the expected impact at the
field level duetoimperfectionsin thewhole chain of organisationsand the
nature of field conditions. Therefore, economic analysis of projects
involving research needsto distinguish between the maximum potential
gains, and actual (or realisticaly likely) gainsfrom the project outputs. In
the context of the current study, Fleming (1991) carefully analysed the
potential contribution that can be obtained from the two main products
evolved from the research. These estimates can be considered as an upper
limit of the benefits. The actual performance can be considered asthe
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lower limit of the benefits. The gap between these two levels can be
narrowed by appropriate policy and administrative interventions.

2.5 Data Sources

The data sourcesfor the study include:

secondary sources of information ;

m personal discussion and correspondence with those associated with
the projects,

m project proposals submitted for approval prior to the project
implementation;

m  project evauation reports;

m datafrom various sourceson sale of products developed as outputs of
the project and other relevant variableswere obtained from various
Sources.

m  Limited field observations were also made among those who had
benefited from these projects.

Most of the personswho were directly involved in the project had already
left the organi sationsthat i mplemented the projects. However, discussions
were held with those responsible for follow up actionin these
organisations. Theframework for analysis of the cost and benefit datawas
based on the guidelines provided by the ACIAR for carrying out
evaluation studies.
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Project Information

Project Profiles

Project 8203
Increased efficiency of straw utilisation by cattle and buffaloes

This collaborative project between the University of New England,
Australia, and the National Dairy Development Board, India, beganin
1983. It had the major objective of maximizing the efficiency of straw or
alkali-treated straw consumed by lactating animals, thereby substantially
lifting milk productionin India. The specific aimswere:

Toincrease productivity of lactating buffaloes by treating straw with
alkalis. Thetreatmentsto be used included ensiling with ureaand
treatment with gaseous ammonia.

By using supplements of fermentabl e nitrogen (molasses urea bl ocks)
and bypass nutrients, increase intake and digestibility of the basal diet of
straw and increase productivity of cattle and buffal oes.

To maximisetheintake and digestibility of treated and untreated
straws by modification of the rumen microbes through manipulating the
protozoal and bacterial populations and enhancing the growth of
anaerobic fungi.

The project validated the feasibility of using multinutrient blocks
introduced into Indiathrough a Food and Agriculture Organisation of the
United Nations (FAO) project asafirst step in the strategic supplements of
large ruminants fed on cereal residues. These micronutrient blocks

contai ned urea, mol asses, micro- and macro-minerals and rumen
activities. The project also demonstrated the vital role of catalyst bypass
nutrientsin increasing the productivity of cattle and buffal oes on straw-
based diets. Arising fromthis, astrategy for feeding large ruminants under
the tethered husbandry system practiced in Indiawas developed. This
strategy utilises the molasses urea nutrient block to improve the efficiency
of the rumen ecosystem aswell asoil seed mealsfedin catalyst amountsto
provide bypass nutrientsfor direct absorption by the animals post-
ruminantly.

IMPACT ASSESSMENT SERIES
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A seriesof experimentswereinitiated on ureamolasses blocks (UMBS),
starting in 1981 through an FA O research project which wasintegrated
with Project 8203 in 1983. A number of experimentsinvolving animals
being fed amixture of rice straw, compounded cattle feed and UMBswere
taken up before commencing commercial production of UMBsin January
1985. Results of feeding trialscarried out in six AMUL villages showeded
milk production increases ranging from 10-46% when UM Bswere made
availableto lactating animals. Increasesin fat content of milk ranged
between 13 and 75 per cent. Kunju (1988) reports that some of the factors
that influenced variationsin milk output included breed of lactating
animalsand thelevel of concentratesfed to them.

Commercial production of UMBswasinitiated in January 1985. Each
block had aweight of 3 kg and they were sold in packets of 10 blocks. The
composition of the blocks had adifferent range of ingredients suitablefor
different climatic conditions.

Theseincluded:

Urea 10-15 per cent
Molasses 40-50 per cent
Mineral mixture 4-8 per cent
Common salt 3-8 per cent
Lime 6-9 per cent
Sodium betonite 2-4 per cent
Rice polish fine 20-30 per cent

TheUMB licksare produced in solidified form either by steam heating the
ingredients (hot process) or by addition of gelling agentsfollowed by
thorough mixing (cold process). Sincethe hot processisenergy and labour
intensive, the cold processisincreasingly used.

Project 8601
Research into technologies for increasing the efficiency of straw utilisation
by cattle and buffalo for growth, reproduction and lactation

This project evolved asafollow up to Project 8203 which had established
the utility of ureamolasses block technology. The commissioned
organisation wasthe University of New England (Department of
Biochemistry, Nutrition and Microbiology), with theintention of
collaborating with the Indian V eterinary Research Institute, I1zatnagar, the
Central Institutefor Researchin Buffaloes (CIRB), Hisar, and the National
Dairy Research Institute. Of the three Indian institutions, only CIRB
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actually contributed. The development of UMBswas considered to bea
first step in the strategi c supplementation of large ruminants fed on cereal
crop residues. Research in Indiaand Australiahad a so demonstrated the
vital role of catalyst bypass nutrientsin increasing the productivity of
buffal oes and cattle on straw-based diets (as discussed in 2.1.1). Project
8601 aimed to further devel op the strategy discussed in Section 2.1.1
through research into maximising the efficiency of rumen fermentative
digestion by manipulation of the rumen ecosystem and investigation of the
critical nutrients needed in terms of response rel ationships and cost
effectiveness. It was envisaged that the resulting strategieswould befield
tested, validated and eval uated before packing for use by thetarget group
of small holder farmers.

The specific objectives of the project were:

Toinvestigate the critical nutrients needed to increase the
productivity of ruminants, and the levels at which they should be
incorporated into straw-based. In practice thislargely means
supplementation of molasses ureanutrient blocksin strategic amounts of
bypass protein.

Toincreasethe efficiency of rumen fermentative digestion by
mani pul ations of the rumen ecosystem in animalswhose basal feed
consists of crop residues and other fibrous materials.

Totest the effect of manipulation of digestibility of feedson various
productive functions of animals.

To determine the repeatability at the village level of the research
results obtai ned under the first three aims, and to measurethe increasein
productivity resulting from the adoption of technologies based on the
combined use of low quality forages, multi-nutrient blocks and bypass
nutrients.

To strengthen collaborative research in Indiaon growth, reproduction
and lactation in cattle and buffal oes on straw-based diets, facilitate the
continuous devel opment of new technol ogies, enable such technologiesto
be appropriately packaged and tested under village conditions, and
evaluate the cost—benefits of the package.

Four institutions were expected to beinvolved in devel oping and field
testing under village conditions, with close exchange of information
among them. Theresearch methodsinvolved detailed studies of the rumen
ecosystem, using animalswith rumen cannulae. Simultaneously, therewas
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provision for field trials and close interaction between the scientists
involved inthe two approaches. Thetarget beneficiaries of theresearch
werethe small holder farmers who could use the technol ogical packages
expected to be developed in the project for providing nutrientsto the
animal sthrough the use of compounded supplements.

Project 8817
Strategic supplements for improved milk production

Thisproject was aso acollaborative effort between the University of New
England, Australia, and the National Dairy Devel opment Board (NDDB)
of India. It wasacontinuation of Projects 8203 and 8603. The principal
objective of the research wasto devel op feeding strategiesthat would
maximise output from the current production system using available
resources. The application of the results of the project at the village level
was through the devel opment of technol ogical packages.

The collaborative arrangement between the University and NDDB
implied that the University would further devel op the feeding strategies
and NDDB would continue to devel op the technol ogies for application at
thevillagelevel, provide feedback on adaptation that may be necessary
and field test the economi ¢ benefits of the resultant technol ogies through
the milk cooperatives.

Project Reviews

All thethree projects under eval uation have been subjected to earlier
reviews. A review of project 8601 was conducted between November
1989 and February 1990 (see ACIAR 1990). A combined evaluation of
projects 8203 and 8601 wastaken up by Fleming (1991). Project 8817 was
reviewed by Broadbent (1994). These reviewers had accessto all the
documentsrelating to the projects up to the review period aswell asthe
benefit of discussionswith those associated with the project
implementation. Since the current evaluation isafollow up of theearlier
reviews, itisappropriate to highlight the major findings of these reviews.

Project 8601

ACIAR (1990) indicated that although this project was envisaged asa
collaborative research project among three Indian organisations and an
Australian university, only one Indian organisation effectively
participated. Thereview wasrestricted to theresearch program undertaken
at thisIndian organisation and the Australian university. The review
indicated that the research program had made good progressin providing
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more precise definitions of the conditions necessary for the optimal urea
treatment of wheat straw, and in discovering the anti-protozonal properties
of theleaves of certaintrees. Thereview also pointed out the need for
evauation of the ureatreatment of straw under field conditionsin villages,
with theinvolvement of extension specialistsfor undertaking on-farm
trialsfor growth, reproduction and milk production of buffal oes.

Projects 8203 and 8601

An economic assessment of these two projects, carried out by Fleming
(1991), isacareful attempt to estimate the net benefits of thesetwo
research projects. Despitetheir separate identitiesin terms of project
implementation, for evaluation purposes they weretreated jointly because
both projects have contributed in acombined fashion to the research
resultsunder review. Inview of the limitations of available data on many
aspects covered in the estimation of costs and benefits, the review made a
series of assumptionson relevant variables. Fleming (1991) concluded
that the project had the potential to be very successful. A major limitation
of thereview wasalack of information about the uptake of the feeding
strategies evolved in the projects and their impact.

Project 8817

Broadbent (1994) points out the imprecise definition of the project
objectives and the resulting difficultiesin evaluating the achievements.
The project involved both |aboratory research and field trial components.
Thereview concluded that the laboratory research proposed in the project
was compl eted on schedul e with satisfactory and applicable results.
However development of the proposed feeds and feeding strategies, as
well asinstitutional and villagelevel testing, remained incomplete. Inthe
absence of thisinformation, it was not possibleto carry out a cost—benefit
analysis.

Product Performance

These three projects devel oped two products—UMB and BPF. The
economic impact of the projects depends on thefarm level use of these
products and the likely benefitsto the farmers.

Urea molasses block progress

Fleming (1991) pointed out that adoption of UMBs by the farmersfrom
1985 to 1988 was gradual, and disappointing from the point of view of the
project. Thefollowing reasonswere attributed to explain the disappointing
performance.
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m  (a) Mostfarmershavenot yet perceived any great advantagesin
using the blocks. Advantages of using UMBs are only substantial
when their use isaccompanied by areductioninthelevel of
concentrates. However farmersin Indiahave not reduced the level of
concentratesfed to their lactating animal s asrecommended. A greater
impetusto their use should have comein 1989 with theintroduction of
BPF.

m (b)) Somefarmersmistakenly believethat UMBsprovide only
moderate financial benefit to farmers owning low-productivity cows,
and are only suitablefor high-performance cows. While thismay be
truefor concentrates, itisnot valid for the use of UMBSs.

m (¢) Another possible explanation isthe management practices of the
predominant category of small milk producers (those with one or two
animals). These animals are commonly shifted from placeto place
during the day, and it might be too inconvenient for farmersto shift
the UM Bsaong with the animal s so that they can lick them ad
libitum. Whilethis reasoning might carry someweight, itisunlikely
to bean overriding factor asit can befairly easily overcomewith a
little effort on the part of the farmer.

m (d) Thegrazing of milk animalscould also makeit inconvenient to
provide UMBsfor themto lick ad libitum. However, the amount of
grazing on common landsin Gujarat Stateisnow quitelimited. This
explanation can therefore hardly hold for the majority of animals.

m (e) Somehavequestioned theliking of buffalo for UMBsrelativeto
cows. Thereisno evidenceto support this contention, which appears
unlikely to explain thelack of UM B adoption by farmers.

m (f) Farmers lack of sophistication to perceive the small gainsto be
made from the use of UMBsisyet another explanation that has been
proffered. The cumulative evidence of smallholder behavior in
devel oping countries wei ghs against this explanation. Providing
farmers are using an improved technique correctly, they are usually
quick totakeit up provided it has no other attributeswhich adversely
affect thefarmer’ s circumstances.

m (g) Poor marketing of UMBsmay be animportant factor. Production
and marketing of UM Bs are undertaken by the same organisations
that produce and sell concentrates—usually the cooperative mills.
These organisations have little incentive to push the sales of UMBs
which are meant to replace their main product. It isevident that the
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marketing process at the village cooperative society level isnot
working well. Thisisin contrast to the very successful introduction by
feed producers of BPF in the villages, reaching down to the smallest
of milk producers. Some problems have been experienced with
packaging of the blocks and melting in extreme temperatures. These
problems have not helped in marketing in the villages because of the
storage problemsthey create. However, they are problemsthat can
and should befairly easily rectified.

m (h) Related to marketing above, it does not appear that the extension
staff are convinced of the merits of UMBS, adversely affecting their
roleas catalyststo their use. Again, thisisin contrast to the successful
work performed by extension staff in introducing BPF, afeed input
they clearly believeisgood for milk producers.

m (i) Another criticismisthat the sale of UMBsin 3 kg blocks makes
them too costly for the small milk producer. However, in light of
comments madein (f), even the smallest farmers could be expected to
buy them if they were convinced these costs could be quickly
recouped through reduced intake of feed supplements and increased
milk output.

m  (j) Finadly,itcould bearguedthat theinput isnot appropriatefor
milk producers. However, the evidence from those, mainly larger,
farmerswho do use UM Bs asrecommended isto the contrary. These
farmersare convinced of the merits of the blocks and continueto use
them.

Fleming (1991) considered that the most plausi ble explanations appear to
be(a), (g) and (h), and perhaps (c) for some farmers.

Following the commercial introduction of UMB in January 1985, by 1991
it was manufactured in ten specially designed plantswith daily capacity of
40t. NDDB had set atarget UMB production of 50 000 t by 1995 and
100 000 t by 2000. However, the sale of UMB was seriously affected by
certain technical problemsin the manufacturing processwhich resulted in
molten masses of UMB blocks. With the melting of 10 individual blocks
of 3 kg each in apacket, they were stuck together on account of the
hygroscopic nature of the blocks. The process used in the manufacture of
these blocks was the hot process using manual 1abour and handling of the
hot product at a high temperature was also amajor constraint. In view of
this, effortswere made to develop acold process using calcium oxideasa
gelling agent. Laboratory experiments were successfully completed by
1997 to evolve acold process and rel atively inexpensive plants costing
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about 250 000 rupeeswere designed. However, the milk unions had
attached ahigh priority only to the manufacture of cattle feed and there
wasvery littleinterest on their part to take up UMB production. Inthis
context, efforts are underway to start UMB production through private
agencies. One manufacturer had initially purchased 1 000 blocksand, on
the basis of interest shown by the farmers, has placed order for 50 000
blocks. Sincethe existing NDDB facilities could not meet thisdemand, it
was decided to transfer technology to the private trader at aroyalty of two
per cent. The plants manufacturing UMB using the hot process have
remained somewhat under-utilised, however conversion to the cold
processis considered to be highly uneconomic asthe cost of conversionis
likely to be double the cost of anew plant.

Thelack of enthusiasm for use of UMBsin the existing formisevident
from thefact that during 1997-98, the effective capacity utilisation of the
UMB plantswas hardly five per cent. The UMB plantshad adaily
capacity of 60t or 20 000 bricks of 3 kg. Thetotal number of bricks
produced during 1997-98 was 260 660 which representsthe full capacity
utilisation for 13 daysintheyear.

Against the 1995 target of 50 000 t and the 2000 target of 100 000 t fixed
by the Technology Mission, the production level of 1997-98 was 6201t.
The position during 1992—-93 and 1993-94 had also been at low levels
(309t and 406 t, respectively). Some of the scientists at the CIRB (1989)
consider that the whole concept of supplying UMB blocks may not be
worth pursuing. While they recognise the relevance of the technology
behind UMBS, it isfelt that the farmers can conveniently mix the
ingredients at thefarm level with substantial cost savings. According to
them, what isrequired isthe extension effortsto make the farmers aware
of the appropriate composition of theingredientsto be used in preparing
the mixture.

Bypass protein feed progress

Conversion of commercial feed production to BPF was an important item
inthe strategy for increased milk production followed by the NDDB. The
Technology Mission for Dairy Development had visualised that 60 per
cent of the 44 cooperative feed plantsin Indiawould be converted to BPF
production by 1992. Fleming (1991) considered that areadlistic target for
conversion would be 1999.

Experience since the introduction of commercial BPF production in 1988

indicatesthat the progress of conversion processwas at asomewhat
reduced level than expected. During this period only 17 feed millswere
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adapted to produce BPF, of which only two have been producing BPF
alone. The remaining mills have acombination of traditional concentrates
and BPF. Thetotal installed capacity of these 44 feed millsis4 957 t/day,
of which the capacity for BPFis1 750 t/day.

Themonthly production of BPF in February 1998 was 20 882 t compared
t0 59 293 t of traditional cattle feed. During January 1998, the production
of BPF and cattle feed was 20 830 t and 64 093 t, respectively. Theannual
average production datafor the last threeyearsisprovided in Table 2 and
indicatesthat BPF accounted for about 28 per cent of feed production.
Monthly production data of traditional concentrates and BPF by the 44
millsfor four yearsare availablein Appendix 2.

Table 2. Production of cattle feed and bypass protein feed (BPF), 1994-1997 (t).

Year Cattle feed BPF Total

1994-95 555 898 215 092 770 990
(72.1%) (27.9%) (100%)

1995-96 600 002 232 318 832 320
(72.1%) (27.9%) (100%)

1996-97 653 601 247101 900 702
(72.6%) (27.4%) (100%)

Themain problem in acceptance of BPF appearsto bethe high cost of BPF
as compared to traditional concentrates and the lack of conviction among
thefarmersthat theincremental cost of BPF will be morethan offset by the
incremental benefitsthrough increased milk production. When low cost
feedswere availablelocally it was difficult to convince the farmersthat
higher priced BPF was more economical. In addition, price increases of
ingredients used in feed manufacture were not uniformly felt, with those
used in themanufacture of BPF having arelatively higher priceincreaseas
compared to the price of ingredients used in the manufacture of traditional
feeds. Hence the gap between the two priceswidened further. This
situation had reached aclimax when AMUL was persuaded to switch over
from BPF to traditional concentratesfor three monthsin 1997. AMUL was
thefirst Union to switch over to 100 per cent BPF production and it had
accounted for about half thetotal production of BPF in Indiaduring
1996-97. (AMUL production of BPF was 124 226t against all-Indian
production of 247 101 t). The price of ingredients used in BPF had gone up
in 1997 and AMUL had completely switched over from BPF production to
traditional concentrates owing to heavy pressure from the Kairafarmers.
However, after three months, they switched back to BPF.
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Economic Analysis

Economic analysis of the projectsinvolvesidentification of project
benefitsand costs, val uation of these benefitsand costs, and comparing the
benefits and costsrealised over time using appropriate methods. The
framework used in the analysis and the rational e for quantifying project
benefits and costs are briefly specified before presenting the results of the
benefit—cost analysis.

Framework

Whileit would have been desirabl e to assess the three projects separately,
anumber of practical considerations have compelled meto treat all the
three projectstogether. The main issuesinfluencing this choice are the
following:

1. All the projects had acommon research objective. Thelack of field
level experimentation inthethree projects has already been emphasisedin
the previous reviews. Thefollow up on these reviews from that point of
view has been limited, and remainsincompl ete. Thereforethe basic
information required for carrying out an economic analysis of individual
projectsisnot sufficient.

2. Theimplementation of the projectsinvolved organisationsin
Australiaand India. Although financial outlays of these organisationsare
availablefor each project it is difficult to ascertain the specific
contributions of these organi sations towards the proj ect implementation
and project output.

3. Thefieldlevel applications of these research projectsin terms of
devel oping specific products that influence the farm income are confined
to UMB and BPF. Here again, it is somewhat difficult to attribute the
influence of individual projects on the development of UMB and BPF.

4. Thecurrent study is, in effect, an update on the previous ACIAR
Economic Assessment, Series 3, conducted by Fleming (1991). In that
study Projects 8203 and 8601 were combined though they were
implemented by two different agencies. Thethird Project 8817 under
review wasimplemented by NDDB which had the primary responsibility
to commercialise UMB and BPF. Theresearch findings of Project 8817
haveled to modificationsin UM B and BPF formulation, and thereforethis
project istreated as acontinuation of the effortsinitiated through Project
8203.
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4.2

4.3

Scope

The concluding remarks of Fleming’ s study (1991) indicated that the
major limitation of the study waslack of information about the uptake of
the new feeding strategies. Someinformation is now available onthese
aspectsfor someyears. Thisstudy providesan analysis of the additional
information. Fleming provided detailed accounts of the potential benefits
of the research outputsto the Indian Livestock Industry. Histreatment
included the contribution towardsincreased milk production, reduced
milk production costs, increased draught power, increased meat
production, reduced ecological damage, equity gains, reduced yield risk
and reduced seasonality in milk output.

Among these various benefits analysed, the fresh information available
relates only to use of the products UM B and BPF and milk procurement.
These data can be used to quantify the gainsto the farmersthrough
increased milk production by analysing thelikely changesin milk
production and cost of feed. Although data are available on monthly
procurement of milk by AMUL (Appendix 3) there are reasonsto doubt
whether Fleming'’ s assumption of aconstant ratio of procurement and
productionisany longer valid. Since changesin procurement levels may
not reflect production level sthis datamay not reveal the changesin
seasonality. Thisstudy is confined to carrying out a benefit—cost analysis
of the project based on theimpact on farm income from milk production.

Project Benefits

Among the various benefitslikely to accrue from the project, thisanalysis
isconfined to the two quantifiable variablesincluded in Fleming's
analysis, namely, changesin value of milk output and cost of production of
milk on account of the projects. However, in view of the various
considerations mentioned in Appendix 1, the approach adopted by
Fleming (1991) to quantity project benefits has been modified. For this
purposeit was necessary to evolve aset of assumptions based on current
information relating to the period subsequent to Fleming’ s study. These
assumptions are related to the changesin quantity of milk produced,
composition of milk and cost of concentrate feed when farmers change
their feeding practicesin favour of the project output. The basisfor the set
of assumptionsused inthe analysisisbriefly discussed here.

Changes in milk output

Asindicated earlier, the milk production strategy adopted in Indiagives
strong emphasis to breeding and feeding policies. One of the major
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reasonsfor changing from traditional concentrate feedsto BPF was that
with the same quantity of BPF and concentrates, BPF would be capabl e of
producing more milk. While the short run benefit of BPFwasto havea
direct effect on milk production of the existing milch animals, along term
impact was envisaged from an improved quality of the next generation
through more efficient feeding of the young stock. However, inthe
absence of field level dataon thelong term impact, thisanalysisis
confined only to the short term impact.

Controlled experiments have clearly demonstrated significant yield effect
when BPF was used. Kunju (1990) hasreported milk yield increases
ranging between 35 and 50 per cent when BPF was added to diets of rice
straw and UM Bs. The optimum quantity of BPF was 3 kg. In another
experiment at NDDB, it was observed that mean production was 830 g
morein the group fed bypass protein as compared to cattle fed at
recommended levels. The milk production in the group fed with bypass
protein was significantly higher than the group fed with cattle feed.

Although controlled experiments have demonstrated the higher efficiency
of BPF over traditional feed concentrates, field level dataare not adequate
to quantify the benefits. One possible approach for this should have been
to compare the milk procurement increasesin agiven locality and then
decomposetheincreasein terms of breed changes and feed changes as
suggested in the Fleming (1991) study. However, the validity of this
approach holds good only under conditions where competition of milk
unionsfrom private traders did not influence milk procurement. Y et
another variableinfluencing procurement isthe production level itself. If
theratio between retention at home and marketed quantities change over
time, procurement volume cannot be considered as an indicator of
production. Asindicated in Appendix 1, in spite of substantial increasein
the crossbred cowsin Kairadistrict, AMUL’ s procurement has not
increased. In thiscontext, if adecompositioniscarried out it will either
concludethat crossbred animalsdid not contribute toincreased production
inthe Kairadistrict, or that BPF had no effect on milk production. Both
these conclusions are hard to justify. Regression equationsusing AMUL
dataon monthly milk procurement and sale of BPF haveindicated
significant coefficients associated with monthly dummy variables, and the
coefficient of BPF was quiteinsignificant. In view of these difficultiesit
was not possibleto derive production changesfrom AMUL procurement
data.

Monthly data on procurement of milk and the distribution of cattle feed

and BPF by all unionsunder the OF program were used to establish the
relationship among milk procurement and use of feeds. Here again all the
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coefficients of monthly dummy variableswere highly significant,
indicating seasonality in procurement. However, the coefficient of cattle
feed was negative and the coefficient of BPF was positive. The elasticity
of milk procurement with respect to BPF wasaround 0.15 and if
allowances are made for retentions at home, the elasticity could be around
0.20. However, since the milk procurement dataare not available
according to crossbred cows, buffaloesand local cows, thiselasticity is
only an aggregate estimate. Therefore, in order to get the milk output
increase from different categories of milch animalsit was necessary to
depend on other information.

Thereview of al availableinformation linking production with other
variables, including feed, indicated that the most appropriate information
istheregression resultsreported in Fleming’ s (1991) study. He established
from the regression resultsthat the partial elasticitieswere 0.21 for the
period before the feed changeover and 0.52 when BPF was introduced,
indicating anincremental benefit of 0.31. Thusachangeover of one
kilogram of concentrate feed to BPF would increase the milk yield by
0.31 kg in crossbred cows. At thelevel of 2 kg of BPF, the additional milk
production is 0.62 kg, which represents an increase of around 9 per cent.
Thiscomparesfavourably with the actual increase of 7.7 per cent reported
in 1989. However, itismuch lessthan the estimated BPF benefits of
35-50 per cent by Kunju (1990) and 80 per cent by Leng (cited in Fleming
1991) Fleming had assumed aminimum increase of 0.5 per cent to occur
each year over the decade 199099 so that by 1999 there would be
between 12 and 17 per cent increasein milk output. However, the
procurement experience of AMUL up to February 1998 does not indicate
that output increases of this magnitude have occurred.

In the case of buffaloes and indigenous cows the response level was
observed to below. For the purpose of this study it was assumed that each
kilogram of BPF conversion provides anincrease of 0.20 kg for buffaloes
and 0.10 kg for cows. At 2 kg feed level of buffal oes, thisis an increase of
8 per cent and at 1 kg feed level for indigenous cows thisrepresentsan
increase of about 5 per cent. A comparison of feed price and milk price
indicates unfavourabl e conditionsfor switching over to BPF by the
farmerswith indigenous cows, but if they are members of societies that
only sell BPF, then they have no choice but to use BPF.

Composition of milk

Feed quality isonly one of the factorsinvolved in determining the
composition of milk and thereforeit isdifficult to compare the
composition of milk collected from different milk unions on the basis of
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the dichotomy between concentrate feed and BPF use. However, alimited
comparisonis possiblefrom the dataavail able for milk collection from the
periods when the animalswere fed completely on concentrates and when
the same animalswere fed BPF. AMUL had experienced substantial
increasein the price of ingredients used for BPF manufacturein early 1997
with the effect that BPF price had to beincreased. At the sametime
traditional cattle feed wasavailablein the areafrom private manufacture at
lower prices. The price difference of these feeds had encouraged the
AMUL producersto raise demandsfor lower priced concentrates.
Responding to thisdemand AMUL decided to discontinue BPF
production infavour of production of traditional concentratesin May
1997. Thisdecision wasin effect until August 1997 when AMUL decided
to switch back to the production of BPF. While these changesindicate the
sensitivity of AMUL producerstowards price changes, it isnot clear if the
changes on both occasionswerefully endorsed by thefarmers. Inany case,
for the purpose of our analysis of composition of milk, it provides datafor
afew monthswhen the animalswere entirely fed on concentrates or BPF.
The composition of milk collected during these monthsfollow the pattern
showninTable3.

Table3.  Composition of milk collected by Anand Milk Union Limited (given as percentages;
BPF = bypass protein feed).
Month Feed type Buffalo Buffalo Cow Cow
Solids non fat Fat Solids non fat Fat

March 97 BPF 7.20 9.30 4.20 8.50
uly 97 Cattle feed 7.10 9.30 4.20 8.50
August 97 Cattle feed 7.10 9.30 4.20 8.50
January 1997 BPF 6.80 9.30 4.30 8.50
February 1997 BPF 6.90 9.30 4.20 8.50

Inthe absence of any clear pattern emerging from the aboveinformation, it
was considered safe to exclude the changesin the composition of milk,
and consequently changesin pricerealised by the farmers, being
attributabl e to the feed factor.

Cost savings of concentrate feed

Cost savings on milk production were expected to accrue to thefarmerson
account of thelower requirements of BPF compared to cattle feed. Though
BPF had ahigher price as compared to concentrates, because of the lower
guantity requirements of BPF, the daily feed cost for the quantity of milk
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produced using BPF was expected to be lower than the cost of producing
the same quantity of milk using cattle feed. For example, the
recommended dose of traditional cattle feed for crossbred cowswas400 g
for each kg of milk produced and 3 kg for body maintenance. A crossbred
cow producing 7 L of milk would require 5.8 kg of cattle feed which at the
current level of priceswould cost R 20.30. When the same cow isfed BPF
at the recommended rates (250 g for each kg of milk and 2 kg of body
weight maintenance) the daily cost would be only R 16.90. In the case of
buffal oes, the recommended diet for production of 5 kg milk would cost R
19.25for cattlefeed and R 18.00 for BPF. However, in the case of an
indigenous cow producing 2 kg milk there was no differencein the feed
cost under either option.

While the recommended diet clearly demonstrates cost advantagesfor
crossbred cows, thereisinsufficient datato verify thisunder field
conditions. Whilethereisno dataavailablefor different types of animals,
separate milk collection datafrom milk unionsusing exclusively cattle
feed or BPF from the same state indicate conflicting results. For example,
in Maharastra state, K olhapur was supplying only BPF and Akluj was
supplying only traditional concentrates. During July 1997, the Kolhapur
farmers had used 0 .468 kg of BPF/L of milk supplied to the society at a
cost of R 2.20/L. During the same month Akluj farmers had used 0.480 kg
of traditional concentrates per litre of milk supplied to the society at a cost
of R 2.16/L indicating very little differencein the cost between Akluj and
Kolhapur.

In August 1997, Kolhapur farmershad spent R 2.19/L of milk supplied
using BPF and the corresponding amount was R 2.41 for the Akluj farmers
indicating a clear advantage for BPF. However, by February 1998,
Kolhapur farmersincurred an expenditure of R 2.84/L of milk supplied
using BPF against the corresponding amount of R 1.98 by the Akl uj
farmers, which indicates an advantage of cattle feed. Similar comparison
for AMUL using BPF and the nearby districts of Mehsanaand Surat using
traditional concentrates also indicatesinconclusive results.

Although the comparison among districts using BPF and concentrates did
not reveal aconsistent pattern, during the period when AMUL had
produced traditional cattle feed the cost per litre of milk procured was
higher than the periods when BPF was supplied. Therelevant dataare
reproducedin Table 4.
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Table4.  Feed quantity and cost of feed/L of milk (supplied by AMUL farmers; BPF = bypass protein feed)

Month Feed type Feed quantity per litre of milk (g) Cost (Rupees)
April 1997 BPF 0.422 2,01
May 1997 Cattle feed 0.562 2.14
July 1997 Cattle feed 0.582 221
August 1997 Cattle feed 0.635 241
January 1998 BPF 0.393 1.75
February 1998 BPF 0.429 1.95

Thedatain Table 4 indicates clear superiority of BPF. However, it cannot
be established if the variation isdueto seasonality. In view of the
conflicting evidence available from different sources, it was decided to
exclude the cost savings aspect from the present analysis.

Experimental results had indicated that the effectiveness of BPF was
maximised when used in combination with UMB. Kunju (1988) had
observed that 4 kg traditional cattle feed wasrequired to befed to sustain
milk yield of 7.1 kg fat corrected milk in buffaloes. The samelevel of milk
was produced when 2 kg of BPF plus UM B wasfed, which was almost
half of the earlier feed. However, in order to examine the contribution of
UMB aone, it is necessary to analyse the use of UMBsand milk
production prior to the introduction of BPF. Assuming unchanged milk
consumption, Fleming (1991) had concluded that there had been no
significant increasein milk procurement arising from usage of UMBs
between 1985 and 1988. Thiswas based on the findings of the regression
equation when addition of the UMB variablein the feed supplement
eguation added nothing to the explanatory power of the equation. It was
also expected that the introduction of UMBswould lead to an increased
price of milk through increased fat content of milk. However, Fleming's
(1991) regression analysis of the pricefor milk received by thefarmers
failed to discern any effect. In view of the poor yield response and the
negligibleimpact onthe price of milk received by thefarmersdueto UMB
use, itisredlistic tofollow Fleming' s assumption that the UMB
contribution can be | eft out. Even when the UMB contributionin
conjunction with BPF useistaken into account, the small quantity of
UMB used by thefarmers may not make asignificant contribution. It istoo
early to ascertainif the changeover from the hot processto the cold process
in the manufacture will substantially alter the situation. In view of these
uncertaintiesit isreasonabl e to excludethe UMB contribution during 1985
to 1988 from the economic contributions of the project.
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4.4

Project Cost

The procedure used in thisanalysisis an incremental reasoning which
estimatesthe project cost asthe differencein thetotal cost between thetwo
scenarios of ‘withtheproject’ and * without the project’ . When the impact
of the new feed isestimated, it isassumed that all other items of cost of
milk remained unaltered. The scenario ‘with project’ would take into
account the cost with BPF and the * without’ scenario would consider the
cost with traditional concentrates. The price difference between one
kilogram of BPF and traditional concentrates varied from region to region
and from timeto time. However, in most cases the difference was around
one rupee per kilogram of feed. Therefore when the farmers switch over
from traditional concentratesto BPF, for each kilogram of feed switched
over thereisan additional cost of one rupeewhichisincluded inthe
project cost estimates.

Thereare possible changesin the use of other inputs, especially household
labour and green and dry fodder. Theimpact of the project on the use of
theseinputs could at best be areduction in the cost level. However, inthe
absence of any realistic basisto estimatethis, it was decided to follow the
conservative principle of ignoring the possible cost reduction on this
account.

Themgjor item of the project cost isthe research cost. Thethree projects
were spread over aperiod of at |east nine years and the three main parties
involved in the project had incurred total research costsasindicated in
Table5.

Table5.  Cost of research ('000 $A; n.a. = not applicable).
Year Project number ACIAR costs Costs by commissioned Partner country Total
organisation costs

1984 8203 134 n.a. n.a 285
1985 8203 134 n.a. n.a. 285
1986 8203 139 n.a. n.a 285
1987 8601 240 155 87 482
1988 8601 206 155 87 448
1989 8601 194 155 87 436
1990 8817 89 152 78 319
1991 8817 170 152 78 400
1992 8817 171 162 78 411
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4.5

Benefit-cost Analysis

Thereview of various dimensions covered by the projects presented in the
previous sections can now be synthesised to carry out a benefit—cost
analysis. For this purpose, the guidelines provided by the ACIAR to
achieve consistency across different projectswerefollowed. The detailed
results of the analysisare presented in Table 6 and the stepsfollowed in
obtaining this Table are briefly summarised below.

Step 1. Specification of time horizon

The projects under review cover three separate contractson an
interdependent theme. Considering the functional similarity and common
beneficiaries, the projects are combined for the purpose of the analysis,
despite different organisations being involved with project
implementation. Thefirst project wasinitiated in 1984, the secondin
1987, and thethird in 1990, each for aperiod of threeyears. Thefirst
visible output of the project was availablein 1985 in the form of UMB.
However, as explained before, the contribution of UMB from 1985-88
was excluded from the purview of the analysis. The second visible output,
inthe form of BPF, was available from 1989. Considering atotal time
framework of 30 years, the project benefits and costs were determined up
to 2013.

Step 2. Specification of benefits

Themost important benefit from the project isthe increased farm income
accrued to the Indian dairy farmersfrom increased milk production. In
addition to theimprovementsin the economics of milk production, it was
visualised that the project benefitswould includeincreased draught power,
increased meat production, reduced ecological damage, equity gains,
reduced yield risks and reduced seasonality in milk output. In view of the
difficulties explained in the text in quantifying the gains associated with
many of these aspects, it was decided to include only the aspects

associ ated with the economics of milk production. The project documents
had specified likely spill-over effectsin other devel oping countries. While
the technol ogies devel oped in the projects have relevance to other

devel oping countries which depend mainly on crop residues and by-
productsfor livestock maintenance, there was no evidence that the project
personnel had initiated any activities outside the Indian context. In view of
this, the paper excludestheselikely spill-over effects.

Theannual benefitsreported in column 3 of Table 6 are derived froma
series of steps. The main contribution of the project is attributed to the
development of BPF, which was commercially produced from 1989. Data
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on BPF saleswere availablefor the period 1989 to 1997 and the likely
salesvolume were projected for the period beyond 1998. Partial
elasticitiesfor milk production using traditional cattle feed and BPF were
used to derivetheincremental milk output for each year. An analysisof the
changesin milk pricefrom 1989 to 1997 had indicated that the milk price
changeswere consistent with theincreasein general pricelevels.
Therefore, it was assumed that the valuation of incremental milk output
using the 1989 pricelevel would provide theincremental value of milk
output at constant prices. When adjustments were made for the general
priceincreases, therewasadifference of about one rupee between the BPF
price and the price of traditional cattle feed throughout the period 1989 to
1997. Hence theincremental feed cost was calcul ated at the rate of one
rupee for each kilogram of BPF use. Hereit should be mentioned that the
prices used for costing are the market prices. Fleming (1991) has provided
adetailed discussion on the difficulties encountered while adjusting to
efficiency pricesfor major inputs used in the production of feed
concentratesin relation to molasses, cereal straw and oil cake. His
conclusion that the impact of this adjustment would be only marginal
appearsto be areasonable one. The project benefits were assumed to be
the difference between the incremental value of milk output and the
incremental feed cost. The stepsfollowed in deriving the annual benefits
reported in column 3 of Table 6 are summarised in Appendix 4.

Step 3. Conversion of benefits to A$

Theannual benefitsin Indian rupees were converted to annual benefitsin
nomina A$ using an exchangerate of 1A$ at 26.919 Indian rupees.

Step 4. Research cost

Research cost included costsincurred by the three categories of
participating organisations namely, ACIAR, commissioned organisation
and developing country partners. The distribution of costsincurred by
these organisationsisavailablein Tableb5.

Step 5. Net annual benefit in nominal A$
This column correspondsto the difference between the benefitsin column
4 and theresearch cost in column 5.

Step 6. Net annual benefits in 1996 A$

Net annual benefitsin nominal A$ were converted to benefitsin 1996
Annual A$ using the adjustment factor for conversion provided by
ACIAR.
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Step 7. Discount factor

Table 6 usesadiscount factor of 5 per cent. Since the net present values

31

and benefit—cost ratioswere favourable at 5%, the sensitivity of theresults
was assessed using discount rates of 8 per cent and 12 per cent.

Table6.  Summary of benefit—cost analysis.
Year |Year |Annualbenefits| Annual Research |Netannual | Adjustment | Netannual | Discount | Discounted
date in nominal benefits costs benefits factor benefits in factor net annual
Rupees nominal $A 1996 benefits
$R '000s A3$°000s | A$'000 | A$°'000 A3 000 A3 000
1 2 3 4 5 6 7 8 9 10
1 (1984 0 0 -285 -285 1.7498 -497.3 .952 -473.4
2 1985 0 0 -285 -285 1.6518 -470.8 .907 -427.0
3 1986 0 0 -285 -285 1.5377 -438.2 .864 -378.6
4 |1987 0 0 -482 -482 1.4322 -690.3 823 -568.1
5 1988 0 0 —-448 —-448 1.3366 -598.5 784 —-469.5
6 1989 9380 3485 -436 -87.5 1.2297 -107.6 746 -80.3
7 11990 10050 373.3 =319 54.3 1.1561 62.8 711 44.7
8 [1991 11390 4231 -400 23.1 1.1093 25.6 677 17.3
9 [1992 12395 460.5 -411 49.5 1.0889 539 .645 34.8
10 1993 13400 497.8 0 497.8 1.0753 535.3 614 328.6
11 1994 14405 535.1 0 535.1 1.0666 570.7 585 333.9
12 1995 14850 551.7 0 551.7 1.0566 582.4 557 324.4
13 1996 16355 607.6 0 607.6 1.0255 623.1 530 330.2
14 1997 18090 672.0 0 672.0 1.0000 672.0 .505 338.0
15 1998 20100 746.7 0 746.7 1.0000 746.7 481 359.2
16 1999 22110 821.4 0 821.4 1.0000 8214 458 376.2
17 2000 24120 896.0 0 896.0 1.0000 896.0 436 390.7
18 2001 26130 970.7 0 970.7 1.0000 970.7 416 4035
19 2002 28140 1045.4 0 1045.4 1.0000 1045.4 .398 414.0
20 |2003 28140 1045.4 0 1045.4 1.0000 1045.4 377 394.0
21 |2004 28140 1045.4 0 1045.4 1.0000 1045.4 .359 375.3
22 2005 28140 1045.4 0 10454 1.0000 10454 .342 3575
23 2006 28140 1045.4 0 10454 1.0000 10454 .326 340.8
24 12007 28140 1045.4 0 10454 1.0000 10454 310 324.0
25 12008 28140 1045.4 0 10454 1.0000 10454 295 308.4
26 2009 28140 10454 0 10454 1.0000 10454 281 293.8
27 12010 28140 10454 0 10454 1.0000 10454 .268 280.2
28 2011 28140 1045.4 0 10454 1.0000 10454 255 266.6
29 2012 28140 1045.4 0 10454 1.0000 10454 243 254.0
30 (2013 28140 1045.4 0 10454 1.0000 1045.4 231 2415
Total |n.a. 466035 173125 -3351 138737.7 n.a. n.a. n.a. n.a.
NPV (over 30 years) 4734.8
NPV to 1997 -645.0

Note: A$ = Australian Dollar, n.a. = not applicable, NPV = net present value.
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4.6

4.7

Step 8. Net annual discounted benefits

Net annual discounted benefitsfor all years were obtained by multiplying
the net annual benefitsin 1996 A$ in column 8 of the Tablewith the
present value multiplier at 5 per cent.

Step 9. Project viability

Project viahility was determined using the investment criteria of net
present value, benefit—cost ratio and internal rate of return. The sum of the
discounted net present val ues of the benefitsin 1996 dollarswas A$4734.8
thousand. The benefits—cost ratio was cal cul ated using the sum of the
present values of the benefits and the sum of the present value of costs.
Further, the net present value of benefits accrued from the project until
1997 was also calcul ated.

Discussion of the Results

Theresults presented in Table 6 indicate that the net present value (NPV)
of all the projectsover the project lifetimeis A$4 734 800 as on thefirst
year of the project. When the project costs and project benefitsare
considered, the benefit cost ratio (NPV benefitsdivided by NPV cost) was
2.15. Theinternal rate of return (IRR) was about 13 per cent. All these
indicatorsreveal the economic viability of the projects. However, the NPV
of benefitswhich has been realised by 1997 is negative, indicating that the
full cost of thethree projects have not been realised so far. If the cost
incurred on project 8817 isexcluded, the NPV of benefitsturns out to be
positive. Therefore, it can be concluded that the costsincurred on thefirst
two projects have been recovered by 1997 and the cost on the third project
isyet to berecovered . It can be observed from Table 6 that the combined
cost incurred on the three projectswill be realised by 1999.

Sensitivity Analysis

The estimates of benefitsfrom the project are highly dependent on the use
of BPF by the farmers. The base estimates presented in Table 6 were
obtained using the assumption that BPF use will increase from the
1996-97 level of 247 000 t to 420 000 t by 2002 and will stabilise at this
level for the subsequent years. Evenif thereisany increase beyond this
period, it can be safely assigned to the effects of further modificationsin
the technol ogy developed asaresult of subsequent efforts, which may not
bedirectly attributed to the projects under review. The assumed level of
420 000 t implied acapacity utilisation of 80 per cent of the existing feed
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millsworking for 300 daysin ayear. However, thislevel correspondsto an
increase of 70 per cent from the 1997 level infiveyears. Thetotal
increasesfor eight yearsfrom the introduction to 1996-97 wasonly 76 per
cent. Inview of thisit was considered appropriate to analysethe effect of a
reduced level of capacity utilisation to 70 per cent of installed capacity.
Thislevel correspondsto 370 000 t, or an increase of about 50 per cent
salesfrom the 1996-97 level.

Another factor that influencesthe sensitivity of theresultsin Table6isthe
distribution of thetotal BPF use among the three mgjor types of animals
(crossbred cows, buffaloes and indigenous cows). Sincethere were no
direct estimates of the distribution of BPF among these categories, indirect
estimates were obtained on the basis of the number of cattle and the
proportion of milk collected by the organised sector. The distribution of
BPF among the three categories of animalswas 40 per cent for crossbred,
40 per cent for buffaloes and 20 per cent for indigenous cows. Sensitivity
analysiswas carried out by varying this proportion at two levels: (1) 45 per
cent for crossbred, 45 per cent for buffaloesand 10 per cent for indigenous
cowsand (2) 50 per cent for crossbred, 40 per cent for buffaloesand 10 per
cent for indigenous cows.

A third factor influencing the benefit—cost analysisis the discount factor
used to convert future streams of costs and benefitsto the baseyear. While
theresultsin Table 6 corresponds to adiscount factor of 5 per cent, the
sensitivity of the resultswere analysed using discount factors of 8 per cent
and 12 per cent.

Theresults of the sensitivity analysisare presented in Table 7. The 18
situationsreported in the Table 7 are grouped into two categories, category
A relating to 80 per cent capacity utilisation and category B relating to 70
per cent capacity utilisation. Within each category, three scenariosare
represented: (1) baselevel (A1 and B1) corresponding to 40 per cent BPF
used by crossbred, 40 per cent by buffaloes and 20 per cent by indigenous
cows; (2) scenario A2 and B2, represented by 45 per cent for crossbred, 45
per cent for buffaloesand 10 per cent for indigenous cows; and (3)
scenario A3 and B3, represented by 50 per cent used by crossbred 40 per
cent by buffaloesand 10 per cent by indigenous cows. As mentioned
earlier, within each scenario three level s of discount rateat 5 per cent, 8
per cent and 12 per cent are considered. It may be noted that Al at 5 per
cent discount rate correspondsto the data presented in Table 6.
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Table 7. Sensitivity analysis.

Category |Scenario Discount rate (%)| NPV $A’000s |Benefit—cost ratio
A Al 5 4734.8 2.15
8 1697.8 1.53
12 2126 1.08
A2 5 52924 2.48
22338 171
12 428.3 1.16
A3 5 5474.4 2.53
24214 1.79
12 576.0 1.22
B B1 5 4069.5 1.88
1501.6 147
12 46.1 1.02
B2 5 43425 221
1376.9 143
12 1133 1.04
B3 5 4727.1 2.32
1927.3 1.60
12 316.6 1.15

Note: Category A refers to 80% Capacity Utilisation by 2002, Category B refers to 70%
Capacity Utilisation by 2002, Scenario 1 assumes 40% BPF by crossbred, 40% buffaloes
and 20% local cows. Scenario 2 assumes— 45% Crossbred, 45% buffaloes, 10% local
cows. Scenario 3 assumes 50% crossbred, 40% buffaloes, 10% local cows; NPV = net
present value.

The sensitivity analysis clearly demonstratesthat the projectsyield a
minimum internal rate of return of 12 per cent even under the most
conservative set of assumptions. The benefit-cost ratio ranged between
1.02 (70 per cent capacity utilisation and 12 per cent discount rate) and
2.53 (80 per cent capacity utilisation and 5 per cent discount rate).

5. Conclusions

Theeconomic analysisof thethree ACIAR projectshasclearly established
the economic viability of these projects. The projects’ benefits, estimated
using the most conservative set of assumptions, haveindicated that the
cost incurred on these projectsisjustified by the economic benefitsto the
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Indian farmers. Hereit should be kept in mind that the outcome of
technology development cannot be confined to the products devel oped
during the particular research period a one. Further, the cost of

devel opment of a specific product may not be restricted to a specific
research project. I n the context of the current projects, two productsthat
can be clearly identified with these projects are the UMB and BPF used in
the NDDB-supported dairy cooperatives. When the benefits accrued to the
members of the cooperative societies are directly related to the costs
incurred on the three projects, the benefit—cost ratio was above 2 for the
baselevel estimate. The sensitivity analysis of the resultsalso indicated
the economic viability of the projects. Therate of return on the investment
would improve substantially if anumber of benefitsleft out from the
purview of measurement wereincluded. Theweaknessin the existing
technology transfer system to the small farmer householdsisamajor
constraint in the adoption of technol ogies devel oped through these
projects.
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Appendix 1
Some points of departure from the
Fleming (1991) study

Asindicated inthetext, this study has used Fleming’' s study asthe starting
point. Fleming had carefully reviewed all the evidence at hisdisposal to
measure theimpact of thetwo projectsonthelivestock economy. When he
had carried out the study, therewas very little information on thefarm
level acceptance of UMB and BPF. The present study incorporates
subsequent data on this aspect. However, in thelight of the progress
regarding the use of UMB and BPF it was necessary to make some
deviations from the approach followed by Fleming. This Appendix
summariesthe major areas of departure.

1. Conversion of commercial feed production process

Asindicated earlier, one of the main concerns of NDDB inimproving the
efficiency of feed utilisation was the propagation of the BPF containing a
large percentage of solvent extracted protein meals, grain byproducts,
wholegrains, molasses, mineralsand vitamins. Conversion of commercial
feed production process to BPF, which began in December 1988, was
expected to take place at arapid pace. Thetarget set in the proposal for
Technology Mission for Dairy Development was the conversion of
around 60 per cent of the 44 cooperative feed plantsin Indiato production
of BPF by 1992. Fleming had visualised that thistarget wastoo optimistic.
He had anticipated that arealistic timetable for the total conversion of
cooperative feed millswas 1999, although Chotani (cited in Fleming
1991) had envisaged 90 per cent of the cooperative feed mills conversion
by 1995. It was also visualised that the private feed millswould also
follow suit to produce improved feed by 1999.

Thecurrent positionisfar below the expectation. The production of BPFis
confined to 17 out of the 44 feed mills. Of these 17 plants only four were
manufacturing BPF alone, while the remaining 13 produced both
concentrates and BPF. Of thetotal daily capacity of 4 957 t of these 44
feed mills, the feed mills manufacturing BPF had daily capacity of only

1 750t. During February 1998, the monthly production of BPF was

20 882 t against the production of 59 293 t of traditional cattle feed from
thesemills.

Inview of theslow progressinthe conversion processit isassumed for the
purpose of the current study that the realistic annual production level of
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BPF under the existing conditionswould be 420 000 t, to be achieved by
2002. Thiswill imply acapacity utilisation of 80 per cent of the existing
capacity of 1 750 t/day if the plantswork for 300 daysin ayear.

Anand Milk Union Limited base

At thetime of Fleming’ s study the BPF experience was mainly confined to
AMUL wherethere was acompl ete change over to BPF. In the absence of
any alternative, it was quite practical to visualise what could be theimpact
tothe AMUL producers and then attempt ageneralisation of theall-India
scenario. However, the AMUL scenario identified in the study did not
materialise dueto various reasons, which are difficult to assessin view of
thereluctance on their part to release relevant information. However,
based on the available information, some general observations can be
made, asfollow.

It was pointed in the Fleming study that AMUL expected the number of
crossbred cowsin Kairadistrict to increaserapidly. The 1988-89
population of 19 000 crossbred cowswas projected toincreaseby 5000in
1990-91, 6 000in 1991-91, 7 000in 1992-93 and 8 000 in 1993-94
through introduction of animalsfrom outside the district. Further, the
artificial insemination in the district was expected to provide additional
crossbred cattle numbers of 3 000, 4 000, 5 000 and 6 000 inthefour years
starting with 1990-91. Thiswould haveimplied that the crossbred cowsin
Kairaby the end of 1993-94 would be around 68 000. Against this
expectation, the Department of Animal Husbandry had estimated the
number of crossbred cowsin 1993-94 as 29 769.

2. Milk production increase

In order to assesstheimpact of the new feeds on milk production, the milk
output levelsin AMUL societies and the likely changeswere taken asthe
yardsticks. It was estimated that annual milk output inthe AMUL
societies could reach around 850 000 t by 1999, which was almost three
timesthelevel achieved in 1988. Theincreased milk production was
decomposed into breed and feed effects. Also it was assumed that AMUL
handled around 70 per cent of thetotal Kairamilk productionin 1988. The
recent AMUL procurement data rai ses serious questions about these
assumptions. The annual average milk procurement of AMUL from
199394 isshownin Table Al.
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Table AL, Anand Milk Union Limited’s milk procurement, 1993 to 1997.

Year Average daily procurement (t) Annual procurement (t) Annual production (t)?
1993-94 759.8 277 327 396 180

1994-95 627.7 229 110 327 300

1995-96 644.4 235 206 336 000

1996-97 735.7 268 530 383 610

aAssuming that procurement is 70 per cent of production.

Obviously the estimated production change based on AMUL procurement
may not reflect the actual production scenario, especially in the context of
increased number of crossbred cattle. Here again, in the absence of

reasonable explanations for the procurement levelsit isnot appropriate to
use AMUL procurement as an indicator of the production trendsin Kaira.

Apart from the near stagnant procurement volume, it isalso significant to
note that the composition of milk procured by AMUL does not reflect the
likely increaseinthe proportion of cow milk. During 1997-98, the share of
cow milk in the total milk procurement remained between one-fourth to
one-third of total procurement volume, whichisinnoway an
improvement over the position in the 1980s. Some observers had pointed
out the pricing policy followed by AMUL with emphasison fat content
might beinfluencing the farmersto divert cow milk to other sources.

Table A2. Share of different types of milk in Anand Milk Union Limited Procurement (%).

Year Month Cow milk Buffalo milk Mixed milk

1997 March 304 59.7 9.9
April 29.6 575 12.9
May 37.7 485 138
July 35.0 49.1 15.9
August 32.0 52.6 154

1998 January 22.7 62.7 14.6
February 253 58.9 15.8

To estimate thelikely yield increases due to BPF, Fleming had assumed
that aminimum increase of 0.5 per cent would occur each year over the
decade 1990-99. Improved supplementary feeding strategies would build
up the quality of the milking herd and milk producerswould improvetheir
knowledge and application of improved supplementary feeding strategies.
Theannual increasein milk output was forecast to reach 12 per cent by
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1999 without interactive effects of improved breeding and veterinary
services. Theannual increasein milk output with theinteractive effects
was assumed to be one per cent over the same period, giving an estimated
annual increasein output of 17 per cent by 1999. Thisincreasein milk
output would be reflected in the milk procurement by AMUL. However,
the procurement data of AMUL during the period 1989 to 1997 do not
reflect the actual productionincreasein the Kairadistrict and, inthe
absence of any other reliable datato estimate the production increase, it
was necessary to adopt an alternate procedure for estimating theyield
increase to account for the shift from traditional concentratesto BPF. This
procedure used the differencein the partial elasticities of milk production
from traditional concentrate and BPF. Thelevel of BPF saleswas
estimated independently and using the differencein the partial elasticities
theincremental milk production was estimated.
»»»» 3. Production Costs
There are some indications that the feed cost per kilogram of milk in
AMUL societiesis higher than in some of the neighbouring societiesin
Gujarat. During May to August 1997, AMUL discontinued production of
BPFin favour of traditional concentrates. During these three months, the
feed use per kilogram of milk produced (and consequently the feed cost)
in AMUL societiesremained at ahigher level than the MehsanaUnion
when both AMUL and M ehsanafarmerswere using traditional
concentrates, asshownin Table A3.

Table A3. Feed cost per litre of milk.

Month AMUL? feed per AMUL Mehsana feed per Mehsana

kg of milk (g) cost (R) kg of milk (g) cost (R)
May 1997 562 214 400 1.50
July 1997 582 221 430 161
August 1997 635 241 398 1.55
2AMUL = Anand Milk Union Limited

Inview of the different problems experienced in using the AMUL dataas
the basic framework for analysing theimpact of the project at theall-India
level, adifferent approach was used to estimate this scenario.

IMPACT ASSESSMENT SERIES



m INCREASED EFFICIENCY OF STRAW UTILISATION BY CATTLE AND BUFFALO

41

Appendix I
Monthly production of cattle feed (t)
and bypass protein feed (BPF)

Month Cattle feed BPF

1994-95 1995-96 1996-97 1997-98 1994-95 1995-96 1996-97 1997-98
April 52 821 47 699 51973 48 926 18 805 19 404 20731 8391
May 52 835 44 900 55 180 66 258 17 143 46 825 20 140 11 805
June 43 897 46 949 65 083 60 606 15 696 15 746 37373 36 452
July 41 245 35629 42 965 58 050 16 407 14 943 1950 8114
Aug 33093 41 565 39 025 50912 15 568 14 528 16 856 8277
Sept 34 330 47 111 40 708 n.a. 15611 15615 18 404 n.a.
Oct 48 214 46 583 49 923 52 601 18 226 19 896 19616 15 324
Nov 49 469 50 944 64 557 n.a. 16 671 19 378 22 031 na.
Dec 59 478 63 630 63 263 61 842 22 039 24 890 27 362 19 788
Jan 46 822 61 246 62 412 64 093 18 770 25 105 12 192 20 830
Feb 42 531 58 190 66 262 59 293 20 116 23558 19 426 20 882
March 50 668 54 556 52 250 n.a. 25 040 22 430 13 823 na.
Total 555 898 600 002 653 601 215092 232318 247 101

n.a. = not applicable
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Appendix Il
- : T T 7
Anand Milk Union Limited’s
- 7
milk procurement (000 kg/day).
Month 1989 1993-94 1994-95 1995-96 1996-97
April 715 858 798 657 784
May 610 726 661 575 670
June 570 613 582 507 578
July 550 512 527 419 548
Aug 510 549 500 464 526
Sept 530 594 473 462 567
Oct 680 694 512 542 661
Nov 830 827 596 685 779
Dec 870 926 699 794 885
Jan 725 974 752 887 765
Feb 750 980 761 891 973
March 725 880 703 838 909
Average 670 759 628 644 736
Appendix IV
Derivation of annual benefits of the
project
Year BPF Sales ('000 t) Incremental milk | Incremental value of milk | Incremental feed Project benefits
output ('000 t) (rupees [R] ‘000) cost (R '000) (R '000)
1989 140 30.8 149 380 140 000 9 380
1990 150 33.0 160 050 150 000 10 050
1991 170 374 181 390 170 000 11 390
1992 185 40.7 197 395 185 000 12 395
1993 200 44,0 213 400 200 000 13 400
1994 215 47.3 229 405 215 000 14 405
1995 232 51.0 247 350 232 000 14 850
1996 247 54.3 263 355 247 000 16 355
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Appendix IV (cont’d) Derivation of annual benefits of the project

43

Year BPF Sales ('000 t) | Incremental milk | Incremental value of milk | Incremental feed Project benefits
output ('000 t) (rupees [R] ‘000) cost (R '000) (R '000)
1997 270 59.4 288 090 270 000 18 090
1998 300 66.0 320 100 300 000 20 100
1999 330 72.6 352 110 330 000 22 110
2000 360 79.2 384 120 360 000 24 120
2001 390 85.8 416 130 390 000 26 130
2002 420 92.4 448 140 420 000 28 140
2003 420 92.4 448 140 420 000 28 140
2004 420 92.4 448 140 420 000 28 140
2005 420 92.4 448 140 420 000 28 140
2007 420 92.4 448 140 420 000 28 140
2008 420 92.4 448 140 420 000 28 140
2009 420 92.4 448 140 420 000 28 140
2010 420 92.4 448 140 420 000 28 140
2011 420 92.4 448 140 420 000 28 140
2012 420 92.4 448 140 420 000 28 140
2013 420 92.4 448,140 420,000 28 140
Appendix V

Some findings of the studies on urea
molasses blocks and bypass protein

feed

Kunju and Mangat Ram (1989) report that studies conducted on lactating
buffal oes have demonstrated minimum feed cost and maximum net return
in responseto feeding of UMBs and 40 per cent |ess concentrate mixture,

along with small quantity of cotton seed meal. Twenty surti buffal oes of

similar milk yield, body weight and stage of |actation were randomly
divided into four groups of five and fed different combinations of feed. It
was found that daily milk yield, fat yield and fat corrected milk (4%) were

not significantly different among different groups. Feed cost was|lowest

for the feed combination involving bypass protein as compared to other
groups. Therelevant datafor the four groups indicated the patternsin

Table AS.
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Table A5.  Results of urea molasses block (UMB) trials.

Group | Group Il Group Il Group IV
Feed intake (kg) 6.18 6.23 4.45 3.45
Paddy straw (kg) 5.40 5.40 6.50 6.70
UMB (kg) - 0.35 0.57 0.37
Cotton seed meal (kg) - - - 0.42
Milk yield (kg) 5.46 4.87 4.68 5.33
Feed cost (R) 8.63 8.64 6.72 5.94

Kunju et a. (1992) reportsthe results of feeding trialsusing 25 matured
lactating Kankraj ¥ Foreisien cows of about 400 kg body weight and of
2nd and 3rd lactation, which had calved 3 to 4 months previously. They
were grouped into five groups, each being fed bypassfeed of 0, 1, 2, 3and
4 kg. Thecowsfed on 7 kg rice straw and UMB ad lib maintained 5.5 kg
milk yield per day. Addition of 1 kg BPF yielded 1.2 kg more milk than
the animalsfed no BPF However, all those animalslost their body weight
on an average by 120 g and 80 g per day, respectively. Further addition of
BPF resulted in an increase of milk yield and gain in body weight. The
maximum response was observed in cowsfed 3 kg BPF, wherethe
average milk yield was 8.6 kg. No further response was obtained in the

cowsfed 4 kg feed. Theresponselevel isshown below.

Level of by pass feed Milk (kg) Fat corrected milk (4%)
0 55 55
1 1.7 75
2 8.0 7.8
3 8.6 85
4 8.0 7.8

Chauhan et al. (1997) reportstheresults of feeding trialsusing 27 lactating
buffaloesyielding 7-8 L of milk intheir mid stage lactation. They were
divided into five groups and experimental feeding was carried out for 84
days. All feed levelsincluded wheat straw ad lib and 30 kg green berseem,
and other items as shown below.

Control: concentrate mixture

Treatment 1:
Treatment 2:
Treatment 3:
Treatment 4:

20% less concentrate mixture + urea molasses block (UMB) containing 15% cotton seed cake
20% less concentrate mixture + UMB containing 15% deciled mustard cake

20% less concentrate mixture + UMB containing 15% guar-meal

20% less concentrate mixture + UMB contain 15% groundnut cake
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Themilk yield and cost under these treatments indicated the following
results:

Control T-1 T-2 T-3 T-4 T-1

Average milk yield (kg) 6.90 7.30 7.0 7.67 7.20

Cost per kg of milk production 3.90 3.65 3.90 3.49 3.89
Appendix VI

Seasonality in milk output

With agreater role of concentratesin milk production through the
introduction of UMB and BPF, it was expected that seasonality would
decline, because of reduced reliance on seasonal suppliesof green and dry
fodder (Fleming, 1991). In the absence of milk production data, an attempt
was madeto test theincidence of seasonality using procurement datafrom
AMUL. Although the non-reliability aspect of trendsin AMUL procurent
asanindicator of production trendsin the Kairadistrict are acknowledged
(seeearlier discussionin thisreport), for the limited purpose of this
analysis, the AMUL dataisused. If the proportions of milk soldto AMUL
inagiven year remained somewhat stablewithintheyear, the procurement
datafor the different seasonsin the same year can indicate the nature of
changesin seasonality. Further, since the number of members supplying
milk to AMUL had changed over the years, the average quantity of milk
supplied by one member was used for the analysis.

The average quantities of milk supplied by the AMUL society members
for fiveyearsaccording to four quartersintheyear areavailablein Table
AB6. Ingeneral, the supply was | east during July—September and it wasthe
highest during January—March. The 199697 average supply remained at
the samelevel asthe 1989 level. The deviation from the mean level for the
year had indicated some positive changes. The coefficient of variationin
1989 and 199495 remained at the samelevel and during the remaining
three yearsit was higher than the 1989 level. Whilethe results do not offer
afirm conclusion that variability hasincreased overtime, they definitely
do not provide any evidence that seasonality had declined with the
introduction of UMB and BPF.
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Table A6 Average daily milk supplies of Anand Milk Union Limited society members (kg/day/member).

Month 1989 1993-94 1994-95 1995-96 1996-97
April-June 1.30 145 1.32 1.09 1.24
July-Sept 1.06 1.08 0.95 0.84 1.00
Oct-Dec 158 1.59 1.14 1.25 131
Jan—March 147 1.84 1.39 161 1.72
Average 134 149 1.20 1.20 134
Standard Deviation 0.19 0.27 0.17 0.28 0.26
Coefficient of variation (%) 14.2 18.1 14.2 23.3 194
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