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1. Summary 3:

Diffusion of desirable innovations in a community is a

phenomenon that interests all students of development. In the

present article we discuss an exploratory attempt to understand

the process of adoption of cross-bred goats during the last
decade in the village Narayangaon, District Pune, Maharashtra

State. The standard logistic growth model is fitted as also a

model for marketing of new products, developed by Bass. Some

possible implications are discussed.

2. Introduction

Cross breeding of cows has become an established technology

in India. However the capital investment involved in terms of

either the price of a cross-bred/exotic cow or cost of rearing
an heifer is high and participation in this program is diffi-
cult for weaker sections of the society. Goat keeping is rela-

tively more common among these sections. Yet cross breeding of

goats has not been taken up on any major scale. Rural Agricul-
tural Institute, Narayangaon, Dist. Pune, is a voluntary
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organisation that has introduced this innovation in the

Ambegaon and Junner Talukasof Pune District since 1974. Male

goats of Saanen breed imported from overseas have been made

available for servicing female goats of local variety for a

small fee and thus for about two thousand farmers have taken

advantage of this facility. This number is divided about half
and half between residents of Narayangaon village and other

villages nearby.

The aim of our study is to understand the process of

adoption of cross-breeding by the population of the area.

This study is divided into three parts. First we report the

findingsof a mail questicnnaire survey about the socioeconomic

status, attitude and experience of the participants. Second

and third part eoncern the modelling of the first adoption

timing of participants. Two models have been fitted. The well

known logistic growth model is used first and then a model due

to Bass (1969) proposed for first purchase times for new pro-
ducts such as T.V. The last section concerns the implications
of the study and further work.
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3. Mail-Questionnaire Survey

The Rural Agricultural Institute mailed blank questionnaires
to several hundred goat cwners who had used the available cross

breeding service. Gver two hundred and fifty of these were
=0

returned. Findings of this survey are reported below.

(a) Profile of respondents ;:

The following three tables describe the household size,
land holding and livestock of the beneficieries.

Table 1

no

Distribution of households

Persons in a family . 1 2-5 6-10 11 or
more

Number of households 4 84 110 40.

Table 2

Land holding (in acres)

Dryland irrigated
2. omen a Leanceenneaade 04'0m oon ne sa cont ents me aoe oa20r more __

0 to 5 70 127. 22
6 to 25 P) 10 9

26 or more 1 0 0
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Tabje - 3

Animals (excluding goats)
House

1
ee

2 to 4 > or 6 7 or more

1 3 0 0 0 0

2 to5 30 4 26 9 15

6 to 22 22 8 27 13 36

or 6 l 6 7 20
more

size 0

Table 1 suggests that beneficiaries are fairly distributed
in terms of size of household and number of individuals in the

family may not have much to do with adoption.

Table 2 seems to indicate that very few beneficiaries are

from the 'big! landowning families. Nearly 30% have no irri-
gated land and only 12% own 5 or more acres of irrigated land.

Perhaps this is as expected. Geat is essentially a poorman's

interest.

From table 3 we find that about a-quarter of the beneficiaries
own no animal other than goat. About equal number own 7 more

animals. This would be taken with a pinch of salt since the number

includes chicken. On the whole the livestock holding (other than

goat) seems to be modest too.
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A tentative conclusion emerges that the programme seems to be

catering to relatively weaker sections. Rich farmers seems not

be interested in it.

(b) Number of goats awned ;

Table -4

Number of Indigenous Eoats
Number of cross 0 l1 to 3 4 to 7 8 or more
bred goats

_-_

64 37 17 5

2-4 16 2 5 1

5 or more 10 7 2 1

Over 50% of owners cf cross-bred geats possess-no local
goats. Thus they seem to have switched over completely to

cross-bred goats: Others who own one or more local goats,
represent the growth potential for the cross breeding program.
About 75% of the owners possess only 1 cross bred goat which

again suggests meagre means.

Table - 5

Number of services of Saanen male used.
ae oe ow ae et enn ee ee ee es ee ED ee Oe ie ee ol een eee

1 2 3 4 or more

frequency 151 24 6 5
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This table shows that the number of farmers who have come

back for repeated service is only about 15%. This is a very

important point. Further investigation is necessary to check

whether there is a tendency to turn away from the innovation
and if so why ?

(c) Milk yields reported ;

Table - 6

Milk yield (in litres) of indigeneous_ goat
and period of location

Yield (in litres) per dav

Location pericd in 00-0.25 0.25- 0.50 0.50 - 0.75 0.75 or
months

oe ee ee ene eee
OLE

1 - 3 7 ll 3 6

4 - 6 10 64 12 38

7 or more 1 4 0 12

Table - 7

Milk yield (in Titres) or cross-bred goats and

period of location
Yield per day

Location period in 0-1 1-2 more than 2.
months

oo sme ene eee eee eee

1 + 3 1 0 2

4 - 6 9 ll 3

7 or more ll 32 15
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Table 6 and 7 bring out the main advantage of cross bred

goats. According to respondents, cross bred goats seems tc have

both longer period cf iscation and higher milk yield. Only

about 5% cross bred goats reportedly gave milk for less than

3 months while the corresponding figure for local goats is
nearly 3 times as much. About 25% cross bred goats give 2

litres of milk or more per day and nearly 75% give more than

a litre. In indigencus goats those giving 750 ml or more of

milk per day are only about 30%. This difference is what should

attract small farmers to the program.

(d) Feeding and health

Farmers depend upon free grazing as well as stall feeding
of goats. Various trees and resicues of crops are mentioned as

sources of fodder. 4 most commonly mentioned trees are banyon,

mango, acacia and peepal. Nearly two thirds of the respondents
did not answer questions about feeding practices. But amcng the

90 that did, as many as 40 reported total stall feeding and no

free grazing. This is very remarkable. In the long run, from an

ecological point of view, stall feeding must replace free grazing
if goat breeding program is to be sustained. While questions
were asked about fodder and concentrates purchased from market,

60% respondents gave no information at all and in the remaining
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cases it is mostly scanty. This question therefore needs further

investiyation.

About 75% of those who answered the question felt that cross

bred goats are not specially susceptible tc diseases. The

question of immunisation was not well responded to. The following
table suggests that immunisation may be quite helpful but its
awareness is perhaps still not adequate.

Table - 8

Immunisation and incidence of disease among
cross bred goats

Immunisation
Yes No

Disease Yes 3 10
proneness No 22 20

(e) Selling price of goats :

Table - 9

Sale price in rupees of cross bred goat (male)
by age in months (rounced off)

Price dK 4-6 "9° 7 or more

300 to 600 i 3 8

upto 300 25 21 2

over 600 2 2 6



9

Table - 10

Sale price in rupees of cross bred goat (Female)
age in completed years

3 or more
Ma caer Oe Ae es a ee ms ae ne Um cee ee tow ntl ems em um moms ee cum nee weet om tebe eee Ea neh os es os en a os mm see eee mm ee ee eee em ees ma mm en

upto 300

300 to 600

600 to 800

above 800

1 2

7 1

7 2

1 2

1 12

Price

2

1

12

The pattern in case of male goats seems to be to sell it
in the first six months for a couple of hundred rupies while
in case of females it may be best to sell it in the third or

fourth year when it can bring as much as a thousand rupees
while i€ scld in the second, it may still earn three or four
hundred rupees.

As.all text books of sampling warn, il questionnaire
Surveys are often subject to major nonresponse bias.
possible that experiences cf nonrespondents may have

different. In depth investigation of this aspect has

It is
been

not been

possible. But a small number of detailed interviews were \

conducted to supplement the survey.
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(f) Supplementary interviews
50% utilisation of the cross breeding service is in

Narayangaon itself. So about half cf our interviews were also
in the same place while about equal number of interviews
were taken in 3 other villages. Selection of interviewes was

partially purposive in so far as we tried to interviow several
of the award winners of the first goat ralley held by the

institute in the previous month. Two individuals connected with
the institute were interviewed and also some other individuals
available

In a typical interview, it was first ascertained that the

family did own atleast one cross bred goat. Then the first
question asked was how the family came to know about the cross

breeding facility. The answers basically fall into 3 types.
First, direct contact with the inetitute. Thus a barber who

gave hair-cut tc people in the institute heard about exctic
goats from them. The second tyre is those who were impressed

by the experience cf their relatives. The third and perheps
the most common type is these who observed animals kept by

others in their village. Whenever such random contact process
is operative the number of new adopters is directly proportion
to the existing number of adopters and also the size of the

villages. Thus we expect that the logistic growth model should

give good fit as well be seen in the next section.
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It is interesting tc note that speeches, pamphlets or other

propaganda programs or such otherwritten publicity materials,
sources were not reported in our interviews. Nor did anyone

or community leaders. This pointmention influence of village
hope to have detailed discussionsneeds further probing and we

about it with some early adopters, in the next stage of the

study.

We inquired about the benefit that the adopters hcped to

get from the cross-bred goats. Invariably the answer was "more

milk". Indigenous goats give typically about half a litre of

milk while the cross-bred goat may give twice or thrice. as much.

By and large, this expectation seems to have been fulfilled and

incidentally, since the cross-bred gaat is stall fed, keepers

collect some manure.

Regards feeding, it appears that the common practice is
offering green fodder. Some owners reported use of grass and

other fodder grown in their own fields but many seem toa purchase

it from market. As much as 3 or 4 rupees a day may be spent on

this. Cross bred goats are not sent out for free grazing. The

common explanation of this is that they are rather sensitive to

sun and hence must be stall fed. This is quite interesting in

so far as free grazing of local goats is considered by scientist,
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te be environmentally unde also suggests that
fodder is likely to be limiting factor in the spread of this

iratle. I t

innovation.

Next we discussed the difficulties, if any, in keeping.
cross-bred goats and reasons for not adopting. Firstly, a 'dam
has to be taken on foot to the institute for service. The
distance can be an impediment. Perhaps more people Will join
the program if the Sefvice is aveilable in their own village.
The institute envisages an artificial insemination program
which will alleviate this difficulty. secondly goats need
attention and care. In many households women take up this
responsibility. But if no adult can Spare the time, adoption
becomes difficult. In some well off households the-view was
that goat keeping is not sufficiently remunerative (and
perhaps some what 'below dignity'). Available management skills
are considered better deployed in keeping cattle or intensive
irrigated Farming. We repeatedly raised the question of taste
of goatmilk. But this is not perceived to be a difficulty.

Lastly, we discussed the usefulness of the first goat
rally held by the insitute. Goat keepers who won prizes on
this occasion were very proud of their animals and discussed
them at length with beaming faces. These individuals may play
a useful role in further propagation of this innovation.
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4 The Logistic Model

Let Ny
denote the total number of individuals who adopted

during time interval (0,t). If we assume that the upward change

in N, is proportional to Nes we get deterministic equation

d N

which simplifies to

dt ta N

N, = be

This is the well known equation for exponential growth. The

main difficulty with this equaticn is that Ny explodes as t

increases, which is unrealistic. So a damping factor FCN,) which

is decreasing in Ny is introducec. Thus

d N

Nct

The simplest function f is the linear one with negative slope.

It gives

d N

1
N ¢ bN )dt

which hes the soluticn
at

N
1

2
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This is the classical logistic growth model. If we express growth
of adoption in terms of proportion Py of adopters in the popu-
lation then in a changed notation.

K
9

1+e

where K is the asymptotic upper limit on Py (as t tends to

infinity) and a,b are constants. With some elementary algebra,
this can be written as

Pe

t
This is the model that we try to fit to the data on cross-bred
goat adoption. For application of this model to adoption of

hybrid corn in U.S.A.See Griliches (1957) who uses the above.

a+ btK-Plog

form of the equaticn.

Our data are in the form of service records kept at the
institute. From the inception of the program, all through the
last 11 years recerd of all services is kept including dote,
name of the farmer, his village, number of female goats serviced
and details of the exotic male used. In the first instance we

have used data of adopters from Narayangaon, the headquarters
of the institute.
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Of the 2236 records of services between 17-9-73 and 25-1-85
1121 are from Nerayangaon. After eliminating repetiticns, the
list contains 628 distinct names. These are the adopters. We

shall assume that they come from different families. The popu-
lation of Narayangacn (1971 census) is 10183 which we assume

contains about 2037 families and divide the number Nt by it to
obtain P,.t Given below are the annual increments in Nye

Table 11

Yearly and commulavive number cf adcpters
~ w om we

Year 73 74 75 76 77 78 90 80 8] 82 83 84
0 =n = os on em ae ~ -_

number
of new 65 7424 18 13 65 76 87 92 79
adopters
in that
year

~

Comula- 8 73 97 124 142 155 220 296 383tive 457 549 628

total

First notice that the value for 1973 is too low, since it is
the value for 3% months only. The value for 74 is distinctly high
and is never attained again for 4 years. Perhaps in the initial
enthusiasm to see their new program get established, the workers
of the institute went all out to persuade the people and the
enthusiasm later tapered off. We therefore decided to Fit two

curves, one including values for 73 and 74 and the other
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excluding them. In each cease value cf K, the ceiling, was

estimated by the following trial and error method. On aplot of

Pp, versus t a free hand curve was drawn through the points.
This yielded an initial solution. Then, a and b were computed

by the last squares method. Now the correlation coefficient
between cbserved and estimated values of Py was computed. The

whole process was repeated by changing values of K by steps of

and later, steps of 0.05) and chose that value of K for

which the correlation coefficient was maximum. The resulting
models are given below ;

Table- 12

Fitting Logistic Model to Adoption Data.
ams SS tah OU me ty ae -0 mar a tee es wed es am ee Em aE Se mE) ED CEE GMD Otte CUD Gime AE GD ae Se mM eee omm GlR A

_ _ _ _ ---------- _ _ _ _ _ _ a___.---- _ _ - _
bee

ee eee
i
n.

all data 0.5 -1.4523 0.1884 9962

excluding 0.35 ~1.1483 0.2491 29989
73, 74

Clearly there is not much to choose in terms of r . However,

the model using all data is more optimistic in that it predicts
eventual adoption by half the population while the truncated

model predicts that about one third of the population will adopt.

It appears pradent to discount the unusually good results in

1974 and accept the second model. Here the attained proportion of
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adoption is 0.27 while another 8% will be added to this in the
next 5 years or so. The excellent fit of the model can be seen
in the graph.

Another approach to these computations is the iterative
method proposed by Nelder (1961) which avoids the shortcut of
linearisation. Our computations reveal that this method also
leads to virtually identical estimates in this case. Raktowsky
(1983) also recommends this procedure.

>. Bass Model

The second model we have fitted to the data is due to Bass

(1969). This model attempts to fit a curve to sales of new

products and tc develop a long range forecaste for the demand -

in future years. Bass applied his model successfully to markets
for consumer durables such as air conditioners, refrigerators
and T.V. sets when they were first introduced in the U.S...

Consider a discrete time coordinate t, t= 0,1,2,..., which
refers to Successive years. Let f(t) be the probability that an

individual adopts the innovation (for the first time) in year t.
Let F(t) correspond to the corresponding cumulative probability.
Let Y(t) denote the observed total number of adopters during the
years 0,1,...,t, and S(t) is the ecbserved number of those who

yar
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adopted during the year t. Thus f(t)= F(t)-F(t-1) and.
S(t) = Y(t)-Y(t-1) using this notation, Bass postulates that
conditional probability of adoption in the year t (given failure
to adopt upto that time) is given by

tay = p+q F(t-1).

The idea behind this equation is that some individuals (socalled
innovators) have a probability of adoption independent of
decisions of others (hence remaining the same for all t) while
for others the probability is proportional to the extent of
adoption by others upto that point. These latter are therefore
termed imitators. The medel is intended to reflect this
consideration. p and q are unknown constants of the model.

If m is the total number of adopters (those who will adopt
sooner or later), an unknown quantity, then expected value of
S(t) is mf(t) and expected value of Y(t) is m F(t). Then the
sample analogue of the model is

S(t) /m
1-¥(t-1)/m

= p+q Y(t-1)/m .

This simplifies to
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S(t) mp + (q-p) Y(t-1) a y2(4-1)

a+b ¥(t-1) + y*(t-1). say.

This equation was fitted to the Narayangaon data by least
squares. Notice that

2cm + bm + a 0 a

This quadratic equation will yield an estimate of m given a,b,c.
The results of the computation are as follows

Table - 13

Estimates for parameters cof Bass model
oo oe oe ee - ew -s ae

oeooDeeeaeemyweeESgemeceeeeeeeeeeseeeeBa

4
ee ee

for 1537.820.215620.22 0.2025 -1.4x107 G.0152
whole
data

4for 6.2x1013.80 0.4323 0.4514 724.46data
0.0191

exclud-
ing
1973,74

Again using the estimated parameter values, expected values of
numbers of adopters in different years were calculated and their
correlation with observed values was abtained. The values are
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r(for the whole data = 0,73
r(for data excluding) 0.38 .

1973, 74
the nigh values of the correlation ccefficient are reflected in
the relevant graph. Here too, it seems prudent to use the second
model since the correlation is higher and since the first two
observations are suspected cutliers. This model also turns out
to be conservative in its projection of the total number of
adopters, which is rather close to the value obtained using the
logistic growth model.

6. Remarks :

It is clear that the innovation of goat cross breeding
has taken root in Narayangaon. Its spread is not spectacular and
only about one third of the population is expected to adopt it.
The question of why others sesm likely to stay out needs further
probing. Also the question cf repeated visits or lack of the
Same and reasons behind any drop out rate need to be locked into.
Further it is necessary to extend this study to include other
Villages in which about half the adopters are located. This will
necessitate analysis of the Spatial aspect of diffusion say along
the tines of the classical werk by Hagerstrand (1952). The Rural
Agricultural Institute, Narayangaon is also involved in promotion
of biogas plants and smokeless chulhas. We hope to work on mode-

lling of these diffusion phenomena in near future.
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Marine Environmental Stresses and Impact Assessment

Arun Parulekar
National Institute of Cceanography

Goa.

Type - Environmental - Anthropogenic - Eackground levels -

Stability - Magnitude and Tolerance -

Methodology - Cause effect Approach - Sampling design -

uantification

Analysis - Constraints - Reliability.

Case Study 1 : Environs of a highly industrialized metropolis-
Demographic pressure - Type of stress - Sewage, Domestic

and industrial wastes - Fate - Effects - Organic
enrichment - Deoxygenation - Impoverishment - Time linked
defaunation and extinction.

Case Study 2 : Inorganic enrichment - Mining and dredging effects

SCS

on an estuarine and coral reef eccsystem - Generation and

settlement of high volume of suspended load- Obliteration
of light penetration - Reduction in autotrophic production-
Near extinction of sensitive species - Prevalence of

opportunistic organisms ~ Breakdown in higher link trophic
production - Net loss - Quantification and conservation

plan.
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Marine Ecosystems

Arun Parulekar
National Institute of Oceancgraphy

Goa.

Tropical - Uniformly high water temperatures - High evaporation
rate - Variability in salinity - Long food chain - Fast growth
Less longevity - More species less number - Special types coral

reefs, Estuaries, miangroves - Importance. Utilization and

Conservation.

Temperate - High variability in temperature - Less number of

species - High pcpulation sizesize Slow growth rate - High Long-

evity - Relatively high productivity - Less diverse more self
contained biota - Special types - Fjords, Lochs, Salt Marsh and

open ocean.

Polar ~ Extremely low temperature - Kestricted photoperiad-
Nutrient enrichment - Freeze thew cycle - Wind chill effect -

Survival mechanisms - Short food chain - Blooms and swarms -

Surplus organics - Detrital pathways - Low species High popu-

lation ~ Most diverse - Special types - Exorheic lakes, ICY sea

Shelf, Polynya, Fast Ice, pack ice and Subpolar.
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Quantitative Analysis In Marine Ecology

Arun Parulekar
National Institute cf Cceancygraphy

GOA

Sea as a Biological Environment - Potentials and Economic

importance of self generating living resources - Multi purpose
utility and conflict of interest ~ significance of quantitative
studies for the estimation of potential resources towards the
development of relavant industries - long term projections of
sustainable yield - Conservation of resources and monitoring
of environment.

Practical difficulties in operating a statistically valid
sampling design - wide expanse of the study ara - three dimensional
environment - Intriguing nature of air - Land - Sea - Inter -

Action - Wide spatial and temporal variability - Necessity of a

multidisciplinary approach - High cost of sampling time -

Realistic approach.

Ecosystem Approach - Food chain - Trophism - Energy pathways -

Ecological efficiency of conversion - Gross and net production -

P/& Ratio - Herbivore carnivore - Detritus linkaye - Consumer

concept - Plankton - Nekton - Benthos link - Degradation and

Replinishment.
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Abictic Components - Metecrelogical, Fhysical, Chemical and

Geological regimes - Gecgraphical significance - Variability -

Magnitude of interactions - Predictability.

Bictic Characteris&tion - Horizontal and Vertical gradients of

distribution - Abundance of representative types ( Picco, Nanno,

Micro, Meio and Macro) - Community - Hierarchy ~ Affinity -

Similarity - Diversity - Succession ~ Migration - Endemism -

Survival, Mortality and Generation time - Turnover rate and

Community metabolism.

£
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THE TRANSIMISSION AND SENSING OF CHEMICAL SIGNALS

Vidyanand Nanjundiah
Tata Institute of Fundamental Research
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Communication by means of chemical Signals (2.g.phero-
mones) is widespread in living organisms, both plants and

animals; amongst microbes it is the only means of long-range
signalling. Human beings recognise chemicals via the sensory
modalities of smell and taste (by the way, smell and taste do
not differ only in respect of whether the stimulus is present
in solution or not, as is seen by the fact that fish have both
capabilities). These talks will be concerned with two aspects
of chemical signalling: the mode of transmission of the signal,
which is usually free diffusion with or without mass flow; and
the primary event in sensing the signal, which in many (not all)
cases is known to be a reversible chemical reaction involving
the binding of one or more molecules of the Signal to one- and

perhaps, though this isn't known, more-molecules of a specific
receptor. The aim of the talks will be to highlight certain
features and implications of the models rather than to provide
text-book descriptions. We will end by discussing a specific
communicating system, the social amoeba Dictyostelium discoideum.



we

2

Talk i: tiffusisn

INTRODUCTION

Modern studies of diffusion start with Einstein's Ph.D.

thesis, or more correctly, with the papers he wrote based on

his thesis. As a result of this- and subsequent work by many

others - three different situations were shown to have a

common mathematical description : Brownian movement, the

problem of random walks, and diffusion in dilute solutions.
There are two underlying ideas. One, with its links to the

kinetic theory of gases and thermodynamics, is that systems

consisting of sufficiently many units can exhibit behavioural *

regularities even when the behaviour of a single unit is
unpredictable (veries in a "random" fashion). The second is
that the parameter which characterises these regularities- the

coefficient of diffusion - is related to the frictional
properties of the medium, the viscosity.
RESULTS

1. In an ideal gas at temperature T (absolute), a mole-

cule of mass m has a mean-square velocity ¥

m v2 = 7a kT; k= 1.38 x 10716

(300°K) and for a molecule of nitrogen a typical speed is
« 5.10°

given by

erg/ °K . So at "room temperature"
1

2

cm/sec. What will the corresponding speed be for
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hydrogen ? work out the thermal energy (in calories) of a

nitrogen molecule (4.2 x 10? ergs = 1 cal) and of

Nay = 6-10

compare with a chemical bond energy of a few kilo cal/mole ?

mole) nitrogen molecules. How does this
_

23

2. What is the speed of sound in air ? ow does it compare

with the speeds found earlier ?

3. A travelling molecule of radius 'a' will collide, each

second, with all the molecules which lie within a cylinder of

diameter 2a and length v. So the # of collisions per second

is f = Ta
mae v.n where n is the mean density of mclecules.coll

Then the average distance between collisions, or the mean-free

path, is l = Take 2a = 2.5x 10
~ cm. and

(na vn) ite n

n=3 x 1019/ce show that faye 73% 10°/sec and Is .6 x 10 "cm. In Summary ,
5

a-gas molecule performs a "walk" with an average step size 10 and abrupt

and random changes in direction every 107'sec oreo. Freely swimming E.

coli do the same thing, but there are differences: their step

length is 10,m (10 em), and they change directions about once

5

3

a seconds; more importantly, their movement is entirely autonomous.

4. Particles of dilute solution of one species in another

will also perform a random walk. The mean square displacement r

that they undergo in a time t is proportional to t:
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"N
I

u 2Dt (l-dimension)
4Dt (2-dimensions)

= 6Dt (3-dimensicns)
D is a constant known as the coefficient of diffusion.
D is releated to the viscosity of the medium n;

= ar where a is onee again the radius of the diffusing
species. The c.g.s. unit cn is @ 'poise' n= 10 poise for

water and 1.8 x 10" poise for air at 300°K. Note that the

relation between end t immediately implies that it is
meaningless to talk cf the speed of diffusion. Nonetheless, one

2

2

sometimes says (loosely) that diffusion is "very fast over short

distances".

5. The distribution which gives rise to r' = 2Dt etc. can be

expressed as follows : If M molecules of a certain species are

concentrated at the origin at t=0, their concentration at some

other time t will be given, as a function of the distance r

from the origin, by

C(r,t) = 2

Canpe)*72
exp (-r°/ADt)

where n is the dimension.
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6. Work out D For nitrogen in air (n= 1.8 x 107" poise) and

in water ( n= 19 poise) at about 300°K. Would it make much of2

a difference if it were a pheromone (M.W = 300) rather than

nitrogen 7

7. Some values of diffusion times for a small molecule (we

take D = 107? cm*/sec in water and D = 10 cm/sec in air) :

across a nerve-muscle synapse (r ~100 A°) 5.10 sec

one end of a bacterium to another (r lum)5.10 sec
2

8

4

one end of an emoeba to another (r 5.10 see

nose to lungs (r~10 cm) 500 sec

one end of room to another (r~ 500 cm) 400 hr.

How long does it actually take fo smell something across the

distance of a room ? What do you infer ?

8. Steady and periodic release

The result of 5 can be generalised for the case of a

release rate Q(t) (molecules/sec) at the origin, giving

C(r,t) t dttactty 1 2/2 exp r-r7/4e (t-t) J4nD t t

= st dx Q(t-x) exp (-r°/4Dx)3/2

Case (i) Steady release Q = Q a constant9
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Q

the complementary error function; its value drops very rapidly
from 1 when the argument is 7 to 0 when the argument + o.

Then C(r,t) 4nDr where erfe is known as

2
Finally, for sufficiently large times (t>> Go) ,C(r,t) equais
Qo
4n0r
in 3 dimensions; the matter is tricky in 1 and 2 dimensions

nearly. Note that we have assumed understricted diffusion

(this is related to the problem of return to the origin in
random walks of cifferent dimensions). If the source.

Q
is on the ground » the ground itself becomes a reflecting
boundary, doubling the value of C te 2nDr

Case (ii) Periodic release Suppose Q = Q, ( l+cos wt).
2

Once again, for times t>> 7 from the start, and assuming the

ground to be a reflecting barrier,

'C(r,t) = cos(wt-qr) ]qr
2nCr 2D

Px

C continues to be periodic in time but assumes the form of a
t 4 teak oa, %

damped oscillation in space.
3

Numbers : In the case of the meth Utetheisa (Conner et al) one

can make the following estimates. The active ingredient is.

apparently CH, CH, CH = CHCh, CH = CHCH, CH = CH(CH,),,CH,2

this gives a molecular weight of 290 and.so a diffusion coeffi-
cient D in air of .056 em*/sec. Females pulse every evening,
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for 28.6 + 1.6 min at a frequency of 1.5 + 0.2 pulses/sec.
(so w = 9.4/sec). 32 ny of active extract wes recovered per

female per scenting period. This yives us a rate of release

Qo of 5.10 molecules per pulse or 3.3 x 10 molecules/sec.

Putting all this together, q = 9.16 cm om7?, and

(at r=l cm) abi = 9.4 x 1029 molecules/cm*s 1.6 x 10719 84

10 10

nearly. The conclusion is that spatial variations in the

signal get damped beyond about 1/q =0.1 cm. end that the

steady concentration reached thereafter is very low indeed

(Wilson's estimates of the threshold concentrations of alarm
12

pheromones in the ant Acanthomyops range from 10 molecules/
em? to 1016 molecules/em>).cm

Remark : Our expression for C shows the q increases with WwW.

What does this imply ?

9. The Effect of Wind (Bossent, 1968).

For a wind speed v in the x direction one has to modify the

earlier expression for C(r,t). Now the downstream concentration

is given by

22+7(x-v(t-t!))A4y
1)40(t-tC(r,t) =

where r = x? + y2 + 22
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If Q is a constant,
Q

C(r,t) =
2nDr exp [-(r-x)V/2D}.

If Q= Qo 1 + cos wt),

Q

C(r,t) = 4nDr[exp (xv/2D) exp(~-""/2D)+exp (-acosg)cos(wt-asing)}

2,2 13where q = 3b fl + teu
}

and 8 = 1 tan7? (
awe

).

vr
v4

4wD
2

These expressions look complicated, but we will show that they
can by analysed rather easily to give estimates of ranges of
attraction and active spaces (Wilson). Basically, the conclu-
sions are that

(i) reasonable values for range are quite small, probably more

than a few cm. (in air);
(ii)for the same average rate of release (= energy expenditure),
patterning increases the range; and

(iii) for small wind speeds the range increases with wind speed
but at larger speeds the range falls off on account of reasons
(turbulent diffusion) beyond the scope of our model.
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Talk 2

Binding and diffusion

We will assume that after travelling from source to receiver
the chemical signal is sensed by specific receptors. Receptors
are molecules capable of binding the Signal rather snecifically.
Either the number of bound receptors or some function of the

binding process constitutes the first step in signal detection.

l. Binding rates
Ky,

ky A.B is the rate at which the bound complex AB is formed;
ks AB is the rate at which it is borken up.

k,(units: l/conc. x time) is determined by the product of
two factors, the frequency of A-B collisions and the fraction of

A+B A B

+

such collisions which "succeed" in the sense of an AB complex
being formed.

Therefore an upper limit for ky is given by the diffusional
Flux of 'A' molecules onto 'B' molecules (which, we shall assume,
are immobile):

(k )max 4nD, YB
-95Take Dy = 10 om*/sec (water )

1 cm/sec (air)or 10°



10

and = 50 A

Then (ki)wax = 4 x 10° x 5 x 10 7 em?/sec in water
6x 10 x 6 x 1929 M seen]

= 3.0 x 1029 wnt ge67),

5

il

Measured values of ky are orders of magnitude smaller.
The value of k needs a knowledge of binding energies for its
calculation; experimental measurements are sometimes easier,
A typical value of k jight be 1 sec" for rapid dissociation
or 10 sec fcr alow dissociation. K. is called the

7

D

equilibrium constant of the reaction and is a measure of how

'tight' the binding is. To see why, we compute the

2. Equilibrium binding

At equilibrium, k, A.B = ky [AB]
Suppose we have a great excess of receptors (Bs) compared to

signal molecules (As).
But A A {AB]total [AB ]

i

totalB [AB } [AB]=B say
Then (A,- [AB] B, = Ky [AB] , which on simplification

given

BoAB A
0 + K
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Show that if things are the other way round, i.e. if the

Signal is in excess,

A
[AB] = B

0 + K

In either case, 50% of the less common partner gets bound

when the more common one is at a concentration of Ky3 the

binding keeps increasing with the concentration of the more

common substance.

Exercise Suppose that (in appropriate units)

= 1, B = 10 and (i) Kp = 10 (ii) .10 2

Compute

3. How many receptors does a cell need ?

Consider a cell of radius a immersed in a medium containing

a concentration C of some molecular species. We will assume

that all molecules which hit the surface stick to it (or other-

wise disappear), c(r) = 0 at r=a. Sufficiently far from the cell,
say C(r) = Co Then it is easy to see that e(r) = cj(i- =). It
follows that the flux on to the cell surface, which under our

conditions gives an upper limit to the number of molecules the
D.C 0

acell can detect (per unit area and time), is . =
rsa

pide
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Therefore the total binding rate is limited by

- 4na = 4nDCa. Note that this expression is linear in a.

Now let us consider a different Situation; one in which not the

entire cell, but a single receptor - a dise of radius s - can

Similarly bind the ligand. For s <<a, one can show that the

maximum rate of binding is now 40eC. If there are i} such

receptors, the rate becomes N.4DsC. clearly, this cannot

continue to hold good for indefinitely large N; not only will
the receptors interfere with one another. their combined area

will threaten to increase beyond the cell's surface area.

The appropriate expression, which for
2

DC
2

N.as <<4na" is nearly N.2DsC and which for
N. 7S >> 4na is nearly 4nBCa, turns cut to be2

Ns +7 a4nDC a N.GDsC +47DC
N 4DsC 4nDC NS

From the expression one sees that 50% efficiency inNS
9

binding is already achieved when Ns = qa, that is, N =

Consider a cell of radius 5ym; suppose s=50 a°, then N 3.10°

receptors are sufficient. This is really a small number, as is
seen by the fact that the fraction of the cell's surface covered

Nene? neby receptors is brat =
GN

at Ns = va. with our figures,
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this fraction is just about 1/300 = 1/3%. The very important

implication is thet a cell can distribute a large number of
different sensing devices on its surface and still leave a

substantial part of its surface free For other purposes (e.g.
transport).

Exercise Treat the same problem for clustered receptors (in
the limit, all N receptors would be combined into one giant
patch).

4. Energetics

Thermodynamics tells us that in a reaction of the type
a b

aX + bY cZ and at equilibrium the ratio x = K

is a constant depending (under idealised conditions) ofily on2

the pressure and the temperature. Here Nye ny
and n, are the

respective mole-fractions of the species X,Y and Z;3 that is,
if there are X molecules of X,------ in the system,

X etcx + Y + Z

Kis called the equilibrium constant of the system and is
related to the free energy change occurring in the reaction:

ln K = RT (a by cg )1

where the g s are free enthalpies (Cibbs free energies)
for single moles
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"standard" conditions - c* X,¥ and Z respectively taken

individually. So the actual free energy change,

ag, + bg - cg. 9 equals ~ RT ln K.y

This relationship is very popular as an exam question and, as
a consequence, is widely misused. It is important to remember the

assumptions involved in its derivation (see a good text on

chemical thermodynamics).

Example : Consider the binding of cyclic AMP, an aggregation
pheromone in Dictyostelium discoideum, to cell surface receptors.
Represent this by C + R <- ((CR)where Crefers to cAMP and R to
the receptor. Saturation experiments show that each cell has

about 10° receptors. At 2.108 cells/ml and a cAMP concentration of

~M, 20% of the receptors are occupied. The total receptor10 6

concentratian is M = 3.3 x 10 "M, so that [CR] and R
2.10° x 10 8

58

both equal 1.65x10 M, C equals 10 M - 7.65 x 10 = 0.9835x 10
6 8A

6.10 20
8

Then the mole fractions are

98

98 + .033Ne
= 97

-0165
98 + .033 015 CR
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and -RT In K = -RT in

= -2 y 390° x (-.03)
O
K

18 cal.

015x
015

Cal

(useful figure : at "room temperature" RT 0.6K cal/mole)

What does this imply - particularly with reference to the value

of RT ?

The standard free energy change, cn the other hand, is
-RTIn 10 = 6.3 K cal nearly. This should be compared with6

chemical bonding energies, which are in the range of 20 to 200 K

cal (per mole). What do you infer ?

5. Signal and Noise
Consider once again a ligand, present at a free concentration,

C, and a receptor, present at a free conccntration R3; the concen-
tration of the legand-receptcr complex is denoted CR... AS we have

seen, under certain conditions CR = R where R is thec
o C+ K

total receptor concentration and K the equilibrium constant.

This relationship can be interpreted to mean that the elementary

binding event has a probability p = of occuring and a proba-C+K

bility (l-p) of not occurring. VR, can be interpreted as the

equivalent of the 'number of trials' and CR as the mean binding.
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Then the variance in binding will be given by and

the standard deviation by its square root. Therefore a measure

of signal tc noice is given by

S 0
vR

C +K (C+K Ki

with v being the reaction volume.

We will ewamine certain implications of this result with parti-
cular reference to experimental measurements cn the slime mold

Dictyostelium. Also, we will look into the problem of measuring

a spatial gradient of the signal (chemotaxis). A brief mention

will be made of probabilistic approaches to binding and how

they help in modelling the phenomenon of cocperativity between

receptors.

o 0 0 oe 0

SeS.eo
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Summary ).

Microbiologists seem to have developed different and distinct
lines of thinking as compared to other biologists. Some of the

microbiological approaches will be useful in biology and vice-versa;
however there appears to be a communication gap. A microbiologist
primarily deals with populations, while most other biologists deal

primarily with individuals.

Counting rare species by MPN method

The multiple tube fermentation technique or the most probable
number (MPN) method is used to count coliform bacteria in water.
A set of media tubes are innoculated with definite aliquotes of
water sample. The resultant tubes are categorized as positive and

negative and an estimate of the count is obtained. A standard table
is available giving various combinations of positive and negative
tubes and the respective MPN values. eg.
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Most probable number of coliforms present in
100 ml of water

wt anesample.ee ey > Ge ee Ge SN Ge Om Gk On ie cis A me geet GE WF ee Ye Gen mee ett wi WEN A) ts mun cos ow ow om ew on

No.cf positive lactose broth tubes No.cf coliforms/
100 ml.

'out of 5 tupes innoculatedach:
~=~SO*C~CS

10 ml iml O.1 ml

0 0 0 0

0 1 0 2

0 1 4

0 0 2.2%

1 0 1 4

1 1 0 4.4,
2 3 0 P)

2 0 1 7

2 1 0 7.6
3 O° 0 8.8
3 0 i 11

> 5 1800+ .

1

1

5
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The test is based on the following assumptions ;

(1) The coliform bacteria are distributed randomly

(2) If a tube receives one or more than one coliforms it
gives positive results. If and only if a tube fails to

receive any, it is negative.

Random distribution allows the use of Poisson series :

The theoretical probability of getting zero organisms in the

aliqucte is

where mean no. uf organisms in the aliquote used.

Se
)

Li the probability of getting negative tube.
1-P

0 probability of getting positive result.

Once we have probabilities of two mutually exclusive events,
orobabilities of different combinations of positive and negative
tubes can be plotted. On the other hand the probabilities of

getting a single combination can be plotted against different
values of yw. This plot will have a single peak. This peak is
the MPN value.

In practice three sets of different aliquotes are used and

the combined probability is plotted, against the mean density
of organisms to increase the accuracy.
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The principle of the method is applicable with due modi-

Fications to many situations where the estimate of a rare

species is required, provided, the distribution is fairly
random. For clumped distributions it gives an under estimate.

The Chemostat Model : The chemostat model is an 'open system'

laboratory model, which tries to simulate growth condition in
nature. To a fixed quantity of culture vessel, *resh nutrient
medium is added at a fixed rate. Automatically the same quantity
flows over. This dilutes the culture at an exponential rate.

If only growth occurs, population after time t will be

given by the exponential equation.

~

where Ky
= initial population.

and yw
= specific growth rate.

If only dilution is allowed, population after time t will be

Xi

It follows that, when yu and D are numerically equal, Ke
will

be constant, this achieves a self adjusting steady state. If D

increases, the availability cf nutrients increases resulting
into increase in yp till it reaches D.
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However the growth rate has a genetically determined upper

limit pw max. fhe relatisn of to the substrate concentration,
Similar to the relation cf an enzyne towards its substrate is
given by

H = max
K +S

M max

>

ty i

S >

By working out the steady state state Kinetics in a chemostate
we get the population as f.

X= Y Sa
7 [Ks max - D

where Y = the yield value giving the population growth per unit
substrate consumed.

and Sp = substrate concentration in the fresh medium.

A chemostat model is of interest to both commercial

microbiologists and ecologists. It simulates an ecosystem being
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§
a

an open system; renlenishment of resources simulated by the
medium inflow and death simulated by washout of cells.

Chemostat also supolies a working model for commercial
microbiological processes and the continuous type of effluent
treatment plants.

0

ses.
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CLUSTER ANALYSIS

P.V. Nair
Kerala Forest sesearch Institute

Peechi Kerala.

Clustering classifies individuals or ojbects into groups.
This method is usually employed when the relationship between the
individuals are not apparent. In other words this technique tries to
establish patterns from a given set of data. The technique gene-
rate. a large number groups, some groups having only few indivi-
duals while others having many members at various levels of relation.
We chodse the level we require and test whether the group is signi-
ficantly different from what is possible by chance alone.

Clustering techniques are used in many different fields such
as library sience, behaviour analysis, ecology etc. Suppose there
are five individuals with relation as shown

Individuals
{5

2 4.4 fo.

5 .4

£3 No .8].2
.8 N16

5 6 4 2 .6

432

61
Ov Ka.3

2 22

4.0---- 24

4

ON

Similarity matrix
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7

(9) = 6 and 8 - 0.25
ec

iuhein tochentonien imaleheate stots weencontents danteateatn ok

5 6 4 2 6 .4 eee

(6) = 3-and 4. 0.85 6 Fi 83 4

25.6 .2 .3 (7) = 1:4nd 5. =.0.62

2.5
(8) = 2 and 7 = 0.3

.8 6

a; f
2 5 .46

The similarity matrix
If the similarity or dissimilarity between individuals are

known,the hierarchic relation between the individuals can be

computed. The similarity values can be derived in a variety of
ways.

(1) Co-relation coefficient
(2) % similarity
(3) % distance table
(4) "o-occurrence

(5) Co-citation ete.

The similarity value can also be derived from multiple
factors.



3

opecies
Habit 1 9 5

Ground 20 80 30 40 60Dwell
Canopy 80 20 70 60 40Dwell
Feed on 10 0525 80Grass
Feed on 90 75 20 95 100insects

1/4 + 1/9 + 1/4 + 1/25 + 7.5/9Species : ] and 2

2 and 3 2/3 + 2/7 + 2.5/8 + 2/7.5

Distance

Consider eight individuals with two measures for each individuals

(1) "(2) A™A 4 15 a &

(From Ge Ghett,(1972).6 14

C 4 12

D 8 9 Xegy

. ni i 4 [. ja _i ty
1s

7

9 5

G 8 3

H 14 3 G
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distance between them

v (4-6 + (15-14)2

"(4-4)* + (15-12)?

= v5

= 19

t

The similarity between the individuals can be defined as the

DAB

AC 3

4

D E F G

A 2.2 3.0 7.2 9.4 11.2 12.7 15.6

2.8 5.4 7.6 9.5 11.2 11.6

5. Tol 8.6 9.9 13.5

4.1 6.0 8.5242

2°Q 4.1 6.4

2.2 5.4

G 6.0
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Similarity matrix from association:

Depending on the range of values needed and situation one of the
Following may be chosen.

Assume
1, 1 matches 4

.1, 0 4

e=0,1 3

d= 0, 0 l
5

U B= b +e

#

(1) Jaccards , association = > 0.36
coef.

LL

1tf

7

12

a

(2) Dice's association coef.= = 0.532a

(3) Sokal and Michener's association = 0.42
coef.

(4) Rogers' and Tanimoto's Association 0.26coef, m +2n

(5) Yule's association coefficient = in be
be. . 0.50 .
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Dendrogram

The branching, tree like representation of the relation
is called a dendrogram. Significance also can be shown on the
dendrogram.

Limitations

The clusters are just groups. Their significance has to be

explained from experience. Meaningless clusters also can result.
Significance test

In order to test whether the clusters obtained in stati-
Stically significant, i.e. whether they are more important than
what is possible by combinatorial chance a monte Carlo method is
used. The computer is asked to yenerate all pessible combinations
of clusters. The distinctiveness (Sokal and Rhif 1969) of all
these clusters is compared with the same of the cluster we want
to test.

¢ Garfield, FE. 1980

ABC of cluster mapping. Current
contents 11 (40) : 5 - 12

11 (41) : 5 - 12
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Dawkins, R. 1976.

Hierarchial organisation a candidate principle for
ethology. In growing points in ethology. Ed. Batesan, ppG

and Hinde,R,A.Cambridge University Press.

Morgan, B.J.T. et al 1976. Visualising interactions and

sequential data in animal behaviour. Theory and application
of cluster analysis methods behaviour 56 : 1-43,
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REGRESSION

INTRODUCTION : ANAND KARANDIKAR

ANALYSIS

In a study of the relationship between two variables X and Y, thereare basically two problems involved. The first is to find a measureof the degree of association or correlation between the values of
and Y. The second is to find the most suitable form of an equationfor use in predicting the average, Y for a given X or in predictingthe average X-for a given Y, and to estimate the error -in such
Predictions. This latter problem is the problem of regression. in
regression, we try to guantify the dependence of the variable on the
other. Once this is done, we cah know the cnanges in one variable

x

induced by changes in the other variable.
The regression of Y on a single independent variable is often inadequate.Iwo or more X's may be available to give additional information aboutY by means of a multiple regression on the X's. Among the principal
4) Constructing an equation in the X's that gives the best prediction

When there are many X's, finding the subset that gives the bestlinear prediction equation. In predicting future weather conditionsat an airport, there may be as many as 50 available X-variables,which measure different aspects of the present weather pattern at
neighboring weather stations. A prediction equation with 50variables is unwieldy, and is unwise if many of the X-variables
contribute nothing to improved accuracy in the prediction. An
equation based on the best three or four variables might be wise
choice,

3) In some studies the objectives is not prediction, but instead to
discover which variables are related to Y, and, if possible, to
rate the variables in order to their importance.

uses of multiple regression are ;:

of the values of Y,
2)

Multiple regression is a complex Subject. The calculations become
lenghty when there are numercug X- variables, and it is hard to avoid
mistakes in computation. Standard electronic computer programs, now
becoming more readily available, are a major help. Equally importantis an understanding of what a multiple regression equation means andwhat it dres
Lecture otes for
Seminar/workshop on Stagtical Neclogy, December at School of

98t BenefitSnvironnental Sciences Universit: of Pune. Eased on
9Analysis Cow Cross Breeding Programme in Maharashtra: , INDS#ARCH

PUNE, 1935.



SOME BASIC STASTICAL CONCEPTS :

The most common method employed to estimate the values of parameters
in an equation is called the method of least squares. It estimates
the values of parameters for which the sum total of squared deviations
between observed and estimated values of the independent variable are
minimised.

Hither time-series or cross-sectional data may be used to estimate an
equation. The larger the difference between the number of observations
and number of variables used in the model, the more is the reliability
of the model. Generally, extreme and exceptional observations are
eliminated before the data is used for estimating an equation.
The explanatory power of the model is judged by the ratio of total
explained variation to total observed variation in the Lndependent
variable. This ratio is generally represented by the symbol Re, The
value of Re ranges between 0 to 1, and the closer it is to 1, the
better is the explanatory power of the model,
The possible variation in the estimated values of parameters with
different samples judged by calculating the standard error in values
of the parameters. The value of the standard error is generally
written in brackets below the value of the parameter when presenting
the estimated form of the equation. The value of the standard error
should be small compared to the value of the parameter f r the
parameter. to be significantly different from zero. As a thumb rule,
the standard error should be less than half the parameter value.
While deciding whether the estimated ecquation should be used for
analytical purposes, the following aspects should be carefully
considered

The estimated form should be consistent with the theoretical and
intuitive understanding of the relationship between the
variables.

Ce The magnitude and signs of the parameters should be consistent
with theoretical and intuitive understanding.

3. The Re, that is the explsnatory power of the equation, should be

1

sufficiently high. With larger samples, a smaller Re may still
be significant.



ue The standard error associated with parameters should be smallin comparison with the parameter value.
5. The independent variables should not be highly correlated

amongst themselves. This is known as the problem of multi-

6. The unexplained portion of variation in each of the observations,that is the error terms, should no&be correlated amongst
themselve.. This often occurs in time-series data and is known
as auto-correlation.

collinearity,

If any one of the above conditions is not observed, it is oftgn
necessary to revise the model. Amongst alternatively acceptable
Models, simpler models should be preferred to complex models.
While using the estimated equation for analytical purposes, it is
important to bear in mind that the regression methodology by itself
does not establish a causal relationship amongst the variables.
A) CASE STUDY :

The brief introductory remarks in the carlier paragraphs may be better
understood with the help of a study which was recently carried out tofind the relationship between feed intake and milk yield for cows in
rural Maharashtra. The salient features of this study are presentedin the following pages.
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5-10 kesponse of Wiik Y eld to Feed : Anong the variousfactors which affect tne milx yield of a cow, the
quantity ana quality cof feed are of extreme importance.Ceteris paribus, as the cow is fed more protein and
energy, its milk yield wiil increase until it reaches
the biological y possible limit. 'Scientific' feedingstancards for cows are generally calculated by analysingtne feed recuirements for two inajor functions, viz.,
body maintenance and miii-production, seperately. There
are several standards used in different countries. Thenutrient requirements in these standards are expressedin terms of digestible nutrients, tetabolizable energy,starcn equivalent, etc.. in India, Sen & Ray (16) have
prescribed feeding Stancarcs for Zebu cattle andbuffaloes. Studies on the nutrient requirements ofdifferent Indian sovine catagories have been initiatedat IVRI, NBRI and other recional research centres.
However, as rightly pointed out by the NDDB (17), these"scientific" standards prove to be of limited use due to
the following considerations.
"Diagram 1(a) below shows the milk yield response curve
implicit in the feeding standards. It shows a constantincrease of milk yield in response to unit increases in
protein-energy until it abruptly reaches the geneticlimit beyond which milk production cannot be increased
by increasing the intake of proteins and energy. The
response curve shown in 1(b) apoears to be morerealistic. It shows that when the animal is underfed
(a~b), the efficiency of converting feed into milk is
low as the bulk of the feed is used to increase the bodyweight to the normal level. Similarly, the conversionis less efficient as the milk yield reaches the geneticlimit (a). In the intermediate range (b-c), there is
greater efficiency of conversion of feed into milk.

Diagram 1

M (a)Response curve (c)Normal
based on feeding

(c)Possible shapes
resconse curve of response1

k

u ---~-RKesponse ™ {Responsec curve curve

i
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curves

enetic
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stencards1

Genetic Genetic
r limit
a

Protein-enersy Protein-energy Protein-enersy
we are concerned with the shape of this curve because it

e



plays a very important role in aetermining optinai feeascnecdules. Diagram 1 (c) on previous page for
response curves"instance, Snows cirrerent

Sell Our Cur primary interest is to ascertaintne shape of the mils vield response curve for local andcrossbrec cows under fieid conditions.
As explained earlier, our aata on feed inputs has somelimitations. iiore specificaily, we do not heave accurateinformation about the nutritive content of each type of

cow. Ourcategories of feed such as Gry fodder, green fodder and
estimated from our data are only preliminary and

sata is in terms of broad
concentrates. onsesquentiy, tne response curves

Tne
plausible hypotheses which need to be furtherinvestigated by controlled experiments,

results provideincicative re

We use .the multi-variable regression technique toestimate the relationship between milk yield and feedfor a particular breed,
Alternative Models : We initially postualated threeaiternative relationshiss between milk yield and feed.
(i) Linear model:

(ii) Constant elasticity model (log - log):
logy = a + blocD + clogG + a + elogz + y

11
+ + + +

(iii) Semi-log model:
log¥ =a + bD + cG + QC + ef + Ww

where the variables are
¥ = Milk yiela of the cow (litres/day). Ho adjustmentsnave been made for fat content. Wilk consumed byCalves is aiso not accounted for.

wuantity of ery fodder offered to cow (kKgs/day).All tyoes of dry fouder are assumed to be
homocenous and of uniform quality. itlastaye isnot accounted for.

© = Quantity of creen fodder offered to tne cow(kgs/cay).
The assuxptions are similar to those made for dryfodeer.

© = of concentrates given to the cow
(kos/Gay).
4 = Number of hours tor which the cow is grazed ina

axtreme Opservations : To obtain resuits which reoresent



ea, Mae

the central regressive tengency of the data, we
identified tne extreme observations. This was done by
the followin: method. Initially, the equations were
estimated using ali the available observations. Tne

calculated. Tnose observations for which the error
terms were greater Ti their two sigma-limits were

was then estimated after eliminating these extreme
observations. The procedure was repeated until no
extreme observations could be identified. Upto four
successive estimations were required to homogenize the
data. Setween 3%3 to 7% of the observations were
eliminated by this procedure.

error terms associated with each observation were

extreme observations. The same equationidentified as

The eliminated observations were seperately investigated
to seek causal explanations for tneir extreme values.
This often revealed an error made by the field
investigator while reporting guantities of feed anda milk
yield.
Multicollinearity The combination of various types of
feed forms a synergetic unit, wherein one type of feed
influences the ability to eat and digest another.
Consequently, there is a tenéency to substitute one type

pastures are available, the quantity of green fodder fea
in the stall would decline. Therefore some
multicollinearity is expected amongst the independent
variables. A substantial multicollinearity will reduce
the reliability of the estimated coefficients which will
be indicated by large standard errors associated with
them.

of feed by another. For instance, if good grazing

Table 5.11 shows the simple correlation coefficients

negative correlation is observed between the quantity of
green fodder fed and the number of grazing hours.
Similarly, there -is negative correlation between the
quantities of dry fodder and green fodder.

between the independent variables. AS expected,

The extent of the correlation between tne independent
variables, though often statistically significant, is
eliminate tne multicoliinearity by transforming,
combining or eliminating independent variables did not
improve the regression results.

generally less than 0.5. Moreover, attempts to

Equations : ve found that the results of the
linear model were consistently better than either the
semi-log or the log-log nodels. The linear modei gave a
higher R-square, together with coefficient signs that
were consistent with a priori expectations. The
standard errors associated with the coefficients were
also comparatively lower in the linear model. We

Bstimated



Table 5.11
Simple Correlation Coefficients(All zones, income groups, four representative months)
Breed Crossbred Local

Leari Flush Lean Flushionth June Sept Oct 'lay dune Sept OctCorrelation
between
Dry fodder &

milk yield 0.2 Fa -li 1s 29 4 1.

Green fodder
& milk yield 37 50 37 23 32 24 22 17

Concentrates
& milk yield 74 62 61 57 57 59 54 55

urazing &

milk yieid -13 -20 -10 -19 -5 ~27 -18 ~-30

Dry fodder &

concentrates -30 10 21 39 10 32 2 -8
Dry fodder &

grazing 42 56 -~ § "12 3 20 ~29 ~28

Green fodder&
concentrates 35 57 13 & 33 8 24 27

Green fodder
& grazing ~39 ~44 -32 ~28 -35 -31 -25 -37
Concentrates
& grazing -15 -16 -4 -16 -ll -17 -13 -19

(Figures in 1/100)
1

Dry fodder &

~38 -35 -38 -26 -20 -32 -38 4-27qreen foddex

oo@e
19 significance value of simple correlation coefficients :

Zo 24 21 21 23 27 21 21
0 06 gos eso oe @ eeo e@e

sample size (nos) ;

95 117 159 155 124 97 136 139



therefore oresent tne results of oniy the linearthis section.
fne model was estimated seperately fer crossbred andlocal cows for eaciu of the twelve months. The results
particular breec. and season. We therefore present anddiscuss the results tor two typical months from each
season, Vide way an Gune in the lean season ang
Sseptemoer and Octover during the flush season.

aof the regression were similar

Resuits for Crossbred Cows : The equations estiinated forthe linear model are given below.

(i) vay 1953 size. : 95
-0.18 2+0.32 0.11 9.04

(0.02) (3.03) (0.09) (0.08)
24 square = 0.76statistic = 67.79

(ii) Sune 1983 Sample size = 117Y= 1.35 + 0.07 r -.07 G+ 0.51 C - 0.10 2
(9.02) (0.03) (0.12) (0.07)

R8 syvare = 0.61
F statistic = 40.07

Y=1.97 - 6.03 Db + 0.03 G + 1.60 € - 0.001 Z
(0.01) (0.01) (0.08) (0.04)

R scuare = 0.62
F statistic = 55.30

(121) September 1°53 ple size : 159

(iv) October 1983 Sample size : 155Y= 3.22 - G.04 Lb - G.02 + 1.20 C - 0.15 4
(G.01) (0.01) (0.02) (0.05)

IN square
F statistic = 52.20

Some of the important conclusions emerging from the
above regression analysis are Sunumarized beiow
The values of the F statistic indicate that all the
equations have significant squares. The values of the
KR square indicate that around 60% to 75% of thevariation in the milk yield can he explained by feed.

AN

The conparatively low values of the standard errorsindicate that most of tne coefficients are Significant.
Moreover, the high.values of the R syuare and low values
Of the standarc errors indicate that nulticollinearity
way nct be a major problem.

values of the coeificients associated with grazing



are consistentiy low ana necative. This suggests that
yrazing does not have 4 major impact on increasina the
milk yield. Tne negative correlation may be because of
the poor guality of grazing lands, so that the energy
spent in grazing is not effectively compensated by the
feed intaMe through crazing. However, the values of the
standard errors associated with the yrazing coefficients
are relatively hich. Further studies may be necessaryto confirm tne negative of grazing on milk
yield.
Concentrates have tue wiesinus posative and significant
impact on milk yield. Tne values of the coefficient
associated with concentrates range between 0.51 and
1.32. These coefficients indicate the incremental
increase in the milk yield per kilogram of concentrate
fed.
Both dry and green fodder have a signficant impact on
the milk vield. However, the relationship between dry
ana green fodder and milk yield has one surprisingfeature. fhe equations estimated for the flush season
reveal that during September, the contribution of dry
fodcer to milk yiela is negative while that of green
fodder is warginal. 'This phenomenon is observed to be
more acute curing OGtooer, when ooth Gry and green
fodder appear to reduce the milk yield.
Dry and green fodder are expected to increase milk yield.
during the flush season, particularly because of their
Greater availability. It is therefore reasonable to
presunie that the siimpie dlinear model involves a
specification bias, at least for the flush season, and
therefore needs to be altered.
In this contemt, it may be mentioned that a similar
linear mode 1 was estimnatec in the study of the
Indo-Swiss Project in Kerala WDRIT (18). This study
alsa occasional negative coefficients for dry
anc green fodcder, bout the watter was not further
investigated by the authors.

5.12 Revised ode! ;

some A Priori Considerations One major reason for
obtaining negative coefficients in the linear model may
be that the response function cf milk yield to ary and
green fodder is curvilinear. The real response curve
@y heve snape "CO vith a saxiau, at «4, insteac of the
straight line "A', as depicted in Diagram 2 on.the: follow-
ing page.



Dias Yan 4

yiela

Dry + ureen Fodder (D+G)

if the relationship is non-linear, and if dry and green
fodder are fed in quantities greater than m, a simple
linear model will essentially estimate the downward
sloping part of the curve C. This will result in
negative values of tne coefficients for dry and green
fodder. Another consequence will be an overestimation
of the value of the intercept (f instead of gq).

A second factor contributing to the negative vaiue of
the coefficients could oe the existence of
multicollinearity between Gry fodder, green fodder and
grazing.
Taxing these considerations into account, the model to
estimate the relationship between milk yield anc feec
was revised in the following manners

(i) To eliminate tne effect of wmulticollinearity,
srazing hours were from the equations because
they nad @ iwarcinal aCe on Nib Lis yielc.
(ii) to elinminate a ulticoilinearity between cry and
jreen fodder, a new variable was derineG as 5

= > + w.H

where w is the relative weignt of green fodder with
respect to dry focaaer.

jhe curvilinear response function was hypothesised as ;

+ niG.Gi + pic] + c{c.c] + e

wnere Y ang € are the quantities of miik yield ana
concentrates per day respectively and @ is as defined
above.

If the relationsnip is curvilinear, we would expect a
positive value for m eng a negative value for n.



the eguation was estimatecé for values of w Yanging fromQ.3 to 1.0. This seguential procedure revealed that tnevalue of w wnich gives tne best fit was within the rangeof 0.5 to 0.7. This isplies that one EG Of green fodderis eguivalent to aroune 0.5% kgs of ery fodder (curing
reasonable for the foa lowing reasons:
tne flusn season). vaiu or wW &aopears to be

(i) ne ary xatter content of ary and green fodder is
calculated on the basis of ary tatter equivalence alonewouid therefore be 0.33. mowever, the nutritive contentof Gry matter obtained frox sreen fodder is greater thanthat ostainea from dry fodder. Although the exactnutritive content varies between different types of dryand green fodder, the dry matter fro Green foddercontains roughly twice as much nutrient value (20). Tnevalue of w shoulda therefore se approximately 0.56 if

30% ana 90% respectivel: 19) fhe vaiue ot

poth nutrient value and Gigestibility are to be takeninto account.

(ii) he market price of green fodder is roughly half
their eguivalence from a commerciai point of view,. thevalue of w should be approximately 0.5.

the price of dry fodder. Taking into consideration

Results of the Revised Model @ he following equationswere obtaineco for alternative values of w auringeflush season, the

(vy) For w = 0.75
Y= 2.194 C.C24:i

statistic = 55.8%

(vi) For w = 0.50

0.049{C.cIa(0.027)
O.00C7iwzecy + 0.4Z4{C} +

(0.248) (0.038)(0.0004)
Square = 0,53

Y= 2.37 + 9.925[5) - 0.002{G.0] + O.716{C}] + 0.075{[c.c](6.030) (0.004) (0.257) (G.041)square = 0.63
F Statistic = 55.80

The value of the R square of the quadratic model is0.63, which is not very Gifferent frow the valueobtained for the linear model. The explanatory power oftne vert is therefore practically unchanged even whenGrazing hours are totally eliminated ane dry and greentoader are combined into a Single variable.

odel

The values of the coefficients associated with thelinear variables (9 and are not very sensitive to
values of tne coefficients associated with the quacraticterms ([Q.@} and [C.C]}]) are sensitive to the vaiue of
We

However, thevalues of Wy ranging from 0.5 and .0.75.



Ot adine values ere ¢reetec tian
Less TMA Tera.

zero while the values
LS Su, 4 2 cur nypotuesisnare "Orts1 {

tnét tue oc. wily to ury and
green is curv lineat, tne values
or tne 35t 2 @ "A ce Lic mel cre lover tnanteat of tne liuear
'@ fans tnat tne values £ rs a aSeocrater

ant cudefaric tei. co tur concencraces
1 tie rance observed

wonotonically stn function.
One source of the 1Ohn 13 thecevisec model for crossbred 15 the type

aw

are Os

uS, enecy

of the crossores an. level ot evotic
Yo uacerstana their 1, pelt a".oteL veperately
of exotic inneritance.
5J% Jersey Cows Our
Jersey cows witn 509

Eor 5

76 @Sti .atea tne revised
ann versey cows witn 50% 1evel

results, vased on a sample of $1
level of ercoric inheritance

oosserveGc during Cctover 1553 are given below 3

(viz) For w - G.a
Y= 1.33 ~ Q.dv0, U.G02 + 2.3031C] + J.U71LC.C}(0.42) ().G007) (0.332) (6.050)

» S.uare ~ Q.7]
statistic = 42,69

(vii1) For. -0.5
1,94 4 0.052,0) - & Ei 0.3. + Ue G22iC; + O.U70IC.C}

(0.643) 10.6007) (3.335) (0.051)
AN Scuare vu.7]1
® Statistic = 42,9]

Fano tnat tae
the breer

are tacen in oO account.
Stavle wien Wo cCanyes wWet.een J.5

Ayws.eases by arouns
level of e.0t1ic anheritance

are relatively
onu O.o

ad wl nen

'y partually differentiacin, e vation with respectto. anc. @-vating the to zero, ve ovcain
Lhe he of tie runcctom at ¢ e gal to 14.3 x48. Our

data that on Cersey cows ere
G tys of ory toduer

tne tiush segson. Co.usecueutly, the value
overteeda

is lé.d Kgs.
thnejc cows

rouujhaces are avaliahie plenty at

anu io wg» of vreen fodder
or {Uv +

"nis tnac farmers tenc to
Gurene tie season, perhapsthis tine

a Gt

of the year Pariers woul. cerhagps ce better oft if
ey fed lower vi dry ano vyreen foucec an.utiliszea the money saved to reec a Greater amount of

concentrates. we pellevé tnis 1S a critical aspect if
tne economics of Cows 15 co be dan,roved, and
Shoulu be further investisatec.



50% HF Cows : A similar curvilinear regression wasout for a sample of 27 HF cows with 50% exoticinheritance observed in October 1983. The resultsobtained are given below

carried

(ix) For w= 0.6
Y = 5.25 - 0.1001G] + 6.001[¢.0] + 0.520[C} - 0.033[c.c](0.04) (6.0005) (0.500) (0.077)R square = 9.295

F statistic = 1.87

The above results indicate that feed is not an adequateexplanatory variable and the curvilinear model explainsonly 29% cf the variation in milk yield of 50% HF cows.The value of the R square is low and the signsassociated with coefficients are unacceptable on thebasis of a priori considerations. One reason for thelow explanatory power of the model could be the small
Sample size. However, it could also be due to thelarger intrinsic biological variabilty in HF cows. Thisvariability could perhaps be a consequence of thevariation in the semen of the pure-bred HF sires. Thisconjecture may be plausible because 509 Jersey and HFcowS are bred from the same mother stock and rearedunder similar conditions, yet HF cows exhibit a greatervariation.
Our conjectures are based on a small sample, and need tobe investigated further. Such an enguiry is importantSince the variation in milk yield is closely related tothe risk an individual farmer faces in dairying, and therisk can apparently be reduced by the proper choice ofbreed and control on the quality of semen.

Results for Local Cows : The results of the linear .

equations estimated for local cows during representativemonths in the lean and flush seasons are given below ;

(x) May 1983
¥ = 0.64 + 0.02 D+ 0.02 G + 0.35 C + 0.04

(0.01) (0.01) (0.07) (0,02)
F statistic = 16.86

Sample size 137

R square = 0.3%

(xi) June 1983
¥ = 0.93 + 0.02 D + 0.002 G +.0.42 C - 0.06 Z

(0.01) (0.015) (0.06) (0.02)
F statistic = 23.64

sample size 123
é

R square = 0.48

(xii) September 1983 Sample size : 166
-0.02 7

= -9.01 D + 0.020.01 0.65
(0.01) (0.01) (0.06) (0.02)R square 0.51

F statistic = 38.37



en. Lose vo.ici€ Stze 3 los
1. U% +r Ge foe

™
OO it ~ + os c ~" Ue "a

{uae iL) (o.us) {,.43}
Xe a£eE _- 3

= 57,33

228 a7 OL COulaleiO: s. © ef 1.4 LTO Vue £e.refsiuu are
LU aeElose Jed ¢

wh Ved aths cLE Sidtiistlicegiiy Signitacent. ruse
tively Low values Of isle Sickert EfTOTS im scate

tuet a of tse are

iu DLitzve @. SiLnfsCa.ct Li-ect on
OL LOCus CO 3 2 SaCi leciines

tie lean

O11C6 .70111 tue OOCK

wiy TO: eb C2 uaVe a . AFYlual Livect on
Lae. ylele cure, nocice ti.t tre
coetticieiue of ury ne crt_sve AN sesle wer,
vial@ of (feen tower ue ative 1.1 Cotover. .nss

tO cue resuice Tor co Ss an
of frou. ueyes la tae Flus: .. season.

6

or wre aS hfs. Warlous tyvses of
Live cae Season,

vatues for Ie
28 Cu .t cete. 'sy cs@ orocle, of

sanre 5.12

viel. co 2: va Cu .sFison .et.een
CLeOesuvKreu aN LOCAL LOS

ve lues of coetficiencs
OSU 8 ay June
xeev 0 Crossvure: Local Crouss.reu bocal

2E Teec
vi? focuer (2) + uell 1 vet dé 4 6.07 + U.U02
Green + Ueué + U.G2 4°454.7 4 4 .(C?

(C) + 1.37 + (.3D y+ wed] + O.4%2
(.) ~ tele + uert4 - 9.1% ~ ata

~W@ that the coeiriciencs
len cry récen £O er on. concentrarres «fe

duc loaex for lucat Cus.
wuran., tae Lean .eaSui, 1S liit e cance of
overteeulin, c.e T.f CXS @Se@iiicialy Operate ii te



atte ene ateDR teaKs

ssoren VeeedoakCows
not only a

3
Q

t)
dq

>

ontV
ascence

>3
3

4+

wettexr aver aS

a 0 @ @ ©

3
>

ra
2

O
D

a
J

hy

3
i}

m
r

5

3

fa)

a


