RETURNS ON AGRICULTURAL
RESEARCH AND DEVELOEPMENT
IN THE

SOUTEHE AR ICAN SUGAR INDUSTIRY

by

PFHILIF ANTHONY DONOVAN

Submitted in partial fulfilment of the
requirements for the degree

DOCTOR OF FHILOSDPHY

in the

Department of Agricultural Economics
Faculty of Agriculture
University of Fatal
Fietermaritzburg

Decenber 1980



PREFACE

Unless specifically indicated to the contrary in the text,

this thesis is the result of my own original work.

P A DONOVAN



ABSTRACT

The lack of information on returns to R&D is considered a handicap to
effective decision-making by policy-makers and managers in
agricultural commodity organisatiomns. Results of studies reported in
the literature, mostly using economic analysis of aggregated and
multi-product data, are usually insufficiently detailed to assist
decision-making at institute level. The objective of this study is to
find an empirical and practical method of estimating returns for that
purpose.

Returns on sugarcane production R&D in the South African Sugar
Industry are estimated as the factor share of technology in a
production function analysis of productivity, as yield per unit area
per annum, in which the other significant variables were found to be
rainfall, costs of production and area under crop. Eight other
variables were excluded from the analysis for lack of significance or
collinearity. Under a wuser pays policy, advisory services are
considered self-financing, leaving the estimated returns to be divided
between the other two primary functions of an R&D institute, research
and extension.

It is suggested that the increase in ylelds obtained by technologists
in field trials can represent technology (the output of research)
while the 1increase 1in the Industry's yield over the same pericd
represents technology plus the transfer of technology (the function of
extension). In percentage terms the ratios of research to extension,
for three successive decades to 1986, were found to be 65%:35%,
37%:63% and 17%:83%, 1indicating decline in the contribution of
research and 1increase 1in the contribution of extension to the
Industry's declining productivity. Research's contribution (17% of
the total return on R&D during the last decade) was then apportioned
among research programmes in the proportions of the subjective
estimates made of their returns, after deducting the return on plant
breeding, the only programme whose productivity could be quéntified
directly from production data. Returns and costs are then compared in

terms of percentage net returns [ (returns - costs)/costs x 1001 and

benefit:cost ratios (return/cost). The returns estimated on research,

extension and whole Station activities, were similar, in terms of

benefit:cost ratios, to those obtained in the few other comparable

studies. The advantages of the methods proposed are their empirical

simplicity and applicability down to programme (project) level.
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INTRODUCTION

Perbaps the most important objective in estimating
the returns on R&D is to provide information that
can improve decision-making by those respoasible for

policy or management of R&D (Schuh & Tollimi, 1979).

The productivity of agricultural research and development has become
a matter of greater concern 1n recent years.. Competition for scarce
human and financial resources has increased and policy-makers, when
they have to make decisions on the allocation of resources without
informetion on costs and returns, are more easily influenced by
emotive social and environmental issues than by the technolopical
problems of increasing agricultural productivity.

The motivation for this study 1s, therefore, the present lack of
econonic information of the kind that could improve decision-making
at policy and management levels 1in an agricultural commodity R&D
organisation. The primary goal of +the study 1s to find an
appropriate empirical method of estimating the returns on
agricultural research and development i1n the South African Sugar
Industry that can be of practical value to policy-makers and managers

who increasingly need to take into account the economic consequences

of investing in R&D,

Policy decislons are required on what functions should be included in
an R&D portfolio and on the size of the investment to he made in

these fupctions. Typically in an agricultural commodity R&D
organisation, +the portfolio comprises three functions, Research,

Extension and Technical or Advisory Services.

Hanagement decisions need to be taken on the number and scope of
programmes within each function of the portfolio; decisions on the
number of programmes become recommendations to the policy-makers

while those on their scope and content are required in considering

recommendations f{rom lover management levels. The structure of

management decision—making remalns the - same at all levels,

recommending on broad issues to a higher level and considering

recommendations on detaill from a lower level. It 1is suggested that

decisions of both kinds and at all levels can be improved by baving

information on the costs and returns of R&D functions and programmes,



At higher decision-making levels ex-post information on costs and
returns 1s of greater value and 1is more accurate than ex—ante
information which only becomes important at lower levels of declsion-
making. In this study, with its objective of improving decision-
making at policy and upper management levels, that 1s on R&D
functions and programmes, the focus is, therefore, on ex-post methods

of estimating returns on R&D.

Examination of previous estimates of the returns on investment in
agricultural R&D indicates that methods of economlc analysis using,
as they do, aggregated multl-product data, are {insufficlently
detailed and accurate to be of value for management purposes 1n an
agricultural commodity R&D 1nstitute. The decislion was taken,
therefore, to devise a suitable empirical method of R&D evaluation

fur which a minimum of data disaggregatlon and of economic analysis

were necessary.

The case study 1s sugarcane production R&D conducted at the South
African Sugar Assoclatlon (SASA) Experlment Station. A previous
study of R&D nﬂnag&ment at the Experiment Station (Donovan, 1986)
provides an analysis of costs down to programme level leaving the

estimation of returns and the impllications for management as the

essence of thils study.

A review of +the literature on the development of metbhods for
evaluating R&D generally is undertaken in Chapter 1, and previous
estimates of +the returns, particularly on sugarcane R&D, are
considered in Chapter 2. The sources of technology avallable to the
South African Sugar Industry, from its beginnings 140 years ago, are
discussed in Chapter 3 and a production function apalysis of the
most important factors affecting the Industry’'s productivity, since
the establishment of the SASA Experiment Station in 1925, 1is
proposed. From that date, sufficlent data are avallable to allow an
estimate to be made of productivity attributable speclflcally to
production technology 1in terms of 1its marginal

product 1in the
production function equation.

To facilitate and rationalise the allocation of costs and the

appertioning of estimated returus, the R&D functions and the



different inds of research 1n an agricultural commodity R&D
organlsation are defined in Chapter 4. The difficulty of estimating
the returns on advisory and technical services 1s overcone by
considering them to be self-financing which became possible with the
recently adopted ‘'user pays' policy at the SASA Experiment Statlion.
The separate evaluation of the extension function in R&D has not been
successful previously, yet without it returns on research down to
programme level cannot be evaluated quantitatively. In Chapter 5
previous work on the evaluation of extension 1s considered and a
method of extenslon evaluation is proposed in which the change in the
relationship between the average commercial yield and the yileld
obtained by technologists in field trials, can be used as a measure

of the transfer of technology or extension.

¥ith quantitative assessments of the value of production technology,
obtained from production function analysis, and with the proposed
method of apportioning this value between research and extension,
estimates are made of the returns on individual research programmes
in Chapter 6. In Chapter 7 these returns on research programmes,
converted from tons of sucrose to rands, are compared with thelr

costs to obtaln an estimate of thelr profitability.

Finally, 1in Chapter 8 the value and lmplications of bhaving estimates
of costs and returns on the different functions and programmes of an
agricultural commodity R&D organisation, are considered in terms of
both policy and management decision-making. The future management

challenges that become evident from the particular case study are

also considered in this final chapter.



CHAPTER 1
METHODS OF R&D EVALUATION

H}STORICAIL DEVELOPMERT OF EVALUATION METHODS

The purpose of research and development is the Innovation of new
technologles and techniques that can improve productivity and
profitability. Schultz described research and development as
primarily an economic activity subject to economic analyses and a new

technology as a valuable (scarce) resource that bhas a "price"
and that thls resource is not glven to the community or to the
producer as a free good; on the contrary it entails coszts some of
which are borne by the communitﬁ and some by the producer

Therefore a new technique is simply a particular kind of input and

the economics underlying the supply and use are in principle the same

as that of any other type of input' (Schultz, 1953 p.110}.

These hypotheses of ©Schultz stimelated interest in the econonic
theory of the returns on agricultural R&D which was discuszed by
economists at the first symposium on the subject, held in Minnesota
in 1969, The proceedings of the Minnesota symposium {(Fishel, 1971a)
generated interest in the returus on agricultural R&D among palicy-
makers and administrators who attended and contributed to the =macond
meetlng on the subject, the Airlie House Conference, bheld in 1975
{Arndt et al, 1977).

At this second meeting attention was given to the economic effects of
agricultural production in different countries, including the costs

and returns on researchk, and the constructlon of theoretical econonic

models.

By this time, the mid-1970's, agricultural research and exténsiom
particularly in the United States, were belng subjected increasingly
to critical examination, with special interest focussed on '.,. the
crientation, return to Investment and incone distribution
consequences of investment in research and extenzion' (Araji, 1980
p.iiiv. These were the main 1ssues discussed at the third meeting

entitled 'Research and Extension Productivity in Agriculture' held in

Moscow, 1ldako in May 1978, Only two years later the fourth major



conference in eleven years was held, back in Minnesota on research

evaluation and methodology (Norton et al, 1981).

Three comprebensive reviews of the work done on research evaluation
between 1953 amd 1980, provide useful guldes to the literature. The
first of them was by Schuh & Tollini (1979) who were particularly
concerned with those aspects o0f agricultural research evaluation
which could improve the allocation of funds Dbetween kinds of
agricultural research, between research instituticonz and between
agricultural research and other actlvities, The second review, by
Forton & Davis (198la) gave more attention to a comparlison of
methods, providing insights into differences in assumptions made and
into the different purposes of evaluation. These two reviews were
carried out with different objectives but they are sufficiently

similar to be summarised together as shown in Figure 1

ESTIMATIREG RETURES OF AGRICULTURAL R&D

Ex-Post M%thods Ex-Ante Metﬁfds

Economic or Consumer/ Scoring models
Producer Surplus

Input-saved Benefit: Cost ratio

Production function Simulation

Impact on national Mathematical models
income

[mpact on human Special purposes models
nutrition o Minnesota 0 Iowa

« Plustrup-Andersen

o Eazter & Norton, etc.

Figure 1: Summary of methods for estimationg benefits of agricultural
R&D for management purposes (Schub & Tollind, op. clt.)
and for comparison of methods purposes (Norton & Davis,

19810

The third review by Evenson (1981) was primarily a taxonowmy of the

development of research evaluation methods empbasizsing those that

contribute to the Tbasic understanding of evaluation methods and

speculating  on  future developments in methodclogy. Evenson's
classification <(op. cit. p.- 197> which identifies

categories of work, is summarised 1in Figure 2.

three main



_AVERAGE RATE METHODS MARGINAL RATE METHODS NEV METHODS

l l 1

Ex-post methods Ex-post methods Induced innovation
[ 1 T effect studies e.g.
‘B:C ratioI ; Production Growth I "
Function Decomp Genotype x Envir-

Supply Shift *"\\\\\\\\ onment
Yield trials

i - Without _Jwith
Ex-ante methods Technology transfer | . Simultaneity

Externality
Simulations

Spillover
Scoring models

Output supply x
PR methods input demand

Figure 2: Development of research evaluation methodology
(Evenson, 1981)

Although these three reviews differ in purpose and approach, there is
sufficient commonality among them, and many other references, to

permit a general summary of research evaluation methods.

Research evaluation has most commonly been divided into ex-post and
ex-ante categories, that is, the evaluation of research that has been
done and research still to be done (or in progress) respectively. As
shown in Figure 2, Evenson (1981) prefers to make the first sub-
division according to methods of evaluation. For example, he first
divides research evaluation methods into those using average rate of
return and those using marginal rate of return, notwithstanding the
fact that this puts both ex-post and ex-ante evaluations into the
same category, namely the average rate of return category.

This 1is probably mcre appropriate from a theoretical point of view,
and is no less convenient for the practical purposes of assessing
research returns as an aid to research managers and policy-makers,

however the more usual convention of division into ex-post and ex-

ante, is followed in this review.



EXI-POST METHOD OF EVALUATION

Most ex-post evaluations of research use the resuitant fncreaze in
production, or the economic congsequencesz of increased production, as
the measure of the return on research input. Ex-post methods have
most commonly been applied to macro-economic data and are only
appropriate for micro-economic studies when adequate and reliable
data are available. There are three approaches to the ex-post method

cf evaluation:

The Economlc Surplus Approach. This approach is also called the
Consumer/Producer Surplus or Lndex Number Approack. 1t iz based on
the fact that the results of research, that 1is, the adoption of
innovaticns in agricultural production, shift the supply curve nmaking
more o©f the product available and =50, theoretically, lowering its
price or reducing its cost of production.

This is illustrated by the basic model in Figure 3.

D 5,
Sz
Py
b b | ¢
P
d e
0
Qs Qz
Figure 3 : Economic Surplus mpdel
An increase in the supply of a commedity, from S, to S, following

the use of new technology, results in a surplus which lowers the

price of the commodity from P, to P:. The change in the consumers

surplus is measured by the area at+b+c, The same shift in supply alzo

results in a change in the producers surplus, measured by the area

dte-a and the total change in the economic surplus (consumers +

producers surplus) is measured by b+ctdie.



Some research innovations are by nature input (cost) saving rather
than production increasing and for these a cost-saving approach,
originally advocated by Schultz (1953) 1s more suitable and can be
used 1in eilther ex-post or ex-ante estimates. In Schultz's (1953
p.117-122) cost-saving approach, the value of R&D saved through the
adoption of a new innovation can be measured by the area a+bfc in
Figure 3. The new innovation results in a saving equivalent to
moving the supply curve from Sy to Sz and, in this case, this 1s
equal to the consumer surplus.

Vith information on how much the supply curve has shifted and on the
parameters that caused the shift, together with costs of the R&D

responsible for these parameters, a benefit:cost analysis can be

made.

In a seminal paper, Griliches (1958) used the economic surplus method

on a single commodity ¢hybrid corn) and examined the effect of supply

elasticity 1n such a context.

The distributlion of benefits between producers and consumers was
estimated, for agricultural research evaluation purposes, by Ayr &
Schuh (1972) who also applied a sensitivity test to theilr results by
varying the elasticity of supply. In general producers benefit from
technical change (research results) only when the demand for their
product 1s elastic. Akino & Hayami (1975), 1in considering the soclal
returns to research on rice in Japan, point out that although
producers benefit directly from the research done on crops that are
mostly exported, consumers benefit appreciably from the dindirect

effect of such exports, especially the exchange earnings.

The distribution of benefits between consumers and '... producers 1is

extremely sensitive to the assumptions made in the analysis; caution

1s therefore necessary in developing models to discuss distributional
1ssues! (Wise, 1984 p.30). Scobie (1976) has warned that different
assumptions made about shifts 1in supply and demand,

elasticities,

as well as

can lead to different results and interpretations of

the research benefits, even when the same data and formulae are used.

Lindner & Jarret

that '...

(1978 p.48) also advise caution in their conclusion
the uncritical application of previously developed formulas

without regard to -the type of supply shift can result in substantial



bias 1in estimates of research beneflits. The implication is that
calculation of rates cof return on agricultural investment may alsc be

severely biased'.

Estimates made of research returns, using the economic surplus method
tend to be low because, as Schultz (1953) himself noted, unot all
beneficial research alms to increase production levels. Petersen
(1971) pointed out that estimates are also blased downward because
production levels would almost certainly have declined 1f research
had not been done while the method itself is based on a uniform level

of production wlthout research,

An interesting study of the returns from research on a single crop
was made by Duncan (1972). He estimated the returns from research omn
pastures, using the supply éf meat and milk as the products and
assuming perfect elasticity of demand for them. Other economic
surplus studies on single commodities include those of Kislev &
Hoffman (1978) on wheat, Evenson (1969) on sugarcane, Hertford et al

(1977) on rice, soybeans, wheat and cotton, Nagv & Furtan (1978) on

rape seed.

The economic surplus method of evaluating research 1s particularly
useful 1n economic policy formulation iIn spite of 1its major
limitations which are not being able to quantify the galn due solely

10 research and not being able to separate research and technical
transfer effects (Schuh & Tollini, 1979).

The Production Function Approach. Thls is based on the premise that

the production function for a commodity can be used to estimate the

pay-off, or contribution, of any production factor, such as R&D,

which 1s well defined and included in the function. The wusual

production function for a crop commodity commonly includes only the

on-farm inputs but there Is no reason why others, such as research,

should not be included. Griliches (1964) used this approach to

estimate the contributlion of agricultural research and extension to

the level of output and thelr rate of social <(that 1is,
producer) return.

cansumer +
The functional form for an estimate of the total

return has been conceptualized by Dalrymple (1977) as follows:



B = PQK(1 + K/2E(1 - (1 - Ea)*E-/(Es - Ex)]
Vbere: A = total return. K = shift In supply due to research.
= product price. En = elasticity of vroduct demand.
Q = product quantity. E: = elasticity of product supply.

The most difficult factor to measure is K because of its congruity
with other factors that influence productivity. Griliches (1964)
simply assumed a particular vyield increase (5%) 1in corn production
from planting hydbrid instead of open-pollinated varieties. Fleld
irial results from experiment statioﬂs and from farms have been used
in other studies (Dalrymple, 1977). The estimation of the elasticity
factors, Ea and E-. are also often difficult to wmake. Griliches
(1858 p.421) found that '... these elasticltles have conly a second-

order effect, and hence different reaconable assumptions about them

will affect the resulis very little'.

Ayr & Schuh (1372) found that results were changed very little by
using different price and supply elasticities. Other studies also
suggest '... that it is possible to be flexible and pragmatic in
obtaining estimates of K, and that introductory analyses might leave
out estimates of E. and Ea' (Dalrymple, 1977 p.197). An importent
advantage of the production function approach is that it can provide
an estimate of the marginal product of research as Peterson (19867)
demonstrated for poultry research in the United States. The input-
saved and economic surplus approaches estimate the average rate of
return which is not as useful for research administrators and policy-
makars. Because '... decisions to ftnvest ar not to invest in
agricultural research must be made continually, the relevant

criterion is a marginal rather than an average rate of return'

(Peterson & Hayami, 1977).

In early studies little or no time lag between research and adoptjion
was allowed but more recently workers <(for example Fishel, 1971
bave improved estimates of research value by using a lag of six to

seven years to the high point of a V- or U-shaped research adoption
curve.
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Evenson et al, quoted by Schubh & Tollini <€1979), used the basic
production function approach to isolate the effects of technology
transfer which, {n many clrcumstancaes, can be a major contributor to

the total returns from research.

The output used 1in the production function has gsuallv been the
national aggregate for agriculture as a whole (Griliches, 1958) or
for different commoditlies or groups of commodities (Peterson, 1967
and Bredahl & Peterson, 1976). In the latter study the purpose was
to obtain a relative order of returns on research applied to groups
of commodities so that the allocation of resources to R&D could be

improved.

The quality and relevance of data representing all factors in the
production function equation is critically important. Expenditure is
commonly used to represent the research factor in spite of the
considerable variation in what 1s included in expenditure. The
number of published papers has also been used as a measure of
research output <(Evenson, 1974 and Evenson & Kislev, 1973) but as
Donovan (1986) points out, this may not be a good measure, especially

in an applied research organisation.

Davis (1979) 1in applying eight procedural variations in a basic
production function, using the same empirical data, found that the
estimates of the marginal rates of return were exfremely sensitive to
the estimation procedure, varying from 23,9 to 49,7 percent. It is
therefore important to ensure compatibility of estimation procedures
when comparing the marginal rates of return from different studies.
In contrast to this, Dalrymple (1977), in comparing his results using
the economic surplus method, with results obtained by Evenson using

the production function method, believes there is sufficient

agreement to justify using either method.

Dalrymple regards the economic surplus method as suitable for

measuring the effects o0f the newer, high yielding varieties but

considers the production function method more useful for separating

the factors responsible for increased productivity. Griliches (1979

p.113) concludes a paper on the contribution of research and

development to productivity growth in intensive industries by making
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a plea for realism as to what the production function approach
can and cannot accomplish. Given good data, it can tell us something
about average returns to R&D investments in the past and whether they
appear to be changing over time. It may be able to indicate
{ndustries where returns have been especially high or low, but it
will not be able to tell us whether a particular proposed R&D project

is a good bet or not'.

The Impact Approach. Tweeten & Hines (1865) calculated how much
lower the national income would be if the percentage of people on the
farm was still the same as in 1910 and the resvlting additicnal
farmers had the income of today's farmers instead of today's non-
farmers. This, they suggested, provides an estimate of the benefits
of research but it can only be a rough approximation of the value of
research on single commodities; however, it is a method that is
easily understood in the naticnal context and for which conly cocmmonly

available data are required.

A second type of impact method was propesed by Piastrup-Andersen et
al, (1876) in which the impact of increased agricultural output on the
level of nutrition, in different income groups, is used as a measure
of research value. This very indirect method may be relevant vnder
those conditions in which research is focussed primarily on improving
standards of nutrition but it needs detailed knowledge cf, and data

on, food demand parameters and consumption levels.

Conclusions to be drawn from a review of ex—post methods of research

evaluation are that;

. no one methad is suitable for all purposes;

most methods examine the interaction of aggregated agricwltural
R&D data and some aspect of the national econcmy and scme are
suitable for decision-making at rational level;

both the econcmic surplus and production function methods are
very susceptible to error and wmisinterpretaticn if the formulae,

assumptions and factors used are irappropriate or inaccurate.
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EI-ANTE METHODS OF EVALUATIOR

Thease methods of research evaluation attempt to estimate the value of
research still to be conducted qr of reskarch in progress. There are
three main kinds of ex-ante analysis: Scoring models, Benefit:Cost
analysis and Simulation or Mathematical models. Ex-ante methods are
pore commonly used for estimating the returns on research projects
and programmes, that is, op a micro-economic scale and all depend on

predicting or projecting vyield or rank.

Scoring wmodels. These are relatively simple procedures used to
formalize and improve decislon-making on choice. Evaluators, usually
scientists, score altermative research projects numerically 1in terms
of their likely contribution or chances of success in achieving pre-
speclified goals (Schubh & Tollirni, 19793, Scoring models  cannot,
however, be used to assess returns on research in guantitative terns
(Willianmson, 1971). The usefulness of scoring madels depends very
largely on the correct definition of objJectives, on the uze of an
appropriate weighting structure and on the choice of expert

evaluators. Scoring can be either contlnuous or discrete in nature

but must be quantitative,

& scoring model known as the lowa Model described by Mahlstede
(1971>, had as 1its goal, ensuring the best return on research
expendlture at the Iowa Experiment Station. Sub-goals and their
weights <(relative importance) were first agreed then further =sub-
divided intc areas and sub-areas, each of which had its own panel of
evalvators. The evaluations of future research projects was done by
consensus on priorities and in terms of estimated project costs. The
lowa Model is descrited as a static deterministic model because time
and uncertainty are not quantified; the model 1s preobably only
somewhat better than making no attempt at rating potential returns on
research, The HNorth Carclina Model, described by Shumway (19770,
differs from the lowa Model in using the Delphi technique {(Eeattie &
Reader, 1971), in having exterpal or extramural evaluatorz, and in
using standard deviations tc improve the choice between categories
with equal scorez (Shumway & McCracken, 197%5), Its

poor definiticn of goals,

main fault is
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All scoring models are conceptually simple and can incorporate
multiple goals but they are very labour intensive (FNorton & Davis,

196109 .

Benefit: Cost Analysis. This type of analysis has wost often been
used for ex-post purposes (Schuh & Tollini, 1979) but Norton & Davis
(1981b) have put it in their ex-ante category, prabably because the
best known example of its use in agriculture, the Hinnezota MKodel,
was used primarily for ex-ante purposes. The Minnecota model, with
the acronym MARRAIS (Minnesota Agricultural Research Kesources
Allocation I[nformation System) is '... a computer based generalized
structure for collecting and processing informwation relative to
resource allocation decisions under situations characterized by a
high degree of uncertainty' (Fishel, 1971b p.344). Marrais requires
estimates by extramural scientists of expenditure, time, technical
feasiblility and other parameters, followed by generation of tlheir
distribution and deterministic levels using the Monte Carlo nethod
(Norton & Davis, 158la). This iz one of the most sophisticated
medels, requiring high operational quality in terms of staff and
computer facilities and is therefore costly; it could equally well

be classified as a simulation model.

Easter & Norton (1977} used scientists' estimates of yield and actual
costs to calculate the sensitivity of the benefit: cost ratios tao
varlations 1in vield, prices and lag-lengths. They also enphasised
the importance of using social scientists on the panel of evaluators.
A scoring model by Castro & Schuh (1984) uses secondary data, instead
0f scientists opinion, to estimate the impact of research and
technical change, including growth and distributional effects. araji
et al (1978) evaluated research and extension programmes on
commodities wusing scientists! estimates and opinions on yield,

probability of success, time, costs and rate of adoption.

Simulation and Mathematical HModels. One of the more sophisticated

nmodels in this category is that of Pinstrup-Andersen & Franklin

(1977) which they proposed for the ex-ante prediction of the relative

contributions and the costs of alternative research Programmes  in

order to establish research priorities. Their procedure was +to

define overall goals, followed by the identification of changes in
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product supply, input demand and farm consumption needed to achieve
those goals. This is followed by the identification of research
problems and alternative technologies needed to solve the problens,
together with estimates of the time, costs and probabilities of
success of research and adoption on the farm. The effects of these
various alternatives on farm consumption, product demand and output
supply are then estimated. This model was suggested for use by
international research centres .where the relationship between
production and research 1is not well established and because
production levels in different areas are not necessarily determined
by the same facotrs. However, models of this kind require the

availability of much detailed data and involve complex mathematics.

Lu et al (1978) proposed a simulation model to examine the
relationship between research and extension and the growth of
agricultural productivity; they used expenditure on research and
extension as the main decision variable. Changes in agricultural
productivity were related to lagged values of investment in research
and extension, changes in the level of farmers' eduéation and weather
parameters. The model was used to project agricultural growth at
three rates of investment in research and extension. From this the
authors predicted agricultural production growth resulting from
specific new technologies and also estimated benefit:cost ratios and
internal rates of return on investment in research and extension.
Knutson & Tweeten (1979) used a similar model to project farm output
and prices resulting from a predicted change 1in agricultural
productivity. ¥hite et al (1978) used simulation techniques to
determine an optimum level and time path of research spending to
obtain a certaln rate of farm pricenincrease;

they also examined the
effect on consumer costs of reduced spending on research.

Simulation models rely on past vyield increases or scientists’

estimates of future increases to predict the effect on yield of a

research innovation. Kislev & Rabiner (1979) applied what they

called the 'black box' treatment, that is, they built a simulation

model of a breeding programme to increase milk production in a dairy

herd.  They then tried to explain the production gap between actual
and predicted (model) vyields in terms of quantitative genetics and

the decision variables and natural constraints limiting the selection
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process. Simulation models are flexible, being capable of estimating
optimum inputs for research at national or vportfoliot* level, of
determining the effects of research on prices, income and employment.
Russell (1975) developed a model to assist 1n selecting agricultural
research programmes (portfolios) in the United Kingdom. He first
established an overall goal for the production of outputs '... needed
to permit the attalnment of an 1deal state for social welfare ...°
(p.34) then identified three dimensions of the goal, nine aspects of
the dimensions and a rating system. Russell then used the model to
maximise the utility of the research programme (portfolio) to achieve
those goals. According to Forton & Davis (1981b) Cartwright's
proposed model for allocating research projects in a university
department of agricultural economics was not sufficiently developed
for practical use; the main difficulty was 1in specifying the

personal preference factor.

Simulation models have been more widely used in industry than 1in
agriculture, probably because the industrial research processes are
more easily controlled and are subject to less uncertainty in terms
of pay-off (Norton & Davis, op. cit.). The main disadvantage of
siumulation models is that they need a great deal of information, are

time consuming to bulld and operate, and depend on sophisticated

computer facilities.

The conclusions to be drawn from a review of ex-ante methods of

research evaluation, of which more than one hundred have been

proposed (Schuh & Tollini, 1979), varying from simple scoring to

complex mathematical programmes, are as follows:

. they can provide information to lmprove decision-making in
research evaluation;

¥In the R&D literature the reanings of the terams portfolio,
For the purposes of this study a portfolio eabraces all activities needed to carry out a discrete
organisational goal: for exaaple 'To develop, propagate and distribute new varieties', A
portfolio usually involves ulti-disciplinary and inter-departaental action, & programae consists
of a number of projects or activities usually within a single discipline or to tackle a single
problem, A project is taken to mean a single experiment, field or laboratory trial, or activity,

tonducted usually by a 'research aodule’, i.e,; a single researcher and his associated and
supporting technical staff and resources (Oran, 1985), -

progranme and project appear to vary,
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. extramural opinion, when 1t 1s used, can provide constructive
criticism and stimulus for research but the danger of 'pooled
opinion' equating with 'pooled ignorance' is real;

. research goals are better defined when ex-ante estimates are to
be made;

. the resource requirements of most ex-ante methods are excessive
in relation to the objectives sought;

N few of the methods proposed have been applied in practice maore
widely than in the situations for which they were developed,

except in the case of scoring models which are used to some

extent in 1industry.

THE PUBLIC RELATIONS APPROACH

This approach to the evaluation of agricultural R&D is described by
Peterson (1971). The method is one of simple accounting in which
costs and returns are compared. The approach is so named because its
simple, descriptive method is probably more effective than methods
using economic theory, with its associated jargon, for persuading the
public to provide resources for agricultural R&D. With any method of
R&D evaluation, costs (expenditure) are recorded or can be determined

empirically, with acceptable accuracy, but returns on research

expenditure, or investment, usually have to be estimated. The
accuracy of estimates of returns depends on the reliablility and
relevance of the data used and on the estimates obtained from logical
deduction by informed experts. These are likely to be as reliable

and relevant as those obtained by 1indirect, association or surrogate

methods, provided the experts are estimating within their own fields

of expertise.

Host of the ex-ante methods of research evaluation reviewed depend on

expert opinion for their estimates of returns but, 1in view of the

highly aggregated and diverse kinds of data involved, the number of

experts required to cover the range of disciplines would have to be
considerable.
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Most ex-post methods use data derived from economic theorems or
surrogate data such as the number of papers published as proxy for
research output. In view of the reservations noted in the literature
on the reliability of such data, the alternative of using experts to
provide the data might well result in estimates no less reliable,
again with the proviso that the experts are estimating within their
field of expertise. ¥ise's (1975 p.260) comment on this matter is
apt: 'The issue, however, is not between a completely quantitative
system and a completely haphazard, intuitive system, but between a
completely quantitative (but very imperfect) system and an intuitive
system using systematic alds as appropriate. On what basis, other
than intuition, can it be sald that the advantage must lie with the

completely quantitative system?'

An early, partial and elementary use of this method was reported two
years before the publication of Schultz' ‘The economic organisation
of Agriculture’' in 1953 which 1is taken to be the original motivation
for formal economic studies of the return on research. Mangelsdorf,
a ploneer and eminent geneticist, estimated the return on research
that had made hybrid corn available to farmers in the early 1930's,
when he said corn yields had been increased by 50% through the use of

hybrid seed (Mangelsdorf 1951). It 1s unfortunate that he did not

convert yileld into dollars and complete the procedure by accounting

for the cost of the research done. This would have given, in 1951, a

‘public relations' estimate to compare with Griliches' 1958 'economnic

surplus' estimate of the value of hybrid corn research.

0f, perhaps, more significance than Mangelsdorf's estimate of yield

Increase was his comment 'Since increases of this magnitude are

seldom met in controlled experiments, 1t follows that the use of

bybrid corn has brought in 1ts wake other 1improved agricultural

practices 1including crop rotation, the use of fertilizers, and the

grovwing of soil-improving crops. The successful wutilization of

hybrid corn has made the American farmer receptive to an entire

complex of new and improved methods' (Mangelsdorf op. cit. p.566-7),

It 1s that beneficial synergistic effect of a successful innovation
that has confounded all attempts and methods of research evaluation

0 far and is a matter that will be considered later.
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A more recent and local use of the 'public relations' approach for
estimating the return on R&D was in the SASA Experiment Station's
(1983) cost effectiveness exercise, the results of which are included

in Appendix 1 and which is discussed in detail later.

The advantages of the Public Relations approach would, therefore,

appear to be:

. It is a method of evaluation easily understood by those
allocating resources to R&D.

. The results can be expressed ip terms of a benefit:cost ratio or
as a marginal or average rate of return.

. The method can be used for both ex-post and ex-ante estimates of

return on R&D.

Peterson (1971) points out the main disadvantages of the public

relations approach as follows:

. Because the method 1is wusually applied only to successful
projects, a distorted estimate of the return on a research
portfolio could be obtained.

. The method cannot estimate quantitatively the postive returns on
negative research results.

’ It 1s not possible, using this method, to apportion benefits
between producers and consumers.

. Finally, and perhaps the °'... most serious drawback of this
approach 1s that it does not yleld any information that 1s useful

in achieving allocation of resources' (Peterson op. cit. p.144).

GENERAL COMMENTS ON EVALUATION METHODS

Many studies of the returns on research were motivated by Schultz'

(1953) statement that an innovation emanating from agricultural

research and development should be considered a valuable resource and
merely as another input governed by established economic principles,
Vhile these studies may have been productive of economic theory, it
ls a pity that so few of them could be of an applied nature. In the

absence 0f real or adequate output data, most studies had to use
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indirect measures of R&D output such as assumed shifts in the supply
and demand for agricultural products. Even for the studies of the
effect of R&D on individual agricultural commodities, indirect or
surrogate indicators of change in out@ut have had to be used. HMore
than twenty years ago Rubenstein (1966 p.169) said: 'In the field of
economic evaluation of research and development activities, there \is
a wide gap between actual practice and the theories in the
literature. The former 1is characterised by heavy reliance on
subjective judgements and little use of quantitative methods. The
theoretical 1literature, on the other hand, leans heavily towards
mathematical models whose underlying assumptions and data
requirements  present difficulties in attempted application'.
Referring to various theoretical micro-economic methods of research
evaluation, Foster (1971 p.27) said '... it is difficult to relate

any of these methods to the daily problems of research management'.

There have been two main reasons for the interest in agricultural R&D
evaluation; first, +the need to Jjustify the increasing public
expenditure on R&D 1in recent times and, secondly, to improve the
allocation of the scarce resources made available for R&D. Most
studies and empirical assessments of the returns on agricultural R&D
have, therefore, been concerned with the social benefit derived from
the expenditure of public monies. This 1s generally appropriate
because 1in most countries agricultural R&D 1is wholely or largely
funded by the State. However, it is surprising that very few studies
are reported 1in the Iliterature on the returns to agricultural
commodity R&D which is funded by producers themselves with private
profit motives. Some studies have sought suitable techniques for

estimating the division of returns between social and private gains

(or losses) but invariably starting from a theoretical estimate of

social benefits.

Peterson, who defined private returns as the additional net earnings

a firm is able to capture by investing in R&D, argues that '... 1in

spite of the lack of empirical evidence on the social returns to

private R&D, we can be assured that, as long as R&D is privately

profitable, it is also socially profitable’
Rausser et al (1981),

(Peterson, 1976 p.324).
in considering different kinds of research

activity, believe they are distinguished in terms of their potential
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pecuniary effects and whether these can be captured by the private
sector. They say (p.264) that to '... the extent that such benefits
can be captured, the public sector should not be involved in such

research and development activities'.

Attention also needs to be given to the important question of returns
on agricultural research services. As the potential for increasing
output or decreasing costs through R&D, declines, so the demand for
(research) services which can 1improve profitability indirectly,
increases. Commodity R&D 1nstitutes especially, serving the
producers of a single product, are likely to devote as much or more
resources to services than to research per se (Donovan, 1986). There
are many agricultural research services that are not public goods and
consequently, should be provided by the private sector which includes
associations of producers, The advantage of private production and
provision o0of services 1is that they are then subject to the '..

incorruptible judgement of that unbribable tribunal, the account of
profit and loss. Thus the question of who should perform
agricultural research - the private or the public sector - warrants

more study' (Pasour & Johnson, 1982 p.313).

WVhen the main interest is in the viabllity of producers, it should be
a relatively easy task to estimate the private 8ain from agricultural

R&D, leaving the associated social benefit (of secondary concern in

this situation) to be estimated by remainder, difference oar
assumption.
However, Wise (1981 p.151-152) points out that the '... effect of

technological change can be profound, and several groups need to be
considered ...

(H CONSUmers,

(i producers who do not adopt new technology and who move to

another sector,

11i) producers who adopt new technology, and

(iv) producers who do not adopt new technology but will continue

to produce the commodity in question'.
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It is, therefore, necessary for the purposes of this study to define
producers more specifically as the corporate bodies representing

those producing agricultural commodities.

The other reason for R&D evaluation has been to improve the
allocation of increasingly scarce resources for R&D. Again, when it
is public monies being allocated, it is appropriate that techniques
should be developed to compare the returns on investment between
different R&D bortfolios. Because the data avallable for such
studies is invariably aggregated and sometimes even secondary (or
derived) data, studies of this type have not given much attention to
the allocation of resources within R&D portfolios. Some work has
been done on project evaluation that has led to estimates of project
ranking or priority rating and while this may indicate where the
resource threshold is, it does not provide management with
quantitative information that 1s needed to make better decisions on

projects and programmes above the threshold boundary.

As described earlier, R&D evaluation is most commonly grouped into
three main categories, the ex-post, ex-ante and 'public~relations’
approaches. Evenson (1981), however, prefers a classification based
on method of evaluation and his first taxonomic distinction 1is
between average rate of return and marginal rate of return methods.
Since it is the kind and amount of data available that usually
determined the cholce of method of analysis, Evenson's classification
seems more practical. However, 1t 1is his call for R&D evaluation
methods which allow separate assessment of the returns on commodity,
disciplinary and maintenance research, that 1s particularly valuable.
Unfortunately there appear to have been few papers published on this
aspect since then. Link (1982) has examined the question of whether
the decline in the average annual rate of productivity growth in the
United States during the 1960's and 1970's could have been caused by
a decline in the productivity of R&D.

He presents evidence that the

decline in R&D productivity, though real, 1is misleading because the

R&D resources devoted to non-productive activities, particularly

towards compliance with environmental protection regulations,

increased significantly during that time. A method,
could apportion the

therefore, that
returns on R&D among the different kinds of
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research activity, as suggested by Evenson, would be advantageous for

both policy-makers and R&D managers.

In their concluding comments on agricultural R&D evaluation, Schub &
Tollini (1979 p.53) say 'Methodological developments have probably
outrun the availability of data ... and (mere) ... mechanical
implementation of a given procedure or procedures could be more
dangerous than productive'. Perbaps the most important objective in
estimating the returns on R&D 1is to provide Information that can
improve decision-making by those responsible for policy or management
of R&D. Therefore, the data and methods used in evaluation need to
be derived from, or specifically appropriate to, the R&D concerned,
bearing 1n mind that the method of data collection should not '...
stifle activity and destroy research entrepreneurship' (Schuh &
Tollinl op. cit.,). This must, however, be balanced by the fact that
proper, preferably quantitative, assessment of the achlevements or
value of R&D should be an Iintegral part of the goals of any R&D

portfolio, programme or project.

It 1s not considered necessary, for the purposes of this study, to
detail the advantages and disadvantages of the varlous theoretical
methods proposed for estimating returns on R&D, but consideration
needs to be glven to one general criticism that has often been made
and of all nmethods. The criticlism is that the invariably high rates
of return obtalned surely indicate faulty or Inadequate methodology.
The rates of return are typically in the range 30 to 70 percent
(Appendix 1). Ruttan (1980) poilnts out that some of the earlier
estimates of the returns on research (eg: Griliches, 1958) were
expressed 1n terms of external rate of return. In these, the costs
and benefits are accumulated to a particular time, sometimes using an
interest rate to reflect the opportunity cost of capital. The

accumulated costs are taken to be a capital sum while the benefits,

accumulated to the same time, are assumed to continue into the future

Indefinitely. An external rate of return, expressed as a

percentage, s then obtained by dividing the accumulated (but

continuing) benefits by the accumulated (past) costs. The assumption

that the benefits of R&D continue indefinitely, which is not valid in

all cases, can lead to the over-estimation of returns. The

benefit:cost method of expressing returns on research uses the same
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procedure, expressing the result as a ratio rather than as a

percentage.

Another major criticism of the external rate of return method has
been that it does not take into account complementary inputs such as
marketing, extension and education costs that are needed to realize
the benefits (Wise 1975). Peterson (1971) has also pointed out that
the benefit:cost and external rate of return methods are very
sensitive to the rate of interest chosen to reflect the opportunity
cost of capital. This is not the case with the internal rate of

return method which 1is the rate at which returns have to be

discounted to equal costs, at any one time or accumulated to a

particular time. The internal rate of return 1is therefore a
preferable measure of return on R&D. Ruttan (1980) has calculated
that Griliches' <(1958) 743% external rate of return on hybrid corn
research (using a 5% opportunity cost for capital), converts to an
internal rate of return of 37%. More recent studies, using the index
number and production function methods, are based on more refined
model specifications, better measurement of costs of both direct and
complementary inputs, more complete accounting for distributional
implications <(such as labour displacement) and have produced better
estimates of the return on R&D. In fact Davis (1979), quoted by
Ruttan (1980 p.544), found a modest under-estimation of the rate of

return in more recent estimates made by Bredahl & Peterson <(1976)

and others.

Peterson (1971) seriously questions whether an average (internal or
external) rate of return is an appropriate measure of return on an
investment such as research which involves regular and ad hoc
marginal decisions on whether to terminate, continue or increase

investment. He believes that in the agricultural R&D context the
information required is the marginal rate of return on a regular

basis.

In spite of these methodological advances and improvements, estimates

of the returns on agricultural research remain bhigh when compared

with returns on R&D in other fields. This is shown by a comparison

of the rates of return in paragraphs 1.1, 1.2 and 1.3 (agricultural)

with those in paragraph 1.4 (non-agricultural) of Appendix 1. Oehmke
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(1986) suggests that the under-investment in agricultural research
which results in high rates of return is due to funding agencles,
usually State departments, responding too slowly to the demands of
research which, in turn, results in only a few and usually the most
‘profitable' problems being researched. Among a number of reasons
given by Pasour & Johnson (1982) for the high rate of return is that
agricultural research 1is conducted under monopolistic conditions,
that is by a single, protected and bureaucratic firm, again the State
in most cases. Private agricultural research institutions often
cannot capture the benefits of their research and this leads to

under-investment and high rates of return.

In countries with a large agricultural sector, such as the United
States, the demand for agricultural products 1is generally inelastic
and the gains from increases in agricultural productivity accrue
almost entirely to consumers. In other countries where agriculture
is a vprice-taker on export markets, producers may be the main
beneficiaries from research. Vhere subsidies or price support for
producers are based on cost-plus formulae, which is usually the case,
the innovative and efficient producers benefit more than the average
and below-average producers. It is these above-average producers who
tend to be the opinion leaders or who constitute the strongest lobby
on political decision-makers. Even under competitive market
conditions the 1innovative and efficient vproducers benefit from
agricultural research for only a short time <(until the market is
fully supplied) and usually only at considerable extra cost. Under
most circumstances, therefore, the under-investment in agricultural
research appears to be in the interests of the influential producers
and the political decision-makers 1In a freer-market economy in which
subsidles and price supports are only used for security reasons, the
producers of each commodity would, corporately decide what level of

investment in R&D they consider optimum for their own profitability.

The difficulties of estimating and allocating the so-called

externality costs of R&D are regarded as major factors responsible
for under-estimating research costs and therefore the over-estimation

0of research benefits. The two best known examples of externality

costs are firstly, those borne by society and by the individuals

concerned when labour i1s displaced by machines and, secondly, {ron
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the use of agriculturel chemicals. Whether R&D should be deblited
with these externality costs 1s debatable; in the long term,
displaced farm workers probably increase their earning capacity and
make a greater contribution to the national product by moving into
non—agricultural occupations, albeit with hardship in the short-térm.
A case can also be made for not debiting the costs of countering the
effects of agricultural chemicals, solely or at all, to agricultural
R&D. Chemicals have been a major factor in increasing vields vper
unit area of land, a policy deliberately encouraged by price supports
and subsidies, to feed larger populations, to offset the loss of land
to urbanisation and to raise the quality of agricultural produce,
Vithout official encouragement the rapid, and sometimes injudicious,
use of agricultural chemicals might well have been much more
cautious, especially because thelr use increases costs of production.
When the objective of R&D 1is to maximize social welfare 1t 1is
undoubtedly important to include the costs of external effects of the
research programmes. However, 1in any estimate of returns on
agricultural commodity R&D where the objective 1is to improve the
profitablility of its producers, it is only necessary to include the

costs and returns that affect producers' profit margins (O'Riordan,
1980).

Spill-over effects have been noted as a source of considerable error

in estimates of R&D returns. A spill-over 1is the free use, in one

area, 0f research results produced and paid for, in another area. In

spite of the location-specific nature of most applied agricultural

research results, more so with crop than animal commodities, and in

spite of the number and distribution of experiment stations 1in the

United States, Bredahl & Peterson (1976) and Evenson et al (1979)

have indicated significant spill-over effects.

CORCLUSI1O0BS

* It would seem that 1little in +the 1literature on research

evaluation can be of direct use in deriving a practical method

for estimating the return on agricultural commodity R&D,

particularly when the estimates are required to improve policy

and management decision-making at portfolio and programme level.
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However, a number of studies reported in the literature will be
of considerable indirect value in this quest.

Within a single R&D portfolio ex-post methods of evaluation would
probably be more valuable for higher level decision-making and
ex-ante methods more valuable for lower decision-making. This is
because at the higher level there is likely to be only a small
proportion of new project proposals in the total portfolio
whereas at the lower levels, new projects could make up a high
proportion of the total decision-making required.

When the total <(social) benefits of agricultural R&D 1in an
aggregated form are being estimated by the economic surplus
method, 1t 1s important to take elasticities of supply and
demand into account. When, however, the returns to R&D applied

to a single commodity are being estimated, the use of the

economic surplus method is probably less suitable than other '

‘methods because of the difficulties in quantifying the effects of
various controls on production, both domestic and international.
Production function methods are 1likely to be preferred for
estimating the value of new varieties or specific technological
advances.

Methods of estimating the cost-saving value of R&D will probably
prove as 1important as methods of estimating the value of
production-increasing R&D, except perhaps in the case of new
varieties.

The 'Public Relations' approach 1s so called because R&D funds
usually have to be obtained from the public purse in competition
with other, and sometimes higher, social priorities. Because
commodity R&D, in the context of the present study, 1s usually
funded by producers and not by the public, 1t would be more
appropriate to describe this approach as expert accounting, and,
it is a method likely to be useful for estimating returns at

programme and project levels of decision-making.

Since this study is concerned primarily with the private returns

on agricultural R&D, the inclusion of spill-over and externality

factors 1in the equation 1s not considered as important as 1t
would be 1if total social returns were being estimated.
In estimates of the social returns on public sector expenditure

it may be important to account for market distortions such as

support programmes, price controls and production quotas.
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However, for estimating returns on R& on private sector
investments (as is the case of agricultural commodity R&D),
actual or projected market prices should be used becauze Ethey
represent the true costs of resources to the ‘firm'. The
inctdental social benefits such as foreign currency earnings on
exports, increased employment opportunlties, higher rural
productivity as well as the indirect benefits of employee
housing, medical aid and pensions, should be noted and
acknowledged as the commodities' contributlon towards the cost ot
infra-structural facilities that are important for any viable
industry.

% The final conclusion in this review of the Iliterature on
estimating returns {rom agricultural Ral, particulaerly in the
case of a single commodity, can best be expressed In the words of
Arnt & Ruttan (1977 p.23> 'Economic analysis at present, vields
only gross indications of the consequences from various choices.
More data on the appropriation of research benefits and on the
research cast function, in additton to further theoretical
development and empirical testing of models, are needed to

improve decision-making tools'.

The likely suitability of various methods cf estimating the refurns

on R&D and services, provided by an agricultural commodity institute,

is considered to be as shown in Figure 4. Three of the five methods

are capable of estimating returns down toc at least programme level
(the minimum reguirement for management purposes) but only two of
these methods, production function analysis and expert accounting -
or a combination of the two - are likely to be suitable for routine

use in an agricultural commodity R&D institute.

Appendix 1 brings together from the literature, and other saurces,

over 240 1individual estimates of returns on agricultural R&D and

research services. Data o©on 21 commodities from 19 countries or

regicns, as well as 995 results on pest, disease and other research

projects, and on agriculture in aggregate, are presented. When

known, the results have been arranged by method of evaluation, with

the effects of lag and extension on research, given. For comparison,

39 estimates of returns on non-agricultural investment in industrial
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innovation and training,

water resource development,

and transport projects, are also guoted.

urban renewal

Methods of

Commodity R&D and services

29

estimating ¥hole Individual Separate’
returns partfolio Programmes projects
ECONGKIC Yes No Ffo
SURPLUS within limitations
of price and No No
production controls
Yes
with expert No No
PRODUCTION forecasting
FUKCTION Yes Possibly
Yes By decomposition | By decomposi-
of portfolio tion of pro-
functjion gram function
EXPERT
ACCOUNTING Yes Yes Yes
& SCORIKNG By programme By praject
MODELS silmulation slmulatiaon
Yes
IMPACT Possibly 1f
ANALYSIS soclal data No No
avallable
SIMULATION Yes Yes Yes
AND MATIH. :
HODELS Only with expert forecasting
A = Ex-ante P = Ex-post
Figure 4 ;

Comparison of methods for estimating returns on R&D in an
agricultural commodity research institute,



CHAPTER 2
PREVIOUS ESTIMATES OF RETURNS ON SUGARCANE R&D

The conclusion reached in Chapter 1 that the estimation of returns on
agricultural commodity R&D. Dby economic analysis methods, 1is
impractical for management purposes, poses the question whether the
comprehensive and detailed data available on production in the South
African Sugar Industry, might be suitable for the derivation of an
empirical method of estimating returns on sugarcane R&D. _
Before investigating this possibility, the results of only three
previous estimates of the returns on sugar cane R&D, are considered in
this chapter. The first two of these estimates, by Evenson (1969) and
Evenson et al (1970), were incidental to Evenson's attempt to identify
and quantify technology transfer between countries. The third
estimate of the returns on R&D was part of an assessment of the cost

effectiveness of the SASA Experiment Station (SASA Experiment Station,
1983).

Evenson's marginal and internal rates of return. Evenson used
sugarcane 1in his study of technology transfer between countries
because data were readily available in a number of cane growing
countries on increased production resulting from the exchange of
varieties between them. Furthermore he believed, correctly at that
time, that in the case of sugarcane, improved production technology
had, very largely, been embodied in new varieties, particularly their
disease resistance or tolerance and therefore higher production
potential.

Evenson used, amongst others, data comparing industry yields before,
during and after the replacement of older varieties, principally Uba,
with the newer varieties imported from India and Indonesia. These

data had been published in the SA Sugar Yearbooks for 1935/36, 1948/49
and 1961/62.

For the purposes of estimating returns on R&D Evenson categorised
sugarcane varieties into four stages of development which, for South

Africa, he gave the following time scale. In Table 1 the column for
typical varieties has been added.
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Table 1: Development stages and periods of South African sugar-
cane varieties (after Evenson) with typical varieties.

Development stages Period Typical varieties
Stage 1 'V¥ild' varieties im- 1849 Green Natal, Bourbon,
ported from Java, Gold Dust, Louisier,
Mauritius and India. China Cane, Uba (1883).
Stage 2 Imported 'nobel'’ 1925 Co 281, Co 290. Co 301,
cane varieties. Co 331, POJ 2714, PQJ 2725,

POJ 2727, POJ 2728.

Stage 3 Inter-specific 1945 NCo 310 (1945), KNCo 291,
crosses bred for NCo 293, NCo 376 (1955).
local general con-
ditions.

Stage 4 Systematic breeding 1959 N50/211 (1959), N55/805.
for specific local N52/219, J59/3, N7 (1973),
conditions and N8, N11, N13, N14, N15,
characteristics. N16, N20 (1987).

Using yield data for the 1935 - 1939 period, when Uba was beling
replaced by Stage 2 and 3 varieties, Evenson <(op. cit. p.224)
estimated a 40% increase in yield but after correcting for ratoon

decline, the advantage of the newer varieties was reduced to 27%.

Using comparable data for the 19%4 - 1957 period, Evenson found a 28%
advantage for the locally bred Stage 4 varieties which were replacing
the imported Stage 3 varieties at that time. The comparisons were
made in terms of sucrose yield because much of the advantage of the
newer varieties was due to their higher sucrose percent cane. Evenson
expressed the varietal change from year to vyear as the varietal
turnover, the adoption rate of a new variety as the time taken by a
new variety to reach its peak usage and the relationship between plant
breeding activity and adoption rate as the number of plant breeders
per unit of varietal turnaver.

From the yield data and these derived indices Evenson estimated the
return on investment in cane breeding at the Experiment Station in two
ways: first, the marginal return on additional investment in the

programme and second, the internal rate of return on the current

investment in the progrémme.
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The marginal return on investing an additional $7 000 (the cost of a
plant breeder in 1931) was estimated at $12 000 to $15 000 in South
Africa. Evenson based this estimate on a varietal turnover of 0,11%
per annum which resulted in a yield increase of 0,02 tons sucrose per
acre at that time. He pointed out that this estimate needed downward
adjustment for cane age distribution which he could not do with the
data avalilable.

Evenson (op. cit. p.226) estimated a 40% internal rate of return on
investment in cane breeding at the Experiment Station for the period
1954 - 1959, He computed the rate of return from the cost of research
per unit of varietal turnover and assumed that costs remained constant

during that period and that the research lag was eight years.

Evenson's average rate of return. The second estimate of the returns
on sugarcane R&D was made by Evenson et al (1970). ~‘Using Griliches'
(1958) technigue and the same data source as before (Evenson, 1969,
the Experiment Station's costs were accumulated to 1945 at an interest
rate of six percent and a flow of annual benefits was calculated from
the supply function shift. The resultant benefit was found to be 2,47
times the accumulated research costs up to 1945. This can be
interpreted as an average rate of return of 147% on the investment in
research up to that time. The authors point out certain reservations
in accepting this return at face value; the first of these is that
the Experiment Station was probably not exclusively, or alone,
responsible for the production of the new varieties. Secondly the
production from new varieties shifts not only the supply and demand
function of its own economy but also those of other economies with
consequent back-firing effects, particularly in a free-market
situation. These reservations have been noted repeatedly in the

literature as being responsible, among other factors, for the over-

estimate of returns on research.

THE EXPERIMENT STATION'S COST EFFECTIVERESS EXERCISE.

A third, unpublished, estimate of the returns on sugarcane R&D was

made by the SASA Experiment Station (1983) when it undertook an

assessment of the cost effectiveness of its activities in 1983/84.
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An assessment of cost-effectiveness is an administrative procedure
carried out to satisfy an organisation's policy-makers that the
resources provided are being used to good advantage in the pursuit of
the Drganisation's goals (Schuh & Tollinti, 1979). In contra-
distinction, estimates of returns on R&D are of particular interest to
a research organisation's senior management who have to make frequent

decisions on, and choices between, research programmes and projects.

The Experiment Station's cost-effectiveness assessment does, however,
provide useful experience in certain aspects of estimating returns on
R&D. With the exception of six projects (Republic of South Africa,
1987), conducted at Universities primarily for academic purposes, all
sugarcane production R&D in South Africa is carried out by the SASA
Experiment Station at Mount Edgecombe. The total and departmental
expenditure on sugarcane R&D can, therefore, be obtained directly and
accurately from the Experiment Station's accounting records kept for
annual audit purposes. The sub-division of departmental costs among
portfolios requires subjective assessment by appropriate members of
staff and can therefore only be estimates. For the cost-effectiveness
exercise conducted in 1983 it was not considered feasible to further
sub-divide portfolio costs amang programmes and projects <(of which
there were 300 at that time) Dbecause this could also only have been

done subjectively and with even less accuracy.

Two years later, in 1985, in a study of management at the Experiment
Station for which accurate estimates of costs o0f departmental
services, functions and R&D programmes were required, a survey of
technalagists' use af time was undertaken (Donovan, 1986). The survey
was structured to allow the analysis of time, and therefore costs, of
the first stage breakdown of portolios into programmes. A comparison
0f some of the results obtained in the 1983 cost-effectiveness

exercise and the 1985 time-use survey are given 1in the
tables.

following

It is not possible to compare actual expenditure in the two vears;
not only were the departmental totals different but the number and
emphases on programmes had changed in the interim. Tables 2, 3 and 4

express the costs of programmes as percentages of total departmental
expenditure.
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Table 2: Comparison of methods for allocating costs to programmes
in the Chemistry & Soils department of the SASA Experiment
Station, expressed as percentages of total departmental
costs.

1985 1983
Time-use survey % Yo Cost-effectiveness estimates

Services: 45,9 60,0

Fertilizer advisory 3

2,4 60,0 Fertilizer advisory service
Specialist advisory 0,0
7,5

Education

Functions: ¢ 24,8 18,0

¥illroom operation 19,6
Liaison 2,0
Congresses 3,2

18,0 Millrooms

Research Programmes: 29,3 22,0

Potassium nutrition 7,2
Foliar analysis 0,5
Nutrition bulletin 0,5
Infra-red analysis 3,4
Universal soil extrac-
tant

12,0 Analytical chemistry
10,0 Soil physics

o l QWA VNN~ PO WO W

Sulphur

Soil P availability
Acid chlorosis
Computerization
Micro-nutrients
Drainage

Compaction

Mid~Ecca and Dwyka
Salinity

Laboratory manual
Co-ordinated projects

OO N PO O PO O

—
(]
(=]

100,0

% Most of the activities classified under functions in this survey

have been described as maintenance research in other studies.

Table 2 shows that for the Department of Chemistry & Soils, a

department committed fairly equally to all three categories of

activity, namely, services, functions and research, the 1983 estimates

of programme costs made by informed staff, were reasonably accurate.

The perception of the senior members of staff, who did the estimating,
seemed to be that services took up more time than,

case (60% v 46%).

in fact, was the

This could be construed és the natural reaction of
scientists to routine activities.
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This contrasts strongly with a department, of which Agronomy 1is the
example given in Table 3, in which traditionally, research has been
regarded as the major commitment. The 1983 subjective estimates, made
by senior members of staff 1n the department clearly show the
conceptual blas in favour of the department's main activity, research,
while the other activities, were  (presumably subconsciously)
underestimated to the extent of being omitted. It should be noted,
however, that Inter-departmental cooperation and Congresses are

concerned more with research than with other categories of activity.

Table 3: Comparison of methods for allocating costs to programmes in
the Agronomy department of the SASA Experiment Stationm,
expressed as percentages of total departmental costs.

—
1985 1983

Time-use survey % % Cost-effectiveness estimates
cervices: 3,2 ~

Speciallst advice 2,2
Education G,8
Seed nurseries G, 2

Functions: 15,1 -
Inter-dept cooperation 8,4
Liaison 4,2
Congresses 2,5

Research Programmes: 81,7100, 0
Herbicides & Weeds 22, 24,0 Herbicides & Weeds
Varieties 24, 20,0 Varieties
Nematicides ) 12,0 Nematicides
Growth regulators ' 12,0 | Growth regulators
Rutrition iz,
Trashing

Flanting systems
Trickle irrigation
501l amelioraticn
Coordinated projects
Lysimeter project

O HMNE R~ ON Q&N
L= Q0 8= OO0

24,0 ‘General' research

50 Moisture stress
3,0 Swaziland projects

100,0 [|100,0




The third example is given in Table 4 for the Plant Breeding
(Crossing) department which provides no services and in which depart-
mental functions and research programmes have a common objective and
in which all activities are controlled by a single technologist.
Under these circumstances the subjective and survey estimates are

shown to be very close.

Table 4: Comparison of methods for allocating costs to programmes in
the Plant Breeding (Crossing) department of the SASA
Experiment Station, expressed as percentages of total
depatmental costs.

1985 1983
Time—-use survey % % Cost-effectiveness estimates

Services: - -

Functions: 70,8 72,6 Crossing and Breeding
Crossing/Breeding 70,8

Research Programmes: 29,2 27,4 Breeding research

Flowering & Fertility 3
Breeding performance 3
Seed set 0
Seed storage 2
Recurrent selection 0
Coordinated projects 17

100,0 [J100,0

These comparisons emphasise the importance of having, or collecting,
data specific to the purpose for which they are required. The
objective of the cost-effectiveness exercise was to assess for the in-
formation of policy-makers, the efficiency of resource utilization in
pursuing the organisation's goals <(Appendix 2). For this purpose
accurate data on costs, available from the organisation's accounts,
and some subjective estimates were adequate. In the case of the 1985
time-use survey, the objective was to provide information, in the form
of costs of services, functions and research programmes that could
lmprove senior management's decislon-making on strategy. For this
purpose the breakdown of portfolio costs into services, functions and

research programmes was not avalilable from the accounts and could not

(as has been shown) be estimated accurately other than by a survey

structured for that purpose.
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In the 1983 cost-effectiveness exercise, the public relations, or
expert accounting, method was used to estimate the benefits resulting
from the Experiment Station's activities and four different approaches

to the method were emplovyed, examples of which follow:

Cost-saving approach. One of the Experiment Station's goals is to
provide growers with advice on the use of machines and equipment used
in sugarcane production (Appendix 2, item 2c). The estimate of the
potential benefit resulting from this advice was made in the following

way.

o Cost

]

of mechanisation comprise 30% of total cane production

costs which average R16 per ton (SA Cane Growers' Association,

1983).

» On a normal crop of 20 million tons growers spend, therefore,

Rm96 on mechanisation maintenance each year.

+ If the estimate of costs saved by growers who use the Experiment
Station's advice is taken to be only 1%, the total saving would
be R960 000 per annum.

The return of R960 000 on portfolioc 2c (Appendix 2) is therefore
estimated to have been obtained on an investment of R289 000 in that
section of the Agricultural Engineering department responsible for
providing advice on mechanisation and equipment. This is an average

return of 232% or a benefit-cost ratioc of 3,3.

Yield-increasing approach. The Experiment Station's research
programme on nematicides (Appendix 2, item 3a) has led to improvements

in crop vyield and the benefit of this work was estimated in the
following way:

* On about 20% of the soils growing sugarcane, a minimum vyield

increase of 25% has been obtained from the correct use of

nematicides and appropriate associated agronomic practices that

have been determined by field experimentation.

37



« On a normal crop of 20 million tons grown at a cost of R16 per
ton the potential annual benefit of the Experiment Station's
nematicide research programme can be calculated as:

(20 000 000 x R 16 x 20 x 0,25)/(100 x 100> = R160 000.

With a cost of R55 000 per annum, the estimated average rate of return
on this reserarch programme is therefore 191% and the benefit-cost

ratio 1s 2,91,

Another example of the yleld-increasing approack was in the estimate
of the benefit of plant breeding. Experimental data were available to
indicate the yleld increases due to the five most recently released

varieties. Using the assumptions that:

+ growers achleve only half the increase obtained in field trials,

and that
+ only one in four growers change to a new variety in any one year,

the return on the plant breeding programme was estimated tc be Rmé for
an investment of R851 000 in that particular year, an average rate of

return of 370% and a benefit-cost ratlio of 4,7.

Insurance approach. An arbltrary division was made of total plant
breeding costs, alleocating R638 000 to yleld-increasing activitles
(discussed 1in the previous paragraph) and R213 000 to activities
agalnst yield decline. If the latter amount 1s regarded as the cost
of insurance against yleld decline, 1t represents a premium of 0,05%
of the value of the crop which was considered a satisfactory
Investnent to the benefit of the whole sugarcane growing industry. If
the breeding costs had not been divided between yleld-increasing
activities and yleld decline insurance, the average rate of return and

benefit-cost ratios for plant breeding would decline from 494% and 5,9
to 370% and 4,4 respectively.
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A second example of the insurance approach to estimate returns on R&D
was used in the Experiment Station's cost-effectiveness exercise. The
expenditure of R392 000 by the Agricultural Engineering department on
the development of labour-saving machines and devices can be regarded
as insurance against future labour shortages. This equates to a
premiun of 0,1% which, compared with other insurance premiums such as

0,09% for cane fire insurance, can also be regarded as satisfactory.

Intuitive approach. That extension is one of the Experiment Station's
most 1important activities was indicated by Donovan's (1986, p.96)
finding that expenditure on this portfolio was the highest (17,9%) in
1985786, followed closely by plant breeding (16,6%), with training
(10,5%) third highest. The return on the investment in extension was,
for the purposes of the cost-effectiveness exercise, intuitively
assumed to be half the return estimated for all R&D yield-increasing
programmes on the basis that without adoption, through extension
action, research results would have no value at all, The cost of
extension and education was R865 000 and the return, estimated in that

way, was Rmz2,01, an average rate of return of 170,6% or a benefit-cost

ratio of 2.4.

The relative importance of the four approaches used in the cost-
effectiveness exercise is indicated in Table 5 and the conclusions

drawn were as follows (SASA Experiment Station, 1983 p.32):

'Because figures used in this report have necessarily been based on
the estimates that could be unacceptably inaccurate, it would be
useful to compare some results of the calculations with an entirely
independent figure. An analysis of industrial sugar production over
the past thirty years has been conducted and the effects of rainfall
have been taken 1into account. The outcome has been a linear
relationship between yield and time which indicates that yields per
hectare are currently increasing at the rate of 1,4% per annum. (An
alternative assessment, which takes into account the change in mapping
principles concerning the size of breaks that are included in the area
of the field, indicates that the increase to be about 3%)'. The total
benefit estimated in the cost-effectiveness exercise, expressed as a
percentage of the gross value of the agricultural product, suggests an

increase of 2,1%. "Neither the 1,4%, the 3,0% nor this 2,1% is
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purported to be a necessarily accurate figure ... The pertinent
conclusion may be that, whether the 1,4% is more or less accurate than
3% or 2,1%, all three figures would still indicate that the Station's
activities are likely to be creditably cost effective'.

Table 5: Summary of SASA Experiment Station's estimates of returns
on expenditure in 1983 classified by approaches used in
assessments.

Approach | Programmes and activities | % of Experiment |Average |[B - C

used to Station total return ratio
assess Cost |Benefit %

benefits

Cost- Mechanisation & machin-

saving ery developments, Civil
works, Farm planning
(50%),

Herbicides & Weeds (50%), 28 39 189 2,9
Growth regulators (40%)
General research,
Fertilizer advisory
service,

Training.

Yield- Farm planning (50%),
increas- | Irrigation & Drainage,
ing Herbicides & Weeds (50%),
Growth regulators (60%), 27 31 150 2,9
Rematicides, Variety
choice, Plant breeding,
Entomology advice,
Pathologv advice.

Insur- Against yield decline, 6 = vpremium 0, 05%
ance Against labour shortage. 3 = vpremium 0,10%
Intui- Extension & Education, .
tive Pest & Disease control. 26 29 158 2,6
Basic research 10 —-— ~— --
Experiment Station total: 100 100 133 2,3

Estimates of benefit-cost ratios for individual programmes, functions

and services calculated in the Experiment Station's cost-effectiveness

exercise are listed in paragraph 1.3 of Appendix 1.
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COBCLUSIORS

The previous estimates of the returns on sugarcane R3D, discussad in
this chapter, were derived from data of different periods and using
different metbodologles. Rotwithstanding these differences, it 1s

informative to compare the results obtained and shown in Table 6&.

Table 6: Comparisun of previous estimates of returns on
sugarcane R&D.

Methods of expressing returns Data reported byl SASA Experiment
and subject of R&D Evenson (1969) Station (1983)
and Evenson Cost Effective-
et al (1970 ness exerclzse
Benefit:Cost ratio of plant

breeding - 4,4
Internal rate of return 490 37,5
aon plant breeding (%) (8 yr lag) {no lag)
Percentage increase 1n 1935-3%: 27

yleld of new varleties 1983: 16
over old 1954-57: 28

Marginal rate of return
on plant breeding (%) 70 - 115 -

Average rate of return
on all R&D %) 147 133

The importance of using all relevant data, particularly age of cane at
harvest and rainfall, 1s illustrated in Table 7. Eveanson (1962
enmployed the production function approach to estimate returns on the
SASA Experiment Station's plant breeding vprogramme but had avallable

data only on cane ylelds per acre (lable 7, column 1). 1f all cane

bad been harvested at the age of 24 months, which was the average

harvest age at that time, Evenson's yields would have been, in terms

of cane per acre per annum {(column 2}, a better comparison with the

vields estimated with all yield influencing factors taken lnto account
{column 3.



Table 7: South African sugarcane yields used by Evenson
(1969) and those estimated from all relevant data.
(Short tons per acre).

r Periods Evenson's yields Complete data
as used |as per acre yields
per annum
1923 - 1924 8,8 4.4 7,9
1928 - 1932 20,5 10.2% 11,1
1938 - 1942 26,3 13,19 13,3
1948 - 1952 25,1 12,55 13,1
1958 - 1962 35,3 17,8% 15,0

Comparisons of yields and returns on R&D should, therefore, be made in
the knowledge that criteria and conditions used in the different
estimates, are likely to differ, with results demonstrated in Table 7.

The SASA Experiment Station (1983) cost-effectiveness study estimated
the ex-post returns on R&D in terms of benefit:cost ratios for its
various programmes and for the Station as a whole. These estimates
are undoubtedly more accurate than Evenson's but they still have, for

management purposes, the shortcomings of:-

+ representing the situation at only one time,

+ relying on subjective assessments of R&D returns, and probably
most important of all, of

+ having no direct and quantitative relationship with the changes
in production levels brought about by the R&D generated.

4 major objective of the present study is, therefore, to estimate
returns on sugarcane R&D that, if possible, overcome the shortcomings
of previous exercises and in particular relates the returns on R&D to

changes in sucrose production over time. To this end, an attempt is

made, in the next chapter, to quantify the contribution of technology

(the preduct of research) to the 1ncrease 1in the 1industry's total
productivity.
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CHAFPTER 3
ESTINMATIBG PRODUCTIVITY INCREASES IN THE SOUTH AFRICAK SUGAR INDUSTRY

Increases in the productlion of sucrose oOn a per unit area basis, 1In
the South African Sugar Industry, must be attributable to a number of
factors of which technology 1i1s only one. Acceptable estimates of
these increases will depend on the avallability and reliability of

data on the relevant factors.
DATA AVAILABILITY

Recording of sugar production data appears to have started in 1862
(South African Sugar Journal Annual, 1925 p.29) some twelve years
after the first sugarcane crop had been harvested, but until 1920/21
(South African Sugar Journal Annual, 1927/28 p.15) records are not
avallable on age of cane at harvest or the area under cane, one of
which 1s needed to calculate a vyleld per unit area per annum. 'To
obtain the actual area under cane ... the {(area harvested) should be
doubled, especlally for the vyears after 1899 when (the variety) upa,

requiring an average of 22 months fto mature, became the standard

varliety' (Anon. 1924).

There 1s also circumstantial evidence that the average age of cane at
barveszt was usually more than 24 months. In Appendix 3 the area
under cane has been obtalned by doubling the area harvested except
for the two seasons 1921/2Z and 1922/23. The actual area under cane
in these two seasons was recorded at the time and therefore thelr per
hectare per annum yields can be regarded as acceptably accurate. The
generally higher ylelds obtalned for the other years is probably due
to the underestimate of the area under cane

1f age at harvest Iis

taken to be 24 months when it was often older. .However, in the

absence of more definite and reliable evidence aon cane age at

harvest, it is considered preferable to overestimate ylelds from 1862
and until cane age at harvest became available, than to arbitrarily

choose another age at harvest,

43



The earliest rainfall records avallable were those started by HNatal
Estates Iin 1881 and which are, until-the early 1920s, the only data
available to represent rainfall for the whole industry. However, up
to that time most of the cane was grown relatively close to the Ratal
Estates rainfall recording site. From 1923/24 the Sugar Association
published rainfall records in the Sugar Journal and since 1966 the
Experiment Station has been responsible for collecting and collating
the Industry's climate data. In 1954 there were 54 sites recording
rainfall for the Industry and today there are 70, many with more than
60 years of data. The Industry Mean rainfall is calculated as the

arithmetric mean for all recording stations (SASA Experiment Station,
1988a).

Since 1925/26, the year the Experiment Station was founded, records
of the followlng potential yield influencing factors are available

(South African Cane Growers' Assoclation, 1988 and S@SA Experiment
Station Annual Reports):

+ Rain in millimetres,

+ Land, as hectares under cane,

* Price, expressed as rand per metric ton of sucrose paid to
RTOWers,

¥ Technology, represented by the Experiment Station's net

expenditure in rand per hectare under cane,.

Since 1936/37 records are also available, in terms of rands per

hectare, on the following yield influencing factors (South African

Cane Growers' Associatlon, 1988):

* Capital invested in cane growing,

+ Net farm income,

Costs of all production inputs (except labour), and

Labour, as numbers employed in cane production.

Other variables for which data are avallable, or can be derived, from

Experiment Station records are:

+ Varieties, in terms of a yvield index calculated from comparative

ylelds and area grown.
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# YExtension, also in terms of an index based on hectares under cane
per extension worker.

#+ Training, 1in terms of numbers trained for which data are
available only since 1976.

# Fertilizers, in terms of kilograms per hectare (of all types and

mixtures) used.

In addition, South African Cane Growers' Association have records of
tons of cane cut per labour unit but these have not been used as an
indication of labour productivity because their interpretation “is
complicated by the practice of using casual labour, especially 1in

cutting cane.

SOURCES OF TECHNOLOGY

Since the main objective of this study 1is to evaluate returns on
research and development in the South African Sugar Industry, it is

necessary to determine, as far as possible, the sources of technology

used in the production of cane.

Pretechnology era, 1848 - 1890. For the first fifty years of cane
production in South Africa, that 1is until about 1890, when the
recording of rainfall started and the variety Uba became dominant,
improvement in the yield of sugarcane was due almost exclusively to
the 1innate skills of cane growers. There are records of the
introduction of sugar-making machinery and visits by persons with
experience in sugar manufacture during this period (Osborn, 1964) but
only craft skills seem to have been available on the production of
sugarcane. Craft skill has been described as ‘early technology' in
which production methods are used without precise knowledge of how or
why they are followed <(Bannock et al, 1985). They are skills
acquired by the diffusion of knowledge from generation to generation

and among those working within an industry and not by formal or
organised R&D.

By 1890 only a few varieties, obtained fortuitously rather than

selected scientifically,
South Africa.

had been introduced for cane growing 1in

These came mostly from Mauritius and Reunion and were
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described as 111 adapted to the lower average rainfall, frequent
droughts and nearly all cane diseases ...' (Dodds, nd p.26). Uba bad
been introduced, probably from India (Anon, 1925), only seven years
previouslv and did not become the major varlety in the Industry until
about 1890. It was also unlikely that any other improved production
technology had been purposefully and scientifically introduced by

then.

The area and production data for the Pretechnology era, together with
the derived sugar ylelds, are given in Appendix 3. Because records
of rainfall and other yield influencing factors are not available for
this period, a plot of the annual yields and the five-year moving
average yield, shown in Figure 5 below, is probably the best way of
representing the yield trend for that period.
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Figure 5: Trend of sugar yield, 1862 - 1890.
(Data from Appendix 3)

Figure 5 1illustrates the +typical pattern of development of an
introduced crop, or of an existing crop whose area of production is
rapldly increased. In the early years, as growers galn familiarity

with the crop and as production skills improve, there is an increase

in yields followed by a yield plateau and finally a decline in yield
as pests and diseases (in this case particularly mosaic) multiply on
a new and concentrated host which usually has no inherent resistance

to local pests and diseases.

From the limited and approximate data available, the yield of sugar

appears to have increased from 0,5 tons to about 1,5 tons per hectare
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per annuim. A number of vyield influencing factors were probably
responsible for this increase in productivity but craft skills must
have been the major factor because few others were likely to have

been favourable.

Imported techoology era, 1890 - 1924. The improvement in both
production and milling performance achieved by the Sugar Industry
during the next 35 years (1890 - 1924), before there was any locally
generated technology, must be attributed to the technology imported
from other cane growing countries. This imperted technology
consisted primarily of varieties, mill design and components as well
as methods of agricultural and mill production brought in as personal

knowledge and experience.

0f these imported technologies, varieties, particularly Uba., were
probably the main contributors to increased productivity. There is
justification for this view in terms of milling technology, as well
as in terms of cane production technology, because most of the early
milling difficulties were related to the varietal characteristics of
Uba (Anon, 1924) that became the principal variety grown for nearly
fifty years, between 1890 and 1937.

The data for sugar production in the era of imported fechnology are
given in Appendix 4. The only 1independent wvariable 1influencing
vield, for which data are available 1In the period, 1s rainfall.
However, the outputs of regression analyses given in Table 8 do not
indicate significant correlation btetween rainfall expressed 1in
different ways, and vyield. The 1likely reasons for the poor
correlations are that rainfall and vield records for the period are
not consldered accurate, rainfall recorded at a single site
represented the whole cane growing area and the six-fold increase in
area under cane, in only 35 vyears, with the -consequent high

proportion of new land, probably resulted in high yield variability.

In spite of high collinearity between the X- and Xz factors in the
equation, the latter was included to indicate a quadratic response

which could result from yield depression in higher rainfall seasons.
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Table 8: Results of regression analyses of yield
(tons sucrose/ha/annum), on-rainfall (mm), 1890 - 1925.
with data from 1910 to 1918 missing.

Rainfall factor expressed as
Regression output Current year | Previous year| 2-year mean
rainfall rainfall rainfall
Constant 0,8732 1,7183 1,4737
X; - time (year - 1900) 0,0188 0,0226 0, 0241
t-value 2,14 1,70 1,89
Xz - mean rainfall/100 0, 1659 - 00,0613 - 0,0147
t-value 0,61 0,16 0,02
Xz — mean rainfall=/100 - 0,0059 0,0041 0,0020
t-value 0,59 0,24 0,05
5 error of yleld estimate 0,5822 0,5939 0,6142
R= 0,1983 0,2069 0,1801
df 20 19 18

As was the case in the Pretechnology era (1862 - 1890), a plot of
actual rainfall and the five-year moving average, as shown in Figure

5, is probably the best way of representing the yield trend for the
Imported technology era (1890 - 1924).
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Figure 6: Trend of sugar yield, 1890 — 1924.
(Data from Appendix 4)



During the 35-year period of imported technology the per hectare
yield of sugar may be estimated to have increased by approximately
one ton, that is, from about 1,5 to 2,5 tons of sugar per hectare per
annum which is about the same annual rate of increase achieved
during the 28-year pretechnology era. As shown 1in Figure 6, most of
the total vyield increase had been achieved halfway through the
period, that is by 1907, and thereafter the lack of local
technologies to combat diseases, particularly, inhibited further

yield increases.

As suggested for the Pretechnology era, a number of factors must have
been responsible for the increase in productivity during this era but

Imported technology was probably the most important of them.

The patterns of yield change during the Fretechnology and Imported
technology eras, shown in Figures 5 and 6 are very similar; an
initial 1increase 1in yields (due to craft skill and Imported
technology in the two eras respectively) followgd by static or

declining yields as a result of disease.

Technological era, 1925 - 1986. As early as 1875, less than thirty
years after the first importation of cane varieties, the slow
development of the South African Sugar Industry was attributed to
' lack of familiarity of the proper methods of cultivating an
alien cane, <(and)> the complications of manufacture ey other

reasons given were the lack of capital, droughts, floods, cane fires

and fluctuating prices (Joint Memorandum, 1934 p.12).

Some forty-two vyears later, in 1917, an eminent visiting
agriculturist said of the Industry: 'Scientific assistance in
relation to cane growing 1s very largely absent, and very real need
exists for the establishment of some form of agricultural experiment

station which shall deal with the agricultural problems of the

industry ... 1f assistance of this description is not forthcoming,
and a condition of intelligent co-operation between a properly
equipped experiment station and the planters established, the cane

growing industry 1in many localities must be regarded as in very
serious Jjeopardy' (Tempany, 1917 p.14). This was sald in spite of

some 1lnvestlgations on soils, fertilizers, planting rates and variety
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testing, 1in progress at that time on the Winklespruit Experiment
Station. That Station, started in 1903, was closed in 1921 because
the Sugar Industry considered the site unrepresentative of the sugar
belt. It was also decided that '... it bad served the purpose for
which it had been established, which was to investigate the problems
of coastal agriculture in Natal' (SASA Experiment Station, 1975 p.4).

By the mid-1920s the Industry had become aware of the danger of
relying on a single variety, Uba. ‘This variety had been brought to
South Africa during the 1880s and by the end of the century, due to
its general hardiness, 1t was practically the only variety grown.
Some 'soft' varietles were introduced in the early 1900s but due to
the lack of quarantine facilities they contracted mosaic, which had
been brought in on infected cane. Uba was resistant to this disease
and in the early 1920s it was therefore still the mainstay of the
Industry. However, Uba did not perform in the new sugarcane areas
which had been developed in Zululand and there were signs that yields
were declining. There was increased concern when this was shown to

have been due to another virus disease, streak' (SASA Experiment

Station, 1975 p.4).

This prompted the decision to 1initiate research and developnent
locally and in 1929 the present Experiment Station was established at
Mount Edgecombe, some seventy-five years after the first locally
produced sugar had been marketed. An equally significant event,
certainly at that time, was the erection in the same year, of a
quarantine glasshouse in Durban as '... part of the campaign to

obtain a replacement for Uba which (would be) ... resistant to mosaic

and streak' (op.cit. p.5).

The Technological era can, therefore, be considered to have started
with the establishment of the Experiment Station at Mount Edgecombe
in 1925. However, the effects of research and development at the
Experiment Station could not have been felt immediately and it was
some time after 1925 that locally generated technology became
available to growers.

For example, plant breeding was one of the first disciplines to be

initiated at the new Experiment Station vet it was 22 years before a
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locally bred variety was released. 0f all cane production
technologies, the breeding of new varieties probably has the longest
lag time but other early work at the Experiment Station was
undoubtedly available to growers in a much shorter time and had a

beneficial influence on productivity.

In order to facilitate R&D evaluation procedures it would be
advantageous to define a stage in the generation of local technologv
when it was no longer necessary to import technologies for direct use
locally and when, therefore, the Industry could be regarded as
technologically mature. The precision of any attempt to determine
such a stage quantitatively would probably be low because the
necessary data are unlikely to be available. For a qualitative
definition, to be used in this study, it is suggested that once
research and development in the South African Sugar Industry had
reached a degree of sophistication that it could freely exchange
technology and was no longer dependent on imported technology, it

could be regarded as technologically mature.

In the context of this study, technology exchange is taken to mean
the free exchange of knowledge, ideas and material that technologists
acquire in the conduct of their own R&D projects and which they
exchange with colleagues to their mutual advantage. This implies,
not that the exchanged technology has no value, but rather that there
is no disadvantage or monetary loss in 1its exchange. The
sophisticated nature of sugar technology and the location-specific
nature of most cane production problems today are such that little or
no technology exchanged in published papers, at conferences or even
as plant breeding material, can be used directly in another locality

without considerable additional R&D and adaption to local conditions.

Unhindered technologv exchange, to the mutual advantage of all cane
growers and millers, was a characteristic of the world's sugar
industries until 1986 when South African sugar technologists were
refused visas to attend and present papers at the 19th Congress of
the International Society of Sugar Technologists held in Jakarta.

The mature state of sugar technology in South Africa at that time,
and the alternative channels of communication available, meant this

restriction probably had a negligible and short-term, effect on
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technological standards in the local sugar 1industry, but 1t served to
highlight the difference between imported and exchanged technology
that is important in the evaluation of R&D.

[t has already been suggested that the most valuable component of
technology imported by the South African Ilndustry, until it reached
technological maturity, comprised varileties and 1t, therefore, seems
logical to use the local development of varieties as the index of
technological maturity. When the Experiment Station was founded in
1925 only the variety Uba was allowed to De grown (as a control
measure of the disease mosaic). From 1932/33 this restriction on the
growing of wvarieties other than Uba was removed and five imported
varieties, POJ 2725, POJ 2878, Co 281, Co 290 and Co 301 were grown
on an increasing scale. In 1944/45 a seventh imported variety,
Co 331, was grown for the first time. Jt was not until 1945, twenty
years after the establishment 0of the Experiment Station, that plant
breeding was started but the first locally selected variety, NCo 310,
was released in 1947/48. By 1954/55, only seven years later, NCo 310
was grown on half the total area under cane. Thereafter an
increasing proportion of the cane area was wunder locally bred
varieties until 1969/70 when imported varieties occupied less than 1%
of the area under cane. Two imported varieties persisted in very
small quantities until recently, Co 331 until 1975/76 and CB 36/14
until 1983/84; the only other imported variety still grown is J 59/3
which had been introduced from Cuba and was released in 1976. At its
peak J 59/3 occupled only 0,5% of the area under cane and appears to
be 1in decline. NCo 310 also became widely grown in other countries
and Evenson (1969) reported that NCo 310 ranked tenth in terms of
world sugar production between 1940 and 1564. ¥Co 310 can be
regarded as South Africa's first major contribution in the exchange
of technology with other sugar producing countries.

It would seem, therefore, appropriate to Suggest 1954/55, the season
In which locally produced varieties first occupied balf the area
under cane, as the year the Experiment Station reached technological
maturity and no longer had to depend on imported technologies but
has been able to exchange technologies freely with other countries’

sugar industries to mutual advantage.
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ESTIMATING TECHROLOGICAL ERA PRODUCTIVITY IBCREASES

The generation of technnlogy locally, and the collectlon of relevant
data, started with the establishment of the SASA Experiment Station
in 1925 from which date estimates can be made of technology's
contribution to yield increase per unit area. According to Griliches
(1979) productivity, or iocrease in production per unit area, is best
considered in the context of a production function. UOrtmann (1985)
used production function analysis successfully to deterwmine the major
variables influencing sugarcane production in South Africa and a
slmilar approach is followed in the present study, using a Cobb-
Douglas production function to measure the productivity in the Supar

Industry due to locally generated techaology.

Kethod of Amralysis. fi series of analyses was calculated, first to
determine the relevance of all independent variables for which data
were avallable (Appendix S) and thereafter to obtain the best fitting
equation for the variables consldered relevant. The varlables
excluded during the first series of analyses and the reasons for sc

doing are given in Table 9,

Table 9-: VYariables excluded from producticn function analyses of
sucrose production {(data from Appendix 5).
Variable Form of Data Reason for exclusion
Varieties Yield index Included as expenditure
ttems in the technology
Extension Staff/Area index variable
Training Numbers trained
Fertilizer Tons used Included in production
Labour Numbers employed costs variable
Capital R/ha invested in Major compeonent of land
cane growlng variable
Price R/ton sucrose Production controlled by
recelved by quotas and price deter-
growers mined retrospectively
Fet farm income R/ha under cane NFI is a function of
production costs, area
under cane, both of which
included, and price.
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The independent variables that were found to have significant
influences on productivity and therefore included as factors in the

analysis of production, are listed in Table 10.

Table 10: Variables and their sources, used ia the
production function analyses of sucrose production.
(Data in Appendix 5).

Variable Form of Data

Technology |Expenditure by the Experiment Station in rand
per annum, adjusted for inflation (1985 = 100).

Rainfall Millimetres. 1n all analyses rainfall was non-
significant but rainfall x rainfall was highly
significant. GSee page 44 for sources of data.

Product- Total of the following costs, in rand per annum,
ion costs adjusted for inflation (1985 = 100): Labour, in-
cluding rations; Agricultural chemicals; Fuel,
lubricants and maintenance; hired tramsport; and
sun_dries. These production costs are derived for
for the lndustry as a whole from a sample of
approximately 25% of all growers, stratified by
¥i11l Group areas (18), with some adjustment to
improve homogeneity, and into seven farm-size
categories (from <40 to >450 hectares) and ex-
cluding ¥iller-cumplanters and cooperatives.

Land Hectares under cane.

Results of analyses in which the independent variable technology was
included at lag periods of nil, three, five, seven, nine and eleven

years, are gilven in Table 11.

The equation with technology lagged three years is the only equation
for which the Durbin-Watson statlistic exceeds, at the 1% level, the
critical upper value indicating that the null hypotheslis <(that there
ls no serlal correlation) cannot be rejected. For all other
equations the Durbin-Watson statistic, at both the 5% and 1% levels,
1s either inconclusive or rejects the null hypothesis. The t-values
also indlicate +that +the three year lag equation 1is the most
appropriate to use in the production function analysis.
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Table 11: Results of production function analysis of sucrose
production, tons per annum, at different lengths of
technology lag, 1925 - 1986.

Technology Independent variables (log form) AQJ Dv df
lag period Technology | Rain® | Prodn| Land R*
costs
Unlagged
Coefficient 2,729 0,129 | 0,789 | 0,120 | 0,97 | 1,29| 62
t-value 0,29 3,41 5,57 0,45
3-year lag
Coefficient 0,215 0,139 | 0,561| -0,179 | 0,98 1,73 959
t-value 4,38 4,27 4,24 -0,78
5-year lag
Coefficient 0,198 0,146 | 0,538| -0,085 | 0,97 | 1,50| 57
t-value 4,14 4,31 |3,91 | -0,37
7-year lag :
Coefficient 0,191 0,162 | 0,512 0,010 | 0,97 | 1,47| 55
t-value 4,41 5,03 3,87 0,48
9-year lag
Coefficient 0.165 0,168 | 0,498| 0,115 0,97 | 1,23| 53
t-value 3,46 4,89 3,50 0,50 :
ll-year lag
Coefficient 0, 097 0,174 | 0,430 0,424 | 0,97 | 1,39| 51
t-value 1,94 5,21 | 3,00 1,79

The lack of significance

all lag periods,

was not

collinearity between the

is, in fact,

The positive sign of the Land variable in four of the six analyses,
namely for those other than the three- and five-year lag periods, was

also not expected because production is usually negatively correlated

with area under crop;

of data on production under irrigation where area under cane is

indicated by

of the Land variable in the analyses,

expected and is probably accounted for by
Land and Production Costs variables which

the data in Appendix 5.

usually below average and yields per hectare above average.

The signs of the other independent variables are all positive as

would be expected because

production.

however, this is probably due to the inclusion

increasing any of them should increase

In the case of rainfall and part of production costs,
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pamely that of nitrogenous fertilizer, excesslve levels may reduce

the yield of sucrose (though pot usually of cane).

In conslidering choice of lag period, estimates of the optimum
research lag, aobtalned in other studies, were taken into account.

These are presented in Table 12.

Table 12: Optimum technology lag periods reported iu the
literature {(Poncvan, 1986).

Commodity Lag f(years) Country and reference
Dairy 6

United States
Livestock 7 Eredahl & Peterson (1970)
Cash grains 5
Corn &

United States
Wheat 8] Sunnquist et al (1981)
Soyabeans &
Poultry 5 United States, Norton (1980
Sugarcane & Australia, Evenson (1969}
Hybrid corn 9 United States, Griliches (1958)

Although the optimum lag periods found in other studies are befween
five and seven vyears, a three year lag period was chosen 1n the
present study for the follawing reasons:
* [ts statistical significances was higher than for the other
iag periods tested.
2+ The specialised and intensive extension service {(which is a
major aspect of Sugar Experiment Station policy and
activities but naot of the studies reported in Table 127, is
likely to reduce technology transier time.

* The high services : research ratio which characterises the
Experiment Station's operations (but not the others guoted),
together with a wvirtually nil lag time for services, will

tend to reduce the overall technology lag time.
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Increase in productivity dee to technolugy. 1t {2 not pozzible to
estimate the factor share of trchanlngy,. in term= of Ekons zucrone
(or value of sucrosa)per hectarsa, trouw ‘the production function
equations used to determine the optimum lag prriod for technology, &%
given in Table l1.

Becauzn, however, the reoturns on individuval technological programmes
have necessarily to be estimated (later in Chapter 6) in terms of
tons sucrose per hectare, the eame primary data (Appendix 95) were
used in a production function analyeiz of =ucrose yleld per hactare,
with the objective of using the coefficient for technology to
estimate its contribution to yield of sucroze per hectare.

The resulting equation was as follows:

logY = 0,619 + 0,2341logX, + 0, 141llogX= 4 0,9738bapiXa — 0,400 10 Xa, .
(£=0,44})  (v=4,37) (n=4,32) (t=4,36) (b=-3,40)
Adjusted R* = 0,86
DV test = 1,72
at = 54
Yherc Y = eztimated yield of s=ucro=ec in tons per hectnre;
X+ = technology, ac exponditure on R&D in rand par hectare,
lagged three years;
X> = annval rainfall in millimnlres ~quaraed;
X2 = production costs per hectare, in rand;
X+ = land under cann in hectares.

All factors are highly cignificant and their signs are as expocied.
¥hereas in the ~ix analyses of sucrose production (Table 11> the land
factor was always non-significant and varied between just posiftive to
just negative, In this analysiz of sucrose yield per hectare, the
land factor is always significant and negative (as expected) because
yield 1s usually negatively correlated with ares vuuder crop.
Additional land brought into cultivation iz often less prodnctive for
cone or a number of reazous, including lower fertility, gre

cater slnpe,
poorer accessibility, and exbteondad manageneznt.

Estimates of the contribution of technology, in terms of tons =u-=roze

per hectare, to the ladustry's increaces in productivity dJuriny the

technological era and its six dccades, are calculated a= the rreduct

of the increases in sucrose yield per hectare (predicted by enuation

D
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(1) and given in Appendix 6) and the coefficient of the technology
factor in the equation, as shown in Table 13. This metbod of
estimating technology's factor share is theoretically only Justified
under condi{tions of constant returns Dbut its wuse 10 generate
comparative information for management purposes is considered

acceptable.

a (

Table 13 : Return on technology (R&D) at tbe SASA Experiment
Station, as tons sucrose per bectare, during the

technolagical era (1928 - 1985) and its six decades.
(Data in Appendix 5>.

Era, Decade or Predicted mean [ncrease in Tedpnology‘s share

Period vield of sucr- sucrose yvield| of increased vield
ose in tons/ha tons/ba over | of sucrose, tons/ha
[ Appendix 6] previous i2nd column x tech-

period. nology coef 0,234]

Pre-technolo-
glcal period, 2,8% - -
1925/6-1827/8

Technological
era, 1928/0- 4,60 1,75 0,410
198576

1st Decade

1928/9-1935/ 3,04 0,19 0, 045
36

2nd Decade

1936/7-1645/6 3,98 0,94 0,220
3rd Decade

1946/7-1955/6 4,31 0,33 0,077
4th Decade

1956/7-1985/6 4,69 0,38 0,088
5th Decade

1966/7-1975/6 5,52 0,83 - 0,194
6th Decade

1976/7-1985/6 6,24 0,72 0,168
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The low productivity of technology during the third decade was due ta
the effects of the 1039-45 war (Beater, 1989). The great improvement
in technological productivity during the fifth decade reflects the
benefits of increased quantity and quality of research during
sixties (Donovan, 1988). The decline in productivity of technology
during the sixth decade is attributable to research resources being
devoted increasingly to work on eldana, the stem boring pest of
sugarcane, which re-emerged and spread rapidly during that decade
(Carnegie, 1983), without producing technologies for its cantrol.
Another factor reducing the productivity of research was the lack of
any other yield improving technologies produced dufing that decade
except two varieties which by the end of the decade, had not been
grown extensively enough to have a significant effect on the

Industry's average yield.

Effect of milling technology on productivity. The production
function analysis indicated that most of the increase in the
Industry's total productivity is accounted for by the four factors,
technology, rainfall, costs of production and land or area under
cane. The effects of improving milling efficiency are included in
the analysis only to the extent of its possible collinearity with
these factors. Therefore, in estimations of productivity
attributable solely to production technology, generated at the Sugar
Experiment Station, it is not considered necessary to account for the
improvements in milling efficiency. It is, however, of interest in
this study to compare the productivity of milling and field
production. It is considered appropriate to express the improvement
in milling performance in terms of tons of sucrose supplied from the
field to make a ton of sugar in the mill rather than 1in terms of the
various criteria used by mills to calculate the efficiencies of
different aspects and stages of the milling process which are not

relevant for the present purpose (Thompson, 1987).

The data and calculations required to estimate the improvement in

mill performance are given in Appendix 7 with the results summarised
in Table 14.
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Table 14 : Increases in productivity (tons sucrose per ton sugar)
due to milling efficiency, 1945 - 1986.

Period or Years Mean tons sucrose Percentage annual
decade per ton sugar increase in productivity
1945/46 -

1949/50 5 1,1983 (a2 ~
1650/51 -

1954/95% 5 1,1951 (b 0,27 (a - b)/a %
1955/96 -

1964/65 10 1,1857 (o 0,79 (b - c)/b %
1965/66 -

1975/76 11 1,1799 (&) 0,49 (¢ - d)/c %
1976/77 ~

1986/87 11 1,1664 (e> 1,14 <d - e¥d %

The present system of payment for cane, based on its sucrose content
measured as it enters the mill yard, was a result of the Fahey
Agreement (South African BSugar Journal Annual, 1925) signed in
September 1926. Under this system, any Iimprovements in milling
efficieny benefits only the miller who, in effect buys the sucrose at
the mill gate and sells the sugar produced from it. Only in the case
of the two cooperative mills, Umfolozi and Dalton, do the growers
also benefit from improvements in milling efficiency. FPrior to the
Fahey Agreement, growers were paid on the mass of cane they delivered
to the mill, in terms of individual agreements with millers, the
basis of which was the estimated final yield of sugar. Growers then
had an interest in the efficlency with which millers produced sugar
from their cane. This is exemplified in the agreements between
growers and Zululand Sugar Millers, when that mill first opened in
1905, by a discount of one shilling per ton {(about 7%} for cane of
the Uba variety because it was more difficult to mill than the
‘softer' varleties (op.cit. p.24). Thls change from a sugar to a
sucrose basis of payment for cane took place at the time the
Experiment Station was established but the Experiment Station did not
hand over responsibility for milling technology and advice until 1949
when the OSugar Milling Research Institute was founded. Although,
little or no R&D was conducted on milling problems at the Experiment

Station, 1t contributed to technological improvement in the milling

sector by providing advice and technical services,
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The estimate of productivity increase due to technology during the
Technologlcal era includes the effects of Iimprovement in milling
afficiency and this can be attributed to the Experiment Station until
1949 when the Sugar Milling Researcbhb Institute tock over
responsibility for milling RA&D. Since the Experiment Station's
contribution to milling efficiency had been largely of an advisory
and service nature, the lag perlod was likely to bave been short and

—————

it cen be assumed that the Experiment Statioq should not be credited

with any improvement in milling éfficiency after the end of the third |

technological decade (1955/56).

The estimated percentage increases in productivity attributable to

lwprovements in milling and production technologles are compared in
Table 15.

Table 15: Estimated percentage increases in productivity attributed
to milling and production technologies, 1945 - 1986.

Period Percentage increase in productivity duve to
¥illing technology | Production technology
{(from Table 14) (from Table 13)

1945746 -
1953/54 0,27

1946747 -
1955/56 8,29

1954/5%5 -
1964/65 0,79

1956/57 -
1965/66 8,82

1965/66 - 0,49
1975776

1966/67 -

17,70
1975/76

1976/77 - 1,14
1986787

1976/77 -

13,04
1985/86
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The production function equation used to estimate the increase 1in

productivity due to production technology does not include a milling
technoiégy factor and any effects of milling technology that may be

present are due to collinearity which are not considered significant.

In addition to production and milling technologies, as definmed in
this study, many industrial technologies, such as those responsible
for the development of agricultural chemicals, fuels, machinery and
equipment, also contribute to increased production of sucrose in the
South African Sugar Industry. Most of these industrial technologies
are captured in the production costs varlable, some, for example
machinery, 1in the land capital variable and possibly others are in

the 15% of the variability not accounted for in the analysis.

Summary of productivity increases. A summary of the estimated total
increases 1n productivity by the South African Sugar Industry, for
the various periods and sources of technology, is given in Table 16.

Data on mill performance is not available in sufficient detail before
1925 to permit an accurate conversion of yleld from sugar to sucrose
but for the present purpose of non-critical comparisons between eras,

a ratic of 1 : 1,3 for sugar to sucrose 1s probably acceptable for
the pre-1925 eras.

Table 16 : Total increases in productivity as tons sucrose per
bectare for the eras and sources of technology in the
South African Sugar Industry, 1862-1986.

Era Scurce of FPeriod Total increases
Technology in productivity
(sucrose/ha)
Pretechnology Craft skills 1862-1890 1,0
{refer page 46)
Imported
technology Imported 1890-1924 1,0
{refer page 49)
-Technological Imported and
({mmature phase) locally generated | 1925-1954 1,65
(refer Appendix 6)
{mature phase) Locally generated
and exchanged 1655-1986 1,85
(refer Appendix 6)
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Productivity increased during the first half of the imported
technology era but then declined to give an era total no better than
had been achieved during the pretechnology era. This indicates that
yields are unlikely to be maintained if only imported technology is
available, particularly 1in terms of disease resistance. The
influence of technology on productivity during the technological era
is shown, in Table 16, to be considerable, in spite of conditions and
circumstnaces during both the immature and mature phases of the
technological era that reduced productivity; these have been

discussed on page 59 in considering Table 13 .

A primary objective of the present sutdy is to estimate the return on
R&D down to programme level as a management aid and to do this it is
first necessary to define the functions of R&D that are capable of

generating increases in productivity; this is done in the following

chapter.
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CHAPTER 4
DEFINIRG AGRICULTURAL COMMODITY R&D FUBCTIORS

The main objective of this study 1s to devise a method of assessing
the return on R&D in an agricultural commodity institute that may be
of value to the Institute's management while, if possible, overcoming

the shortcomings of previous methods.

Not all the activities and costs of an agricultural commodity
research institute or experiment station are devoted to R&D. It is
first necessary, therefore, to classify +the Institute's  work
according to its functions. Donovan (1986 p.98> used, for management
purposes, Information and data on how staff time, in all 1line-
function departments, was allocated, as well as an analysis of
departmental costs, to classify the Experiment Station's activities

and costs by function. Table 17 summarises the results obtained in

that survey.

Table 17: Costs of Experiment Station functions in 1985/86 expressed
as percentages of total Station costs,

Research and Development 4G, 7
Technical Services 18,7
Extension 10,9
Training 10,1
Speclalist advice 6,3
Education & Public Relations 3,1
Publications 1,2

Total 100,0

For the different and specific task of estimating returns on R&D,
particularly i{f it is to be of value to management, changes need to

be made in the grouping of activities given in Table 17;
as follows:

these are

t*  Training, Specialist advice, Education and Publications are all

technical services for which growers are, or are socn likely to

be, charged directly, at least on a marginal cost recoverable
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basis, while Public Relations is a staff-function (as apposed to
a line-function) the costs o©of which should be shared
appropriately as are the other essential staff-functions such as
transport, asset maintenance and operation of experiment farms.

*+ Extension. Included under the heading of extension, in the 1986
study (Donovan op.cit.) were activities that, for the purposes of
estimating returns on R&D, should also be classified as technical
services. These activities include conveying speciallst advice
to growers, Drganinsing and Collating the results of pest,
disease and other surveys, assisting in educational and training

programmes, Seed distribution and similar activities.

Extension staff are {frequently involved in research projects; when
this is to assist research staff, the work should be classified under
the research function. When, however, a member of Extenslion staff
undertakes himself, or assists others with, a research project
concerned specifically with his extension area or is aimed at
lmproving the transfer of technology from research to grawer

generallv, the project should be classified as an extension function.

These changes in the classification of the Experiment Station's
activities, shown in Table 18, reduce to three the primary functions

that have to be taken intn account in estimating returns on R&D.

Table 18: Re-classification of Experiment Station functions in

1985/86, with their costs expressed as percentages of
total Station costs.

Research (production of technology) 49,7

Technical Services 41,0
Now includes Traininig, Advice,

Education and Publications

Extension (transfer of technology) 9.3

¥ith the re-classification of certain activities as technical

services, the remaining functions and costs are exclusively those

concerned with the generation of technology <(research) and the

transfer of technology (extension).
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TECHNICAL SERVICES

The recent introducticn of 'user pays' policies requiring producers
to pay directly (as opposed to indirectly through a levy or cess) for
technical services provided by R&D institutes, is advantageous for a
number of reasons, not the least of which is its implications for
senior R&D management. When all technical services have to be paid
for directly, senicr management will be relieved of the invidious
task of deciding how limited resources should be allocated between
R&D and Technical Services. The commodity's policy makers
representing, as they do, the growers who finance all activities,
should decide, on the one hand, to what extent it is necessary for
the institute to respond to demands for technical services and, on
the other hand, what recommendations from senior management on
research and development should be accepted as benefiting all

producers of the commodity and, therefore, financed by a levy on

producticn.
In 1983 the Experiment Station started charging for its 23 training
courses for operators and labourers and now, in addition to these,

charges are made for the following Advisory Packages:

* Sample (soil and leaf) Analysis + Drainage Scheme Advice

and Fertilizer Advice * Mechanisation Advice
¥ B5Soil Surveys * Civil Engineering Advice
* Farm Planning * Cholce and Management of
* Irrigation Surveys and Advice Varieties
* Nematode Control * Educational courses

The Agricultural Development and Advisory Services of England and
Vales adopted a user pays policy in April 1987 and payment 1is now
required for virtually all its services (Moberly, 1989a). Policy

changes of a similar kind are also being pursued in Australia and New
Zealand (Paxton, 1988).
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The charges made for technical services by the Experiment Station
cover only their marginal costs; overheads and at least some staff
costs are not included. As a result, the estimates of R&D programme
costs will be higher, and returns lower, than they should, and would
otherwise, be.

How much one function of an institute should subsidise another and,
for that matter, whether any particular category of growers or mnon-
grower clients, should obtain technical services at subsidised rates,
are decisions for the ©policy-makers to take. Management's
responsibility should be to provide policv—makers with the
appropriate financial information and other data on which rational
declisions can be made. For this and other good management purposes
most agricultural R&D institutes would need to <change their
accounting system from one based on a structure 1in terns of
scientific disciplines to one based on objectives and functions.
Such an accounting system would be no more complicated nor difficult
to operate but could provide much more useful information for all
concerned.

For the purposes of this study, Technical Services will be regarded
as self-supporting and any increase in productivity resulting from
their use accrues to research and extension which were responsible

respectively for genmerating and transferring the technologies on

which the services are based.

COMKMODITY EXTENSION

In an agricultural commodity R&D organisation, such as the Experiment
Station, extension is an essential and integral part of its programree

(Donovan, 1975) but it would be advantageous 1f the return on

extension costs per se can be estimated. For evaluatlion purposes it
is unfortunate that the objectives and content of extension vary
considerably, Driginallv (1873 extension meant taking the
adVantages of University education '... to the ordinary people, where

they livgd and worked' (Maunder, 1972). Although agricultural

extension was first practised in England in the 1880's, the passing
of the Smith-Lever Act in 1914 by the American Congress, authorising
the use of public funds to finance agricultural and rural hone
development programmes (Paarlberg, 1987), is generally considered to

be the origin of statutory agricultural extension. The social
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connotations of extension, such as rural home development 1in the
United States and in South Africa where extension has ‘... the final
objective of improving the quality and standard of living of rural
communities' (Bembridge, 1979), have persisted as characteristics of

agricultural extension.

In the South African context, with its 'two agricultures' (Nattrass,
1981),the original social and developmental bilas of extension 1is
particularly appropriate 1in the '... subsistence orientated and
tribally organised ...' agricultural sector. In the other South
African agriculture, capital intensive farming, conventional State
extension has two functions to perform. The first has a profit
motive, to promote among farmers the use of improved production
technology and management, while the second has social motives, to
promote the protection and conservation of natural resources and to
uplift rural communities. These two functions, which are commonly
perceived to be antagonistic, have to be performed in the State's
extension service, by the same person. Divel (1986) suggests ways in
which the extension agent can resolve this conflict situation but
they are merely palliative; the solution lies in having the two

different and antagonistic extension functions performed by different

organisations and people.

Since the protection and conservation of natural resources and
improving rural communities are primarily social responsibilities, it
is appropriate for the extension agent in that field to be a public
servant, motivated by social and perhaps educational philosophies.
Conversely the promotion of production technology and management has
the objective of increasing profitability so the extension agent with
that task should be essentially profit motivated and employed by a

business concern such as an agricultural commodity organisation or

cooperative,

Beuckman <(1984) believes that credibility is the key to effective

extension and contends that <credibility 1is enhanced when the

extension agent is seen to be part of the organisation (in Beuckman's

example, a cooperative) serving <the 1interests of the farmer

exclusively. The shortcomings of conventional State agricultural

extension can only be overcome effectively when research, extension
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and the technical services required by a commodity are all provided
by that commodity <{or single interest) association as Eeuckman
suggests, with the State providing a separate extension cervice
exclusively to promote the conservation and development of the

natural resources that are not marketable.

The narrow and commercially orientated objectives of agricultural
commodity extension typified by Huffman's (1980) definition, '... the
dissemination of information on production technology, planning and
management' 1is sometimes criticised for being counter-productive of
important social objectives 1n agricultural development and the
conservatien of natural resources. Hawever, although the definition
excludes by omission the promotion of soclal and community objectives
per se, 1t does not preclude the dissemination of technology and
production methods compatible with the prescriptions required by
society and the community. An excellent example of this is to be
found in the advice on soil conservation measures given to sugarcane
growers by their own commodity extension agents which comply fully
with the State's soil conservation requirements. In the case of the
sugar 1industry, the commedity's acceptance and promotion of its
soclal obligations in such matters is further exemplified by its

significant R&D input on environmental protection {(see Table 19,
items 31 & 32>.

The estimate of returns on commodity extension constitutes an

important aspect of this study and is considered in Chapter 5.

RESEARCH

¥ith information on costs and returns on research programmes,
manggement’s recommendatlions on research requirements and priorities
would be lmproved. To make these estimates, it is first necessary to
classify research programmes in terms of their kind and maturity.
For the purpose of this study it is postulated that there are four
kinds of agricultural research programmes, Offensive or Strategic,
Defensive, Precautionary and Services research.

The Experiment Station's research programmes are classified in these

terms in Table 19 which also indicates the economic and biological

objectives of the programmes.
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Table 19:

Classificatlon of Experiment Station 1985/86 research

programmes by economic and‘biplogiCﬂl objectives
into kinds of research.

Kinds of research R&D FProgrammes
Economic. Biological
objectives objectiveg )
Offensive Crop 1. Plant Breeding
Productivity | improvement 2. Selection for disease resistance
increase
{rop 3. Biological control of eldana
protection | 4. Eldana biology (basic research?’
5. Mosaic epidemioclogy (basic research)
6. Nematode bilology {(basic research)
Defensive Crop 7. Cultural control of eldana
Productivity protection &. Chemical control of eldana
maintenance 9. Control of pests other than eldana
10. Ratoon stunting disease
11. Smut
12. Xosaic control
13. Leaf Scald
Crop 14, Fertilizer trials 15. Nematicides
production 116. Growth regulators 17. Herblcides
18. Trashing 19. Varlety agronomy
20. Soil amelioration 21. Compaction
22, Acid chlorosis
Cost 23. Nitrogen fixation
reducing 24. Lysimetry
Precautionary | Crop 25, Development of machines and equipment
production (11 projects)
26. Alternative fuels
Services Crop 27. Crop production systens
production |28. Machine performance and utilization
29. Analytical chemistry (7 projectsd
30. Irrigation simulation and methods
[Enviroment |31, Run-off and catchment projects
protection] |32, Modelling scoil and water loss

Offensive or Strateglc research.

OCffensive research leads to '...

the creaticn of new products, new inventions, new possibllities for a

company, for an industry, for a nation' (Beattie & Reader, 1971). To

this should be added that in the context of agricultural commodity

R&D, the objective of offensive research

is to increase productivity

or profitability. Research applied to those areas '... considered

likely to be economically zignificant in the future (and to>
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emphasise the potentially relevant ...° has been described as
strategic research (Harvey, 1988).

At the Experiment Station, plant breeding including selection for
diseace resistance, the eldsna biological control programme and the
nematode biology programme are current examples of offensive or
strategic research. HMost programmes start as offensive research but
once successful, if they have to be continued at all, they would be
re-classified as defensive programmes or projects.

The criterion of success in an offensive research progranme 1s the
release of a new technology or recommendation that can contribute to
bhigher oproductivity. Examples of former successful offensive
programmes at the Experiment Statlion are sugarcane nutritionm,
phosphorus availability, trashing, herbicides, growth regulators and
the control of Ratoon stunting disease, all of which are still in the
programme of work as defensive programmes or projects.

Mozt of the present offensive research programmes have vyet to
produce new technologles or are in the early stages of technologv
generation; in either case economic returns resulting from thelr
adoption by growers 1s premature. Offensive research programmes can,
therefore, be divided into three maturity categories: those from
which no economlic results can be expected, those on which economic
results are premature and those that bave failed to produce
technologies of economic value or technologies that for one reason or
another 1t 1s considered undesirable to recommend adoption. The
latter are described as ‘'dry holes' which should be terminated
promptly but whose costs must be 1included in continuing programmes
with the same or similar objectives. A number of offensive research
programmes are not expected to make economic returns but are
conducted to produce biological information of value to other

programmes; these are described as basic research programmes.

Basic Research. Agricultural commodity R&D is essentially 'mission

orientated’ <(as opposed to 'speculative') and involves both applied

and baslc research that aims at contributing to the solution of

practical vprobleme (Arnon, 1%81). Agricultural commodity R&D

organisations will wusually contract out their ©basic research

requirements but occasionally, when the appropriate staff and

facilities are already on hand, it can be more economic - and staff

motivating - to do basic research in-house. The Experiment Station
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has commissioned a number of basic research projects from University
departments and has retained some for conducting in-house; current
examples of the latter being the Eldarna Biology and Hosaic
Epidemiology programmes. Returns and costs of basic research of this
xind are those of the research programmes from which they were
generated; for this reason there is no need to have a separate
category for basic research programmes when returns are estimated for

agricultural commodity organisations.

Defensive Research. The release o©of a new technology or
recommendation seldom implies the end of research on that subject;
most new technologies need to be maintained by what Beattie & Reader
(1971) have called 'Defensive R&D' and described as necessary to
facilitate or enhance the production of existing products. In the
context of agricultural comnodities, defensive research plays an
important rcle in preventing the decline of productivity and in
reducing the costs of production.

A high proportion of the Experiment Station's research must be
categorised as defensive. Released varietles need to be asseszed in
terms of their interaction with different environments and their
reaction with other factors of production; pests and diseases need
to be monitored for changes in virulence or distribution and mnew or
changed production inputs such as fertilizers, herblcldes and growth
regulators need to be tested under local conditions.

On the other bhand a number of programmes are conducted as
precauticnary measures agalnst the possibilities of changes in
production conditions. In the Experiment Station's 1985/86 programme
of work two vprogrammes should be classified as precauvtionary: the
development of machines and equipment (Table 19, item 25 as a
precaution against possible labour shortages or strike action, and
the development of alternative fuels (Table 19, item 26> as a
precaution against shortages caused by sanctions or high prices,

To facilitate the estimation of returns, research programmes can be

divided into three maturity categories. The first, while the

adoption of a new technology is increasing, the second when adoption

has reached a maximum and the third when the technology has been, or
ls being, superceded. For convenience, the estimation of returns on

research programmes that cannot be estimated, even subjectively, are

included in this last maturity category of defensive research.
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Table 20 summarises the classification of the Experiment Statlon's

R&D programme according to kind,

phases of costs and returns, and

maturlity. Services research programmes are included 1in the
classification for the sake of completenmess but because they are
self-financing, or should be, returns on them do mnot require
estimation.

Table 20: Classification of kind, phases and maturity of Experiment

Station research programmes in 1985/86.

Kind of Offensive research Defensive and precautionary research
esearch Productivity increasing] ) ]
researe [ Y g {Productivity maintaining/Cost reducing] [Services] h
Stages of Increasing . .
. . ‘ Early . Maximum adoption Results
biotogical Pre-results results adoption of results immediate
results of results
Increasing Maximum Relatively uniform Minicnum COSI.S relatively
Costs phases uniform and
costs cosls COSts costs .
recovered in fees
Stages of No . . Little or no Nif or Returns =
- economic | Pre- | “Dry | Early | Increasing s
economic " additional unknown fees charged
returns | returns | hole” | returns returns R
returns expected returns Feturns for services
1
rMa[urity cateqory
of research A B C D £ F G —
programmes J
Research |
programmes 41— 1) 10, 11, 14 9,13, 21 27 28 29
by category 5 (- 12} 3 8 1,2 7,12 15, 16, 17 |22, 23, 24 30' 3]' 32
{Numbersrefer | 61{ --15) 18, 19, 20 25, 26 T
to Table 19)
_ | 3

In this chapter the functions of R&D at the SASA Experiment Station
have been reduced - for purposes of estimating thelr contribution to
increases in productivity - to two, namely research and extension.
Before being able to sub-divide the return on research per se among
research programmes, it 1s necessary to deduct from the total return
on R&D that portion attributable to extension, an estimate of which

is made in the following chapter.
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CHAPTER 5
EVALUATIEG AGRICULTURAL COMMODITY EXTEHESIOHN

The term extension was first used in 1873 by Cambridge University to
describe the innovation of '... taking the educational advantages of
the University to the ordinary people, where they lived and warked'
(Maunder, 1972). Agricultural extension was first practised, again in
England, some thirty years before the United States passed the Smith-
Lever Act in 1914 which authorised the financing of agricultural
extension from public funds (Paarlberg, 1987). Vhereas in England the
terms extension continued to be wused in the context of general
education, in the United States - because of the Smith-Lever Act - 1t
became associated specifically with agricultural and rural home
development programmes.

For the OSouth African situation 1in general Bembridge (1979) has
defined agricultural extension as '... assisting farmers to improve
their level of managerial efficiency by integrating the most suitable
package of farming practices into their farming enterprise, aimed at
improving efficiency and profit per unit of production, with the final
objective of improving the quality and standard of living of rural

comnunilties',

DEVELOPMERT OF COMMODITY EXTENSIOHR

Community Development. The original philosophy and content of
extension in the United States was to promote the development of the
rural community as a whole and in spite of the dramatic Changes in the
structure and economics of American agriculture, since that time, the
strong social and educational character of extension has persisted in
the United States and according to Bembridge's definition, in South
Africa as well. In the South African context, with 1its 'two
agricultures' (Nattrass, 1981), the original social and developmental
bias of extension is particularly appropriate in the '... subsistence
orientated and tribally organised ...° agricultural sector.

Agriculture in these developing areas is commonly regarded by the

people themselves as a subsistence rather than an economic actlvity
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and where the 'basic needs' approach (Nattrass, 1986) 1is used to
determine community needs, the promotion of agricultural production is
not always, perhaps even seldom, the highest priority in community

development.

Commercial Farming. In the other South African agriculture, capital
intensive commercial farming, extension has two functions to perform
The first has a profit motive, to promote among farmers the use of
improved production technology and management, while the second has a
social motive, to promote the protection and conservation of natural
resources. These two functions bRave, since the inception of an
agricultural extension service in South Africa, been performed by the

same person who is a public servant and as a rezult intra-personal

conflict is common.

Conflict 1in extension. Duvel (1986) describes conflict (in the

extension context), as tension caused by forces working simultaneously
in opposite directions, as the interests of resource protection and
comnercial farming are commonly perceived to be. Duvel points out
that the extent to which the extension agent himself experiences
conflict depends on his personal philosophy and approach to extension
and he (Duvel) suggests ways in which the extension agent can avercome
the conflict he experiences. These measures are, however, merely
palliative for the individual and he will inevitably perform one of
the two functions with more commitment than the other. The solution
lies 1in allocating the two different and conflicting extension
functions to different organisations and people.

The protection and conservation of natural resources 1is a social
responsibility: the extension agent in that field should therefore be
& vpublic servant motivated by social and perhaps educational
philosophies. The vpromotion of technology and managenment has the
objective of increasing profitability so the extenzion agent with that

task should be essentially profit motivated and employed by a business

concerhn.

Separating social and commercial extension. The first formal attempt

to separate the social and commercial functions of agricultural

extension in Southern Africa was, it is believed, made by the then

Rhodesian Department of Conservation & Extension {(CONEX) during the

75



early 1970s. The demand by farmers for more speclalised advice on
increasingly complex production technology, the widening gap between
research and the farmer and the strong commodity orlentation of the
National Farwers' Union, led to the separation of soll and water
conservation duties from production extension duties (Carlow, 1974).

While this was & bold step in the right direction, its success was
limited. First, the change from generalist (Conservation & Extension
Officer) to so-called specialist (Crop or Animal Husbandry Extension
Specialist) did 1little to improve the. credibllity of extension
personnel, with farmers or researchers, mainly because he was no
closer to the source of technology than before. Secondly, the
communications gap between research and the farmer was not reduced
merely by changing the title and duties of the extension agent who
owed direct allegiance to neither research nor the farmer. Kennan
(1978) measured the effectiveness of communication of research results
published in popular agricultural Journals and found that few
extension agents were able to pass on information effectively to
farmers even after a day in face to face discussion with the
researchers responsible for the information. Furthermore, he found
that many extension agents were technologically ill-equipped to give

any advice at all.

The communications gap between research and the farmer 1s a two-way

gap. Equally disadvantageous to commercial agriculture 1is the
perception '... that researchers are out of touch with farmers'
problems, ... (and) that research programmes tend to be designed in
isolation of such problems ...' <(Cernea et al, 1985). Various

attempts and suggestions have been made to close the communications
gap. Kennan (op. cit) recommended that extension agents be encouraged
to set objectives (presumably including closing the gap) and to
measure progress towards thelr: achievement but it is doubtful if
encouragement 1s enough to result in  action when the extension ageﬁt
probably has a long 1list of required duties, including regulatory
tasks. Cernea et al (gp. cit.) concluded that '... promoting the role
of the farmers in the research-extenslion two-way continuum would lead

to more robust and more readily accepted technologies ... this

endeavour would <(also) provide common ground and encourage additional

cooperation between the two services.' The conclusion is that the

communications gap between research and the farmer will remain so long
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as the informaticn *to be conveyed, in either direction, has to be
transmitted through a third agent responsible to neither party.

The third <chortcoming of the Conex reorganisation was 1ts
incompatibility with commercial agriculture’'s organisational structure
and mpdus operandi which was 1increasingly commodity orientated.
Commercial farmers plan and work in terms of the commodities they
produce: maize, wheat, sugarcane, tobacco, beef, mllk, etc., whereas
most of the research and extension services they required were
organised in terms of disclpllnes. To put together the production
technology package needed for a single commodity 1t was necessary for
a farmer, or an extension agent, to consult as many as five branches
{institutes) 1n two different departments. The exception to this
inhibiting situatlon was tobacco for which the research and extenszion,
as well as all necessary technical services, were available from a
single institute and which provided an outstanding example of how muck
more effective the commodity structure could be.

Beuckman (1984) believes that credibility is the key to effective
extension and contends that credibility is enhanced when the extension
agent is seen to be part of the organisation (in Beuckman's exanmple, a

cooperative}) serving the interest of the farmer.

Commodity extension. The shortcomings of agricultural extension, even
when its sccial and commercial functions are separated, can only be
overcome effectively, and staff wastage reduced, when research,
extension and production services, are all provided by a commodity (or
single interest) association as Beuckman suggests. Donovan <1975)
{llustrated the difference between conventional agricultural extension

as provided by the State on thke one hand and commodlity extension on
the other, in the model, Figure 7.

CONVENTIONAL EXTENSION COMMODITY EXTENSION
A J
O
RESEARCH EXTENSION + pEE,iE‘;?FOEN ———-= FARMER
K B AND

REGULATORY
CONTROLS

¢ D EXTENSION
G F 1L
FARMER RESEARCH

Figure 7 : Maodel comparing conventional and commodity
extension.
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In this model of conventicnal extension there are five barriers; the
communications' barriers, AB between the separate organisation for
rasonreh and oxtension and CD between the public (soclal obfeclives)
and the private <{(procfit motive) sectors; the credibllity barrier EF
between extension and the farmer, the 'ivory tower' barrler GH between
research and farmer, and o0ften a status/career barriler JK between
research and extension, In a commodity R&D organisaticn, because
research and extension are equally important components of the same
organisation which has no compulsory social objectives, there are no
structural or organisational reasons for the existence of barrlers.
I[f barriers are erected they can be removed by monagement within the
commodity organisation 1tself.

Perhaps the most significant difference 1llustrated by these models is
the status of the farmer in relation to research and extension. In
the conventional organisation, the farmer's interests are only one of
the objectives of research and extenslon personnel and, because
research and extenslon are funded by the public, the farmers's
interests do not always receive top priority. In a commodity
organisatlon 1t 1s exclusively the farmers®’ interests, objectives and
requirements that determine research and extension action. Lonovan
(1986) 1listed the six essential requirements for the successful
extension of technology in a commodity R&D organisation, as follows:

t extension must be an integral part of the commodity organisation,
+ extension agents must have no dutles with conflicting objectives,
+ extension agents must have no regulatory dutles to perform,
in his own extension area the extension agent must be the sole
technical representative of his commodity R&D organisation,

+ the extension agent 1s as responsible for communicating
information from the farmers to the R&D crganisation as he is for

conveying technology from the R&D organisation to the farmers,

and
+ the extension agent may only convey information to farmers that
is unambiguous and has been formally approved by the commodity
R&D institute.
The

narrow and commerclally orientated objectives of agricultural

conmodlity extension typified by Huffman's (1980) definition: ',.. the

dissemination of information on production technology, planning and
management' 15 sometimes criticised for being counter-productive of

lmportant social objectives 1in agricultural developnent and the
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conservation of natural resources. Although the definition excludes
by omission the promotion of social and community objectives per se,
it does not exclude the dissemination of technology and production
methods in the form, or with the prescriptions, required by society.
A good example of this is to be found in the advice on farm planning
given to cane growers by their own commodity extension agents which
complies with the State's soil and water conservation requirements.
Furthermore, this study has shown that nearly 8% of the commodity’s
expenditure on research is on soil and water conservation projects.
It is accepted that a few agricultural commodities may not have the
financial resources to operate their own R&D organisation but even
they can avold the disadvantages of the present disciplinary research
and socially orientated extension by employing contract services on an

as required basis for their commodity (Donovan & Nieuwoudt, 1988).

EVALUATING COMMODITY EXTENSION

"Traditionally, it has not been considered necessary to evaluate the
contribution of the extension services to the farming enterprise. Its
role has been primarily one of providing a social service. This is no
longer regarded as sufficient in today's 'results orientated' world.
Extension, like any other service, must advertise its achievements and
establish its worth" (Paxton & Culverwell, 1988, p.221).

Extension is considered an essential part of agricultural commodity
R&D and in any estimate of R&D returns it 1s likely to be a major
component, In the case of the Experiment Station's cost effective-
ness exercise (SASA Experiment Station, 1983), extension was assumed
to comprise half the total return on R&D. In other previous studies
there has apparently been more confidence in the estimates of returns
on research components than in those on extension. Because extension

is likely to comprise a high proportion of the total return on R&D, an

objective method for estimating its contribution to the total return

on R&D would be advantageous.
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Previous Studies. Most evaluations of extension are merely
‘descriptive in nature and use surrogate parameters such as numbers of
farmers visited, subjects discussed, time in consultation, etc. These
parameters are assumed to be correlated directly with productivity and
as such are used as evaluation measures. Better parameters would be
measures of changes brought about 1n farmers' knowledge, skills and
increase in the use of technology but these are more difficult to
quantify and are still indirect indicators of extension effects. For
an evaluation %o be wholly credible it is necessary to measure
changes in levels of production, caused by the adoption of technology,
that are theoretically sound and empirically measurable,
Sim & Gardner (1980) conclude their summary of research and extension
evaluation by saying 'Greater attention must be given to (the
evaluation of) extension because the key role it plavé in transferring
information has not been evaluated in depth ... a framework must be
devised to capture and measure as many of the impacts of research and
extension as possiblet.
In a review of past studies on the return of multi-product State
extension, Huffman (1980) came to the following conclusions among
others:

*  tbe marginal product of conventional extension in multi-product
agriculture 1is a partial measure of a comblnation of all
technical and allocative effects and cannot be applied to any
particular product;

+ the return on extension is proportional to the total value of
farm output but the marginal product of different extension
activities differ, perhaps markedly;
all the effects of extension cannot be captured in one empirical
model;
the dependence of extension on research is aften not taken into
account.

White & Havlicek (1982

suggest that a separate extension variable

should be used in the production function. However, measuring the

separate influence of extension on agricultural production has been

difficult because of the high multicollinearity between theze

variables (research, extension and edvcation) in time-series data.

Even sophisticated econometric techniques such a5 ridge regression

cannot overcome the problem.
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From these earlier studies it 1s evident that methods used 1in the
evaluation of multi-product, State funded and socially orientated
extension are not suitable for estimating the return on commodity
extension.

A few estimates of the return on commodity extension have Dbeen
attempted and these are of more relevance in the present study. Arajl
(1980) used information obtained from interviews with researchers and
extension agents to assess extension's contribution to the future
effectiveness of research programmes and found it to be between 60%
and 78% depending on the commodity. In an earlier paper Araji et al
(1978) used a scoring model to estimate the return on research and
extension and concluded that, depending on the commodity and nature of
the research programme, 25% to 60% of the expected returns to public
investment 1in agricultural research will not be realised without
extension involvement.

Huffman (1980) found nine studies 1in the literature that attempted
estimates of the return on extension. The estimates were, at one
extreme, that extension had no significant effect on value added in
farm production, to the other extreme that extension gave a social
rate of return of 110 per cent,. The estimates between the extremes,

expressed in terms of rate of return, were in the range 1,3% to 20%.

An ex-post estimate. 1In an in-house exercise to estimate the ex-post
cost effectiveness of the South African Sugar Assoclation Experiment
Station as a whole, and its component divisions and programmes (SASA
Experiment Station, 1983), the decision was taken to allocate
arbitrarily to extension half the gain attributed to research. In the
absence, at that time, of a known and suitable method of assessing the
relative contributions of research and extension, equal proportions
were chosen because, at the Experiment Station, they are regarded as
equally important functions in achieving the Experiment Stations
goals. The decision was also justified because the exercise was to
assess cost effectiveness and not the intrinsic value of, or return

on, extension.

Results obtained in the cost effectiveness exercise are glven 1in

Section 1.3 of Appendix 1 and are summarised in Table 21 below. The
costs and gains are expressed as percentages of Experiment Station

totals while the percentage returns are those for the individual

divisions and programmes, calculated as (Gains - Costs)/Costs %.
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Table 21: Estimates of costs, gains and returns on Experiment
Statlon divisions and programmes in 1983.

| pivision " | % of Experiment Stn total % Return
Programme Costs (D) Galns (2) )=/
Agricultural Engineering 19,95 10,34 78
Mechanisatlion 9,43 6,27 93
Farm Planning 6,78 1,94 42
[rrigation & Drainage 2,61 2,09 118
Civil works 0,22 0, 04 29 )
Agronomy 15, 36 17,14 165
Herbicides & Weeds 1,73 4,20 359
Nematicides 0,86 0,83 143
Growth regulators 0,86 2,28 391
Varieties 1,44 0,09 9
General (inc. moist. 2,10 1,30 92
stress)
Fertilizers 8,36 8,44 149
Plant Breeding & Protection 28,31 36,71 185
Breeding & Selection 15,12 26,88 263
Pathology 4,89 7,38 224
Entomology (inc. Eldana) 9,26 2,45 39
Extension 35.78 35, 81 148
Extension & Education 25,05 21,42 127
Training 10,73 14,39 199
Experiment Station totals 100 100 148

The conclusion reached in the cost effectiveness exercise was that
since the total gain from R&D expenditure was 2,29% of tbe value of

the crop at that time, the Experipent Statlon could be regarded as

cost effective. For the purposes of this part of the present study,

it is the magnitude of the estimated returns on extension expenditure,
namely 148%, that is of interest.

An ex-ante estimate. VUsing farm development budget data collected in

a recent agro-economic study of three irrigation districts (HKS-

Agriland, 1088) and the wvnit costs of extension i{n a commodity R&D

institute (Donovan & Nieuwoudt, 1988), an estimate of the patential or

ex-ante returns on extension is possible.
through the

The hypothesis is that
input of additional extension it would be feasible far
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these particular farmers, producing wool, mobhalr and meat as a by-
product, to increase their productivity.

The effects of additional extension input were assumed to result in an
increase in pasture carrying capacity, increases 1n lambing and
kidding percentages and in livestock slaughter mass.

Two production system models were developed in the agro-economic study
but for the purposes of this study, the less productive of the two
systems is used. Toble 22 compares three simulated model farm budgets
at the end of a period of development during which physical resources
and extension input were increaced. The first budget (#1) represents
the present level of production, that is, without increasing physical
resources or extension input. The second budget (#2) represents the
production level achievable with an increase in physical resources
alone {namely of 13,3% in irrigable area, from 45 to 52 hectares).
The third budget (#3) represents the potential production level that
could be achieved with the 13,3% increase in irrigable area together
with the effects of increased extension.

The unit cost of extension in the Sugar Industry, estimated by Danovan
& Nieuwoudt (op. cit.) as R88 560 per annum in 1985/86. can be used
for estimating the cost of additional extenslon in the simulated madel

farn budgets compared in Table 22.

Table 22: Comparison of three simulated model farm budgets 1o rands
per annum (HKS-Agriland, 1988).

¥odel farm development budgets
#1 #2 #3
Present Additional | Additional
resources|irrigation | irrigation
+ extensicn

Gross farm incaome 128 951 141 239 218 662
Production expenses 79 380 83 277 106 543
Water charges 1 815 3 947 3 947
Additional extension costs - - 1 122
Net farm income 47 756 54 015 107 050
YFlxed charges o 12 112 12 112 12 112
Drawings and tax 20 000 20 000 28 000

Net cash farm income 15 644 21 903 66 938

83



Since the number of farms per extension agent (120), size of and
distance between farms are of the same order as those for which the
unit costs of extension were estimated, 1t 1s only necessary to
inflate the Sugar Industry's 1985/86 extension cost {(by 15% per annum
to obtain the estimate of Rl 122 per farm per annum as the unit cost
of additional extension in the simulated model farm budget.

The return on the 13,3% increase in irrigable area, can be calcuated
in terms of net cash farm income as the difference between budgets #1
and #2, that is R6 259 per annum or 40%  The return on additional
extension, which 1t is anticipated would result in higher
productivity, can also be calculated in terms of net cash farm income

as the difference between budgets #2 and #3, that is R4% 03% or 206%.

PROPOSED METHOD FOR ESTINATING RETURNS OX COMMODITY EXTERSION

A method of estimating returns on extension in agricultural commodity
R&D is required that does not have the shortcomings found in existing
methods. These shortcomings are mainly:

+ use of surrogate parameters or indirect measures for output,

+ assuming input {usually cost) caam be equated with output,

+ the use of aggregated or mixed product data,

+ not accounting for the interaction of research and extension.

It is suggested that, at least in the case of the South African Sugar
lndustry, the change in the relationship between the Industry's yleld
per hectare and the yield obtained by technologists in field trials,
can be used as a measure of the transfer of technology or exiension.
1t is suggested that such an estimate overcomes most of the

shortcomings of previcus methods and provides an acceptable measure of
the extension cowmponent in the estimate of returns on agricultural

commodity R&D.

Experimental yield. The yield obtained by sugarcane technologists,

mainly the staff of the Experiment Station, in field trials conducted

to develop and test new technologles, is called, in this study, the

experimental yield. Since in  the «conduct of field trials,

technologists are required to use the 'state of the art! technology as

standard practice, their yields can be considered +those obtainable

when available technology is fully transferred into practice. Host
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field trials are conducted on farms ond estates tbroughout the
industry under the standard of management available locally and they
are subject to the same vagaries of climate and other farming hazards
as the commercial crops. On the other hand the industrial yield,
defined for this study as the average yield for the whole industry,
has been achieved through the use of only that part of available
technology that has been transferred by extension agents up to that
time, and after the grower has taken risk into account.

Data are avallable in the files of the South African Sugar Industry
Agrononmists' Association for most of the field trials carried out by
technologists working in the Sugar industry, mainly Experiment Station
staff. 1n order to make them as comparable as possible with farmers'
yields the following precautions were taken in extracting the data:

+ all yields are expressed in metric tons sucrose per hectare per
annoum,

+ the yield year is standardicsed as the twelve months prior to the
date of harvest,

+ non-commercial practices or technologles, i.e. those not yet
available to the industry, are taken out as far as possible. Far
example, yields of unreleased varieties or resulting from the
deliberate over- or under-application of agricultural chemicals
or the use of unrecommended practices,

+ combining the yields of rainfed and irrigated field trials in the
same propertions as cccur in the lndustry as a whole.

Finally to reduce the effects of errors in the conduct of trials,
faulty recording or processing of field trial data, the highest and
lowest yields, in all between 10% and 20% of the total number in any
year, were discarded. This made very little difference arithmetically
to the mean yileld but would have reduced the variance appreciably.

Sufficient and reliable field trial data are available only since
1957758 but with the establishment of an extension service at the

Experiment Station in 1954, this is not inappropriate. The yield data

of 1 470 trials used in the estimate of a experimental yield. and
rainfall, are given in Appendix 8.
Estimation of experimental yield. Since 1in the conduct of field

trials the 'state of the art' technology must be used and no account

taken of risk, only rainfall needs to be considered in estimating the
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trend of yleld over time. The trend of experimental yleld over the
period 1957/58 to 1986/87 was estimated with equation (2):

Y = - 26,87 + 1,02Xy + 0,04X=> - 0,07Xs - 0,69%Xa ...... 2
(t=2,81) (t=0,47) (t=-2,000 (t=-2,74)
R*= = 0,53,
n = 30,
df = 25.
Where Y = experimental yleld, tons sucrose per hectare
X, = time (year - 1900), eg: 1957-1900 = 57, etc;

Xz rainfall (millimetres/1007;
Xz = =55 \
Xa time® (year - 1800/100)%, eg: (1957-1900/100)= = 0,57=,

The yield data for thls analysis were obtalned from a large number of
different trials conducted throughout the industry but whose sites and
distribution varied from year to year. This 1Introduces more
varlability than would be the case 1f the same +trials had been

conducted on the same sites each year and results in the low R® value
of 0,53.

The change in experimentall yield during each of the three decades 1is
calculated, as shown in Table 23, from the vylelds estimated by

equation (2) for the first and last year of each decade.

Table 23: Change in experimental yileld (tons sucrose per
hectare), 1957/58 - 1986/87 by decades.

Decade Yield Change 1& yleié—
Start (D) End (2) 2) - (O
4. 1957/58~1966/67 8,62 10,11 + 1,49
5. 1967/68-1976/77 10,21 10,46 + 0,25
6. 1977/78-1986/87 10,42 9,43 - 0,99

The trend of experimental yield, estimated by equation (2), is shown

graphically in Figure 8. The apparent decline in experlmental yields

from the mid-1970s. shown in the figure and in Table 23, is discussed
later.

The industrial yield of sucrose per hectare per annum, also shown in

Figure 8, was estimated by production function analysls (page 57) with
the results given in Appendix 6,
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Figure 8: Comparison of experimental yield (Appendix (9
and industrial yield (Appendix 6) in tons
sucrose per hectare per annum, 1957/58 - 1986/87.

Risk. In comparing the increases in yleld obtained by technologists
in field trials with yields achieved by the industry as a whole, it
was decided not to include risk as an Independent variable in the
analyses. First, becauvse in any comparison of yield between years or
eras, the assumption that the risk factors are of similar magnitude is
likely to be as inaccurate as any estimate of risk for different years
or eras based on aggregated and often unreliable data. Difficulties
such as these are likely to be even greater when estimating risk as a
factor affecting changes in yield per bectare during the period
1925726 - 1986/87.

A second and major difficulty in quantifying risk in any estimate of
yield per unit area, is the circumstantial evidence that for both
individual growers and miller-cumplanters, albeit for different
reasons, yield per unit area is not well correlated with utility. For
the individual grower the increase in marginal product over a certain
level is not considered as valuable as tbe additional management time

that it necessitates. 1n the case of the miller-cum-planter, utility
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is usually improved more by mill performance than by yleld of sucrose
per unit area.

A third reason for omitting risk 1s the effect production and price
controls, as well as subsidised input costs, have had on optimum input
allocation and therefore conscious risk management by cane growers.
Ortmann (1985), for example, found that the marginal product for land
was 2,9 times its input cost indicating its under-use as a result of
quota restrictions. Conversely he found the marginal product value of
irrigation water (in irrigated areas of the industry? was only 0,3
times its unit cost, indicating over-use resulting from 1ts subsidised
cost.

Since the introduction of a two-pool system of marketing in 1985 the
cane grower has had to make decisions on production inputs that were
previously taken for him through the mechanlsms of price and
production contrels; risk management is therefore one of the skills
the cane grower will need to ilmpraove because, as Frean (1938) said
when the two-pcol system of marketing was introduced: 'For the first
time cane growers have faced the market and had to make a decision
regarding the production of (B pocl) cane',

However, for the purpose of comparing experimental and industrial
vields, risk needs to be considered because, 1n commercial production
the cane grower can {and usually does) select input levels according
to his subjective assessment of risk, whereas in conductlng field
trials the technologist may not. Technoleogists are required to use
the biological optimum levels of tnputs as defined by the 'state of
the art' technology. This includes ratnfall which has been taken into
account in determining biological optima through the conduct of field
trials under different ecological conditions cover a number of seasons.
The commercial cane growers' risk management also takes into
consideration non-biological production factors such as shortage of
capital, labour supply, cash-flow problems and scmetimes alternative
products.

These 1mportant differences 1in production stirategies between cane

growers and technologists is recognised at the Experiment Station by

the requirement that all technologicel recommendations must be

communicated to the cane grower through the local extension agent who,

In consultation with and knowledge of the particular grower, can

wmodify the recommendations in terms of the grower's risk situation.
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The inclusion of risk as a factor in production function aralysis used
to estimate industrial yield was not possible with any degree of
accuracy, for the reasons given above. [t iz therefore necegsary
either to include an arbiltrary assessment of its effect if industrial
and experimental yields are to be compared per se, or to conmpare the
two yields in terms of their percentage change and the latter option

was chosen.

Productivity of Technology and Extension. As shown 1in Figure &
(page 87) and in Table 24, experimental yields increased, during the
thirty vyear period 1957/58 - 1986/87, from 8,62 to 9]}3|t0n9 SuUCrosa
per hectare per annum, or 9,4%. During thé1;a¢e pepiéd industrial
yield increased by some 40%, from abodt 4,5 to 6,3 tons sucrose per
hectare per annum, The proposed hypothesis is that of the increase
of 40% in industrial productlvity, 9,4% was due to research and the
remainder, 90,6%, was due to extension.

However, to compare the increases in experimental and industrial
yields, in percentage terms, it 1s necessary to use a common base.
Thompson's (1976) concept of a climatic potential yield provides an
appropriate base faor this purpose. <{Climatic potential- yields of 20
and 12 tons sucrose per hectare for irrigation and rainfed cane
respectively (Thompson, 1989) are combined in the same proportion as
irrigation and rainied cane occur in the Industry (1:4) to give an
integrated climatic potential yield of 13:6 tons sucrose per hectare
to be used as the base for comparing experimental and industrial
yields. (5ee Table 26, page 23).

Gf particular interest in this study and in the management of R&D, is
the changes in the relationship between experimental and industrial
yields with time. These changes, Figure 8 and shown in Table 24,
represent the situation well for the fourth and fifth decades. The
fourth decade was a productive oane in terms of new techrology
(Donovan, 1988) and the extension service, having been established
only three years earlier, had not yet had a significant impact on
production. During the fifth decade +the deliberate policy of
daveloping the extension service to accelerate the rate of techrology
transfer, implemented in 1969, was undoubtedly effective and this is
reflected in the considerable increase, from 35% to &3%, in
extension's share of the total increase in productivity due to R&D at

the Experiment Station.
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For each decade the initial and final experimental yield, estimated by
regression analysis (Appendix 8>, and industrial yield, estimated by
production function analysis <(Appendix 6>, are used, with the
integrated climatic potential yield <ICPY)> as the base, to estimate

the relationship between them, as shown in Table 24.

Table 24: Changes in experimental and industrial yields,
expressed as percentages of an integrated climatic
potential yields (13,6 tons sucrose/ha).

Yield 4th decade 5th decade 6th decade
(tons sucrose/ 1956/57 - 1966/67 - 1976/77 -
hectare/annum 1965/66 1975776 1985786

Experimental yield:

initial yield 8,62 10,21 10,42
final vyield 10,11 10,46 9,43
change in yield 1,49 0,25 - 0,99
change as % of ICPY#* 10,96 1,84 - 7,2

Industrial yield:
initial yield
final yield
change in yield

change as % of ICPY#

Ratio of experimental
to industrial percent- 65 : 3% 33 : 67 -ve ! tve
ages of change, as
percentages

However, the decline in experimental yield indicated for the sixth
decade in Table 24, and by the yield trend shown in Figure 8, from the
mid-1970s, suggests that abnormal conditions must have been
responsible. Two such conditions are believed to be mainly
respansible for the decline:

Two of only five seasons since 1890 with less than 700 mm of rain

occurred during the sixth decade, including the lawest on
record, 006 mm in 1983/84; the long-term mean rainfall being
991 nmn.

To promote the eldana research programme, an increasing number of
field trials were deliberately sited in areas of heavy eldana

infestation resulting in a higher proportion of f{rials being

conducted where eldana was prevalent,

The adverse effect of these two circumstances was not alleviated by a

decade of productive technology. Apart from two new varieties, N12
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and N14 <(released in 1979 and 1980 respectively, but which made up
only 1,4% and 6,4% of the total crop by tge end of the decade), and
early harvesting techniques devised to contain eldana populations but
not to improve sucrose yield, no new technologies were produced during
the decade.

To maintain the positive experimental yield trend that has been shown
in Table 13, albeit at a very low rate of increase, it is considered
appropriate to arbitrarily project the experimental yleld curve from
its highest point, 10,50 tons in 1974/75 and 1975/76,.to 10,52 tons in
1986/87. as shown in Figure 9.

) 7
Projected (
experimental yield \

Experimental yield \

Experimental yield, tons sucrose/ha/a

Industrial yield, tons sucrose/ha/a

1957 59 61 63 65 67 69 7 73 75 77 79 81 83 85 87

Year

Figure 9: Comparison of projected experimental
yield and industrial yield in tons sucrose per
hectare per annum, 1957/58 - 1986/87.

The projection of the estimated experimental yield to 10,52 tons per

hectare at the end of the decade is supported by the calculations in

Table 25, These calculations involve adjusting‘experimental yield for

the two years of exceptionally low rainfall (1980/81 and 1983/84) by
substituting the yield predicted for those two years in the regression

of rainfall on experimental yield (Appendix 8), and by compensating

for the loss of yield through eldana infestation at the rate of 0, 0625
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tons sucrose for each eldana larva per 100 stalks of cane (SASA

Experiment Station, 1884) .

Table 25: Calculation of an adjusted experimental yileld for
comparison with the projected technological yield,
for the decade 1976/77 - 1985/86, tons sucrose/ha.
Year Rainfall Eldana Yield adjustment | Yield (tons sucrose
{mm? per 100 for per bectare)
stalks rainfall |eldana%¥| actual | adjusted
L (2) (3 (1+2+3
1976/77 1 452 no data ntl nil 10,89 10,890
1977/78 1 006 0,9 nil +0, 058 11,64 11,698
1978/79 1 037 0,9 nil +0,058 12,09 12,148
1979/80 880 2,1 nil +0, 131 10,90 11,031
1980/81 876 6,5 +1,57% |+0,406 8,85% 10,626
1681/82 1 007 8,3 nil 10,519 8,74 9,259
1982/83 933 3,9 nil +0, 244 9,10 9,344
1983/84 606 9,0 +1,80% |+0,562 8,09 10,452
1684/85 1 415 4,8 nil +0, 300 10,21 10,510
1985/86 1 035 4,3 nil +0, 269 8,93 9,199
Mean (adjusted experimental yield for the decade)| 10,516

* Yield estimated by regression (Appendix 8) minus actual yield.

*+ 00,0625 tons scurose for each larva per 100 stalks.

The mean adjusted experimental yield for the decade was obtained by

adding to the actual yield column (33,

.due to low rainfall in the two years,

the estimated yield shortage

1080/81 and 1983784,
and the estimated vyield loss due to ¢ldana,

column (1),

column (2). The result,

10,516 tons sucrose per hectare, supports the arbitrary choice of

10,52 tons as the estimated yleld for the end of the decade.

It 15 now possible to revise the relationshlip between experimental and

industrial yields, and thereby the respective contributions of

research and extension to the Sugar

the projected
experimental yield in Table 24 on page 90.
with

Industry's increase in

productivity, by  substituting for

the actual
This i1z done in Table 26
the result that the percentage contributions of research and

extension to the Sugar lndustry's increase in productivity, during the



three decades were, respectively 65% and 35% in the first decade, 37%
and 63% in the second decade and 17% and 83% in the third decade.

Table 26: Revised relationship between estimated experimental
yield and industrial yield by decades, 1956/9'7 - 1965/86.

Yield 4th decade 5th decade 8th decade
(tons sucrose/ 1656/57 - 1966/67 - 1976/77 -
hectare/annum 1965/66 1975/76 1985/86

Experimental yield:

initial yield 8,82 10,21 10,50
final yield 10,11 10,50 10,02
change in yield 1,48 0,29 0,02
change as % of ICPY# 10,96 2,13 0,15
Industrial yield:
initial yield 4,4 5,6 6,2
final yield 5,2 6,1 6,3
change in yield 0,8 0,9 0,1
change as % of ICPY# 5,88 3,68 0,74
Ratio of experimental
to industrial percent- 65 :+ 3D 37 :63 17 @ 83
ages 0f change, as per-
centages

# integrated climatic potential vyield

1t is hypothesised that the lndustry's productivity, as previously
estimated by production function analysis (Table 13, page 58), can be

apportioned to researck and extension in proportions given in Table 26

for the three decades.

Farm and ficld trial yields. The relationship between farm yields and
yields in field trials has been examined previously for different
purposes. Davidson & Martin (1965) contended that if a relationship
could be established between farm and experiment yields, much time
could be saved in developing and introducing new technologies. These
authors investigated farm - field trial relationskips for rice, sugar
and wheat in different parts of Australia. For sugar, using 61
observations, they found Y = 0,023 + 0,548X the best fitting
regression equation between farm yields (Y) and experiment yields (X).
However, they suggest that for crops (but not for livestock) that the
relationship is curvilinear with the rate of increase in farm yields
declining with increasing experimental yields. The opposite appears

to be the case in the South African Sugar Industry as is indicated in
Table 26.
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Within the South African Sugar Industry, the simple relationship of 9
tons of cane (or 1,129 tons sucrose) per 100 mm of water (effective
rainfall) used by the crop, has been employed for more than 20 years
to estimate farm production levels. This relationship 1s derived from
a comprehensive irrigation research programme summarised in a review
paper by Thompson (1876). The practical form of the relationship,
Yield = 0,8E. x 9/100 was used to '... estimate the potential vyield of
cane 1In an average year 1in a porticular region from meteorological
data ...' (5SASA Experiment Station, 1982). The factor 0,8 1s used to
reduce Class A pan evaporation to evapoiranspiration on an annual
basis and the factor 9/100 represents 9 tons cane per 100 mm of evapo-
transpiration.

In uvsing this relationship to estimate yilelds obtainable by cane
growers, it has become common practice to substitute 70% of the
rainfall on the crop for the 0,8Eo factor, and to reduce the yield by
30%, being the assumed relationship between 'better farmer' yield and
fleld trial yield.

Table 27 summarises the relationships reviewed and proposed in the

present study between farm (industrial) vyields and field trial

(experimental) yields.

Table 27: Relationships developed between farm and field trial yields
0on sugarcane,

Production Reference Farm yield as % of
area fleld trial yield
Queensland Davidzon & Martin (1969) - 55
South Africa Thompson (1976) 70
("better farmer' yield>
Present study, 1957/58 51
1986787 67

In view of the hypothesis that the transfer of technology can be

measured by the change in the relationship between experimental and

industrial vyields, the question of yield limits or potential yields

needs to be considered. Using Thompson's (1976) relationship between

yield and meteorological factors and the results of analysis of field

trials carried out for this study, 1t is possible to postulate

potential yield levels as shown in Table 28. It has already been
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noted (Table 26) that over the past 30 years industrial (average farm
yield has increased more than the experimental (field trials) yield.
The estimates of potential yield in Table 28 indicate that the
differences between climatic potential and experimental yields and
between experimental and industrial yields are now of a similar
magnitude and may also have reached a similar stage in the degree of

difficulty for further increase.

Table 28: Estimates of potential yields of different kinds in tons
sucrose per hectare per annum

Kinds of yield Yield Reference or

Irrigated| Rainfed |Integrated factors used

Climatic 20,00 12,00 13,60 Thompson (1976)
potential

Field trials

(experimental) 15,11 10,01 10,52 See Figure 9

Better growers 10,58 7,01 7.36 70% of field trial
yields (Thompson,
19769

Average grower
(industrial) 9,04 5,99 6,3 60% of field trial
yields and

86% of 'better'
grower yields

This suggests that it might be possible to estimate the lag in the
adoption of technology from a comparison of the rate of increase in
experimental and industrial yields. In such an estimate the effects
of specific influences on yield that are not yet affected by research

output, such as the stem-boring pest eldana, would need to be assessed

separately and objectively.

CONCLUSIOR

Agricultural commodity extension has developed from the original

community orientated extension as a result of the commercialisation

and specialisation of agricultural production.
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Estimating returns on the expenditure on agricultural extension has
not been successful previously because no appropriate means of
measuring extension effects have been found for the nixed product
output of agriculture and because no satisfactory method of separating
the effects of research and extension have been proposed.

For agricultural commodity extension, and specifically, for the South
African Sugar Industry, it is suggested that the change 1n the
relationship between the Industiry's yleld and the yield obtained by
technologists in field trials, the experimental yield can be used as a
measure of the transfer of technology or extension. During the 30
years 1957/58 to 1986/87 the experimental yield increased by 22%, from
18,62 to 10,52ft0ns sucrose per hectare, while the industrial yield
igz;égsed by 43,2%, from 4,4 to 6,3 tons sucrose per hectare. It is
suggested that the increase 1in experimental yield represents the
return on the 'state of the art'® technology and the increase in
industrial yield, less the increase in technological yield, represents
the return on the transfer of technology or extension. For evaluation
purposes this means 51% and 49% of the industry's increase in
productivity aver the 30 years (viz. 1,85 tons sucrose, Table 16, page
62), can be attributed to technology and extension respectively.
However, it 1s the <change 1in +the ©proportions attributable to
technology and extension during the 30 year period that (s of
particular significance for management. For example, *technology's
contribution to the industry's productivity declined from 65% during
the fourth decade, to 37% during the fifth decade and finally to 17%
during the sixth decade. Conversely, Extemsion's contribution
increased from 35% during the fourth decade to 63% during tbe fifth
decade and finally to 83% during the sixth decade.

The objective of this proposed metbhod of apportioning the total return
on R&D between technology and extension is to obtaln a better estimate
of the return on technology for subdivision among research programmes.
The remainder of the return on R&D is attributed to "extension" but 1t
is outside the scope of this study, to sub-divide it among the various

components of extension, such as education, training, experience and

other factors.

The return on technology estimated 1in this chapter 1is apportioned

among those research programmes capable of generating returns, in

terms of toms of sSucrose, in the following Chapter 6.
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CHAPTER 6

EVALUATING COMMODITY RESEARCH PROGRAMMES

For the purposes of estimating returns,the Experiment Station's
individual research programmes were considered by kind of research
and category of maturity into which they were classified in Table 20
(page 73). Estimating was be done either objectively, when the data
available was substantive, or subjectively. when some or all the data

had to be inferred.

As shown in Table 20, the largest group, 28% of the total number of
research programmes conducted by the Experiment Station in 1985/86,
was 1in the mature category F. Most of these programmes were
initiated some years ago as offensive research programmes to develop
new technologies for increasing yields or reducing costs. VWith time,
these technologlies have matured through the stages of early and
increasing adoption by growers until they have reached their present
stage of maximum adoption when little or no further returns can be
attributed to them. As many as possible of the programmes that reach
the stage of maximum adoption, should be terminated and the
management decision to do so, at the optimum time, would be
facilitated 1f the levels of adoption are known or monitored.

Some of these programmes may need to be maintained in order to
prevent yleld decline or to provide for the testing of new or
additional technologies that become avallable, for example
fertilizer, Therbicide and nematicide +trials. They should be
described as maintenance research programmes likely to give little
and only occasional return on expenditure. There are also other
mature research programmes that need to be continued in order to
monitor production conditions and factors on a permanent basis but
which generate no (or unknown) returns; these are classified in
category G and typical examples are the control of pests other than
eldana, monitoring leaf scald and investigating acid chlorosis. This
is the second largest category in the Experiment Station's research
portfolio for 1985/86, respresenting 25% of the total. Since no
returns are obtained on this category of research programmes, it can

also be described as maintenance research.
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The third largest category of research programmes in 1985/86, nearly
19% of the total, is conducted to improve the technical services
available to growers from the Experiment Station. No returns need be
estimated for these programmes because their costs are, or should be,

recovered as fees for the services.

At the other end of the maturity range are three categories of
research programmes which also generate no or negligible returns;
these are categories A, B and C which represent respectively research
programmes:
- on which no returns can be expected (basic researchy, those
- that have not yet generated technologies (i.e.: biological
control of eldana), and those
- that have been aborted for one reason or another (i.e.:
chemical control of eldana).
These three categories together represent nearly 16% of the total
research portfolio which, added to the previously discussed 72% in
categories F, G and Services, on which no returns are obtained,
leaves only four programmes, about 12% of the total number, in

categories D and E on which returns can be expected.

OFFENSIVE OR STRATEGIC RESEARCH PROGRAMMES

Offensive research programmes are those 1initiated to increase
productivity and profitability. Seven of the Experiment Station's 32
research  programmes in 1985/86 can be classified as offensive or
strategic but only one of them, Plant Breeding, was at that time
making a return on expenditure. This 1is because the category of
offensive research programmes includes basic research, those in early
stages of development or those whose technologies have yet to be
adopted by growers. The exception, Plant Breeding, 1s a mature
programme 1in terms of development but which 1is producing new
technologies (varieties) on an on-going Dbasis. 0f the seven
varieties released from the Plant Breeding programme and which were
still in production 1in 1985/86, four were in decline and three were
increasing their share of the area under cane.
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Plant Breeding. 'The search for new varieties started as soon as
sugarcane began to be grown on a plantation scale. In the early days
these varieties were imported in large quantities and inevitably
brought in with them diseases that have continued to plague the
Industry up to the present day. The Industry became at one stage
solely dependent upon the variety Uba, which had originated in India.
Vhen Uba later failed, a crisis arose within the Industry, and this
in turn led to the establishment of the Experiment Station' (SASA
Experiment Station, 1975).
That the variety crisis was the maln motivation for the Industry
initiating research is further evidenced by the Sugar Association's
resolution in 1921 '... that it is vital to the industry that cane
diseases, the right varieties of cane for South Africa and proper
methods of cultivation should be studied...' (SA Sugar Association,
1923). The first formal definition of objectives for the Experiment
Station (SASA Experiment Station, 1924) 1listed 'Establishment of
varieties other than Uba' as the first item and varieties have
remained in that priority position through to the present. The
latest Annual Report of the Experiment Station (SASA Experiment
Station, 1989) still gives plant breeding pride of place among its
activities.
An objective estimate of the return on the plant breeding programme
(Table 19 #1) has been obtained by the calculation of a variety yield
index (YI) for the Industry as a whole from avallable substantive
data, as follows:

YI = (Pa x Ya) + (Pb x Yb) ... (Pn x Yn)/100
when Pa, Pb, Pc ... Pn are the percentages of the Industry's total

cane production produced by the varieties a, b, ¢ n in order of
their release (Appendix 9>, and Ya, Yb, Yc ... Yn are the yield
indices of the individual varieties (Inman-Bamber, 1988 and Appendix
10>.  An individual variety index is calculated as the percentage by
which it was higher (or lower) than a standard variety in a series of
variety trials. The standard varieties used and the percentages by

which they differed from the preceding standard variety are given
the following Table 29,

in
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Table 29: Percentage differences between standard varieties
used in calculating variety yield indices.
(Appendix 10 for data)

Standard variety Percentage difference from previous
standard variety
‘Other varieties' 140% of Uba
Co 331 112% of Co 301 (in 'other varieties')
NCo 310 120% of Co 331
NCo 339 93% of NCo 310
NCo 293 106% of NCo 310
NCo 376 106% of NCo 310

The first official statistical returns of the agricultural sector of
the South African Sugar Industry show that, at 30 April 1923, 99,83%
of the area under cane was of the Uba variety (Dodds, 1926). To
protect the Industry from the effects of mosaic disease, which had
been 1identified in 1922 and to which Uba was fortunately resistant,
legislation was 1ntroduced 1in 1927 to prohiblit the growling of any
variety other than Uba (SASA Experiment Station, 1975). The
recognition of Streak disease, to which Uba was highly susceptible,
and the avallability <(after 1925) of quarantine faclilities for
screening introduced varieties, ended the Uba monopoly in 1931. From
1925/26 to 1930/31. therefore, the varilety yleld index for the
Industry 1s that of the only varlety grown, Uba which, for the
purposes of this study, 1s taken as 100. From 1931/32 introduced
varieties, and later locally-bred varleties, were released and the
Industry's annual varilety yleld 1ndex 1s calculated from the
percentage total cane production attributable to each variety and its
yield in relation to Uba and subsequent standard varieties. The
annual variety yleld index is given in Appendix 12.

The objective return on the Plant Breeding programme can now be
obtained from the change in the yield index for any particular
period, as summarised in Table 30 below. For 1985/86 the return on
plant breeding can be calculated as the percentage annual increase
attributable +to varlety improvement during that decade, namely 0,14%
(Table 30) of the annual increase in sucrose production per hectare

(0.72/10 tons;, Table 13, page 58) on 409 533 hectares (Appendix 5),
that is: 0,14 x 0,072 x 409 533 = 4 128 tons.



Table 30: Percentage increases in yield attributable to
Plant Breeding through variety improvement.
(Data from Appendix 11).

Decade Percentage yield increase

for the decade mean annual

for decade
1925/26 - 1935736 12,04 1,204
1936/37 - 1945746 17.09 1,709
1946/47 - 1955/56 23,37 2,337
1956/57 - 1965/66 7,89 0,789
1966/67 - 1975/76 2,95 0,295
1976/77 - 1985/86 1,40 0,140

In the plant breeding programme the selection for disease (Table 19
#2) is done by pathologists as well as plant breeders but the
programme contributes to the same objectives as the plant breeding
programme and 1s therefore included in the objective assessment of

returns made for plant breeding above.

Biological control of eldana. The stem-boring caterpillar Eldana
saccharina has become the most serious pest of sugarcane in South
Africa during the last two decades. It is commonly found in all but
the higher and cooler areas of the Industry and all varieties can be
attacked (SASA Experiment Station, 1988b). Surveys of the incidence
of eldana have been conducted throughout the Industry for some years
and the 1levels of 1infection 1in different regions have been
established and are continuously monitored (Thompson, 1988). The
natural fluctuations in eldana infestations at any particular site,
probably due to weather and climate effects, as well as the
indication that infestations rise to a relatively high level before
declining to a lower 'stable' level, make it difficult to estimate
the efficacy of control measures. By its nature, the Biological
control programme (Table 19 #3) will have a long lead time and it is
still too early for results to be assessed in economic terms although
biological results appear promising. Without quantitative results,
the return on the programme cannot be estimated for the datum year
(1985/86) but a tentative and ex-ante estimate can be made of the

potential returns on the programme by subjectively estimating the
loss caused by the pest.
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Between 1985/86 and 1987/88 the average number of eldana per 100
stalks rose from 1,61 to 3,24 (Thompson, 1988) and the loss in yield
for every 1 eldana per 100 stalks was estimated at 0,5 tons of cane
per hectare (SASA Experiment Station, 1984). If, as Thompson
(op.cit.) suggests, a stable eldana level of 2 eldana per 100 stalks
can be accepted, the industry-wide loss of sucrose per hectare in
1987/88 would be approximately 0,0775 tons [(3,24 - 2) x 0,5 x
0,1251, giving an estimated total loss to the Industry of 31 000 tons

of sucrose in that year.

Eldana biology. This programme (Table '19 #4) consisted, in 1985/86,
of six projects to obtain a better understanding of the nature and
behaviour of the pest. Although the primary objective of these
projects is to improve the chances of success in more applied work,
the results will not, in themselves, be capable of assessment in
economic terms. The programme must, therefore, be considered a basic
research programme, and 1its cost will be added to those of the
Biological control programme which will be the main beneficiary of

the biological information it was designed to provide.

Mosaic epidemioclogy. This project (Table 19 #5) 1is the basic
research component of the mosalc control programme (#12) which 1is to
be considered later. The objective 1s to investigate the
eplidemiology of mosaic, particularly the virus-vector-host

relationships, the results of which will be exclusively of biological
value and not capable of economic evaluation except as part of the

mosalc control programme from which it was generated.

Nematode biology. The research work on nematodes has been shared
between nematologists and agronomists working together, with the
former concentrating on the more basic biological aspects and the

latter working on the agronomy of nematicide use under local

conditions. In the recent past, projects have also been commissioned

with Universities when specialized staff and facilities were not
available at the Experiment Station. This programme provides an
excellent example of the advantages of flexibility in management

Inherent in commodity controlled R&D. The nematode biology programme

(Table 19 #6), consisting of two projects, has the objectives of

studying the potential for biological control of nematodes and
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investigating the relationships between sugarcane, nematodes and
environmental conditions. It 1is, therefore a basic research
programme the costs of which nust be added to those of the nematicide

programme (#15) to be considered later.

DEFENSIVE RESEARCH PROGRAMMES

Defensive research is conducted to prevent yield decline, reduce
costs of production or to monitor production factors and conditions.
0f the Experiment Station's 18 defensive programmes in 1985/86, 11

were still making some, albeit limited return on expenditure.

Gultural control of eldana. The objective of this programme (Table
19 #7), consisting of three projects, 1s to assess the incidence and
effects of eldana wunder different management conditions and in
different varileties, Two of the projects are in the entomology
portfolio and one in the plant breeding programme. At present the
plant breeding project 1is simply +to assess the level of
susceptibllity or resistance exhibited Dy released varleties (Huss et
al, 1986) and is therefore, correctly classified as defensive R&D.
Vork 1s contemplated on the breeding of varietlies with resistance to
eldana (Bond, 1988) and this would be classified as offensive
research and part of the plant breeding programme. Since the
prospects of complete control of eldana are not good and 'Once it
became apparent that the problem was not a transient one ...'
(Carnegie, 1987) and the pest accepted as a permanent feature of the
Industry, albelt stabilized at a low level of infestatton (Thompson,
18887, the priority for including eldana resistance as a major
selection criterion on the plant breeding programme, must be very
high.

The research programme of cultural control of eldana has
demonstrated that eldana numbers in cane increase rapidly with

cane

age (Carnegie, 1983) and this led to the recommendation that cane

should be harvested as young as possible. Murdoch (1988) concludes

that harvesting cane at a younger age '... does not appear to have

Increased vyields but it may, of course, have stayed a fall (in

yleld>'. The recommendation to harvest at a young age remalns valid

because a lower population of eldana is, in 1tself, a desirable
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situation even if other effects of harvesting young cane counteract
the benefits of lower eldana nunbers. A more recent project
(McCulloch, 1989) has shown that the use of a chemical ripener can
increase the yield of early harvested cane by between 0,7 and 1,3
tons sucrose per hectare. 1f returns on this programme were
estimated for 1989 (instead of 1985/86) they might, therefore, be
higher.

1f the industry-wide increase in eldana numbers per 100 stalks from
1,61 to 3,24 between 1985/86 and 1987/88 (Thompson, 1988) and the
loss in yield of 0,5 tons of cane per hectare for every 1l eldana per
100 stalks (SASA Experiment Station, 1984), are taken together with
Murdoch's (1988) conclusion that the industrial vyield bhas not
declined, a subjective estimate of the return on this programme can
be calculated as (3,24 - 1,61>/3 x 0,5/8 x 409 533> = 13 906 tons of

sucrose in that year.

Chemical control of eldana. The results of work up to 198%5/86 on
this programme (Table 19 #8) were sufficliently discouraging to make
its continuvation undesirable from an environmental protection point
of view. The programme is best considered a 'dry hole', that is, one
that has not produced positive results, 1in economic terms, but the
costs of which must be taken into account if returns on research are
not to be over-estimated. Negative results are not necessarily
without value, particularly biologically, because they can contribute
to scientific knowledge.

The costs of this programme should (probably)> be added to those of
the eldana biological control programme because in the long term, the
outcome of research on eldana control is most likely to be in the

form of integrated control to which various methods of control

contribute.

Control of pests other than eldana. For the datum year 1985/86, this
programme (Table 19 #9) involved no field or laboratory work although
costs were incurred in monitoring the pest situation generally. This
1s not always so; in preceding vyears experimental work was
undertaken to find suitable substitutes for Dieldrin which had given
good control of white grubs but the sale and

subsequently prohibited.

use of which was
In the programme of work for the Entomology

Department is the injunction 'To maintain contact with extension
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and the industry so that problems can be recognised and subjected to
investigation when necessary ...' (SASA Experiment Station, 198%).
This commitment, and the type of work that results, 1s typical of
defensive research and since even subjectlve assessment of vyield
loss, or avoidance of loss, 1is not possible, the costs of =uch a

programme must be debited to the maintenance of crop protection.

Ratoon Stunting Disease (RSD). This disease causes a greater
overall loss 1n yield than any other sugarcane disease in South
Africa. It 1s caused by a bacterium and occurs 1in all cane growing
areas, affecting all varietles, some more severely than others
(Bailev & Bechet, 1986). Estimates of the level of infection in
commercial fields, obtained from the records of the R3D diagnostic
service provided by the Experiment Station in which an average of
nearly 3 500 fields are sampled annually, are considered a reasonable
indication of the status of RSD in the Ilndustry <(Bailey, 1988).

These estimates are summarised in the following Table 31.

Table 31: Percentages of cane samples infected with RSD

during three two-year periods 1982 + 1983, 1984 + 1989
and 1986 + 1987.

Periods Years Percentage infection
1 1982 + 1983 12,9
2 1984 + 1985 11,8
3 1986 + 1987 8,3
6~year (1982 - 1987) mean 11,0

From these data the average annual decline in RSD infection is found

to be 0,77% [ (12,9 ~ 8,3>/86] per annum on an average infectign level

of 11%. Bailey (op.cIt.) has estimated that the losses caused by RSD

amount to 2,9% of the industry's annual production, therefore a

subjective estimate of the return on the research programme (Table 19

#10) on this disease is 0,175% (0,77/11 x 2,9) of the value of the

Industry's crop in 1985/86; 1in terms of sucrose, 4 515 tons.

Smut. Smut is the most serious disease problem facing the Industry

with regard to both potential loss of vield and the difficulty of

contrcl once it becomes severe (Bailey, 1979). Bailey's congervative
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estimate of the Industry's loss in yleld due to smut in 1978/79 was
50 000 tons of cane or approximately 6 000 tons of sucraose. The only
effective contrel mneasure for smut 1s the planting of resistant
varietles and the selection criterion of smut resistance 1s part of

the Plant Breeding programme. The Smut control programme (Table 19

#11) is defensive research with the objective of develeoping
practical and agronomic methods of maintaining, rather than
increasing, vyield. Pearse (1989) obtained small but significant

yield increases in only two of six field trials on rogueing where
smut levels were high and no increase ipn the two trials where smut
levels were low, The +trials showed, however, that rogueing
effectively reduced the incidence of smut and is therefore
advantageous in pmaintaining yields.

Balley (1979) estimated the loss of yield caused by smut and mosaic
as 50 000 and 40 000 tons of cane per annum. If the technologies
developed by the research vprogrammes on smut and mosaic control are
being used on an additional 10% of the area affected by these
diseases each year, the returns on these programmes can be estimated

subjectively as 625 and 500 tons of sucrose in the datum year.

Kosaic. Mosalc 1s a virus disease which occurs frequently in
sugarcane grown in the coastal hinterland and higher altitude areas
of Natal (Balley & Fox, 1987). Effectlive control 1s, like =mut, only
possible with the planting of resistant varieties but the cultural
control measures developed in this programme (Table 19 #12) are
effective in maintaining yields. The subjective estimate of the
return on this research programme, 1s calculated 1in the previous

paragraph, as 500 tons of sucrose in 1S85/86.

Leaf scald. This 1s a bacterial disease presently under control
because all released varleties are resistant and varieties under
development in the Plant Breeding programme are routinely tested for

susceptibility to the disease before release. 1t can be assumed,

therefore, that leaf scald causes the Industry no loss. A project to

improve screening techniques for leaf scald is part of the Plant

Breeding programme but the cost of that part of the programnme

(Table 19 #13) concerned with monitoring the disease locally, and
participating in the international project on variation 1in the Jleaf

scald pathogen must be debited to research malintenance.
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Fertilizers. Thompson (1968), reviewing the work done and results
up to 1968, concluded that the major influences on fertillzer use in
the sugar Industry were the increased area under cane, quota
restrictions on production and world sugar prices. The situation
twenty vyears later, as indicated 1in Table 32 below, suggests that
fertilizer usage increased at a faster rate than the area under cane,
prabably due to intensive research programmes on fertilizer use and
sugarcane nutrition at the Experiment Station since the 19505 which

have played a significant part in substantially increasing cane

yields ..."' (Meyer & Wood, 1985) .

Table 32: Percentage increase in area under cane and use of
fertilizers, expressed as decade averages. [ (Data from
Thompson (1968), Meyer & Wood (1985) and Turner (1988)]

Decade Average percentage increase in
area under cane Fertilizer use
1956/57 - 1965/66 42 | 193
1966/67 - 1975/76 33 57
1976/77 - 1985/86 | 27 19

The fertilizer vprogramme (Table 19 #14) is, at the present time, a
defensive research programme to maintain yields. There are, however,
four completed fertilizer R&D projects that could still be making
returns and therefore need to be considered (Meyer, 1989).

A research project on soil mineralization led to the assessment of
nitrogen requirements being made in terms of a soil's mineralization
capacity and not only on expected yield. The potential effect of
this was that on approximately 190 000 hectares of humic soils, a
previous recommendation of 150 - 160 kilograms of nitrogen could be
reduced to 100 kilograms per hectare without loss in yield. It is
subjectively estimated, from the unit cost of nitrogen to the grower
and confidential information on the amount of nitrogen sold in the
datum year, that the saving effected was worth the equivalent of

2 425 tons of sucrose.

The second fertilizer project that could still be making returns was

on the availability of phosphorus. Because many of the soils an

which sugarcane is grown were found to be deficient in phosphorus in

the virgin state, research programmes on phosphorus were amongst the

earliest started after the establishment of the Experiment Station in
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1925. Some forty years later work on phosphorus became necessary
again because phosphorus-fixing soils came into use when part of the
Natal Midlands were developed for cape growing in the late 1960s
(Meyer, 19807, In that project, the response to the much higher
levels of superphosphate recommended, was estimated at about 1 ton of
sucrose per hectare per annum on the 50 000 hectares of phosphorus-
fixing soils (SASA Experiment Station, 1983a). -The changes 1in
phosphorus consumption given in Table 33 below suggest that by
1084/85 it is unlikely that any further return can be credited to the
research project and the costs of further research work on phosphorus
availability must be debited to research maintenance. This 1is
confirmed in a more recent paper by Meyer & Wood (1989) who believe
that '... the amounts of P (phosphorus) used in the sugar industry
have been similar to those which experimental results indicate to be
necessary ...'.

An associated problem on the 50 000 hectares of phosphorus-fixing
soils is aluminium toxicity. The finding in a research project was
that about D tons of lime per hectare could increase yields by about
12 tons of cane per hectare. Information of the use of lime <{(¥Wood,
1989) indicates that about 25 000 ftons are still used annually. On
the assumption that the recommended rate is used (it is unlikely to
be higher) and that it 1Is applied only at re-planting (the only
practical time), 1t will take ten years before all high aluminium
solls have been f{reated. For 1985/86 therefore, the subjective
estimate can be made that on 5 000 hectares, yields were increased by
6 tons of cene, half the experimental yield, or 0,75 tons of sucrose

per hectare, a total of 3 720 tons,

Table 33: Mean annual percentage change in fertilizer
use, 197%/76 - 1979/80 and 1980/81 - 1G84/85.
Fertilizer type 1975/76 - 1979/80 1880/81 - 1984/85
All fertilizers - 1,4 + 4.8
Nitrogen + 1,0 ~ 1.4
Fhosphorus + 0,5 + 0,3
Potassium - 1,5 + 1,1
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The fourth research project on fertilizers that could still be making
returns was on potassium,  In early trials by the Experiment Station
yield responses to potassium were disappointing, probably because low
rates of potassium were used and soil potassium levels were still
relatively high (Mever and Wood, 1983). Since then the potassium
nutrition of cane has received much attention from Experiment Station
and Industry agronomists. The percentage change in consumption of
potassium shown in Table 33 suggests that the recommendation
emlnating from the research project on potassium has been
inplemented is supported by the conclusions after the most recent
survey {(Meyer et al, 1989) are '.., that there are no large scale
nutrient deficiencies, apart from potassivme ...'. Unfortunately
there are insufficlent data on vyileld increase and area on which
higher rates of potassium fertilizers were used, to allow an estimate
of the returns on the research project.

The programme on fertilizers, including the four projects discussed,
15 a defensive research programme classified in the maturity category
F because returns can still, or occasionally could, be obtained as
has been shown in the case of the nitrogen and lime projects, and

also because changes 1in input prices or types could change the

econowics of fertilizer use,

Nematicides. In addition to the basic research work on nematode
biology conducted by nematologists, which has been discussed (page
102), a considerable and successful research programme (Table 19 ¥15)
has been carried out on nematicides by agronomists. The effects of
various factors such as soil pH and clay content, rainfall and the
age at harvest on the yield responses of sugarcane to the nematicide
Temik were reported by Donaldson (1985). These data may be of value
in contributing to an estimate of the return on R&D responsibie for
the development of the nematicide itself, but this is not the
objective of the present study. The return on industrial R&D put
into developing nematicides, ar any other production factors, is

recovered through the price charged for the product. Research at the
Experiment Station on nematicides is conducted because nematicides
! are an important factor limiting sugarcane yield ... (5paull,
1981) and its importance can be judged from data provided by Spaull &

Cadet (1989) who estimate the annual loss in yield of sugarcane due
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to nematodes in Burkina Faso, the lvory Coast and South Africa. The

South African data are given in Table 34.

Table 34: Estimated annual loss in yleld of sugarcane due to
nematodes in South Africa. <(after Spaull & Cadet, 1989).

Soil clay Approximate area Loss in yileld Estimated total
category (hectares? {(tons cane per loss in vyield
ha/annum) (tons cane)
2- 5% clay 35 000 19.0 €65 000
6-10% clay 75 000 11,8 885 000
10-35% clay 165 000 5,8 937 000

Estimates of losses in yleld for the lndustry as a whole, vary from
0,9 million tons of cane in 1981 <(Spaull, 1981) to 2,5 millian tons
of cane 1n 1989 (Spaull & Cadet, 1989). In the cost effectiveness
exerclse (SASA Experiment Station, 1983), the return on nematicide
research at that time, was subjectively estimated as an annual vield
increase of 90,25% on 20% of the Industry's soils; for 1985/86& this
would be equlvalent to 1 290 tons of sucrose. Confidential data on
the sale of newmaticides (May-Baker Agrichem, 1989 and Agricura
Rumevita, 1989> suggest that since 1985 there bas been no significant
and consistent increase in the use of nematicides by cane growers,
indicating that this research programme can have generated little

further return after that date, 1989.

Growth regulators. The Experiment Station was the first institute to
demonstrate the ripening effects of Ethrel and Polado on cane and
that, under sultable 1irrigated conditions, artificial ripeners could
increase yields substantially. An estimate of the potential return
on the original offensive research programme on growth regulators
would have been based on the assumption that abowt 17% of +the
Industry's area under cane could have produced an additional 3 tons
of sucrose per hectare per apnum (SASA Experiment Station, 1983), a
total of over 200 000 tons of sucrose. However, the subjective
estimate of returns on this programme was that on 17% of the area
under cane an '... annpual average improvement in effectiveness, or

reduction of cost, of 0,5% can be anticipated ...' (SASA Experiment

Station, op. cit.); expressed in terms of sucrose this 1s 1 205

tons. This estimate 1s likely ta be valid for 1985/86 but thereafter
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any lncrease 1in the use of growth regulators was probably for the
purpose of reducing yield loss in cane cut early for eldana control
purposes. This is confirmed by confidential information provided by
the agro-chemical company which has the main share of the market for
growth regulators (ICI Farwers, 1%89).

The continuing work on growth regulators (Table 19 #16) is defensive
research concerned with +the relationship between ripeners and
varieties, nitrogen fertilization, moisture stress and lodging of the
crop, as well as testing phytotoxicity and recommendations proposed

for new growth regulators that may come on the market,

Herbicides, Unlike the original research programme on growth
regulators which had the objective of, and achieved, increased
yields, the early work on herbicides was intended to reduce yield
loss due to weeds. In spite of this, the work on herbicides,
starting with the ploneer projects in the 1960s, has been of
conslderable value to the Industry. By 1983 the programme was '..

probably concerned (only) with the (weed) problem situations that are
causing no more than a 0,05% reduction in crop throughout the
Industry’ (5454 Experiment Staticn, 1983), In terms of sucrose
this is equivalent to 1 290 tons which 1is taken as the subjective
estimate of the return on the herbicide R&D programme in 1985/86,
Sales of herbicides 1indicate that, as in the case of growth
regulators, there has been no significant and consistent 1increase in
the use of herbicides since 1985 (ICI Farmers' Organisation, 1989;
Agricura Rumevita, 1988; May~Baker Agrichem, 1989 and Shell
Chemicals, 1989>. The present programme on herbicides (Table 10 #17)
must, therefore, be consldered defensive research to maintain

productivity with, perhaps, some cost saving potential.

Trashing. An offensive research programme on the value of trash,
started in the early 19605, resulted in a potential yleld increase of
9 tons of cane per hectare per annum when cane was trashed at harvest
instead of burmned. For a number of reasons, not the least being the

higher cost of labour, the practice of trashing declined and more

recent findings in the continuing, but now defensive, research

programme (Table 19 #18) indicate that the practice of spreading cane

tops left after burning, together with the use of herbicides, can

have at least half the value of a full trash blanket. The 1983
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subjective estimate of returns on this programme (SASA Experiment
Station, 1983), which 1s probably applicable in 1985/86, was that
yield 1is increased by 0,375 tons of sucrose per hectare on 0,5% of
the area under cane; this is equivalent to 768 tons of sucrose. The
increasingly strong environmental lobby against cane burning is an
additional reason for <continuing this programme as defensive

research.

Variety agronomy, In choosing a variety to plant, a grower is
committing himself to that varlety for as much as ten years on a
particular field; furthermore replanting is the most expensive
production operation. The choice 1is therefore important and should
be based on the available information on the varlety's performance
under ecological conditions as similar to those of the field as
possible. This defensive research programme {(Table 19 #19) has that
objective as well as providing information on the interaction between
varieties and such important factors as fertilizer nitrogen
requirements, susceptibility to moisture stress, cutting age and the
effects of ripeners. Evaluation of this kind of programme can
probably only be made subjectively and in negative terms. The cost
of not making the right choice of wvariety is estimated as 0,625% of
production on 9% of the area under cane, or 806 tons of sucrose {(SASA

Experiment Station, 1983).

S0il amelioration. This research programme {(Table 19 #20) includes
a number of projects, in three departments of the Experiment Station,
on how to overcome the adverse effects of bad management on some of
the Industry's most potentially productive scils. ¥ork on drainage
and the amelioration of saline solls has demonstrated that in many
cases, productivity can be restored. Since any form of soil
amelioration is costly, research needs to continue on technigues and

costs to make possible +the recovery of as many hectares as

economically possible. This programme typifles malintenance research
on which returns are difficult to estimate but with about 0,03% of
the area vunder cane amelicrated «in 1983) resulting in a vyield

increase of at least 6,25 tons o0f sucrose per hectare (SASA

Experiment Station, 1983), a subjective estimate of the return on

this programme would be the eguivalent of 768 tons of sucrose.
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Soil compaction. This is another research programme (Table 19 #19)
on which it is 4impossible to estimate returns. For reasons of
environmental protection and productlion economics 1t seems desirable
to conduct such a programme which 1s therefore classified as
maintenance research. Field trials have indicated that losses of ten
tons of cane per hectare can result from soil compaction caused by
the in-field use of heavy machinery when the soil is too wet (Meyer,
1989) .

Acid chlorosis. This is a minor research project (Table 19 #22) on
which the returns, 1f they could be estimated, would probably be very
small. However, because the problem has a dramatic appearance, it 1s
considered worth investigating for psychological reasons 1n  the
research maintenance category. The costs should be borne by the

fertilizer research programme (#14).

Fitrogen fixation. This 1s a relatively minor but potentially
important project motivated by the high cost of nitrogen fertilizer.
The research 1s conducted on nitrogen-fixing bacteria that are
naturally associaticn with sugarcane roots. No returns can be
estimated yet for this programme (Table 19 #23) and the costs should

also be borne by the fertilizer research programme (#14).

Lysimetry. The likelihood of irrigation water becoming a much more
expensive production factor makes 1t wise +to have a Dbetter
understanding of the <crop x water interaction including the
possibility of differential varietal response to applied irrigation
water. This 1s, therefore, a typical defensive research project
(Table 19 #24) that has no pay-off itself but which could maintain
productivity at lower cost; its costs should be borne by the

Irrigation research programme {(#29).

PRECAUTIONARY RESEARCH PROGRAMMES

The third category of research required in an agricultural commodity

R&D institute is Frecautionary research, that is research undertaken

as a precaution against some future adverse circumstance. The return

on this kind of research, not measurable in economic terms might be
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assessed as insurance is assessed, namely 1in terms of 1its cost
(premium) in relation to the potential loss (risk) 1t covers. The
costs of precautionary research, like the premuims on other

insurance, should be a charge against overheads.

Development of machines and equipment. The cost and supply of
agricultural labour in the cane growing areas of South Africa at
present, makes the mechanisation of most cane production operations
unnecessary, perhaps even undesirable, and unecononic. However, the
situation is likely to change at least in terms of cost, while the
possibility of supply also being reduced must not be ignored. To
reduce the risks of these eventualities the Agricultural Engineering
department conducts 11 projects in this programme (Table 19 #25),
developing machines and equipment for harvesting, transporting,
transloading, planting, tilling and for other operations, as a form

of insurance.

Alternative fuels. As a precaution against the shortage of liquid
fossil fuels or in the event of on-farm production of ethanol from
sugarcane being permitted, as it is in Brazil, this programme (Table
19 #26) was initiated. Its objectives are to investigate the
practical implications of running diesel and petrol engines on pure

and varied proportions of ethanol.

SERVICES RESEARCH PROGRAMMES

Six programmes undertaken at the Experiment Station in 1985/86 are
described as Service research, conducted to provide or improve
technical services required by sugarcane growers. With the adoptioﬁ
of a user pays policy it 1s incumbent on the Experiment Station to
provide growers with efficlent and high quality services and, because
some of these services are also available commercially, to keep their
costs competitive. At the same time, it would be wise to ensure that
all marginal costs of providing technical services are taken into

account when setting the charges for them. A primary reason for

adopting a wvser pays policy was to avold the situation in which all

growers pay, through the levy, for services wused by only some

growers. Certain programmes and projects are conducted to back-up or
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to improve technical services and thelr costs should be recovered as
part of the charges for them. There is no return per se on these

programmes, equally their costs should not be met by the Industrial

levy.
Crop production systems. In South Africa sugarcane is grown under a
wide range of soil, topographical and ecological conditions. The

most economical cane production systems for the variety of conditions
need investigation as do particular field operations. The projects
in the present programme (Table 19 #27) on cane production systems
investigate, vparticularly from a cost reducing point of view,
fertilizer handling, stool pruning and eradication, planting methods
and crop spraying equipment and methods of application. The costs of
this work should be recovered by the charges made for the Farm

Planning Advisory Package available to growers.

Machine utillization and performance. To provide a complete and
competent mechanisation advisory service for growers, 1t ls necessary
to have locally determined data on costs and performance of the
machines wused 1n the Industry. This programme <(Table 19 #28)
compriszes six projects with this objective and 1ts costs should be

recovered by charges made for the Mechanisation Advisory Package.

Irrigation. In thls programme <(Table 19 #29) there are three
projects 1nvolving a number of departments, on various aspects of
Irrigation. Investigations include short cycle irrigation for soils
with limlted total avallable moisture characteristics, methods of
trickle irrigation and computer simulatlon of irrigation. The value
ot these projects to the Industry is to improve the Irrigation
Surveys and Advice Package avallable to growers from the Experiment

Station, the charges for which should include the costs of these

projects.

Apalytical chemistry. Most of the work done in this programme
(Table 19 #30) 1s in support of, and to improve, the Experiment

Station's fertilizer advisory service; the costs of the programne

should therefore be recovered through the <charges for soil

surveys/sample analysis and the Fertillzer Advisory Package. The

projects 1n this programme include investigations toc improve the
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prediction of potassiuvm avallability, to lmprove the computerised
foliar analysis system, to assess the value of infra-red reflectance
analysis techniques, and others.

This category of research can occasionally provide opportunities for
generating revenue outside the Sugar Industry which should not be
neglected. It is traditional at the Experiment Statlon not to patent
original developments and techniques. While this is logical enough
in the case of findings that can only benefit sugarcane growing,
there 1s two-fold merit in taking advantage of financial returns that
might be available from leasing, selling or patenting results that
can be of advantage to other industries. In addition to the merit of
increased revenue 1is the advantage of belng able to recognise, and
perhaps also reward, technologists who are engaged primarily in
routine type work. A recent and relevant example of this 1s the
development at the Experiment Station, of rapid analysis of cane
juice by near infra-red reflectance (Meyer & Wood, 1988 and HMeyer,
158585, As a result of this development at the Experiment Station,
other 1industries, notably in paper makling, are using the technique
without having to pay for any of the development costs, which have

been met by those cane growers who use certain services from the

Experiment Station.

Run-off and catchment projects and Modelling soil and water loss are
two programmes (Table 19 #3]1 and #32) conducted to underpin and
improve the Farm Planning Advisory Package available to growers from
the Experiment Station. They have two other advantages, the first
being an expression of the comwnitment of the Experiment Station to
the cause of environmental protection and secondly, they provide
interest and motivation for technologists who would otherwise be

limited to routine service work. The costs of these programmes

should be built into the charges for the appropriate advisory package
unless the Sugar Industry, as distinct from the Experiment Station,
wishes to take advantage of the image building value of these

programmes, in which case it may decide to meet the costs out of the

general levy,
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SUMMARY OF ESTIMATED RETURNS ON RESEARCH PROGRAMMES

The estimates of returns on 1985/86 research programmes, made in
Chapter 6, in terms of tons sucrose, are summarised in Table 39.
Table 35: Summary of returns on 1985/86 research programmes
expressed in tons of sucrose.
Research Basis for assessment of returns|Estimated returns
Programme or ¥ Reason for no assessment as tons of sucrose
or Project Dhjectiv Subjective
Yield| Yield
in- main-
creasdq ten-
ance
1.Plant 0,127% of production (see yield
Breeding index, page 99
Z2.5election 4 128
for disease|# Included in #1 above
resistance
3.Biocontrol |+ Long lead time
eldana Nil
4.Eldana * Basic research (include costs
biology in #3) Nil
5.Mosaic epi-|* Basic research (include costs
demiology in #12) Nil
6. Nematode tBasic research (include cosfs
biology in #1933 Nil
7.Cultural 0,5 tons cane/hectare/1 eldana/ L7 906
control of 100 stalks
eldana
8.Chemical *'Dry hole' i.e. no economic
control of results (include costs in
eldana #3) Nil
9.Control of [*¥ No data (include costs in
other research maintenance? Nil
pests
10, Ratoon Industry crop loss 2,5% at 11% 4 315
stunting infection, declining 0,77% p.a.
disease
11.5mut 10% reduction p.a. in industry 625
loss
12 . Mosaic 10% reduction p.a. in industry 500
loss
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Research Basis for assessment of returns|Estimated returns
Programme or ¥ Reason for no assessment |as tons of sucrose
or Project Objectivel Subjective
“Yield | Yield
in- main-
creasqd ten-
ance
13, Leaf Scald |* All varieties resistant
(include caosts in #1D Nil
14.Fertilizers|See page 107 for methods of es-
timating returns on fertilizers
Nitrogen 2 435
Lime 3 750
15. Nematicides| Yield increase 0,25% on 20% of 1 290
area under cane
16.Growth Cost reduction of 0,5% on 17% 1 209
regulators |of area under cane
17.Herbicides |Yield loss of 0,09% avoided 1 290
18.Trashing Yield increase of 0,375 tons 768
sucrose per hectare on 0,5% of
area under cane
19.Variety Wrong variety reduces yield 806
agronomy 0,629% on 9% of area under
cane
20.5011 Yield increase of 6,25% on 768
aneliora- 0,03% of area under cane
tion
21.Compaction | * No data on area affected Nil
or effects (include costs in
#20 abave)
22.Acid *# No data on area affected or Nil
chlorosis effects (include costs in #14
abave)
23.Nitrogen * Basic research (include Nil
fixation costs in #14 above)
24.Lysimetry ¥ Basic research (include Nil
caosts in charges for services
to growers)
25.Machine ¥ No data, i.e. effects of Nil
develop- labour action. Costs regarded
ment as insurance
260.Alterna- * No data on fuel shortages/ Nil

tive fuels

sanctions (costs = insurance)
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Research Basis for assessment of returng Estimated returns
Frogramme or ¥ Reason for no assessment as tons of sucrose
or Project [bjective| Subjective
Yield |Yield
in- main-
crease| ten-
ance
27.Cropping * Costs met by charges for:-
systems - Farm Planning Advisory
Package
28.Machine ~- Mechanisation Adviscry
utilization| Fackage
29.Irrigation - Irrigation Surveys and
Advice Package
Rl
30.Analytical - soil surveys/sample analy-
chemistry sis and Fertilizer Advisory
Package
31.Run-off and|*% Costs met by charges far:-
catchment - Farm Planning Advisory
Research Package
32.Modelling - Farm Planning Advisory
scil and Package

water loss

The totals of returms, as tons sucrose, of the different categories
of research in 1965/86, were:-
Yield increasing programmes:
- estimated objectively (plant breeding) .... 4 128
- estimated subjectively (all others) ,...... 10 216
Yield maintalning programmes:
- all estimated subjectively

Total of subjectively estimated programmes

In the following Chapter 7 the returms on research programmes are
converted from tons sucrose to rand and then compared with their
costs. The comparison is made specifically for that year (Doncovan,
1966, fortunately a year ip which no abnormal expenditure occurred
and which can therefore be considered as representative as is the

decade mean used for the returns of that year.
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CHAPTER 7

RETURNS AND COSTS OF AGRICULTURAL COMKODITY R&D

Productivity in the South African Sugar Industry was estimated by
production function analysis in Chapter 3 and expressed in terms of
tons of sucrose per hectare per annum. The average annual increase
in productivity due to production technology during the decade
1976/77 -~ 1986/87, was 0.168 tons sucrose per hectare per annum
(Table 15, page 61). Using this mean value for the year 1985/86 when
409 533 hectares were under cane (Appendix 5), the return on
production technolagy, generated by R&D at the Sugar Experiment
Station tbat vyear, can be calculated as §§ 802 (0,168 x 409 533)
tons of sucrose.

In Chapter 4, the work of the Experiment Station, with the abjective
of increasing productivity, was defined as consisting of three
primary functions, research to develop production technology,
extension to transfer production technology to producers and growers
advilsory services to improve producers capability of using production
tecbnology.

In Chapter 5 a method of apportioning increases in productivity
betweaon research and extencion fndicated that, in 1985/86, 17% of the
iecrease in  productivity due to production technology was
attributable to research and 83% to extension (Table 26, page 93).
In terms of tons of sucrose, therefore, the return on the research

component of R&D in 1985/86 was 11 €96 (68 802 x 0,17) tons and
on extension 57 106 (68 802 x 0,83) tons.

Gross returns. Of the gross return on research, namely 11 696 tons
sucrose, 4 128 tons were estimated objectively as the return on the
plant breeding programme (Table 35, page 117). leaving 7 568 tons to
be apportioned among all other research programmes that can only be
estimited subjectively. Since the total of the subjective ectimates
of research programmes is 10 216 tons, it is necessary to reduce then
Dy 25,92% to come witbin the 7 568 tons available.

To be consistent,

tbe <came reduction, 25%,92%, 1is used to reduce the subjective
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estimates of the yileld maintaining researchd programmes, from 21 642
tp 16 032 tons sucrose. The adjusted total return on the whole
research component is, therefore, 23 602 tons sucrose. Table 36
lists the research programmes on which subjectively estimated returns
were made in Chapter 6, their adjusted returns (74,08%) for
comparison later with costs, and their adjusted returns converted to
rands at the average price received by growers in 1985/86, nanely

R218,14 per ton of sucrose (Appendix 9.

Table 36 : Returns on research programmes in rands after reducing the
subjective estimates by 25,92%.

Research Programmes Estimates on returns ]
Tons sucrose ' 000

Subjective | Adjusted! Rands
Cultural control of eldana 13 906 10 302 2 247
Ratoon Stunting Disease 4 515 3 345 730
Smut disease control 625 463 101
Mosaic disease control 500 370 81
Fertilizer trials 6 185 4 582 1 000
Rematicide trials 1 290 956 209
Growth regulator trials 1 205 893 195
Herbicide trials 1 290 956 209
Trashing 768 569 124
Variety agronomy 806 597 130
Soil amelioration 768 569 124
Totals: 31 855 (23 602 5 150

Costs. To estimate the return on R&D it is necessary to deduct the
costs obtained from the survey of technologists time and costs of all

line function activities at +the Experiment Station 1in 1985/86

(Donovan, 1986). The cost survey was structured departmentally to

provide information for management purposes but it was done 1in
sufficient detail to allow rearrangement under the three functional
categories of research, extension and growers advisory services which

is necessary for the present study. There are some items of
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expenditure that cannot oe allocated to one of the three functional
categories, for example costs of liaison with organisations outside
the Experiment Station and the costs of precautionary R&D which is a
form of insurance. Costs of these kinds in other businesses are
usually regarded as overheads and they are classified as such in this
study. Table 37 below is an example of the information obtained from
the eleven departments included in the cost survey carried out in

1985/86 (Donovan, op. cit.).

Table 37 : Pathology departmental costs 1985/86.

Taechnologists Assistants Hands Costs (R}
Programme of Work Total
Time | Cost | Time | Cost | Time | Cost | Total staff All (R}
% R % R % R time other

Services 65 968
RSD diagnosis 23 4622|129 6160| 10,8 |2025 12 807 11919 | 24726
Specialist Advice 22 | 4421 02 96 4517 4 204 B 721
Quarantine 4.1 8238 501} 2388) 7,2 11350 11976 11146, 23122
Education 18| 3617 0,2 96 3713 3456 7 169
Seedcane 05 1005 08 150 1155 1075 2 230
Functions 144 439
Monitoring (2) 0,2 402 402 374 776
Selection (1) | 21,4 | 43001 71 3390| 31,7 |4944 52 335 48 708 1 101 043
" Inter-dept co-op 6,3 |12659| 04 192 7,4 |1388 14 239 13252 | 27491
* Liaison 231 4622 0,2 96| 2,7 506 5224 4862 | 10086
" Congresses 13| 2612 2612 2 431 5043
Research programmes ' 305 943
Mosaic (12) | 22,2 (44606 445 [21246| 200 |3750 69 602 64 779 | 134 381
Sinut (11) 44 8 841 2,6 1242 6,0 |1125 11208 10431 21639
RSD (10) | 15,1 |30342| 94 | 4489 8,2 |1538 36 369 33849 | 70218
Leaf scald (13) 08 1608 04 1921 072 38 1838 1710 3548
Nematodes (16) 119 123912 6.8 3247 0,7 131 27 290 25399 | 52689
N-fixation (23) 0.3 603 0,2 96 0,5 94 793 738 1531
Tissue culture {5) 10| 2009 16 764 2,7 506 3279 3052 6 331
" Co-ord projects 19 3818 85 4059 11 206 8 083 7523 | 15606

After allocating the appropriate items in Table 37 to growers
advisory eervices and research programmes (which have been numbered
to correspond with the programmes listed in Table 19 on page 70),
there remain four 1tems of cost, marked with asterisks, to be
allocated. Inter-departmental cooperation and congresses are
concerned almost exclusively with the promotion of research and are,
therefore, allocated proportionately to the department's research
programnes. Liaison costs are those incurred by technologists in

maintaining contact with organisations outside the Experiment Station
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and must, therefore, be regarded as an overhead cost of the Station
as a whole. The fourth cost, of coordipated projects, 1s allocated
proportionately to the specific programmes or services concerned.
There are also a number of progreammes conducted for purposes other
than research and their costs require approppriate re-allocation.
Six programmes, namely, crop production systems, machine & equipment
utilization, analytical chemistry, irrigation investigations, run-off
& catchment projects and modelling soill & water loss, are conducted
to improve advisory packages and technicel services available to
growers; their costs should be considered recoverable as fees
charged in terms of the user pays policy.

Five programmes, namely eldana bilology, mosaic epidemiology, nematode
biology, nitrogen fixation and the lysimetry project, are basic
research investigations on which no economic returns can be expected.
However, since thelr biological results are 1ntended’to promote other
applied research programmes, their costs are re-allocated
accordingly.

Two other programmes, the development of machines & equipment and the
alternative fuels profect are classified as precautionary R&D; their
costs should be regarded as insurance premlums and 1included in
overheads, Of a similar nature are two programmes, monitoring &
control of pests (other than eldana) and the leaf scald project which
are conducted as precautions agalnst the outbreak of pests and

diseases; these progremmes are better classifled as research

maintenance.

pe=)

A number of other defensive research programmes would also be

classified as research maintenance when they no longer generate

returns, for example the routine programmes on diseases, pests,

fertilizers, herbicides and growth regulators.
There are two projects which are conducted at the behest of

producers, namely the soil compaction and acid chlorosis projects.

The expenditure on such work may be justified on psychaological

grounds but they are unlikely to generate economic returns and thetir

costs should, therefore, also be included in overheads.
Research programmes that fail or are discontinued for various reasons
before the resulting technology is recommended, are the 'dry holes'

0f which the chemical control of eldana is the only example in the

datum vyear. The costs of such programmes have %o be written off as
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overbeads as is common practice in commercial and {ndustrial R&D
organisations.

Finally, the costs of programmes in early stages of development or of
those that have yet to produce technology that can be lmplemented,
should be regarded as loans to be repaid when economic results are
obtained. The gathering of biclogical information and data as well
as the bulking up and testing of parasitic material, -can be regarded
as capltal accumulation for investment later in a pezt control
programme that 1is expected to produce economic returns. The
Experiment Station's research programme, blological control of
eldana, 1is in this category and for the purposes of estimating
returns, i{ts annual cost can Dbe regarded as interest an the

accumvlated capital invested in the programme.

The result of these considerations is that the Experiment Station's
departmental costs can be allocated to the three primary functions
research, extension and services as well as to overheads as shown in

Table 38.

Table 38 : Allocation of Experiment Station departmental costs to
Research, Extension, Services and Overheads (in thousand

rands).

Department Research |Extension [ Services |Overheads
Agricultural Engineering 11 437 329
Agronomy 386 32 20
Chemistry & Soils 143 265 99
Education & PR 127

Entomology 73 14 780
Extension 1 084 1 171 93
Farmp Planning 2 488

Pathology 429 83 16
Plant Breeding 1 362 27 42
Publications 116 11
Training 903 4
Totals 2 406 1 084 3 663 1 354
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The data in Table 38 provide interesting insight into the proportions
of costs and thereby a measure of the relative importance given by
the policy and management decision-makers to the three primary
functions of an agricultural commodity R&D organisation. If the
concept 1is accepted of allocating to overheads the costs of
malntenance and precautionary research, as well the costs of ‘'dry
holes' and of research programmes that are in early stages of
developmernt, then the share of all R3D costs by the, now four,

functions, is as shown in Table 39.

Table 39: Reallocation of R&D costs to functions.

Services 43,07%
Research 28,28%
Malntenance and Precautionary research 15,92%
| Extension 12,74%

An asseszment of the relative importance of these functicns
exciusively in cost terms irn this way is5, however, simplistic because
it is generally accepted that without the tramsfer of technology -
the function of extension - re=earch and, to some extent, ocervices

would be of much less value.

Rates of return. The purpoze of cowmparing costs of research with
returns of the derived benefits, is to obtain a measure of payoff in
relation to research expenditure whlch, for convenience, is expressed
ac rate of return. .Two rates are commonly used in studies of
research payoff, external rate of return and internal rate of return
Griliches (1958) used the external rate of return in his estimate of
the payoff of hybrid corn. To conpute the external rate of return,
the flow of costs and returns is accumulated, or discounted, to a
particular date, using a discount rate that reflects the real
opportunity cost of capital in the econeony. Internal or marginal
rate of return is the rate of interest which reduces the accumulated
costs to equal the accumulated returns at a particular time. The
external and internal rates of return, being derived from the sane
data and assumptions, are therefore only alternative ways of

expressing the relationship between costs and returns. A third
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method of expressing thls relationship 1is the benefit:cost ratio
which 1is moerely the numerical equivalent of the percentage average
rate of return.

Rates of return studies have been criticised for a number of reasons

(Ruttan, 1982), for example:

- they usually fail to take account of complementary technical
inputs and related marketing and extenslion costs incurred to
achieve the higher productivity obtained from the adoption of a
new technology:

- they are very sensitive to assumptions made on the shifts of the
supply curve resulting from the adoption of new technology;

- rates of return, especlally the external rate of return, are
very sensitive to the rate of interest chosen to discount
accumulated costs and returns;

- rates of return are most often applied only to successful
technological developments and thereby tend to exaggerate
returns as in the case of Griliches'(1958) hybrid corn study.

The benefit:cost (B:C) ratio bas also been criticised <(Sassone &

Schaffer, 1978) when 1t 1s used to compare the return on research

projects because a project with a higher B:C may have a lower total

benefit than a project with a lower B:C.

These «criticisms of the early studles of rates of return,

particularly those using the 1index number method of estimating the

increase 1in preductivity, do not apply to the same extent to more
recent work especlally those using the production function approach,
For example, Griliches (1964) included agricultural research and a
number of complemetary factors as separate varlables 1in a Cobb-

Douglas type production function study of the factors contributing to

increased productivity.

Because neither the external nor marginal methods of estimating the

rate of return on individual agricultural commodities bhave given
results that can be considered more accurate than general orders of
magnitude, the more recent tendency has been to pay more attention to

estimating returns on aggregated and national R&D rather than to RA&D

on commodities (Ruttan op. cit.). There is also the difficulty in

estipating returns on agricultural commodity R&D that '... All over

the world there 1is a move towards discussing agricultural R&D

programmes in terms of objectives related to national needs, such as

preventing pollution or saving imports‘(Wise. 1975). For these
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purposes, that is, for national policy decision-making, the use of
rates of return, of whatever kind, may play an important role but
there 1is the danger that the factors particularly amenable to
mathematical analysis are the ones analysed and not necessarily the
important factors decision-makers should take into account (Wise op.
cit.).

It would seem from all these considerations that it would be better,
for the purpose of estimating the return on R&D and its component
programmes in an agricultural commodity organisation such as the
Experiment Station, to use a rate of return suited to the particular
circumstances and one that is conceptually familiar to the decision-
makers concerned, rather than one devised for different purposes and
less easy (for managers) to comprehend. Since the Experiment
Station's Cost Effectiveness Exercise (SASA Experiment Station, 1983)
used the rate of ‘net return', that is [ (returns - costs)/costsl, it
would seem appropriate to use this rate in the present study as well.
So that some comparisons can be made with returns on R&D estimated in

other studies, the marginal rate of return is quoted when it is

given.

Net return. An important objective of this study is to demonstrate
the value for management purposes of having estimates of both the
costs and the returns on R&D down to programme level. To this end
the departmental costs of R&D, given in Table 38, were allocated to
programmes or projects, using the information available in the survey
of costs and technologists time conducted in 1986 (Donovan, 19886) ,
the results of which are given in Appendix 12. Returns, estimated
previously (Table 36, page 121), are brought together with costs
(Appendix 12) in Table 40 to derive estimates of net returns, in
percentage terms, and benefit:cost ratios of Experiment Station
functions and of those twelve programmes that generate returns.

Net return is calculated as [ (returns - costs)/costs] with negative
signs indicating that programme costs exceed their

returns.
Benefit:cost ratios are calculated as returns/costs.
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Table 40 : Costs, returns, percentage net returns and benefit:cost
ratios on Experiment Station 1985/86 programmes.

Programme ‘000 rand % net B:C
Costs | Returns returns | ratios
Vhole Statlon programme of work | 8 507 | 15 008 76 1,76
Yhole Station excluding services | 4 844 15 008 210 3,10
Extension 1 084 12 457 049 11,49
Research (all programmes) 3 760 5 148 37 1,37
Research (excluding maintenance
and precautionary programmes) 2 744 S 148 88 1,87
Research + Extension 3 828 17 505 357 4,57
Ipdividual Research programmes:
Trashing (spreading tops) 4 124 3 000 31,00
Cultural control of eldana 73 2 247 | 2 978 30,75
Growth regulator trials 20 195 875 9,75
Ratoon Stunting Disease 78 730 836 9,36
Fertilizer trials (N & Lime) 130 1 000 669 7,69
Smut disease control 24 101 J21 4,21
Fematicide trials 104 209 108 2,01
Herbicide trials 114 209 83 1,83
Soil arelioration 104 124 19 1,19
Variety agronomy 123 130 6 1,06
Plant breeding 1 474 900 - 3% 0.61
| Mosaic disease control 155 81 - 48 6,52

The programmes that generate no returns,

be estimated, have had thelr costs allocated as follows:

Basic Research Programmes

Eldana biology, R118 700 to Biological control of eldana:

Mosaic epidemiololgy, R7 000 to Mosaic disease control;

or on which returns cannaot
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Rematode biology, ES8 300 to Namaticide trials;

¥itrogen fixation, R1 700 to Fertilizer trials;

Lysimetry, R2 600 to Irrigation investigations;
Immature FResearch programmes (on which there are no returnz but on
which future returns can be expected):

Biological control of eldana, R64Z2 800; regarded as a 'capital

loan' with the cost {interest) borne as an overhead cost.
Frecautjonary Research programmes f{overheads debited with costs):

Developrment of machines and equipment, R2%4 300;

Alternative fuels project, R63 800;

Services programmes (costs recaovered as fees):
Crop production systems, RS4 900;
Machine and equipment utilization, R63 700;
Analytical chenmistry, R49 300;
Irrigation investigations, R37 700;
Run-off and catchment project, R34 100;

¥odelling soil and water loss, R72 $00.

Comparison of returns oo R&D. Returns on R&D and various components
of R&D, obtained in this study, are compared with a selection of

those obtained in other ctudies, in the following Table 41,
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Table 41 : Comparison of rates of return on various categories and
compopents of R&D, expressed as net return (8§R), marginal
rate of return (MRR) or benefit:cost ratio (B:C). (Data
from Appendix 1 and Table 40, all ex-post studies unless
otherwise stated).

NR% MRR% B:C
1. Research/Experiment Stations
Scottish Plant Breeding Station 3,10
SASA Experiment Station, 1983 12 1,33
excluding services 77 3,03
SASA Experiment Station, 1985/86 76 1,76
excluding services 210 3,10
2. Research compoaent of R&D
SASA Experiment Station, 1983 93 1,92
SASA Experiment Station, 1985/86 37 1,37
excluding maintenance and
precautionary programmes 88 1,87
3. Extension component of R&D
US Western Region, mean of nine
commoditles, [Ex-ante! 19
HKS-Agriland report, [Ex-antel 4,28
SASA Experiment Station, 1983 148 1,12
SASA Experiment Station, 1985/86 [L 049 11,49
Hine studies (Huffman, 1980> 1 - 20

[ Ex-antel

Extension 60% to 78% of R&D
(Araji, 1980

and 25% to 60% of R&D
(Araji et al, 1975

4. R&D (Research + Extension)

Sugarcane, 1945-1958, Evenson (1969):

Australia 50
India 60
South Africa 49
US 'Production-oriented 1939-1948 41
Research & Extension 1949-19%58 39
(with 13-year lag> 1956-1968 32
1969-1972 28

SASA Experiment Station, 1983 93 1,60

SASA Experiment Station, 1985/86 357 4,57
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.
NR% MRR% B:C
5. R&D on other crops
¥aize/Corn: Chile, 1940-1977 33
Mexica, 1943-1963 35
Kexico, 1954-1967 35 - 40
us, 1940-1995 35 - 40
(Griliches)
Us, 1977 115
Sorghum: Us, 1943-1957 20
(Griliches)
Wheat: Mexico, 1943-1963 90
hustralia, 1948-1969 48
Colombia, 1993-1973 12 .
Israel, 1954-1973 150
Us. 1977 97
Soyabeans: Colombia, 1960-1971 88
us, 1977 118
Rice: Japan, 1915-1950 26
: Japan, 1930-1961 74
Bolivia, 1957-1964 88
Colombla, 1957~-1972 71
I3
Fotatoes: Hexico, 1948-1964 69
UK, 1962-1973 1,9
Cotton: Brazil, 1%924-1967 77 -110
Conclusions. Estimates of returns on agricultural commodity R&D at

Research and Experiment Stations are generally found to be of similar
magnitude irrespective of the method of estimation. This is shown in
Table 41 by the benefit:cost ratios obtaiped for the Scottish FPlant
Breeding Station (Simmwonds, 1974) and the two estimates made at the
South African Sugar Assoclation Experiment Station in 1983 (SASA
Experiment Station, 1983) and five years later in the present study.
Different methods o0f estimating were used in these three exercises
and in the case of the Scottish FPlant Breeding Station, different
crops in different environments and circumstances obtained. Where
comparisons are possible between returns on research programmes or
between commodities, the tendency for the estimates made in this
Study to be somewhat higher than estimates made in other studies, is
due to the exclusion of the costs of services and extension in the
present study and not in others.

Large differences also occur when ex-post and ex-ante estimates of

returns are compared or when estimates made objectively and those



made subjectively are compared. In both cases the magnitude of the
differences depends on the accuracy of forecasts of ylelds, costs and
technology adoption rates.

Altbough the general conclusion 1is that econometric estimates of
return on R&D, based on aggregated and multi-product data may be of
use in broad policy consideration, particularly for budgetary purpose
at national, state and even at commodity level, they are of limited
use for management purposes at commodity institute level. However,
an empirical method of estimating returns on R&D, as proposed in this
study, appears to bave potential for improving policy and management
decision-making in agricultural commodity R&D institutes which bave

the necessary data bank and these are discussed in Chapter 8.

The main results of the estimates of return on R&D at the South
African Sugar Association Experiment Station in 1985/86, obtained in
this study, can be summarised as follows:

*+  Return on sugarcane production R&D at tbhe Experiment Station is

found to be of similar magnitude to the return estimated in the
Cost Effectiveness exercise of 1983, and to the return on other
crop commodities reported in the literature <(Appendix 1) in
spite of tbe different production conditions and methods of
estimating. Returns on 1individual research programmes or
commodities tend to be higher in the present study than in
otbers because the costs of services and extension bave been
excluded in the present study and are usually included in other
studies. For example, when services are excluded, the return
on R&D in tbis study is improved from a net return of 76% to
210%. The relative improvement was not as great as estimated in
1983 when the return on services was double counted by
estimating them separately and leaving in their effect on
returns on research.
Returns on the research component of the Experiment Station's
programme of work was found, in this study, to be lower in
percentage terms, than was estimated in 1983. This is due to
the adjustment downwards of subjective estimates which was
considered necessary to ensure that the total estimated return
on R&D does not exceed the estimated total productivity of the
industry, an adjustment that was not done in 1983,
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3 Anotber reason for the lower estimate of returns on research in
1085/86 than in 1983 was the different proportions in which
returns were attributed to research and extension. In 1983 the
ratio was assumed to be 1:1 while on the present study it was
estimated as 1:4,9.

# The closer experimental ylelds and industrial ylelds approach
the{r potentials, the smaller the possible gains become and
since experimental ylelds are closer than industrial yields to
the potential, gains from research are more difficult to achieve
than from extension (Thompson, 198%9). It is to be expected,
therefore, that the research:extension ratio of gains will move,
with time, 1ip favour of extension, as this study suggests has
already happened. In Table 26 (page 93) the ratio of research
to extepnsion is shown to change from 63:35 in the early sixtles,
to 17:83 twenty years later. From this it cap be extrapolated
that the 1:1 ratic used in 1983 had probably been applicable in
1967/68, sixteen years earlier. The method used in this study
to estimate the research:extension ratio by which declining
returns on R&D are apportioned, is not claimed to be definitive
but 1t appears to provide an estimate of the right order and
changing 1in the expected direction, for which reasons it is
preferred toc an arbltrary choice of a ratio.

*+  Although the overall return on research and on most individual
programmes was found to be positive, two programmes had costs
higher than the estimated returns on them. 0f particular
int;;ggt is that plant breeding is one of these two, the other
being mosaic disease control programme. The low return on the
plant Dbreeding programme was due to the fact that no new
variety, with a yield index higher than that of ¥Co376, had been
released during the previous 25 years. It is possible that an
estimate of return on the plant breeding programme, made at a
later date, when the more recently released varieties ¥12 and

N14 are being grown on a larger area, could give a different
result.

In the following Chapter 8 the advantages, for policy and mapnagement

decision-making, of having estimates of costs and returns on the

functions and programmes of R&D, as well as the future management

challenges at the SASA Experiment Station, are discussed.
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CHAPTER 8

RETURES ON R&D IN POLICY AND MARAGEMERT
OF AGRICULTURAL COMMODITY R&D

The productivity of agricultural R&D and the efficlency of 1its
management have become matters of greater concern in recent years.
Returns on State funded agricultural R&D are usually estimated
econometrically as the soclal benefit obtained from shifts in the
supply of aggregated agricultural production as a result of new or
improved technology. In those situations it is difficult, 1f not
impossible, to apportion returns among the different functions or
programmes of an R&D institute. The use of production functions,
with R&D as a variable, has 1mproved estimates but the lack of data
on the components of R&D 1s still a 1limiting factor. For
agricultural commodity R&D, these data should be available and 1if
suitable methods can be devised for apportioning returns to the
different components of R&D, estimates of the return on R&D can be
made to improve policy and management decision-making in the
commodity. In this study, returns on the components of R&D are
estimated empirically from Iincreases in sucrose production in the
South African Sugar Industry and are proposed for attributing
increases in productivity to different functions and programmes of
R&D.

In order to discuss the 1mportance of returns in terms of function
and programmes, it is necessary to define, and differentiate between,
policy and management decision-making responsibilities, 1in the
context of agricultural commodity R&D. For this purpose, a
management model for an agricultural commodity R&D institute (Donovan
& Nieuwoudt, 1988) 1s summarised in Figure 10 below to show the
relationships between the policy, management and operational (R&D
generating) divisions of such an institute. The responsibilities of
the policy and managerial divisions have been included in the figure
because they are germane to the consideration of returns. Not
specifically relevant in this discussion of returns on R&D is the
subject of communications in an R&D institute but the communication
channels connecting the three divisions have been included because of

their critical importance to the success of R&D and therefore in the

production of economic returns.
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POLICY CONSIDERATIORS

Of the four principal advantages for agricultural commodities
assuming responsibility for their own R&D, perhaps the most important
is that decisions on what research should be done and what services
are required, as well as their priorities, are taken solely by those

who pay for and benefit from them (Donovan, 19688).

Costs and returns of RaD functions. Decisions by policy-makers in

control of commodity R&D should be improved when taken 1in the
knowledge of information on the costs and returns on the different
functions of the whole R&D programne. For example, 1t has been
possible to estimate, in this study, the relative costs and returns
on the functions of R&D at the Experiment Station, as follows 1in
descending order of costs (Table 42).

Table 42 : Costs and returns on R&D functions of the Experiment
Station 1985/86 (thousand rand)

R&D Function Cost Return
Provision of Growers Advisory Services| 3 664 (3 634)#
Research to generate technology 2 744 - 5 148
Research to maintain productivity 1 016

Extension to transfer technology 1 084 12 457

# return on the function to provide Growers Advisory Services is
in the form of fees charged in terms of the user pays policy.

Policy considerations involved in these data are, first, whether the
fees charged for Growers Advisory Services should cover the full
caosts or whether some costs, or some users, should be subsidised in
the interests of the Sugar Industry, environmental protection or of
soclety in general. Secondly, to note that the return on offensive
research, that is research to generate technology, exceeds the costs

in spite of the costs on the most costly programme, plant breeding,

exceeding returns and with the second most costly programne,

biological control of eldana, not yet generating technology on which

returns can be made. Thirdly, policy-makers need to accept that some

programmes cannot, or can no longer, improve productivity but are
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justified at Industry expense merely to maintain present production
levels. Finally, to be aware of the high return on extension and to
decide whether this does not indicate under-investment and therefore
an opportunity to increase investment in the most productive R&D

function under present circumstances.

Subsidised Growers Advisory GServices. Because it bears the full
costs of its own R&D, it is a policy matter for the corporate body of
sugarcane growers to decide whether any particular group of growers
should pay less than the full cost of a specific advisory service.
Since the costs of growers advisory services are recovered as fees,
returns on R&D, estimated in terms of productivity, are not affected
directly by the source of the fees, that is whether they are paid by
an individual grower or by the corporate body of growers through the
levy. However, if the greater use of advisory services has the
tendency to increase productivity <(as it should) then subsidising
growers advisory services will improve the returns on R&D indirectly.
The policy decision taken to subsidise growers advisory services
selectively, on the grounds that raising productivity overall is in
the Industry's interests, should 1lead to the consideration of
increasing the intensity of extension in selected low productivity
areas for the same reason. In addition to increasing productivity
more effectively than additional research, and probably more
effectively than cheaper advisory services, higher extension costs
would reduce +the return on extension which, in terms of the
Industry's image, may be considered too high as 1s discussed in a
later paragraph. The same reasoning can be applied to the
complementary question of whether some advisory packages should be
subsidised for all growers by the industrial levy in the interests of
higher productivity and here again consideration might be given to

increasing extension as a better way of increasing productivity while

improving the Industry's image.

Returns on offensive research. 0Of the Experiment Station's thirty-
two research programmes only twelve generate returns but two of

these, plant breeding and mosaic disease control, were found to have

costs exceding returns in 1985/86. As has been suggested earlier,

this is a matter the policy-making body needs only note and be aware

of the reasons. It is for management to consider this situation and,
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if necessary, to recommend cperational changes to change or improve
the pecsition, this will be discussed later under the heading of
management considerations.

It would be of interest for policy-makers to note that only two of
the twelve research programmes that make returns, namely plant
breeding and fertilizer trials, are classified as offensive research,
that is programmes initiated tc increase yields, and the other ten
are classified as maintenance research (programmes retained in the
portfolic to prevent yield decline). Returns on R&D are considered
positive when the value of increased yield per hectare, resulting
from technology adoption by growers, exceeds the cost of the research
that generated the technology. Maintenance research programmes will,
therefore, nc less than offensive research programmes, give positive
returns whenever there is a sufficient increase in productivity from
the adoption of the particular technology in that specific year.

The reascns for the low returns on offensive research programnes
(Table 19, page 70) are that three of them are basic research
programmes con which no direct returns can be expected, one has yet to
generate technology, the blological control of eldana programme, one
proved to be a 'dry hole’, the chemical control of eldana programme,
and the remaining two, the plant breeding and selectlion for disease
resistance yprogramnmesz, taken together, have not produced a high
yielding technology ({(variety) for some years. GSome ccmment on the
low return on plant breeding is necessary. Being the most expensive
programne in the Experiment Station's portfolic, costing R1 473 700
in the datum year, 1985/86, the value of return on the programme
would have had to exceed that figure tc have given a positive return.
Unly one research programme, cultural control of eldana, gfave a
bigher actual return than plant breeding, but it was still ornly 61%
of programme cost. 1t can be seen from the individual variety
indices, given in Appendix 10, that after the release of ¥(o375 irn
1935 with a2 yield index of 1,99, it was twenty-four years befare
another variety was released with a higher yield index and that wa=
N12, released in 1979, with a yield index of z,08, N12, and HNl4
released in 1980 with a yield index of 1,98, provide the {first
opportunity since the mid-1960s of halting the decline in the rate of

increase in the average vield index. By 1985/86 these two varieties

were only contributing 1,4% and 6,4% of the Industry’'s total

production of cane respectively and had, therefore, not vet made a
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significant impact on total production. The adoption of these two
technologies (varieties) has increased appreciably since 1985/86 and
this could result in the return on plant breeding exceeding costs in
future. The question to be asked by management is whether the costs
of the plant breeding programme cannot be reduced without loss of
efficiency because that would contribute significantly to moving the
productivity of the plant breeding programme in the right direction.

Maintenance research. Most offensive R&D programmes are initiated
with the objective of improving yields or reducing costs both of
which can lead to improved productivity and many of them are kept in
the programme of work indefinitely. The need to improve decision-
making on the termination of unproductive R&D programmes and projects
is important and will be discussed later, but this matter is also
important in the policy-making forum because the cost of continuing a
programme that is no longer productive has to be borne by the levy
and must therefore be well justified. The justification is that, to
prevent a declipne In yield and productivity, it 1is necessary on a
continuing basis, to test new production inputs, such as herbicides,
nematicides and growth regulators, to assess the effects of
environment and other production factors on varieties and to monitor
disease and pest levels and incidence. In accepting the need for
maintenance research, policy-makers will no doubt require management
to ensure that it is kept to the necessary ndnimuﬁ; in 1985/86 at
the Experiment Station, maintenance and precautionary research

represented just under 12% of the total cost of the Station and 27%

of total research costs.

High returns on extension. A matter of concern for policy-makers
must be the very high returns estimated on extension in this study.
Even i1f the method of estimation used is responsible for some over-

estimation, the error is unlikely to be large because the increase

in industrial productivity, that has to be shared between research

and extension, was itself low. Policy-makers' concern about -high

returns on extension will be on two counts: first, because returns

of this order suggest wunder-investment and secondly, because

abnormally high returns can create an adverse image in any enterprise
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and especlally one as important to lower 1income consumers as sugar
is. These concerns, and possible measures to counter them, are

discussed again in the paragraph on the social context of R&D policy.

Ex-ante policy decisions. Returns on R&D are essentially returns on
investment and investment decisions are usually the most important
and difficult that policy-makers have to take. Success in decision-
making on investment can be improved by having reliable forecasts and
estimates of future trends and developments. Ex-post methods, as
used in this study to estimate the returns on past and present R&D,
are not usually considered suitable for estimating future returns,
while ex-ante methods are generally too expensive and time-consuming
for all but the large organisations.

This does not, however, relieve management of the responsibility of
providing policy-makers with data, information and recommendations on
prospective investment and, to be of value, these should be
unambiguous and detailed, particularly with regard to likely costs,
returns and lead times. [f the information needed for proper
decision-making is not forthcoming, the unsatisfactory result may be
that management is left with the task of taking decisions for which
only the policy-board has a mandate from the Industry.

Social context of R&D policy. An extremely important advantage of
agricultural commodity R&D 1s that 1t avolds what Schwelkhardt &
Bonnen (1986) have called 'political cannibalism' in publicly funded
agricultural research. As the State's resources for agricultural R&D

decline '... the political 1leaders of research <(are) forced to

examine thelr brethren more closely and, 1n defensive reaction,

(seek) to acquire or defend avallable funds in a more aggressive

manner than usual.' In commodity R&D there can be no inter-institute

cannibalism because there is, or should be, only one institute per

source of funds, and the unequivocal objectives of a commodity R&D

institute make intra-institute cannibalism unnecessary, at least at

policy level decision-making, although the problem also needs to be

addressed at management level.

Agricultural commodity R&D policy decision-makers are, however, faced

with two social challenges that have impacts on, or are impacted upon

by, the returns on R&D. The first of these is increasing public
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expectation that private enterprises (which include agricultural
commodity organisations) should support materially various social and
welfare services. This social challenge affects the commodity's R&D,
albeit indirectly, by being a competitor for the commodity
organisation's resources. Perhaps of more importance In the sccial
context is an adverse image created by high rates of return shown on
(parts of) the commodity's activities. This is another reason, if
one is needed, for pclicy-makers to reduce any abnormally high
returns on R&D by increasing investment 1in those functions and
programues that are giving uncommonly high returns.

The =econd social challenge is of much greater importance and is of
more direct concern for the commodity's R&D policy-makers; it is the
challenge that agricultural research organisations are insensitive to
the side effects of technology. This is not the forum for discussing
social and moral issuwes but it is worthy of note by commodity R&D
policy-makers that data available from studies such as this, and even
more appropriately from a routine procedure in an E&D institute for
estimating the returns on R&D, can provide quanftitative information
for the necessary riposte. Although private research and, to a
lescer extent, agricultural commodity research, may have been
environmentally insensitive in the past, it 1s no longer valid as a
general criticiem and estimates of returns on R&D, such as those wade
in this study, can provide useful data and information in support of
this situation. In 1985/66 two research programmes 1in the
Experiment Station's portfclio had the primary objective of soil and
water conservation (Table 19, #31 and #32); their combined cost was
7,7% of total cost of all research programmes. Furthermore, since no
direct economic return could be obtained on those programmes, the
presant overall return on research expenditure is reduced by 9% as a
result of their inclusion in the portfolic. The Industry's
environmental sensitivity bhas increased recently, as has been
evidenced by the Experiment Station's considerable current input on

the joint investigation into the reputed damage done by hormonal
herbicides in the Tala Valley of Natal.

There i3 also awareness and enthusiasm at technological level in the

South African Sugar Industry for it to be proactive on environmental

protection matters rather than '... merely reacting to public opinion

and fears expressed from time to time by an often misinformed public,

leading as it does to emotional claptrap which tends to harm all
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parties’'. This call by the President of the Sugar Technologists'
Association, at 1its annual congress in 1989, concluded with the
suggestion that the Sugar Industry should appoint an Environmentalist
' who is aware of the available technology, and who will make a
point of sharing it with the public and all interested bodies,
someone who will condemn the misuse of a product in the indusfrv or
the violation of a soll or water conservation act, but who will also
condemn vociferously false and uninformed statements by the mnedia.
Perhaps we need a credo for the Industry ... to utilize our natural
resources to the maximum of our current technology whilst ensuring
that we protect and, where necessary, restore the environment to the
best of our ability' (Moberly, 1989b).

If the appointment of an environmentalist were accepted, the policy-
board might consider it appropriate, in view of the dufies described,
for the incumbent to be a member of the extension staff at the
Experiment Station. This would also contribute to reducing the
(*poor image') high returns on extension that have been estimated in
this study and would personify an Experiment Station goal, namely to
'promote the conservation of natural resources within the industry'

(SASA Experiment Station, 1989).

PRESENT MANAGEMENT COHRSIDERATIOAS

This study of returns on R&D bas also highlighted the importance of
management in agricultural commodity institutes. The various aspects
of costs and returns on R&D that have been found to require
consideration or action by management will be discussed under +the
headings used in Figure 10 to catergorise the functions of management
in such institutes. Although the case used in this study, for the
estimation of returns on R&D. was the South African Sugar Association
Experiment Station, the following comments on management are intended
to be of general application to agricultural commodity R&D institutes

and do not necessarily imply deficiencies in the management of the

Experiment Station. On the <contrary, a number of management

procedures are recommended because they have been found advantageous

at the Experiment Station while others are suggested because the need

for them was determined in a fuller study of management at the
Experiment Station (Donovan, 1986).
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Programme of work. Management's two most important formal
presentations to the policy-board are the proposed programme of work
and the budget for the ensuing year. Both documents tend to be based
on ex-post data and information but are recommending ex-ante action.
The estimation of past and present returns on R&D in this study 1is
based on an ex-post method but it '... can be ambiguous as to its
prescriptions for the future' (Harvey, 1988). However, the
conclusions drawn from the review of ex-ante methods of evaluating
research do not offer practical alternatives that can provide policy-
makers or managers with more than general and subjective, albelit
expert, opinion on the prospects for investing 1in a particular
research programme. Quantitative methods of ex-ante evaluation, such
as mathematical and simulation models, have excessive costs 1n
relation to their wvalue 1n all ©but the very large research
organisation, while at the other extreme, expert oplinion, especlally
when pooled and extra-mural, has the potential of being no better
than pooled and expert 1gnorance unless the experts are chosen
carefully and pool thelr opinions by concensus. In practice,
managers - like policy-makers - must take decisions with the best
avallable 1nformation and 1ts source 1s usually the Institute's
appropriate research discipline leader.

The annual programme of work, the annual budget and other reports
made by management to the policy-board should emphasise the economic
aspects and advantages of proposals rather than their Iinherent
sclentific or technological soundness. Policy-makers will want to
assess proposals In economic terms (because that 1s their interest

and competence) and will want to assume that they are scilentifically

and technologically sound (because that 1is the reason for employing

sclentists or technologists as managers). All vproposals should,

therefore, be made to the policy-board with clearly stated

objectives, with estimates of expected costs, returns and lead times,

together with sensitivity analyses when these are appropriate.

¥herever possible, the sensitivity analyses should include summaries

of alternative strategies or programmes that were considered during

planning. Procedures carried out in this way, more easily with an

agricultural economist on the staff, are likely to reduce

'"Interference’ by policy-makers in management matters while

contributing to better decisions by the policy-board.
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The estimates of returns on R&D obtained in this study, particularly
on research programmes, suggest that information on costs and returns
can bpe of considerable value to management during programme of work
discussions with staff. [t can provide an economic dimension to
support:

- the discontinuation or suspension of unproductive programmnes
which tend to be retained in a programme of work ‘just in
case';

- reducing the scope, and thereby the cost, of high cost-low
return programmes that must be retained;

- prompt termination of 'dry hole' programmes;

- reduction to a minimum of <the number of precautionary
research programmwes in the institute's portfolio, and

- additional resources for those programmes that are proving
productive.

Examples of programmes at the Experiment Station that warrant
consideration for discontinuation or suspension are the soll
amelioration, mosaic disease control, nematicide and herbicide
trials. This study of the costs and returns has shown that the rate
of annual increase in adoption of the technology they produced is now
low, they no longer produce new technology and so their returns will
decline rapidly. The smut disease conirol programme should also be
monitored closely (in spite of positive return) because further
progress with the control of this disease is probably limited to
breeding varieties with resistance and the prospects of further
advances or improvements in cultural control appear to be poor. If
the nematicide and herbicide +trials cannot be considered for
discontinuation <%hey may Jjustify suspension until registration and
approval of recommendations are sought for new products, rate or
mixtures. This decision would be facilitated by having an estimate
of their cost for comparison with the extra cost of re-establishing
them ad boc. The programme of fertilizer trials also Jjustifies
¢ritical review at an annual programme of work meeting soon because
it is a costly programme (R130 000 in 1985/86) and because the
adoption of the technology it produced must be approaching maximum
and any further adoption and can probably be realized through
extension effort without continuing field trials.

For those programmes on which there is no doubt that thev should

continue, for example, the plant breeding and variety agronomy
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programmues, management's concern éhould rather be with the
possibilities of reducing thelr high bosts. perhaps by re-exmaning
their objectives and scope, without prejudicing their value.

Research programmes that become 'dry holes' might well be capable of
diagnosis as potential 'dry holes' earlier than at present 1f
information on costs and potential returns were routinely avallable
at the annual programme of work meetings. The chemical control of
eldana programme at the Experiment Station is in this category.
Estimation of returns has pointed up the very high cost of the
precautionary research programme on the development of machines and
equipment, R254 000 1in 1985/86, and this indicates the need to re-
examline objectives and achlevements at the earliest programme of work
meeting. (It 1s 1interesting to note that since 1985/86 this

- programme has been terminated).

As important as the need is to consider reductions and economies in
unproductive research programnes, 1s the equally important
consideration of opportunities of increasing the productivity of R&D
programmes already making positive returns. This study of returns
has 1ndicated three possibilities of this kind; first, the high
returns on extension, suggesting under-investment, could lead to a
recomnmendation that the 1industry would benefit from more extension,
particularly on a selective basls in areas of low productivity. A
second possibility 1s that increased extension on environmental
protection projects might be beneficial for the Industry as a whole.
The third possibllity 1s that more resources for those research
programmes proving productive could be advantageous, for example the
programmes On the cultural control of eldana which 1s making a good
return on a relatively small investment of R73 000. Another is the
programme on trashing (in 1its present mode of investigating the value

of spreading tops) which also generates a good return on a very small
investment.

Organlsing human and physical resources. The analysis of costs and
returns Iin any organisation 1is likely to indicate the need for both

economies 1In the wuse of physical resources and for higher

productivity from human resources. This can be assumed to npply to

agricultural commodity R&D institutes although 1t did not arise

specifically in the present study of returns on R&D at the Experiment
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Station in 1985/86. However, since organising human and physical
resources is an important managerial function in agricultural
commodity R&D institutes, they should be considered briefly.

The analysis of Experiment Station costs in 1985/86 (Donovan, 1986)
clearly indicated that operating field stations and the transport
fleet were the two mwajor items of cost after staff remuneration; it
is, therefore, at these two items that management is likely to look
first for possible economies. There would seem to be little
difficulty involved in achieving economies in the operation of field
stations, perhaps most effectively by reducing their number, but
economies in transport costs are likely to result in considerable
staff demotivation. That South Africans generally regard the
personal and undiscriminating use of motor vehicles as their rightful
way of life, aggravating the location-of-work/public-transport
syndrome, allows little alternative to the operation of a large fleet
of vehicles. Reduction in transport costs will, therefore, only be
possible with skilful motivation by management.

In contrast, the scope for increasing the productivity of staff at
all levels, especially in management skills, by the use of in-service
and other training programmes, is considerable. The only difficulty
management is likely to face, in introducing training, is in taking

the decision to do so, in spite of ample evidence of the benefits and

of the need.

Administrative and technical support services. In order to make
available, on a regular basis, the information and data on costs and

returns that this study suggests can be of value to policy-makers and

managers, fundamental ohanges would be necessary in the

administrative and accounting procedures of most R&D institutes. The
changes required are basic in the conceptual sense but would not be
difficult or costly to introduce nor more difficult or costly to

operate routinely, than systems usually enployed. At present

administrative and accounting functions at most R&D institutes are

structured in terms of disciplinary departments with the result that

the institute's accounts and other records cannot, without

considerable extra work, be analysed in terms of functions and

programnes which reflect the institute's objectives. It should be

possible for administration to provide management, on demand, with a

printout reflecting the institute's expenditure, income and revenue,
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as at that day, in terms of the three primary functions of research,
extension and services, each subdivided into their programmes or
packages. This would regularly focus the attention of the policy-
board, of management and, perhaps most important, of operational
staff, on the purposes and objectives of the institute. It would
also provide up-to-date information on the progress of the
institute's programme of work, in addition to providing the
information required for budgettary control purposes. If it 1is
necessary at all to analyse records departmentally, this can be done
by appropriate coding of the functional items. It would be much more
complicated to code departmental items in terms of functions because
functions and programmes are subject to annual <change whereas
departments are subject to much less frequent change. Since most
administrative and wvirtually all accounting operations in Ra&D
institutes have now been computerized, the introduction of such a
system could be programmed and run (by professional programmers) in
parallel with the existing system for a trial period before final
implementation. An additional advantage of functional accounts would
be the opportunity they provide for meaningful delegation of
responsibility for the control of expenditure. Under a departmental
accounts system, control 1is 1left to administration staff who have
only the authority to recommend that expenditure 1is curtailed or
ceases, whereas under a functional accounts system, although the
administrative staff would retain their authority (to recommend that
expenditure 1is curtailed or stopped), operational managers can have
the opportunity <(and authority) to adjust expenditure within their
total allocation among their programmes. The almost universzal lack
of interest among technologists in budgeting and

control of

expenditure has always been a problem for management in R&D

institutes. The lack of interest stems from the fact that these

necessary duties are regarded as chores which produce nothing of

interest for the individual technologist. l1f, on the other hand,

accounts were organised in ‘terms of functions and programmes,

technololgists would be able to relate expenditure directly to the
work they do and the {mportant task of budget control would no longer

be regarded as a tiresome chore required by, and only of interest to,
‘admin'.
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A management problem of increasing difficulty in most sclentific and
technical enterprises, and particularly in R&D organisations,is that
of staff recruitment and retention. The problem of retention will be
discussed 1in the next section on motivation, but recruitment 1is
usually considered to be an administrative function and therefore
discussed here. Although the estimates of returns on R&D, made 1n
this study, cannot identify staff efflciency as a separate
contributory factor, 1t 1s axiomatic +that returns are directly
affected by the efficlency and attitudes of technological staff.
Since first 1impressions are so important, and these are the
impressions a candidate technologlst recelves from the institute's
administrative staff (who are not technologists?, 1t 1s suggested
that staff management, development and recruitment should be a

management and not an administrative responsibility.

The importance of communicatlons is invariably emphasised in studies
of R&D management (Donovan, 1986), but communication problems at
operational level are seldom mentioned and so it is fortuitous that a
long standing administrative problem of the lack of a prompt and
accurate communication system, especially between base and satelite
stations, has been sclved by the recent avallability of facsimile
machines. Data can now be transferred promptly from field, on a
satelite research site, to processor, at research headquarters,
without transcription (a major source of error) and without the need
for clerical staff and facilities, except a telephone service. This

may not increase returns on R&D but will improve their reliability.

Motivatiog staff. This is probably the most important function far

managers of scientific and technological R&D organisations or

institutes and the contention 1s that it can be performed much more
meaningfully 1f data and information are available on the costs and

returns of the various components of R&D. In the following summary

of some motivational methods appropriate in an R&D context, the value

0f economic data such as that obtained in this study,is emphasised.

‘In agricultural commodity R&D, goals and cbjectives are lmportant

motivators and should be exploited at every opportunity;

furthermore, theilr value is enhanced when they can be expressed in

terms of economic returns. Clearly stated and accepted goals and
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objectives can be used to counteract the undesirable practice of
‘political cannibalism' which has been mentioned earlier as occurring
commonly 1in State funded research organisations. Political
cannibalism is much less likely to be a problem in commodity funded
research because there 1is usually no competition for the funds
avallable for R&D, but at managerial level within an 1nstitute, 1t
manifests 1tself as inter-discipline or inter-programme paroéhialism,
when resources have to be shared among a number of disciplines or
programmes. Appropriate motivation, using goals and objectives, can

reduce the undesirable effects of parochialism within an institute.

Another, and perhaps more important, use of goals and objectives in
motivation, agaln enhanced by econonic information, 1s 1in ensuring
the correct balance in the work and attitude of technologists, that
1s, between the R&D goals of the institute and their personal and
soclal goals. For some 1ndividuals, the conflict between the
institutes goals and their own, or between those of the institute and
what they percelve to be theilr commitment to soclal objectives,
cannot be assuaged by motivatlon. Management's responsibility 1is
then to counsel the individual to seek other employment where he will
have less conflict of objectives and to recruit a technologist whose
objectives are more compatible with those of the 1institute. The
direct loss of productivity through conflict of goals 1s probably
less harmful than the anti-motivation effects on others of a 'square

peg in a round Hole'.

A conslderable number of programmes and projects in agricultural
commodity R&D require a multi-discipline, integrated approach, the
success of which probably depends as much on good motivation as on
the standard of the individual technologist's contribution. This
kind df motivation relies heavily on use, by the team leader, of the
goals and objectives of the multi-discipline or coordinated project

1tself, as well as those of the institute as a whole.

One of the few methods of motivation that is probably not enhanced

directly by data and information on R&D costs and returns 1s

motivation by example. For that reason discussion will be brief but

The
attributes of an R&D manager that are probably most effective 1in

because of 1ts importance, it should not be omitted completely.
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motivating staff are: willingness to delegate duties, because that
signifies confidence; encouragement of communication, particularly
{nformal communication, because that signifies interest in the points
of view of others; and a 'high-low' profile, that is a high status
in a sclentific or tecbnological discipline with a low self-

importance threshold.

The last method of motivation to be considered 1s motivation by
perquisites and although they affect returns on R&D only indirectly,
they justify some consideration in this study because of their high
cost and assumed effect, as motivators, on an organisation's
prodﬁctivitv. It is unfortunate that remuneration is no longer a
contract between emplover and employee but is usually determined by
remuneration systems that are impersonal, automatic and public
knowledge. Under these unsatisfactory conditions, remuneration
becomes demotivating and as a result it is now common practice to
use perqulisites as motivators. Perquisites are, however, no mare
than ‘incidental beneflits attaching to employment' and the equity
principle which bhas been responsible for demotivating remuneration
has the same effect on perquisites of which the infamous 'company
car' 1s the most important and very costly example. A company car is
merely a part of an employee's remuneration package applicable to a
particular grade in the salary scale which is itself no longer an
indication of the enployee's value to the organisation.
PDissatisfaction and Jealousies engendered by differences in model,
cost, colour, numbers and types of luxury extras, now constitute the
common reactions to the acquisition of a company car. For scientists
and technoluglists emploved in R&D organisations it 1is suggested that,
in addition to the 'remuneration package' type of perquisites which,
unfortunately, now cannot be withdrawn, awards should be made for
achievement and that the recipient should be allowed to choose an
award from a list offered by management.

Sultable awards for R&D

workers might include sabbatical leave, personal research time,

financial and resource support for higher degree or other gpecial

studies, extra vacation leave, purchase of additional pension/medical

aid benefits, educational grants for children, travel grants to
attend conferences, credits for the purchase of books or equipment

(personal computer?, and possibly others that could be suggested by

nembers of staff themselves. Ad hoc awards made for minor but
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important tasks done well, especially those additional to the
programme of work or under pressure or adverse conditions, are useful
motivators, particularly if they are presented spontaneously,

publicly and preferably by the Institute's Director.

Evaluating staff performance and operations. Performance appraisal
of staff has been described (Stoner, 1982) as one of the most
important tasks a manager has to perform, but because it 1is a
difficult task and because the benefits are not easily assessed, it
seldom consists of more than an occasional and subjective assessment
of an individual's performance. In management terms, performance
appraisal means regular, disciplined appraisal and feed-back to the
individual with the objectives of: .

0 keeping the individual informed of how his work is regarded,

° identifying those who merit advancement, and

0 identifying members of staff who need guidance or training.
There can be little doubt that this management responsibility, 1if
carried out conscientiously, and if merit awards and advancement, as
well as guidance and training, are accepted procedures, would have a
beneficial effect on an R&D organisation's productivity even if that

cannot be identified in an estimate of the return on R&D.

The evaluation of operational performance, called 'controlling' by
some managers, 1s an easier managerial task and is, therefore, more
commonly performed by R&D managers. Like performance appraisal,
operations evaluation will undoubtedly improve overall productivity
but will probably not be quantifiable as a separate factor in an
estimate of returns on R&D. Operational evaluation is of two kinds,
formative evaluation to monitor on-going progress 1intermittently
during an operation and summative evaluation which is carried out
regularly, usually annually, to assess progress and results (Trigo,
1984). Formative evaluation is satisfactorily done by groups of
technologists appointed for the purpose and

programme being evaluated.

according to the
Meetings of these formative evaluation
groups also serve the useful purpose of coordinating the various
disciplines involved in the programme.

other hand,

Summative evaluation, on the
ls seldom carried out in a formal manner and, unlike
formative evaluation, is of little value unless it is done formally,

regularly and by comparing what was planned with what bhas been
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achieved, 1including an analysis of results. Unless, therefore,

programme plans or proposals include achlievement targets, objective

summative evaluation 1s not possible.

Pramoting the adoption of technolagy. In an agricultural commodity
R&D institute, the transfer of technology to grovers for adoption is
the function of extension, and in this study of the returns on R&D,
extension was estimated to be responsible for 83% of the total
return on R&D generated at the SASA Experiment Station in 1985/86.
Vhile 1t is important for management to give attention to {mproving
the low productivity of research, it is no less important to maintain
the productivity of extension if the productivity of the institute's
R&D 1is to remain positive. Since the measure used in this study to
estimate extension's productivity is the change ip the relationships
between technologist’s yleld and tbe industry’'s average yield, the
potential for increased vyield {is greater for continued bhigh
productivity from extension than from research.

Because of its permanent exposure to the client (producers of the
commodity), extension is the function of an agricultural commodity
R&D institute on which the whole institute is usually judged. It is,
therefore, one of management's most Jimportant responsibilities to
ensure that extencior staff not only trapsfer the correct technology
but also project the instituvtie's image. Equally, extension staff
have the responsibility of representing accurately and persvasively,

all aspects of the institute, {including policles with which they

themselves may not agree.

FUTURE MANAGEMGET CHALLEEGES

The present R&4D scenario at the Experiment Station, which has been

analysed in terms of costs and returns in this study, 1s one of

declining returns on technology (generated by research), high returns
on the transfer of technology (extension) and a new user-pays policy
for technical services,  now available as Growers Advisory Packages.
The shift of returns from research to extension 1s shown by the
¢hange in percentage share of productivity during the last three
decades, which i{s estimated to be from 65% : 35% in 1957/58 ta 17%

83% 1in 1986/87 for research and extension respectively. [t 1is
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suggested that there are three main reasons for the decline in the
returns on technology (research’:

- firet, for twenty-four years until 1979, no variety had been
released with a higher yield index than NCo376 (Appendix 10);

-~  second, by 1985/86 most other technologies were mature, that
is they were being adopted by growers on a decreasing scale
(Table 20 page 73>; and,

- third, heavy dinvestment 1in the research pregramme on
biological control of eldana far ten years without producing
technology for growers to adopt and generate returns.

The main reason for the high returr on extension 1s that average
industriél yield has increased at a higher rate than the experimental
yield during the last decade.

For significant change to cccur in this scenario there would have to
be development {(by research) of new technologies that are capable of
increasing experimental yields at a faster rate {(at least for a
limited period> +than 1industrial ylelds increase. Without new
technology, bath experimental and industrial yields are likely to
continue increasing but  progressively more slowly. It was saild
(page 957 that experimental and industrial vyields '..., may have
reached a similar stage in the degree of difficulty for further
increase'. However, experimental yield, which is 77% of the climatic
potential yield, is likely to increase at a slower rate (even with
new technologies) than the industrial yield, which is only 46% of

climatic potential yield and 959% of the experimental yield (Table
28>.

As yields approach the climatic potential, the difficulty of
developing new technologies, that can improve yields significantly,
increasec and the frequency of their Occurfence decreases.
Theoretically, the increase in experimental yield will tend to zero
as the megnitude and frequency of occurrence of new technology
declines. The rate of increase in industrial yields will also tend
to zero, in the absence of new technology, as the technology adopticn
gap closes.

In commerce and industry, such a scenario would be anticipated and
strategies developed tc maintain profitability. The possible
strategies would be to develop new products for the same market, find

new markets for the existing products, or to diversify. In
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pgriculture, and specifically for R&D in commodity agriculture, toe
scope for developing new products (technologies) becomes
progressively  less cost eflective, Lhe market is 1lmited 1o the
comnodity because the products are mostly commodity specilic and
diversification would mean moving into competition with R&D
organisations serving other crops.

The applicability of these strategies to agricultural R&D, and

specifically R&D in commodity agriculture, are discussed briefly.

Developing new technologies. The scope for developing new
technologies tends to produce diminishing returns. The increasing
already an estimated 77% of the climatic yield and the diwminizhing
returns are demonstrated by plant breeding at the Experiment Station

which achieved an increase in variety yield index of over 40% in the

first thirty years and less than 10% in the second thirty years |

(Appendix 11). Even success 1in developing technologies for thef

control of eldana will result in relatively small returns because the
value of the loss in yield due to eldana, on an industry wide basis,
is not high whereas the investment in the research programmes for the
purpose is very high. Ironically, a successful outcome of the
research programme for the bioclogical control of eldapa would be a
significant scientific and technological achilevement yet could have
relatively llttle economic value for the cane growing industry. If
the Industry's R&D policy-makers, were given the iuformation on
accumvlated costs and likely returns on the programme, they would be
able to decide at what stage to call it a 'dry hole' and write off
the lasses or whether the research should continue.

The development of technologies that can increase experimental

yield significantly and be capable of transfer to growers 1in

order to increase industrial yield as well, will depend on
innovations such as ‘strategic breeding' <(Allfson, 1989 of
varieties adapted to younger harvesting and possibly tbhe use of

such technigues as recombinant DNA  technology and tissue culture.
To be of economic value to the cane growing industry, an innovation,

would have to be shown capable of significantly increasing yields

and/or resistance to pests and diseases or of reducing the time,

and therefore the costs involved in producing a mew varijety.

Although the opportunities for developing new or additional

’)
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technologies capable of increasing yields or productivity and
therefore returns on research, appear to be limited, it must remain a

high priority of concern for senior management.

Future R&D strategies. In 1986 the Experiment Station was considered
to be ‘... nearing the end of it's third phase (of growth, in
Greiner's terms) with deteriorating communications and inadequate
management skills the main deficiencies' (Donovan, 1986). Three
years later, the present study of the costs and returns on R3D at the
Experiment Station, suggests that the serious situvation of declining
returns on . R&D, is an additional and equally important reason for
undertaking an exercise in strategic planning for the next phase of
the Experiment GStation's evolutionary developnent. The following
‘findings' in this study might be worthy of consideraticn in such an
exercise of strategic planning:

That the cost of maintenance and basic research should be met from
levy funds and not talken into account when returns on (offensive)
research are estimzted. The decision to develop new technology
should be taken with as good information as possible on its cost,
likely return and lead times. Having been approved as a part of the
programme of work, the costs and returns of an offensive research
programme should be monitored routinely by management to facilitate
decision-making at the annual programme of work meetings. If the
programme remains potentially valuable, and is not discarded as a
‘dry hole', the resulting technology will normally generate returmns
until the decision is taken either to terminate it or to continue it
&s a maintenance research progranme. Because maintenance research
programmes do not normally generate positive returns but justify
retention to reduce yield decline, it would seem appropriate to meet
their continuing costs from the industrial levy while ensuring that
they are continued as econcmically as possible.

Programmes of basic research, which are frequently conducted on
contract off-station, might best be funded in the opposite way. On

being accepted into the programme of work, a basic research programme

should be financed from levy funds, with its costs under scrutiny,

until it is terminated. [If its biological results are of value to an
offensive research programme, its costs should be transferred to that
programrme for purposes of estimating returns, If on the other hand,

the results of a basic research programme are not of use to a current
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offensive research programme or 'sold' under licence or patent, it
should be considered appropriate to 'write off' the cost borne by

levy funds.

That the full costs of R&D programmes conducted to provide, or
improve, technical services should be borne by users. Unless the
full costs of providing technical services are recovered as fees
charged for growers advisory packages, the returns on other
components of the institute's work will be distorted. The cost of a
policy decision to subsidise some packages oOr some uSers should,

therefore, be borne by levy funds.

That for an agricultural commodity R&D Iinstitute a functlonal
organisational structure is more appropriate than one based on
sclentific disciplines. Since the goal of agricultural commodity R&D
is to improve the profitabiliity of the commodity's producers, the
first level of an organisational structure should define the
functions needed to achieve that goal and these are Research,
Extension and Growers Advisory Services. The second level of
organisational structure should define +the ways 1in which the
functions are carried out while the subsequent levels should break
these down into vprogrammes and projects. The purpose of any
structure is to optimise the attainment, successively, of the goals
and objectives of the organisation.

An organisational structure based on scientific disciplines, however
appropriate for research institutes with scientific goals, has the
disadvantages for commodity R&D institutes, first, of staff tending
to regard their primary function as scientific and secondly, that in
staffing programme and project teams, technologists have to be
brougbt together by what they regard as detachment from their
disciplines. In a functional organisational structure, staff of
different disciplines are already together, facilitating a

team
approach and better coordination.

An added advantage of a functional organisation is that management

and administration is simplified when, as 1in the case of the

Experiment Station, an account of costs or estimates of cost

effectiveness or returns on R&D, are required 1in terms of the

Institute's goals, objectives, programnes and projects.
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A final, and most important, advantage of a structure based on goals

and functions is that it is better understood by the non-sclentific

community, the most important of whom are the commodity assoclation

members who are the producers and the '‘stakeholders' who ultimately

finance and therefore control the organisation (Donovan, 1981).

CORCLUSIOHS

The significance for policy-makers of having estimates of returns on

R&D 1s that:

+

The advantages of a commodity controlled, nission-orientated,
multi-purpose R&D 1institute, can be assessed 1n terms
amenable to economic interpretation.

Appreciation of the relative values and costs of research,
extension and technical services can be obtained readily.

The differences, 1in terms of costs and pay-off, between
research programmes of different kinds (offensive,
maintenance and precautionary) become more meaningful.

The increasing 1mportance of strategic and 1innovative
research as the Industry's productivity rises and as the R&D
institute's portfolio matures, can be indicated clearly.

The contribution to soclal objectives can be quantified
easlily.

The value for management of having estimates of the returns on the

different components and programmes of R&D is that:

+

The Institute's annual programme of work can be formulated
more realistically when information is available on costs and
returns.

Proposals for new programmes and changes 1in existing
programmes can be made more meaningfully to the policy-board

1f they have economlc dimensions.

Discussions on programme priorities and emphases with lower
levels of management can be less parochial 1if comparative
Information on costs and returns are available.

Having economic values for programmes and projects can be

used to emphasise objectives and to improve staff motivation.
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+ The routine collection of data needed to record costs and to
estimate returns would necessitate desirable changes 1in

administrative and accounting procedures.

There are no known disadvantages to using estimates of returns on R&D
to improve policy and management decision-making and with appropriate
changes 1in administrative and accounting procedures, the costs of

routinely collecting the necessary data are likely to be very low.
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CHAPTER 9

CONCLUSIONS

[t would seem that little in the literature on research evaluation
can be of direct use in deriving a practical metbod for estimating
the return on agricultural commodity R&D, particularly when the
estimates are required to improve policy and management decision-
making at portfolio and programme level. However, a number of
studles reported in the literature are of considerable indirect value

in this quest.

Vhen the total <(soclal) benefits of agricudltural R&D in an
aggregated form are being estimated by the economic surplus method,
it 1is {important to take elasticities of stply and demand into
account. Vhen, however, the private returns on R&D applied to a
single commodity are being estimated, the use of the economic surplus
method is probably less sujtable than others because the difficulties
in quantifying the effects of varlous controls on production, both

domestic and international are considerable.

Vithin a single R&D portfolio, ex-post and ex-ante methods of R&D
evaluation are considered more useful for higher and lower level
decislon-making respectively. This is because at the higher level,
where the whole portfolio is under consideration, there is likely to
be only a small proportion of new project proposals, whereas at the

lower levels, new projects are likely to make up a high proportion of

the total decizlon-making required.

For estimating the total private return on agricultural commodity
R&D, methods of estimating the cost-saving value of R&D are as
important as methods of estimating the value of yield-increasing R&D.
Similarly, ©both objective and subjective metbods of estimating

returns are necessary.

The Public Relations approach 1s so called becasue most R&D funds
have to be obtaired from the public purse in competition with other,

and often higher, social priorities. Because commodity R&D, in the

context of the present study, is funded by producers aand not by the
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public, 1t would be appropriate to call this approach expert
accounting, and 1t 1s a useful, subjective, method of estimating

returns at programme and project levels of decision-making.

Since this study is concerned with private returns on agricultural
commodity R&D, the inclusion of spill-over and externality factors in
any equation or model is not considered as necessary as it would be

if total social returns were being estimated,

Ir estimates of the social returns on public sector expenditure it
may be important to account for market distortions such as support
programmes, price controls and production gquotas, However, for
estimating R&D returns on private sector investments (as is the case
of agricultural commodity R&D), actual or projected market prices
should be used because they represent the true costs of resources to

the firm.

The benefits of foreign currency earnings on exports, increased
employment opportunities, higher rural productivity, as well as the
indirect benefits of employee housing, medical aid and pensions, need
to be taken into account in estimating total social return on
agricultural R&D. However, for evaluating the private return on
commodity R&D they need only be noted and acknowledged as purt of the
copmodity's contribution to the costs of infra-structural facilities

that are important for the viability of any industry.

Although the <final conclusion from the litera£ure review, on
estimating returns from agricultural commodity R&D, is that economic
analysis methods canp give only general and qualitative evaluations,
this study indicates that an empirical method of estimating returns,
using actual costs, has the potential for improving decision-making

by both policy-makers and managers of commodity R&D.

Previous estimates of the returns on sugarcane R&D have given
comparable results in spite of the different periods and estimation
methods used, but for management purposes they have two shortcomings.
The first is that they rely on unadjusted subjective assessments of

R&D returns and, secondly, the estimates have no direct and

160



quantitative relationship with the changes 1in production levels
brought about by the R&D generated.

Yield levels during both tbe pre-technological era of 28 years (186z-
1890). eattributed to craft skills, and during the mext 34 years
(1880-1924), attributed to Imported technology, increased imitially
and then declined, or remained relatively unchanged, during the
second part of each of the two eras. The conclusion drawn from this
pattern of yield change is that neitber craft skill nor imported
technology can sustain yields indefinitely and locally generated

technology is necessary to both raise and maintain productivity.

Bstimates of the contribution of locally generated technology, in
terms of tons sucrose per hectare, to the Industry's increases in
productivity during the technological era (1925-1985) and each of its
slx decades, were calculated as the factor share Ufltechnolpgy in a
production function equation. __Th;s method may be justified
thedretically only under conditions of comstant returns but its use
to generate comparative information for management purposes is
considered acceptable ip this particular case. For the purposes of
estimating the returo on individual R&D programmes, technology's
share of increases in sucrose yleld, estimated in this way, needs to

be shared first between research and extension.

Estimating returns on agricultural extension has not been successful
previously because no approporate means of measuring extension
effects have been found for tbe wixed product output of ag}iculture
and because nD satisfactory method of separating the effects of
research andA‘extéﬁgion have been proposed. For agricultural
commodity extension, and specifically for extension in the South
African Sugar Industry, it is suggested that E;; change with time in
the relatiobpshuip between the Industry 8 yield and the yield obtained
by technulogists in field trials, can be used to measure the effects
of technology transfer or extension. Applying this hypothesis to the
data on industrial and experimental yields, indicates that the
proportions in which the total estimated return on R&D are

attributable to research and extension respectively, are 65:35 during

the fourth (1956-1965) decade, 37:63 during the fifth (1968-1975)
decade and 17:83 during the sixth (1976~1985) decade.
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This method of estimating the research : extension ratio, 1s not
claimed to be defifintive but it appears to provide an estimate of
the right order and changing in the expected direction, for which
reasons it is preferred to the only other method so far proposed, an

arbitrary choice of a ratio.

Return on sugar cane production R&D at the South African Sugar
Association's Experiment Station was found in the study, to be of a
similar magnitude to the return estimated in the Cost Effectiveness
exercise of 1983, and toc the return on R&D on other crop commodities
reported in the 1literature, in spite of different production

conditicns and methods of estimating.

For two reasons the return on the research component of the
Experiment Station's programme of work was found to be lower 1in
percentage terms, than was estimated 1n 1883. Firstly because, in
this study, subjective estimates were adjusted downwards to ensure
that the total estimated return on R&D did not exceed the Industry's
total productivity, an adjustment that was not done in 1983.
Secondly, the lower estimate of return on research in 1985/86 <{(than
in 1983) was due to the division of total productivity between
research and extension in terms of a calculated research : extesnion

ratio of 1 : 1,48 in the present study compared with an assvmed ratio
of 1 + 1 in 1983.

The closer experimental and industrial yields approach their
potentials, the smaller the ©possible gains become and since
experimental yield is closer than industrial yield ta the potential,
gains {from research are wmore difficult to achieve than from
extension. The present trend for extension to be responsible for an

increasing share of technological productivity is, therefore, likely
to continue.

Although the overall return on research and on most individual

programmes was found to be positive, two programmes had costs

exceeding the returns estimated on them and of particular interest

from a management and policy point of view, is that plant breeding is

one of these two. The low return on the plant breeding programme is
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mainly due to tbe fact that no new variety, with a yleld index higher
than NCo376, had been released during the previous 295 years.

from a policy-makers point of view this study emphasises the
advantages of commodity controlled R&D and offers an empirical method
of assessing, in economic terms, the values and costs of research and
extension. It also provides a quantitative dimension to the
importance of offensive, strategic and innovative research in raising

the Industry's productivity.

for management, the study provides the means for formulating the
annual programme of work and budget 1n the <(economic) terms more
acceptable and better wunderstood by policy-makers +than the
qualitative sclentific Jjargon commonly used. It also facilitates
discussion with staff on priorities, objectives and motivaticn

because these can be expressed 1in +terms amenable +to economic

interpretation.

The routine collectlon of data needed to record costs and to estimate

returns would necessitate desirable changes in present administrative

and accounting procedures.
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CHAPTER 10

SUNMARY

The lack of information on the returns to R&D 1s consldered a
handicap to effective decision-making by policy-makers and managers
in agricultural commodity organisations and the objective of this
study 1s to find an empirical and practical method of estimating

returns for that purpose.

The literature on agricultural research -evaluvation 1s mainly
concerned wlth methods of economic analysls and 1little has been
published that can be of dlrect benefit 1in deriving a practical
method of estimating the returns on agricultural commodity R&D. This

is particularly so when the objectlve 1s to 1improve pollicy and

management decision-making at portfolio and programme level. Arndt &
Ruttan's (1977) concluslons are apt 1n the context: 'Economic
analysis at ©present, vylelds only gross {indications of the

consequences from various cholces. More data on the approprlation of
research benefits and on the research cost function, 1ln addition to
further theoretical and emplrical testlng of models, are needed to
improve declsion-making tools’.

Two previous estimates made of the return on sugarcane R&D, the first
by Evenson (196%), using the production functlon approach, and the
second, an empirical study by the South African Sugar Association
Experiment Station (1983), gave very simllar results In terms of
internal and average rates of return. However, nelther are suitable
for management  purposes, the former  Dbecause 1t cannot be
disaggregated down to portfollo or programme level and the latter

because returns are estimated subjectively and not related to changes

in production levels.

For the purposes of estlmating returns on R&D in the Scuth African

sugar Industry, three periods and sources of technology are defined.

The first, the pretechnology era (1848 ~ 1890) when craft skill was

the main or only source of tecbnology, during which sugar vyields are

estimated to have increased by about one ton per hectare, from 0,9 to
1,5 tons.

(1890 -

The second period described as the imported technology era

1924) during which sugar yields are also estimated to have
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increased by about one ton per hectare, from 1,5 to 2,5 tons. The
imported technologies avajlable during this era were varieties, mill
design and components as well as methods of agricultural and mill
production brought 1n as personal knowledge and experience by
immigrants and visiting technologists. The third period, called the
technological era (1925 ~ 1986) started with the establishment of the
Experiment Station. During this era the importance of imported
technology declipned until about 1954 when, 1t 1is suggested that
sugarcane R&D at the Experiment GStation reached technological
maturity. From that time the Industry was no longer dependent on
imported technologies but was in a position to exchange technology

with other sugar growing countries on a mutually advantageous basis.

The relative influences, or factor shares, of the four independent
variables, technology, rainfall, production costs and area under
cane, on the industrial yleld of sucrose per hectare per annum,
during the technological era, were estimated by production function
analysis. The contribution of production techmology, that 1is
technology generated at the  Experiment Station on the growing of
cane, was considered not to be affected by productivity increases due
to milling technology. During the technological era of 62 years
productivity as yield of sucrose per hectare, increased by 1,65 tons
during the imwature phase (1925-1954) and by 1,85 tons during the
mature phase <(1955-1986), The estimate of annual increase 1in
productivity due soley to production technology during the last
decade (1976-1986), was 0,168 tons of sucrose per hectare (Table 16).
After converting this intoc monetary terms, (at the price grawers
received for sucrose in 1985/86) this return was compared with costs

to estimate the returns on R&D generated at the Experiment Station
in 1986.

Bot all the activities and costs of an agricultural commodity R&D

institute or experiment station are devoted to R&D. The Sugar

Experiment Station's activities were, therefore, classified, for the

purpose of allocating costs and estimating returns, into three

Eroups. Research (the production of technology), Extension (the

transfer of technology) and Technical Services (which include

advisory services, educationm, training and publications).
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For the purpose of this study it is assumed that the user pays
policy, introduced in 1983 and which it is intended will apply
eventually to all technical services supplied on request to
individual growers, will be self-supporting and therefore need not be
included in estimates of returns. Until technical services are self-
supporting, the returns on research and extension will be under
estimated. The increase in productivity that can be expected from
the use of technical services by growers would be shared by research

and extension.

The activities of the two other functions, research and extension,
were classified 1In terms of costs and returns. Since, in
agricultural commodity  R&D, extenslon need have no social
commltments, all 1ts costs and returns are theaoretically attributable
exclusively to the transfer of technology. In practice, however, the
time of extension agents 1s spent on a number of activities that
cannot be classified as technology transfer and the costs of these
need to be allocated appropriately. Most of these non-extension
costs would be debited to technical services but some are overhead
costs, for example, time spent on 'community development' and
‘environmental protection' work, which may be required in terms of

the commodity organisation's social objectives.

Since an objective of this study is to estimate returns on research,
if possible, down to programme level, research activities were
classified according to their economic and biological objectives.
Offensive or Strategic research 1s conducted to create new
technologies or to increase productivity and profitability, the
return on which should be measured by the resulting higher
productivity. The costs of Defensive research, carried out to
maintain rather than to increase yields, should be regarded as an
Insurance cost and carried as an overhead. Some defensive research
programmes may generate higher productivity from time to time and
thelr returns should be regarded as discounts on insurance premiums
and credited to overheads. Precautionary research,

conducted in

anticipation of changing circumstances, is also a form of insurance

on which no return can be estimated, and 1is therefore a charge

against overheads. Examples of precautionary research at the

Experiment Station are the development of machines and alternative
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fuels as precautions against future labour and fuel shortages or high

costs, respectively.

Estimate of returns on extension have previously regarded extension

as a State-funded and socially orientated function dealing with a -

wide range of products, contributing unidentifiably to agriculture's
'social returns'. In contrast, commodity extension has the specific
task of technology transfer and its returns should be capable of
estimation. In an ex-post study of the cost effectiveness of the
Experiment Station(1983) extension and research were assumed to make
equal returns on the grounds that they are equally important to the
industry. In an ex-ante estimate of the value of extension in an
irrigation development project 1in 1988, a net return <(returns -
costs/costs) of over 200% was obtained. Because neither of these
methods is satisfactory, the hypothesis 1is proposed in this study
that the change in the relationship between the average yleld for the
Industry and the yleld obtained by technologists in field trials, can
be used as a measure of the transfer of technology or extension. The
industrial yield estimated previously by production function analysis
is compared with the experimental yield, estimated by regression of
rainfall on yield, using as the common base, climatic potential
yield. During the last three decades of the technological era
(1956/7 - 1985/6) experimental yields are estimated to have increased
by 14% and industrial yields by 13% in relation to the climatic
potential yield. In percentage terms this gives a research

extension ratio of 51 : 49 for the three decade period. O0Of greater
interest to policy-makers and management 1is the change in the
research : extension ratios from decade to decade during the thirty-
year period and these were found to be 65:35, 37:63 and 17:83
indicating a significant change in relative contribution of research

and extension to a declining total productivity.

The average return on research during the last decade (1976 - 1985,
estimated as 17% of the return on production technology, 1is used as

the return in 1986 and is apportioned among the individual programmes

of research. The only programme that can be estimated objectively,

that is by calculations from quantitative data, is plant breeding.

The returns on all other research programmes are estimated

subjectively 1in different ways depending on the type of data and
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information available. The total of these subjectively estimated
returns are then reduced proportionately to equal the returns
remaining after deducting the objective return attributable to plant
breeding from the Industry's estimated productivity.

After converting returns, which had been estimated as sucrose per
hectare, into monetary terms, they are compared with costs which had
been obtained by reclassifying, to suit present purposes, the cost
data from an analysis of Experiment Station activities in 1986
(Donovan, 1986).

In terms of net return, that is (return - cost)/cost, all activities
of the Experiment Station had estimated returns exceeding their
caosts. The net return on the Station's programme of wérk was 76% on
all research 37% and on extension 1 049%. Of the twelve individual
research programmes capable of making returns, only plant breeding
(-39%) and mosaic disease control (-48%) had costs exceeding returns.
It is interesting to note that in real terms, plant breeding made
higher returns than any other programme.

The benefit:cost ratios for R&D (excluding services) in this study,
those obtained 1in the Experiment Station's cost effectiveness
exercise in 1983, and in Simmond's (1974) estimate for the Scottish
Plant Breeding Station, were all of a similar order, namely 3,10,

3,03 and 3,10 respectively.

Vhen large differences occur between estimates of returns they are
usually between ex-post and ex-ante estimates or between estimates
made objectively and those made subjectively. In both cases the
magnitude of the differences depends on the accuracy of the forecasts

of yields, costs and technology adoption rates.

For policy decision-makers, the advantages of having costs and

returns on at least the major functions of their R&D institute are
considered to include the following:

¥ Facilitating decisions on whether the fees charged for technical

services available to individual growers should cover the full

costs or whether some costs, or some users, should be subsidised

in the interests of the Industry, of environmental protection or
of society in general.
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5 The opportunity to note that the costs of offensive research,
that is research to generate new or improved technology, exceed
the value of the resulting higher productivity.

# The importance of defensive research in maintaining ylelds in
spite of the costs exceeding the returns oOn this kind of
research.

3 To note the high returns on extension and whether this does not
indicate under-investment.

#+ Data and information that can improve decisions on whether and
how much to invest 1in social programmes and for countering

criticism that commodity R&D does not have a soclal conscience.

For management 1n agricultural commodity R&D 1institutes, the

advantages of having data and information on the costs and returns on

individual research programmes, are consldered +to 1nclude +the
following:

# Providing bases for recommending research in economic terms which
are better understood by policy-makers than the biological terms
commonly used.

* Cost and return icnformation on research praogrammes provide an
economic dimension that can improve decislons on whether a
research programme should be terminated, reduced or even
increased 1in scope.

*  Vhen reductions or economies are necessary, information on costs

and returns are useful 1in the sensitive matter of personnel

management, particularly when changes in duties or redundancy is
involved.

The advantages of having costs and returns on a routine basis can

lead to changes in administrative procedures that themselves can

be advantageous. Research managers tend to regard the task of
cost accounting as an imposition but if the accounting is done in

terms of thelr own programmes of research they would have a

personal interest in the task.

This study of the returns on R&D 1in an agricultural commodity

institute has identified two main future challenges for management.

The first 1is the need to develop radically different technologies

that can widen the productivity gap between experimental and

industrial ylelds in place of some of the older programmes that face
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increasing degrees of difficulty and diminishing returns. The second
is the need for an exercise in strategic planning, taking into
account the present problems identified 1in the R&D scenario,
particularly the funding of defensive research, how the cost of
technical services should be shared between the Industry and the
individual wuser, and the rationalisation of the institute's

administrative procedures along functional lines.

The main conclusions from this study are that:

There 1is 1little in the 1literature directly applicable to the
estimation of ©private returns on agriculturel commodity R&D
particularly when they are required to improve policy and management

decision-making at programme and project level.

Ex-post and ex-ante methods of estimating returns on R&D are more
useful for higher and lower level decision-making respectively,
methods of estimating cost-saving R&D are as important as wethods for
estimating yleld increasing R&D, and both objective and subjective
methods, such as expert accounting, are necessary estimating

procedures.

Because estimates of private return on commodity R&D and not total
social return on agricultural R&D are required, spill-over and
externality factors npeed not be considered; accounting for the
effects of support programmes, price controls and production quotas
can be obviated (by using actual market prices); and the social

benefit spin-offs of R&D need not be taken into account.

The estimate of productivity attributed to technology alone was taken
to be the factor share of +technology 1o a production function
equation, while the contributions of research and extension +to
increased productivity were estimated from the change in the
relationship, with time, between the industrial yield and the yield
obtained by technolgists in field trials. It was necessary to adjust
the subjective estimates of returns on individual programmes to
ensure they did not exceed the estimated total

attributed to technology.

productivity
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As both experimental and industrial yields approach their poteantials,
yield increases in both become more difficult to achieve, more sc for
experimental than industrial yields and, new technologies are
required 1f the returns on R&D are to remain positive.

For both R&D pelicy-makers and managers, estimates of a commodity
institute's return on R&D, down to individual programme level, can
improve decision-making and the <changes 1n administrative and
accounting procedures required to make these estimates routinely

would be relatively simple, cost-effective and beneficial in terms of

staff management.
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APPERDIX 1:

SUMMARY RESULTS OF STUDIES OF THE RETURES TO

AGRICULTURAL R&D REPORTED IN THE LITERATURE VITH
SONE NON-AGRICULTURAL EXAMPLES

1.1 Production Function Studies, expressed as marginal rates of
return (Ex-post unless stated otherwise)

1.1.1 United States data
Commodity Period |Return Literature reference
%
Agriculture, aggregate |1868-1926 65 Evenson, 1979
1939-1948|41-50 | Cline 1975 (g US Con-
gress, 1986)%
1949-1959( 35 | Griliches, 1964
47 Evenson 1968 (g US Con-
gress)
1938-1948(30,5
1949-1959(27,5 Lu & Cline, 1979
1959-1969( 25,5 (q Ruttan 1980)
1967-1972|23,5
1949-1959|66-100| Davis, 1979
1964-1974| 37
1949 100
1954 79
1959 66 Davis & Peterson, 1981
1964 37
1969 37
1974 37
» South Region 1948-1971| 130
o North Region 93
+ Western Region 95
Evenson 1979
Agricultural Technology [1927-1950 95
Agricultural Science 1927-1950| 110
Agric. Mgt. Extension 1948-1971 45
110
Research & Extension 1949-1958 |39~47
1959-1968|32-39 Knutson & Tweeten, 1979
1969-1972|28-35 '

¥ Quoted by

continued/. ..




APPERDIXI 1 continued

Poultry 1915~-1960 21 Peterson, 1967
Poultry 1969 37
Dairy (6 yr. lag) 43 Bredahl & Peterson,
1976
Livestock (7 yr. lag) 47
Cash grains (5 yr. lag) 36
Corn (6 yr. lag) 1977 115
Yheat (6 yr. lag) 97 Sunnquist et al, 1981
Soybeans (&6 yr. lag) 118
1.1.2 Effect of lag time on US data (Return %)
Lag years 5 6 7 a8 9
Cash grains 1969 57 47 40 35 31 Norton, 1981
1974 8% 69 58 50 44
Dairy 1969 50 42 35 31 27
1974 62 51 44 38 33
Livestock 1969 111 89 79 64 56
1674 132 106 85 75 66
Poultry 1969 56 46 39 34 30
1.1.3 Ex-ante study of return on research in 1990 & 1995
with and without extension on US - Vestern Regions'
commodities, based on 1973 data (Return %)
1990 1995
Araji et al,
+ Ext - Ext + Ext - Ext 1978
Sheep 33,3 24,0 34,8 26,1
Lettuce 35,8 25,0 38,3 29,5
Tomato 45,6 30,0 47,6 32,4
Grapes 39,9 19,2 41,7 23,0
Apples 47,7 33,2 48,7 35,1
Citrus M1 Fil 25,2 15,0
Potatoes 104,4 69,4 104,8 70,6
Cotton 42,4 17,9 43,7 21,6
Rice 33,8 11,4 35,6 21,3

continued/...
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APPENDIX 1 continued
1.1.4 Data from other countriles
Asia
Rice (National 1956-1965|32-39 | Evenson & Flores 1978
research) 1966-1975|73-78 | (g Ruttan, 1982a)
(International 74-102
research)
Rice ("Tropilcs") 46-71 Flores et al 1978
Rice (Phillipines) 75 (g Ruttan, 1982a)
Rice (S.E. Asiad 1970-1990
New irrigation areas | (ex-ante)|11-12
0ld irrigation areas 35-40 | Barker, 1981
Rainfed areas 40-85
Australia
Pasture improvement 1948-1969|58-65 Duncan, 1972
Pasture research Duncan, 1972
North Tablelands, NSW 56-68 Marsden et al, 1980
South Tablelands, NSV 22-27
Vheat/Sheep zone WA 48
Sugarcane 1945-1958 590 Evenson, 1969
Canada
Rape seed 1960-1975|95-110 | Nagy & Furtan, 1978
Chile
Halze 1940-1977|32-34 | Yrarrazaval et al 1979
(g Pinstrup-Andersen,
1982)
India
Agriculture,
aggregated 1953-1971| 490 Evenson & Jhu., 1973 (g
Boyce & EBvenson 19795
Dairy 1963-1975 29 Kumar et al , 1977 {(q
Pinstrup-Andersen 1982)
‘ 1960-1961 63 Kahlon et al, 1977
Sugarcane 1945-1958 | 60 Evenson, 1969
Israel
Field crops 1954-1973 13 Kislev & Hoffman
Dairy farming 94 1878
Wheat research 150
Japan
Agriculture,
aggregated 1880-1938 | 35 Tang, 1963 (g Boyce &
Evenson 1875)
Mexico
Crops 1943-1963 [45~93 | Barletta, 1970 (q
Ruttan, 1982a)
Fotatoes 1948-1964 69 Barletta, 1970 (g
Pinstrup-Andersen,
I 15882)
South Africa
Sugarcane 1945-1958 49 Evenson, 1969

continued/. ..
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APPERDIX 1 continued

1.2 Ecopmomic Surplus Studies, expressed as average rate of

return. (Ex-post unless stated otherwise).
1.2.1 United States data
Agriculture, 1937-1942 50
aggregated 1947-1952 51 Petersen & Fitzharris
1957-1962 49 1977
1967-1972 34
Hybrid corn 1940-1955 | 35-40 Griliches, 1958
Hybrid sorghum 1840-1957 20
Poultry 1915-1960 | 21-25 Petersen 1967
Tomato harvester 1958-1969
Vithout compensa-
tion for labour
displaced 37-46 | Schmitz & Seckler 1970
Vith compensation 16-28 (q Ruttan, 1982a)

1.2.2 Data from other countries
Australia
Entomology research
projects 1960-2000
Blow fly & diazanon (ex~ante) | 1682 Marsden et al 1980
Cattle ticks,
acaricides 23,3
Cattle resistance 9,2
Scarab beetle -ve
Locusts 0,001
Sub-terranean clover
stunt virus -ve
Fruit moths 19,7
Fruit fly 6,2
Vhite wax scale 13,9
Orchard mite 32,8
Phasmatid -ve
Sirex 19,5
Skeleton weed 141,0
All entomology
research 19,0
Bangladesh
Vheat & Rice 1861-1977| 30-35 | Pray, 1979 (g Evenson
1984)
Bolivia
Sheep 1966~-1975| 44,1 Wannengren & Whitaker,
1977
Vheat - A8
Rice 1957-1964( 79-96 Scoble & Posada, 1978

continued/. ..
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APPERDIX 1 continued

Brazil

Cocoa 1923-1974|- 16 Monteiro, 1975 (g
1958-1974| 60 Pinstrup-Andersen, 1982)
Cotton 1924-1967| 77-110| Ayr & Schuh, 1972
Colombia
Rice 1657-1972( 60-82 Hertford et al 1977
Soybeans 1960-1971| 79-96
Vheat 1953-1973) 11-12
Cotton 1653-1972| Fil
Japan
Rice 1915~-1950| 25-27 Hayami & Akino, 1977
1630-1961( 73-75
Malaysia
Rubber 1832-1973| 24 Pee 1977 {(q Evenson,
1984)
¥exico
Vheat 1943-1963] 90 Barletta 1970 (q Ruttan
Maize 35 1682a)
Peru
Maize (only) 1954-1967| 35-40 | Hines 1972 (q Ruttan,
1982a)
Maize (+ agronomy? 50-55
Punjab
Agricultural research| 1906-1956| 34-44 Pray 1978 (q Evenson,
and Extension 1947-1963| 23-37 1984)
1.3 Bepefit: Cost ratio studies
Australia
Entomology research Marsden et al, 1980
projects 1960-2000
Blow fly & diazanon {ex-ante, | 680
Cattle ticks, projects
acaricides from 2,7
Cattle resistance ex-post 1,0
Scarab beetle based on 0,2
Locusts 1960-1975 | 1,1
Sub-terranena clover | and dis-
stunt virus counted 0,14
Fruit moths at 10% 3,2
Fruit fly 0,6

continued/. ..
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APPERDIX 1 continued

Vhite wax scale 1,5 Marsden et al, 1980
Orchard mite 24,0
Phasmatid 0,37
Sirex 2,9
Skeleton weed 112,0
Animal health 5,0
All entomology
research 2,3
Asia, South East Barker, 1981
Rice breeding 1970-1990
New irrigation (ex-ante)
areas 1,0 - 1,9
0ld irrigation
areas 5,0 - 6,7
Rainfed areas 6,5 -12,9

Israel 1954-1973 (Calculated from
Field crops (dis- 3,2 & 1,3 Kislev & Hoffman,
Dairy farming counted 22,5 & 9,4 1878)

Vheat research at 5% & 31,6 &12,5
10% re-
spect-
ively)
South Africa - Sugarcane SASA Experiment
1983 Station 1983

R&D programmes: (ex~post)

Herbicides & Weeds 4.6

Growth regulators 5,0

General agronomy 2.1

Variety trials 1,1

Nematicides 2,9

Functions:

Variety breeding 4,2

Extension & Education 2,4

Services
Machinery advice 3,2
Farm planning 1,4
Civil works advice 1,3
Irrigation & drainage 2,2
Fertilizer advice 2,8
Disease control 3,4
Pest control 3,9
Experiment Station
total 2,4

continued/. ..
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APPERDIX 1 continued

Spain
Rice breeding 1945 3,9 (Calculated from
1955 90,3 Herruzo, 1985)
1965 66,8
1975 58,6
1980 40,2
United Kingdom
Potatoes, varieties
Pentland Crown 1962-1973 1,9 Simmonds, 1974
& Pentland Dell (ex—post)
1974-1997 18,4-26,1
Potatoes, other (ex-ante)
varieties 1,6- 9,9
Cereals 1,0- 4,0
Swedes 0,3- 6,8
Experiment station
total 21,3-46,8
United States
Vestern Region
research with and 1973-1990 Araji et al 1978
without extension (ex—ante)
Sheep 4,6- 7,7
Lettuce 6,0- 3,6
Tomato 13,4- 4,3
Grapes 7,2- 2,2
Apples 10,0- 4,9
Citrus 0,5- 0,1
Potatoes 36,4~-13,9
Cotton 9,3- 1,8
Rice 4,9- 1,2

1.4 KNon-agricultural Returms on various investments

Industrial innovations Average rate of
in the U.S. return %
Social | Private
Electronic device -ve -ve Mansfield, 1982
Industrial product *H’ 104 -ve (method of esti-
Industrial product ‘'L’ -ve 13 mating not given)
Chemical process 'R’ 13 4
Chemical process 'A' 32 25
Industrial product 'A® 62 31
Construction material 96 9
Industrial product 'I! 113 12
Industrial product ‘G’ 123 24
Industrial product 'F' 161 40
Industrial product 'T* 198 69
Household cleaning
device 209 214
Thread 307 27
Industrial product 'K’ 472 127

continued/. ..
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Industrial Tralning
in South Africa

Return %

Davidson,

1987

Sugar industry
Company B
Company F
Company G
Company H

1982-1983
(B:C ratio
estimates)

Transport projects
in Australia

Rall electrifica-
tion

Rail rolling stock

Bus-ways

Tram route upgrade

Ferry vessels

Ex-ante estimates

Average rate
of return %

B:C
ratio

5-20
12-14
27-39

9-23
10-11

Harsden et al

1980

Urban renewal in
Australia

Glebe Estate,
Sydney

0,9 -1,1

Marsden et al,

1980

Vater resource
development in
Australia

Eton irrigation
scheme

Bundaburg scheme
Upper Condamine
scheme

Mitchell River
schemne

5-14

1-3

Marsden et al.

1980
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APPENDIX 2: DISTRIBUTICK OF EXPERIMENT STATION GOALS
ANONG DEPARTMENTAL PROGRAKMES.

The goals of the Experiment Station are listed in its annual report
where they are described as 'functions' (SASA Experiment Station,
1986). The following table sub-divides these goals, each of which is
a portfolic of activities, into departmental programmes which may be
services, functions or R&D programmes, many of which are conducted on

a multi-disciplinary or inter-departmental basis.

Goals Departmental Programunas
(=Portfolios) Services functions R&D
1.Develop./pro- |[Extension Plant Brdg (Xing)|Plant Brdg (Xing>
pagate/dis- Pathology Plant Brdg (Slct’|Plant Brdg (Slct)
tribute new Chem & Scils Agronomny
varieties Plant Pathology

2. Advise grow-
ers on the

use of:

alagricultural| Agronomy Agronomy
chemicals Chem & Soils Chem & Solls

b)irrigation |Agric Eng'ing Agric Eng'ing
& drainage |Farm Planning Farm Planning

Chem & Soils

¢)machines & Agric Eng'ing
equipment

d’land & water| Farm Planning Farm Planning
management )
e)crop produc-| Farm Planning Agronomy
tion & Farm Planning
planning
fispecific All depart-
problens ments

3. 5tudy/moni-

tor/develop

control meas-

ures for:

alpests Entomology Entomology Agronomy
Extension Extension Extension

b)diseases Pathology Pathology Pathology

] Extension

continued/. ..
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APPESDIX 2 continued

Goals

Departmental programmes
(=Portfolios) Services Functions R&D
4.5tudy cane Chem & Solls Chem & Solls Agronomy

nutritional
requirements
& soll/crop
management
relationships

Farm Planning

Farm Planning

Chem & Soils
Farm Planning
Pathology

5. Test & devel-
op machinery
& equipment

Agric Eng'ing

Agric Eng'ing

Agric Eng'ing

6.Publish and
disseminate
sugarcane
information

Extension
Publications

Publications
(with co-opera-
tion of all
depts)

7.Provide educ-
ation courses

Education & PR
and all depts
except FB({ing>

Education & PR

8.Traln labour

Training
Extension

Training




APPERDIX 3:

SUGAR PRODUCTION STATISTICS 1862 - 1890

Season

Area under
cane (hectares)#

Sugar produced
(metric tomns)

1862
1863
1864
1865
1866
1867
1868
1869
1870
1871
1872
1873
1874
1875
1876
1877
1878
1879
1880
1881
1882
1883
1884
18385
1886
1887
1888
1889
1890

O @ N g A N s s WO W )
(o)}
D
(3]

> O o N
[
9]
(4]

12 611

15 473
12 386
12 695
14 973
135 005
12 616

380
056
095
268
896
681
319
901
713
575
764
8 622
10 333
10 286
12 812

O ~N N0 O N g e N

8 714
15 351
16 367
12 125
12 021
16 718
18 984
15 684
17 778
13 801
15 248
15 232
11 097

- Data not available - - - - - -

Annual average|Five-year
yield moving aver-
age yield
{metric tons/hectare/annum)

0,03

0,51

0,82

0,56

0,867 0,57
1,69 0,85
1,59 1,07
1,69 1,24
1,63 1,45
1,72 1,66
1,73 1,67
1,67 1,69
1,82 1,71
1,70 1,73
1,35 1,65
1,24 1,56
2,66 1,75
2,42 1,87
1,53 1,84
1,70 1,91
1,64 1,995
2,47 1,95
1,25 1,72
1,77 1,77
1,54 1,73
1,26 1,66
1,25 1,41
1,09 1,38

Data Source: SA Sugar Journal Annual, 1925 p.29,

%Calculated as area harvested x 2.

192



193

APPENDIX 4:5SUGAR PRODUCTION STATISTICS AND RAINFALL 1890/91 - 1924/25

Area under | Sugar prod- | Average annual | Rainfall
Season | cane uced (metric| yileld (metric Cmm)

(hectares)® | tens) tons/hectare)
1890/91 12 154 15 232 1,25 967
1891/62 10 218 10 190 0,99 820
18%2/93 14 298 26 342 1,84 1 212
1893/94 10 540 16 629 1,58 ‘ 1 408
1894/95 12 090 19 110 1,58 1 372
1895/96 11 424 20 596 1,80 971
1866/97 15 594 5 465 0,35 860
1897/98 14 890 18 370 1,23 | 1161
1858/99 16 370 29 471 1,80 829
1899/1900 24 580 — — Data not available — — 636
1900/01 21 820 16 322 0,75 1 188
1901702 23 192 36 329 1,57 1 327
1902/03 26 592 17 650 0,66 886
1903/04 12 8902 30 627 2,39 857
1904/05 11 884 17 449 1,47 865
1905706 8 764 27 024 3,08 1 239
1906707 10 974 21 312 1,94 1 155
1907/08 11 848 24 607 2,08 1 161
1908/09 19 854 32 500 1,64 966 |
1909/10 - - - Data not  available - - - 1196 |
1819/290 - - - Data not available - - - 1 152
1920/21 63 842 130 312 2,04 1 654
1921/22 79 757% 137 485 1,72 947
1922723 87 327% 144 541 1,66 972
1923724 70 172 184 448 2,63 547
1924/25 75 082 146 254 1,95 1 506

Data sources: Area harvested: 1890/91 - 1909710 SA Sugar Journal

Annual, 1925 pp.29-30.
1910711 - 1924/25 SA Sugar Journal
Annual, 1927/28 p.15.

Sugar produced: SA Sugar Year Book, 1952/53 p.149.

Rainfall * SASA Experiment Station, 1088,
1890/91 - 1923/24, Fatal Estates
Mill records.

1923724 - 1924/25, Industry average.
*Calculated as area harvested x 2, except for 1921/22 and 1922/23 for
which areas under cane are available,
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APFENDIX 5: DATA ON ALL FACTORS USED IN ANALYSES TO ESTINATE
INDUSRIAL YIELD DURING THE TECHBOLOGICAL ERA. Those
useéd in the final analysis are mar *. Yield is ex-
pressed a8 metric tons sucrose per bectare per annum.
Inite and sources of other factors are given on page 44.

Year Tield Rain # Land ® | Costs # | Technology #
e

1925726 3.13 733 4 014 425 1,15

1926727 2,59 41 102 973 434 1,07

1927728 2. 77 758 107 o062 442 1.03

1928/29 2,88 B43 121 455 451 1,01

1929730 2,81 a7l 12% 526 460 1,18

1830/31 4,02 836 117 065 469 1,30

1931732 R 1 184 121 Bab 479 1,62

1932733 2,83 1 229 180 737 484 1,41

1933734 2,92 TGl 158 310 498 1,65

1934735 89 1 134 158 303 508 1,90

1935/36 3,01 1 154 156 167 518 2,42

1936737 3,16 1 273 160 084 528 2,38

1937 ris 3,61 1 005 158 1460 9le 3,91

1938/39 3,71 1 024 157 360 538 3,79

1939740 4,32 1 211 152 146 563 4,43

1940741 4,26 1 104 149 o504 630 4,19

1941742 3,63 665 151 091 544 4,37

1942743 4,17 1 255 151 309 544 3,35

1943744 4,62 1 354 150 039 575 3,21

1944745 4,86 0926 150 591 631 3,27

1945746 4,32 812 152 394 626 3,29

1946747 3,69 813 193 463 641 3,86

1947 748 3, 86 1 139 156 927 852 3,949

L4840 4,40 895 164 495 Vo4 4,24

1949/%0 3,81 1 101 170 606 691 3,20

1950791 4,32 959 176 293 o5 a2z

1951 /52 3,30 648 170 948 T3T 4,84

1952753 4,21 9523 185 a21 T40 4, 86

1053/54 4,23 861 204 653 740 4,36

1954 /55 4,36 992 213 253 826 5,03

1955 /54 q,72 1 200 215 926 B4l 5,12
I ! »
TESe =9 =k (8RBT
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APPENDIX 5 continued

Year Yield Rain ¥ Land % | Costs ¥ | Technology *
1056/57 4,23 974 227 606 Ba7 5,17
1957/58 4,49 1 242 231 782 824 5,46
1958/59 5,27 1 281 239 522 924 5,81
1059/60 4,72 847 249 292 879 5,34
1960/61 4,31 906 255 521 743 6,65
1961/62 4,58 1179 257 629 766 7,32
1062/63 5,03 866 246 419 971 8,39
1063/64 5,47 703 249 657 |1 090 12, 11
1064/65 5,94 1 093 291 248 978 21,71
1965/66 3,75 737 326 966 740 15,60
1066/67 5,92 995 338 543 882 15,27
1967/68 6,45 982 336 672 |1 049 15,27
1968/69 5,34 764 330 731 970 17,92
1960/70 5,76 1 011 330 295 283 14,13
1970/71 5,00 784 330 429 963 15,04
1971/72 6,58 L 238 344 979 |1 039 14,22
1972/73 6,46 1117 341 741 |1 090 19,16
1973/74 5,91 797 348 687 |1 062 19, 14
1974/75 6,34 1133 361 460 |1 116 24,46
1975/76 5.86 895 364 634 |1 219 21,04
1976/77 6,55 1 452 365 883 |1 256 28,71
1977/78 6,67 1 106 378 881 |1 213 ; 22,57
1978/79 6,31 1 037 380 502 |1 115 r 27,93
1979/80 6,27 880 393 551 |1 154 ? 22,69
1980/81 4,77 676 395 751 |1 087 24,10
1981/82 6, 07 1007 | 400 402 |1 285 f 30,35
1982/83 6,21 933 | 409 263 |1 252 26,31
1983/84 4.04 606 | 408 000 |1 164 24,02
1084/85 692° | 1415 | 400 6367 |1 104 24,22
1985/86 63018 | 1 035 56”3133 1 254 24,22
1986/87 BT7059 966 104 244 |1 249 . 21,43

87/38 4 ooy | 39289 | /938  QuBa

38/89 . ' Sk [goa, 17 | 139% 2259

89 /90 _ lo-lo 1020 "I& %1 1318 _ a53y

72 }?/ _ b33 Hag wSLQ 127 tontinved/. Ju. 7L

/12 bTH /0 ¢4 & ;,'TJH-B 1954 L2
(?..;-/-'-;:, t-oy b3, 385697 101 27:09
13/74 367 5% 323978



APPERDIX 5 continued

Year Labour Capital Price KFI®
1925/26 220,18
1926/ 27 216,32
1927/28 239,65
1928/29 241,23
1929/30 231,25
1930/31 251, 85
1931/32 231,37
1932/33 269, 60
1933/34 272,16
1934/35 237,60
1935/36 267,65
1936/37 311,73 1 730 255, 96 232
1937/38 299,81 1 796 259, 44 295
1938/39 317,96 1 926 255,74 312
1939/40 326, 18 2 036 246, 18 390
1940/41 367,24 2 086 228,28 349
1941/42 321,59 2 063 224,29 206
1942/43 338,96 2 090 201,94 302
1943/44 337,68 2 188 191,45 307
1944/45 365, 49 2 282 192,25 321
1945/46 361,39 2 417 221, 81 251
1946/47 371,33 2 493 215,20 309
1947/48 370,38 2 544 236,71 327
1948/49 386,95 2 634 249,39 386
1949/50 377,65 2 729 245,18 24)
1950/51 364, 46 2 717 245, 45 371
1951/52 379,60 2 690 238,50 169
1952/53 363,50 2 806 280,58 361
1953/54 362, 95 2 962 295,52 340
1954/55 398,70 3 287 286,39 353
1955/56 409, 09 3 273 287,00 403
1956 /57 411,23 3 395 276, 32 233
1957/58 386, 19 3 525 267,20 292

® NFI = Net farm income

continued/. ..
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APPERDIX 5 continued

Year Labour Capital Price NF1
1958/59 432,94 3 765 269, 66 386
1959/60 429,34 3 983 264,63 291
1960/61 373,58 4 220 268,37 398
1961/62 380,64 4 464 263,60 457
1962763 420, 87 4 762 261,27 433
1963/64 453, 64 5 008 313, 34 633
1964/65 420,67 5 187 267,76 382
1965/66 353,26 5 381 237,70 35
1966767 405,00 5 590 243,33 518
1967/68 478,29 5 932 235,27 485
1968/69 445,03 6 172 243,97 360
1969/70 410,89 6 348 264,56 550
1970/71 405,12 6 423 265, 06 394
1971/72 397,93 6 486 236, 09 524
1972773 441,28 6 372 226,17 400
1973774 442,28 6 137 252,69 438
1974775 451, 37 6 403 271,17 427
1975776 482,10 5 692 354,17 640
1976/77 514,82 5 036 299,12 474
1977/78 485,75 5 202 274,05 361
1978/79 461,58 4 505 269, 56 375
1979780 433,26 3 868 273,69 341
1980781 409,43 4 310 335,10 343
1081782 447 .41 5 186 282,74 247
1982783 458,08 5 758 265, 84 186
1083784 445,74 6 044 336,20 129
1984/85 432,22 6 257 226,37 292
1985/86 404,77 6 091 218,14 189
1986/87 410,47 5 021 233,00 310

continued/. .
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APPERDIX 5 continued

Year Varieties Fertilizer | Extension | Training [Productivity
1925/26 100 33 1,06
1926/27 100 33 0,97
1927/28 100 33 0,93
1928729 100 33 0,82
1629/30 100 33 0,80
1930/31 100 33 0,85
1931/32 100 33 0,82
1932733 100 33 0,66
1933734 102 33 0,63
1934/35 106 33 0,64
1935736 112 33 0,63
1936737 119 33 0,62
1937/38 124 33 0,63
1938/39 127 33 0,64
1939740 128 33 0,66
1940/41 131 33 0,67
1941742 133 33 0,66
1942743 136 33 0,66
1943744 137 33 0,67
1944745 138 33 0,66
1945746 139 33 0,66
1946747 139 33 0,65
1947748 140 33 0,64
1948/49 140 33 0,61
1949/50 142 33 0,59
1950/51 149 33 0,57
1951/52 152 33 0,58
1952/53 161 33 0,54 14,93
1953/54 164 35 0,49
1954/55 168 44 0,94
1955/56 172 55 1,85
1956/57 174 62 2,64
1957/58 176 63 3,45
1958/59 177 93 3,34
1959/60 177 98 3,21

continued/. ..




APPENDIX 5 continued

Year Varietles Fertillzer | Extension | Training |Productivity
1960/61 181 62 2,35

1961/62 183 42 2,33 10,21
1962/63 182 58 3,25

1963/64 183 150 6,81

1964/65 181 156 6,18

1965/66 187 135 5,51

1966/67 190 114 6,50

1967/68 190 113 7,13 7,64
1968/69 191 123 8,16 8,69
1969/70 193 123 7,97 7,60
1970/71 193 150 8,47 8,57
1971/72 194 150 8,12 6,51
1972/73 194 150 8,19 6,46
1973/74 195 174 8,89 6,75
1974/75 195 169 9,13 6,24
1975/76 195 181 8,78 5,86
1976/77 196 158 9,29 1 613 5,62
1977/78 196 178 8,79 3 121 5,62
1978779 196 155 8,94 3 784 5,61
1979780 197 164 8,64 4 589 5,55
1980/81 197 189 8,72 4 791 6,74
1981/82 198 190 10, 49 4 871 5,37
1982/83 198 168 10,26 4 827 5,26
1983784 198 129 9,74 4 518 7,54
1984/85 | 198 194 90,64 | 3 702 4,64
1985/86 198 194 9,65 4 177 5,03
1986/87 9,63

5,14
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APPEAD1X 6: 1HDUSTRIAL YIELD DURING THE TECHEOLOGICAL ERA.
Estimated by production function analysis in tons
sucrose per hectare.

Year Yield Year Yield
1925/26 2,86 1956/57 4,46
1926/27 2,94 1957/58 4,73
1927/28 2,75 1958/59 5,06
1928/29 2,78 1959/60 4,31
1929/30 2,89 1960/61 4,00
1930/31 2,93 1961/62 4,45
1931/32 3,30 1962/63 4,88
1932/33 3,11 1963/64 5,32
1933/34 2,77 1964/65 5,99
1934/35 3,20 1965/66 4,17
1935/36 3,30 1966/67 5,07
1936/37 3,53 1967/68 5,65
1937/38 3,46 1968/69 5,01
1938/39 3,71 1969/70 5,43
1939/40 4,20 1970/71 4,99
1940741 4,52 1971/72 5,80
1941/42 3,61 1972/73 5,84
1942/43 4,29 1973/74 5,28
1943744 4,46 1974/75 6,08
1944/45 4,16 1975/76 6,08
1945/46 3,89 1976/77 7,26
1946/47 3,98 1977/78 6,54
1947/48 | 4,43 1978/79 6,16
1948749 4,30 1979/80 5,93
1949/50 4,43 1980/81 5,25
1950/51 4,23 1981/82 6,55
1951/52 | 3,95 1982/83 6,23
1852/53 4,26 1983/84 5,31
1953/54 4,09 1984/85 6,83
1954/55 4,52 1985/86 6,35
1955/56 4,88 1986/87 6,17




APPERDIX 7: DATA & CALCULATIOKS FOR ESTIMATIAG PRODUCTIVITY OF
MILLING TECHHOLOGY AS SUCROSE/HECTARE/ANNUN,
1945/46 ~ 1986/87.
Year Sucrose Sugar made [Tons sucrose |Mean for |Productivity
produced (tons) to make 1 ton|the period|(tons
(tons) sugar sucrose
per hectare)
1945746 602 9522 501 704 1,2010
1946/47 517 298 430 703 1,2011
1947/48 555 898 464 483 1,1968
1948/49 665 022 550 521 1,2080
1949/50 603 003 509 041 1,1846 1,1983
(a)
1950/51 735 942 622 146 1,1829
1951/52 582 084 483 081 1,2049 0,0032
1952/53 720 020 607 985 1,1843 (a)-(b
1953/54 784 785 658 098 1,1925 1,1951
(b)
1954/55 891 770 751 653 1,1864
1955/56( 1 009 803 851 829 1,1855
1956/57 919 980 769 878 1,1950
1957/58| 1 023 891 870 781 1,1758
1958/59( 1 232 104 1 023 184 1,2042
1959/60( 1 136 559 946 467 1,2008 0,0094
1960/61| 1 077 805 902 071 1,1948 (b)-(c)
1961/62| 1 177 464 996 797 1,1812
1962/63] 1 302 600] 1 082 525 1,2033
1963/64| 1 348 225 1 147 320 1,1751
1964/65| 1 485 588| 1 265 928 1,1735 1,1857
(c)
1965766 1 093 758 908 803 1,2035
1966/67| 1 925 968 1 627 581 1,1833
1967/68| 2 192 036] 1 822 266 1,2029
1968/69| 1 801 314| 1 565 382 1,1507
1969/70| 1 912 160 1 622 499 1,1785 0,0058
1970/71| 1 659 690 1 398 872 1,1864 (c)-(d)
1971/72| 2 173 772 1 864 665 1,1658
1972/73| 2 230 332 1 914 601 1,1649
1973/741 2 056 176| 1 731 575 1,1875
1974775 2 215 210| 1 883 195 1,1763
1975/76| 2 123 946| 1 801 088 1,1793 1,1799
(d)
1976/77 2 391 532| 2 041 520 1,1714
1977/78 | 2 441 827 2 083 877 1,1718
1978779 | 2 380 399 2 070 232 1,1498
1979/80| 2 387 599 2 074 762 1,1508
1980/81| 1 877 883| 1 610 868 1,1658 0,0135
1981/82| 2 384 557| 2 055 441 1,1601 (d)-<(e)
1982/83| 2 490 058| 2 125 993 1,1712
1983/84| 1 656 972| 1 377 718 1,2027
1984/85| 2 743 881| 2 369 695 1,1579
1985/86| 2 469 717 2 117 415 1,1664
1986/87| 2 340 727 | 2 013 836 1,1623 1,1664

(e)
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APPERDIX 8 : EXPERIMERTAL YIELD AND RAINFALL, 1957/58 - 1985/06.

Year YTield (metric tons/ha/al Rainfall
Actual Predicted by (mm)
Regression Analysis

1957/58 8,83 8,62 1 242
1958/59 10,50 8,84 1 281
1959/60 8,62 9,05 847
1960/61 8,78 9,24 906
1961/62 ; 11,16 9,42 1 179
1962/63 9.70 9,59 866
1963/64 9,36 9,74 793
1964/65 10,45 9,88 1 039
1965766 6,85 10,00 737
1966/67 10,24 10,11 995
1967/68 10,13 10,21 982
1968769 9,50 10,29 764
1966770 9.03 10,36 1 011
1970/71 10.02 10,42 784
1971/72 11,67 10,46 1238
1972/73 12,05 10,49 1117
1973/74 10,28 10,50 797
1974/75 10,79 10,50 1 133
1975/76 10,51 10,49 895
1976777 10,89 10,46 1 452
1977/78 11,64 10,42 1 106
1978779 12,09 10,37 1 037
1979/80 10,90 10,30 880
1980781 8,65 10,22 676
1981782 8,74 10,12 1 007
1982783 9,10 10,01 933
1983/84 8,09 9,89 606
1984/85 10,21 9,75 1 415
1985786 8.93 9,60 1 035
1986787 10,95 9,43 966
MEAR 9,06 9,96 991




APPEEDIX 9:
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+

VARIETIES BY PERCERTAGE OF THE TOTAL I1RDUSTRIAL
PRODUCTIUN QF CAIE.

Seaman Uba Qtbar Zodal ICol 10 ICod 3C0193 o292 | ¥a3?7a | Codaz | ¥30s2L) | $25/300 | 132/ 219 L2 T4
varistiesm

1925/26 =
a93132 | 100 -

1932733 98. 99 1. 10

1933724 3. 80 4.20 |

1934733 83.10 14,99 Kolew vo Appeodix P.

1973730 89,30 Jo. o (a} Dain ool avallable, Percantogs entlasted,
1936437 33.30 44,30 th) Farcectage {1 lor new varletles added to

1937/38 41,290 43,80 previous varisty, L.w. Co33l to olher

1938/39 32,29 a7. 80 varlatlies and ECpll0 to Col3dl.

1939740 30,20 a9. 60 tc) Percentaxes (1 for old varletlea nddad to
1940/41 23,20 76,60 pext oldemt, In this coew Yo OLhor varistliss.
1941742 16,00 63 .40 (d} Mo longss includes origionl four 'other

1942743 LL. 10 88,90 varistiew’ from hara on ' othar vorletiaa'
12434482 6.0 92.00 meonw ubidentiffed and mixed varistiea for which
19447445 4,25 3. 62 0.134b)

154348 2 n9 on. 87 0. 50 tn1 the Lnden ie the wieghied oversge Dl lndlcos
1946/47 1,91 97,44 0.63(h} of all othar vorlaties lo the Induoiriel totel.
- L83 20,01 L ss Tha wuddeo Lhcrewsse from 3,08% in 197374 tp 16,31
r—l;‘a;w— B.?;ch “06.3';_ 7 54 I ln 107443 s pot saxplained.

L349/30 0,30¢c) 92,80 4,21 2,80

l'J:'lOI?I Q.23ic) 74,83 7,87 13,07

193152 0, 18¢e) 80,21 12. 31 21,12

19%2/9] 0, L3 40,14 13,87 17,808

1923734 U 0.8 [ 22,01 a3

1954/53 23,32 25,27 49,41

1995/38 16.33 23,48 33,88 1.7 1.00

1938737 14,083 22,18 37,00 .77 J.22

1937/%0 1,77 20,92 60, 09 4,28 3,00

1958499 4,8) 18,832 39,42 3,91 4,03 2.12 2.5

1939/80(a) 7.00 19 39,00 4,09 4,30 Z2.3%0 8,00

1960/4% 3,20 12.81 39,08 4,74 1.9 2.83 10,42

L981s62 4,90 8,97 | 55.6% 3,73 3.23 230 [i7.02 T

19627063 1.7 a,8 94.90 1.67 €82 2,32 L1304 1.92

1903744 .29 O.sz 0.7 1.2 [CE) 2.03 [ z1.49 1.4l 1.23

1904769 12. 00 1,11 18. 71 1,97 J.72 1,32 21,30 a7 334

1005/08 3,90 T2 14,30 "o 5, 10 o | m.70 Y] 110,

1906707 2,004d) Z.10 18, 00 3,80 44.%0 9,70 4,10

1997746 2,40 1,90 hL (] 7,20 48.00 7.80 4.40

1968/09 2.7 1.40 2,10 .30 53.70 7:70 3.80

198970 B D 5.90 5860 |5.70 | 4,00

1970771 130 ia. 30 8,34 _ 33,50 820 2.0 | 2.00

1971472 2.70 14,39 6.80 81.00 5. 10 1,90 1. 20

ETZ_”I:__,, | R .,J'IE_ _______ 15..?0__\” 1. _7.20 . 60,89 3.19 1,00 7.20

1973474 3,80 12,70 6,70 83,70 3,90 ] 0.20

1974773 . 15,50 5.%0 8.00 54,80 2.90 9,60

1973/70 15,00 8,40 5.9%0 =8.%50 2.90 11,70

1278177 Ll. 10 T.00 3,20 81.70 2.%0 19, 40

1577270 L. 10 .00 3,40 a3.10 2.20 13,40

19706/79 12,00 5,80 9.29 6%.40 1. 80 90

1079780 19,30 4.00 7.%0 08,00 1.60 3,40

1930781 11_30 8.09 L 8.40 07.20 1.20 4 80
Fnuuez 19,00 - 40T T T T T s e T T T : ;

1962703 13. 30 1.4 7.20 ;;:: ’ o -z

198354 14,70 3.50 8,20 "0',""“ e [ 122

1984785 15,00 1,60 7,00 Mlm n 2 20
1983706 18.3% Nt BT TXTRE - 1? o

. 2,29 1.10 1.4¢ 6,40




APPERDIX 10:

IRDIVIDUAL VARIETY IBDICBS
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— A
Variety ixcends 1% Below 1% Yield index|References tu data used
of crop in:-) of crop in:-
Uba 1883 1947/48 1,00
Other varietles
(POJs CO281 1931732 1965/66 1,40 Estimate by Dodds (1941)
Co0290 Co30D)
Mixed and 1966767 - 1,9 to 67/8[Velghted averages of
unidentified 1,91 in 68/9|indices of all varletles
varleties 1,93 to 70/1}used by the industry.
1,94 to 73/4
1,95 to 75/6
1,96 to 78/9
1,97 to 80/1
1,98 to 85/6
Co331 1944/45 1969/70 1,57 Data ex 13 fleld trials
SASJ (1940) pp 395, 617, 194
SASJ (1941) pp 447, 449, 559
SAS) (1942) p 47/1
SASJ (1943) pp 315, 401, 403
NCo310 1949/50 1,88 Data ex 58 fileld trials.
Inman-Bamber (1988)
NCo339 1955/56 1964/65 1,75 SASA Experiment Station (19841)
NC0293 [ 1955/56 1980/81 2,00 Data ex 59 fleld trials
Inman-Bamber (1988)
S
NCo292 1958/59 1964 /65 1,4 Data ex 13 field trials
Agronomists Assoc. (1966)
Data ex 23 trilals Bond (1988)
Data ex 2 reports SASTA (1960)
NCo376 1958759 1,99 Data ex 338 field trials
Inman-Bamber (1988)
NCo382 1961/62 1973/74 1,61 SASA Experiment Station (1984)
N50/211 1963/64 1972/73 1,57 SASA Experiment Station (1981)
HSS/BOS 1970/71 1,87 Data ex 19595 fleld trials
: Inman-Banber (1988)
N52/219 1981/82 1,89 SASA Experiment Station (1984)
N14 1983/84 1,98 Data ex 90 field trials
Inman-Bamber (1988)
N12 1085/86 2,08 Data ex 84 {field trials
(Inman-Bamber (1988)




APPERDIX 11:

ANRUAL, VARIETY YIELD IEDEX

[ Percentage pof each variety produced x 1ts yleld index]

Year

1925/26
1926/27
1927/28
1928/29
1929/30
1930731
1931/32
1932733
1933/34
1934/35
1935/36
1936/ 37
1937/38
1938/39
1939740
1940/41
1941742
1942743
1943/ 44
1944745
1945/46
1946/47
1947/48
1948749
1949/50
1950/51
1951/52
1952/53
1953754
1954/55
1955/56

Yield Index

100, 00
100, 00
100, 00
100, 00
100, 00
100, 00
100, 00
100, 44
101,68
105, 96
112,04
118,60
123,52
127,12
127,92
130,72
133,36
135,56
136,80
138,30
138,87
139,24
139,67
140, 44
141,88
148,57
152, 26
160, 87
163,58
168,01
171,78

Year

1956/57
1957/58
1958/59
1959/60
1960/61
1961762
1962/63
1963/64
1964/65
1965/66
1966/67
1967/68
1968/69
1969/70
1970/71
1971772
1972/73
1973/74
1974775
1975/76
1976/77
1977/78
1978779
1979/80
1980s81
1981/82
1982/83
1983/84
1984785
1985786

Yield Index

173, 85
175,67
177,26
179,69
181, 30
183,32
182,53
182,77
181.27
187,56
190, 01
190,28
191,29
192,61
193, 23
193,71
193,99
194, 89
195, 14
195, 61
195, 65
196, 03
196, 32
196, 81
196,81
197,58
197, 80
197,98
198, 28
198, 35
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APPEEDIX 12: EXPERIMERT STATI1ON BAD PROGRAMHE COSTS
IN 1985/86 (to the nearest hundred rand)

Programme

Cost (R)

Plant Breeding and Selection for disease resistance.

Biological control of eldana ......... ... ... vvninn

Development of machines and equipment

Mosalic disease control ... . e

Control of pests other than eldana

Fertilizer trials
Variety agronomy
Eldana biology ..
Herbicide trials
Soil amelioration

Ratoon Stunting d

Cultural control of eldana

Modelling soil and water loss

Alternative fuels

Machine utilization

Rematode biology

Crop production systems
Chemical control of eldana

Analytical chemistry

Nematicide trials

Irrigation invest

Run-off and catchment projects

Acid chlorosis ..

Growth regulator trials

50il compaction .

Hosaic epidemiology

Trashing ........

Leaf scald ......

Isease ... .. . e e e

igations ....... ... ..o oo

--------------------------------

-----------------------------------

1 473
524
254
148
131
129
122
118
113
104

77
72
72
63
63
58
54
49
49
45
35
34
33
24
20
14

- N W s N

700
100
300
400
700
200
900
700
700
100
600
600
500
800
700
300
900
600
300
600
100
100
200
000
500
800
000
400
900
600
700
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