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Sources of technology should therel'ore be included among the costs of production, 

Three successive sources of tcchnology. craft skills, that is, 
growers' own innate abilities; irrrl?orted technology, knowl- 
edge, experience and material brought in from othcr cnvi- 
ronments; and locrrl trc~liriologp gcncratcd by research con- 
ducted locally, have been proposed for sugarcane production 
in South Al'rica (Donovan, 1992). 

In the case of thc Zimbabwean sugar industry thc production 
of sugarcanc bctween 1928 and 1960 may have depended to 
some extcnt on the craft skill of thc sugar pioneers, Tom 
MacDougall ancl others, allhough they did use mainly South 
African technology. From 1960 to the present time the tech- 
nologies used for cane production in thc Zimbabwean sugar 
industry, have been almost exclusively imported from South 
Africa and Mauritius. 

The third source, local technology, is only likely to start 
making a contribution to productivity when two locally 
selected cane varieties, ZN l L and ZN2E (Anon, 1994-95) 
are in a few years grown on a commercial scale. 

The previous studies on the sources of technology on sugar 
(Donovan, 1992), tea (Donovan and Limwado, 1995a) and 
tobacco (Donovan and Cousins, 1995) have all shown that, 
for various reasons, productivity (yield per hectare) declines 
after a few years during the imported tcchnology phase. 
Figure 1 indicatcs the same applies in the Zimbabwe sugar 
industry. 

Technology evaluation 

Research to generate technology is a scientific activity but, 
because it has a cost and makes a return by contributing to 
productivity, it is also an economic activity capable of eco- 
nomic analysis (Schultz, 1953). For examplc, a new technol- 
ogy such as a sugarcanc variety, produced by research. is 
simply one of the inputs in the cane production proccss and 
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while its return can be evaluated in terms of the increase in 
productivity for which i t  has been specifically responsible. 

Calculating the cost of research is a mattcr of arithmetic, 
albeit often made tedious by obscure accounting methods, 
but which can be facilitated when accounts are structured in 
terms of mission functions (such as plant breeding, entomol- 
ogy and agronomy) and not in terms of its resources and 
opcrational functions (such as staff, transport and chemi- 
cals). However, estimating the returns on research is more 
difficult. 

Most studies of rcturns on research have used surrogate indi- 
cators of change in output and use the economic sulplus 
method to express returns in terms of the social beriefit 
derived from the expcnditure of public funds. This may be 
appropriate when, as in most countries, agricultural research 
is funded by the State out of the public purse and when the 
results are requircd for broad national economic policy deci- 
sion-making. However, this method has limitations when 
uscd to evaluate commodity research funded privately, main- 
ly because ncithcr the separate research and extension effects 
nor the separate consumer (social) and producer (profit) ben- 
efits can be differentiated. 

Unfortunately there have been few studies on the costs and 
returns on research conducted by non-government institu- 
tions when the results are required to determine the cost 
effectivencss of research for a particular commodity, funded 
by producers. In southern Africa, the first of these studies 
was probably the research conducted on the South African 
sugar industry (Donovan and Nieuwoudt, 1992). Using sini- 
ilar mcthods, this was followed by estimates of the returns 
on research in the Malawi tea industry, and in the previous- 
ly referred to Zimbabwean tobacco industry, while this study 
is a first attempt at cstimating the value of the technological 
output of the ZSAES. 
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Figure l .  Progressive average yields, tones ERG per hectare, 1971 -1 997. 
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In terms of thc hypothesis of Donovan and Nieuwoudt 
(1992), the contribution of technology to the industry's 
increase in productivity (in tons ERC per hectare) can be cal- 
culated as the product of the increase in ERC yield per 
hectare and the coefficient of the technology factor in the 
equation, viz 42%. In the previous studies of this kind 
referred to, increase in  yield per hectare was determined as 
the difference between the yield at the beginning and at the 
end of the series. However, in this case, industrial yields per 
hectare were lower at the end of the series than at the begin- 
ning, so yield increase was determined as the sum of the 
individual annual yields that exceeded the progressive aver- 
age, as shown in Figure 2. 

Table 2 sets out the process for calculating the value of tech- 
nology, by quintades (five-year periods), in the Zi~nbabwean 
sugar industry from 1970 to 1996. 

tiveness of the ZSAES's work, and to obtain some quantita- 
tive data on which policy and management decisions can be 
based, it would be advantageous to estimate the shares of 
these threc components of the ZSAES's technology output. 

Evuli~atiori of research and technolog?. transfer 
In a study of the returns on extension in the South African 
sugar industry, Donovan and Darroch (1991) used the 
hypothesis that, "The estimated change in the relationship 
between the industrial yield and the technological yield 
(obtained by technologists i n  field trials), can be used as a 
measure of the transfer of technology." Figure 3 shows and 
Table 3 measures changes in the relationship between indus- 
trial and technological yield in the Zimbabwean sugar indus- 
try between 1970 and 1989. The comparison was limited to 
that 20-year period because drought affccted differentially - 
the industrial and technological yields in the 1990s. 

The technology factor represents the total output of all 
ZSAES functions, viz. research, technology transfer and To measure the changes in the relationship between industri- 
technical services. In order to assess the value and cost effec- al and technological yields over time it is necessary to use a 
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Figure 2. Shown shaded, increases of individual industrial annual yields over progressive average industrial yield, tons ERC per hectare, 
1970-1 996, [increases in industrial production = increases in yield per hectare X area harvested]. 

Table 2. Evaluation of technology by quintades, ZSm, 1970-1996. 
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l st quintade 
2nd quintade 
3rd quintade 
4th quintade 
5th quintade 

Total 

Value attributable 
to technology 

( a m )  

[3] X 42% 
14,07 
13,78 

4,90 
21,39 
54,91 

109,051 

[ l  ] 

Increase of 
industrial yield 

over mean 
ERC/ha 

[see Figure 21 
1 ,00 
0,42 
0,19 
0,83 
2,05 

[2] 

Increase of 
industrial 

production 
(tons ERC) 

[ l]  X hectares 
15,697 

7,467 
4,340 

21,565 
54,856 

[3] 
Value of 

increased 
industrial 

production 
(Z$m) 

[2] X price 
33,50 
32,82 
11,66 
50,93 

130,73 
259,64 
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Years 

Figure 4. Progressive average cost of technology as a percentage of the gross value of the industry, 1970-1 996. 

Table 4. Comparison of expenditure on technology by commodity associations in southern Africa, expressed as a percentage of the 
commodities' gross value. 

= Fiesearch, Advisory and ~ervrces - no Extension 
" = 1980-89 
* = 1970-96 
Source: Donovan (1 995) 

of research and extension. However, it is believed that the tions or mix of functions; some are of research costs only, 
effect would be relatively small in the case of the most include technical services and some advisory services; 
Zimbabwean sugar industry. others include extension and training. The comparisons are 

therefore to be interpreted i n  general and broad terms. 

Sugar 

Tobacco 

Tea 

Costs of technology 
Benefit:cost ratios 

The "st of is On It is now to calculate the benefit:cost for tech- 
functions of the ZSAES. For the period 1970-1996 this is nology at the ZSAES, The is the value attributable 
given in  the "lumn of in  per to technology which was calculated in  (4) of Table 2 
hectare under cane adjusted for CPI ( l00 = 1996). and the 'cost' is the total expenditure at the ZSAES (i.e. the 

a = Research. Extension. Advisorv and Services 

Zimbabwe 
1 ,05bd 
1 ,96bd 
0,81 bd 

l ,lObc 
1 ,37bC 
0,9ObC 
l , lOb  

mean 
highest 
lowest 
mean 
highest 
lowest 
1988-89 

Before examining the benefit to cost aspects, it is instructive product of columns 3 and 7 of Appendix 1). Table 5 sets out 
to express costs of technology as percentages of the gross these ratios by quintades. 
"lue of the For the Zimbabwean sugar The negative ratios indicate that costs of technology genera- 
this is shown in Figure 4. tion exceed the returns in terms of increased industrial pro- 
It is in these terms that comparison with other commodities ductivity. This is inevitable if no new productivity increasing 
can be made, for example in Table 4. 'The data used to cal- technologies are generated by research. Furthermore, nega- 
culate these percentages are not always of the same func- tive benefit:cost ratios are typical of dependence on import- 
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Malawi 

0,53bC 
0,83bC 
0,2gbC 
1 ,20b 

South Africa 
1 ,57aC 
1 ,7gaC 
1 ,55aC 

0,50b 
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adoption ol' technology, is through extension action. 43,03 ('personal communication) and because the B:C ratio 
resources devoted to it and to some extent on the structure of for offensive research must be negative (yields have 
the industry. For example, in the South African sugar indus- declined) the B:C ratio of defensive research would be at 
try which has about 150 commercial growers per Extension least +2,53. 
Officer, a grower to miller ratio ol' 100 to I and 80% of the 
cane produced by growers, 60% of the value of technology 
over the period 1925- 1985 was found attributable to exten- 
sion (Donovan and Darroch, 199 1 ). On the other hand, the 
Zimbabwean intlustry with no dedicated extension staff, a 
grower to miller ratio of only 30 to l and with growers pro- 
ducing only 21 % of the total, the structure and policies are 
very different. Undcr these circumstances, and taking into 
acccount the I'inding in this study that the technology trans- 
fer share of the total technological contribution to productiv- 
ity has declined from 62% I I ~  the first quintade to 25% in the 
last quintade (Table 3), the task of promoting higher PI-oduc- 
tivity through extension action i n  the Zimbabwean sugar 
industry IS likely to require different implementation meth- 

Another important value attributable to technology which 
has not been taken into account in this study is the social 
bencfit i t  generates. The social benefit created by the 
ZSAES's generation of technology is part of the social ben- 
efit created by the industry as a whole, namely, the value of 
the employment it creates, the foreign exchange it earns, as 
well as all the direct social benefits it provides such as hous- 
ing, health and educational services. Many studies have indi- 
cated that the social benefit of research and development 
(R&D) is usually much larger than its private return. For 
example, i n  a tea industry study Donovan and Limwado 
(1995b) estimated the social relurn on tea research to be 44 
times the private return. 

ods as well as being more difficult than in South Africa. 
Conclusions 

The decline in productivity ovcr the study period results, 
inevitably, i n  a negative B:C ratio (Table 5). The ratio would 
be worse if the expenditure on technology had been higher 
but, ironically, productivity cannot be raised without sus- 
tained and higher expenditure on technology. This will be a 
problem for ZSAES policy makers, but their decisions could 
be facilitated by routine economic analysis of the ractors that 
determine the B:C ratio of technology. OfTcnsive research, 
that is, programmes or projects initiated with the express 
purpose of increasing productivity, was started at the ZSAES 
i n  1976, only 13 years ago. when the first selections were 
made in the plant breeding programme. It is therefore pre- 
mature to expect a positive B:C ratio. With hindsight, the 
policy decision to delay a start on plant breeding for ten 
years can be questioned, but the &sounds for doing so were 
good; the Wilson report so recommended and the availabili- 
ty of varieties, appal-cntly well suited to the environment, 
were available at no cost from South Africa. 

Until 1976 the ZSAES was engaged exclusively in defensive 
reseal-ch. Defensive research programmes arc conducted to 
prevent yield decline. for example, monitol-ing and control of 
pests and diseases, testing 'imported' technologies and tech- 
niques such as varieties, chcmicals, fertility maintenance and 
managcment. The import~uicc of defensive research should 
not be under estimated. For example, in a field scale trial on 
Triangle, LI yield increase of 3,69 tons ERCIha in two ratoon 
crops was obtained by smut roguing in a defensive research 
programme (Anon, 1996-97). If the industry's average yield 
of 14 tons ERCIha is reduced by 3,69 tons on five of the 
average seven crops (i.e. excluding the plant and I'irst ratoon 
crops) the potential value of roguing can be calculated as 
about 19% ol' the industry's total crop value. However, the 
act~lnl value of defensive research must be part of the total 
value attributable to technology, viz. Z$m 109,051, and since 
its cost is only somc 30% of total ZSAES costs, viz. Z$m 

Dr M Clowcs, Directo~, ZSA Expcrinlcnt Station 

The overall conclusions from this study are as follows: 

'There is a need to increase the ZSAES's plant breeding pro- 
gramme, i.e. its qflensive research effort. if its benefits are to 
exceed its costs. The necessary changes in research priorities 
to do this were taken ten years ago, but for implementation 
i t  will also require a higher level of investment by the indus- 
try i n  the ZSAES. 'This investment has declined to very low 
levels in recent years and is now appl-eciably lower than in 
othcr commodity-fundcd research institutions in the region. 

The value ofdefetzsive research is high albeit difficult to esti- 
mate accurately, but is probably two and a half times its cost. 
It would he useful for policy and managcment purposes to 
have a del'initive estimate of the value of the ZSAES's defen- 
sive research input. 

Improving the ZSAES's overall B:C ratio will also depend 
on reversing the serious decline in technology transfer 
(extension) effort that has taken place throughout the study 
period. This will be particularly important i n  promoting the 
rapid adoption of new tcchnologies such as the locally bred 
and recently released varieties. A I-ecent study (Donovan, 
1998) has shown that the rapitl adoption of a variety can be 
as important economically as its productivity advantage. 

The B:C ratio is adversely affected it '  technical services are 
provided without charge or appreciably below cost. The 
trend elsewhere in agricultural R&D institutes is to charge 
for scrvices so that research is not disadvantaged, but to do 
so at marginal (rather than total) cost because the facilities 
required to provide services arc usually also used for 
research purposes. 
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