
Research and Productivity in Wheat in Israel

by Yoav Kislev and Michael Hoffmanx

The introduction of the new Green Revolution w'heat varieties to
Israel is reviewed and analysed. It v'as found that the .first stage

varieties (devetoped from local Merican wheats) did not have a
significant impact on yields in Israel. Dwarf varieties and new

crosses bred in Israel from Mexican genetic materiql contributed
significantly to yietd increases. Returns to local research are

estimated. Conclusions about the role of the International Research

S1;stem are drawn.

Wheat is, in Israel, a dry-farming crop, grown in the rainy winter. Auxiliary
irrigation of 150-200 mm1 is applied to some of the fields, particularly in
the drier South and in drought years. The crop is grown on ihrge-scale

mechanised farms-on intensive garden lands and family farms its area is

limited to the minimum requirements of crop rotation (a 'soil drier')'
Wheat occupied, in early 1950s, less than twenty per cent of the dry

farming area in Israel. Today, it is the most important single crop planted
on more than 55 per cent of the dry farming area. The expansion of wheat
production is the outcome of substantial technical improvements: despite
the area expansion-possibly on to comparatively inferior soils-average
yield in the country grew by 70 kg per hectare annually (Figure l).

Two interacting sources contributed to these increases in wheat yields:

agrotechnical improvements and variety replacement. The most prominent
oi the agrotechnical improvements is the increased application of
fertilisers-nitrogen input rose flve folds in the last twenty years.2 The
introduction of new varieties enhanced the economic contribution of
fertilisers and therefore their application: it also made auxiliary irrigation
and disease control more profitable and expanded their usage. These

expansion and intensification processes augmented further the contri-
bution of research and extension activities in wheat.

Wheat research was condugted in Israel for many years. varieties were

selected and improved and yields raised. However. the greatest boost to
productivity followed the introduction of the Mexican, Green Revolution,
varieties. This study is an attempt to analyse the process of the Green
Revolution in Israel and to estimate the contribution of locai research to
this process.
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RESEARCH AND PRODUCTIVITY IN WHEAT IN ISRAEL

WHEAT VARIETY IMPROVEMENT
Several stages cdn be distinguished in the development of wheat varieties in
lsraellEphrat, 1968l.In the first stage, before the Second World War,
superior strains were selected from locai varieties, and tests of imported
varieties were conducted. Strains selected had completely replaced, at least
in the modern farming sector, the local varieties. Most successful of the
imported varieties was Florence Aurore 8193 (imported in 1944).It had a
high yield potential, strong straw, and was resistant to rust diseases. The
Florence was the dominating variety in Israel lrom the mid 1950s to the end
of the 1960s (see Figure 2, where varieties grown before the Florence are
marked'old').

A new stage in the development of wheat varieties began when the first
results of the work of the Rockefeller Foundation in Mexico reached Israel.
At {irst, the Rockefeller group concentrated on the selection and breeding
of varieties from iocal (Mexican) genetic material. Particular attention was
given to disease resistance. The f,rst varieties of this stage in Mexico were
imported in 1954 and grown commercially in the early 1960s ('Mexicans'in
Figure 2). Their main advantage over the Florence was in rust resistance,
and that the seeds did not fall out. Some of these varieties lost their
resistance after two years in commercial fields.

The second stage of wheat breeding in Mexico was the development of
high fertiliser responsive varieties. This is a case of induced innovatibn'
fHoyami and Ruttan, 197 11. The traditional wheat varieties grown
throughout the world were suitable for extensive cultivation practices
lAtn'al, 1971l.The rise in the demand for food and the reduction in the real
cost of fertilisers fSahota, 1968] created the need for high-yielding,
fertiliser-responsive varieties. Such wheat varieties were developed in
Japan already at the end of the nineteenth century and incorporated into
the Mexican programme in its second stage.

The first dwarf varieties were imported from Mexico to Israel in 1960 and
some of them were grown commercially, after a short propagation period,
in 1962 ('Dwarf in Figure 2).

Two additional stages in the development of wheat in Israel were the
intensive selection of dwarf varieties specially suitable for local conditions,
and the breeding of new varieties from local and imported dwarf genetic
materials. The outcome of these stages-the 'new' varieties in Figure 2-
today occupy more than 90 per cent of the wheat area in the country.

PRODUCTIVITY ESTIMATES

In this section we report the estimates of the contribution of several factors
to productivity in wheat. The framework of the analysis was a multiple-
regression equation with yield-per-hectare the dependent variable (Table
I ). The emphasis was on the net variety effect allowing for the contribution
of the other factors. The major modifications in agrotechnical practices
during the sample period were variety turnover and increased utilisation of
fertilisers and auxiliary irrigation. Other technical changes were
comparatively minor and could not be identified in the study. However,
often the better farmers or the better regions adopt the newly introduced
varieties faster; also, promising varieties may be allotted the more fertile
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plots on the farm. To prevent over-estimation of the variety effect, these
last factors were also incorporated in the regressions.

The data came from a sample of dry farming enterprises in kibbutzim
(collective villages). The sample covered eleven kibbutzim for the period of
1951 73; most data were, however, for the second half of the period. The
kibbutzim included were those that kept records and were willing to co-
operate. The typical observation was a wheat plot in a kibbutz in a certain
year. The data collected included: variety, yield, fertilisers input, auxiliary
irrigation, disease control, previous crops, and the management's estimate
of the natural fertility of the plot. The total number of observations was
988, but not all were complete; 405 observations were from enterprises
where data on auxiliary irrigation were recorded regularly, and 481
observations included information on fertiliser.

The varieties were classifled into five groups (Figure 2): old. Florence.
Mexican, dwarf, new (Mexican-Israeli crosses). The Florence served as the
reference group, and the contributions of the other varieties were estimated
relatively to this standard variety.3

The major flndings are presented in Table 1. Estimates were carried out
at the sample level and for each kibbutz separately. Estimates for a kibbutz
in the northern part of the country and for a kibbutz in the south are
presented in Table 1, as well as estimates carried out for the whoie sample
('country sample' in the table). The regressions in the table are doubie-log,
weighted by plot area.a The data are for the sub-sample with complete
coverage of fertiliser application. The variables time. rain5 and nitrogen
application entered the regressions as quantitative (continuous) variables;
others as qualitative (dummy) variables. Auxiliary irrigation rl'as also
represented by a qualitative variable (which was assigned the value one lor
an observation with auxiliary irrigation. and the value zero for an
unirrigated plot) despite the tact that data on the quantity of irrigation
water were available. The reason for this procedure was that the amount of
auxiliary irrigation is negatively correlated with natural soil moisture. and
that the major effect of the auxiliary irrigation (which is often given in
standard amounts) is the mere fact of its application and at the right trme.

Regression I in Table 1 is an estimate of yield increases with time. Yield,
in the sample as a whole. increased at the rate of five per cent per annum; the
rate was six per cent for the northern kibbutz and three per cent for the
southern. These rates are estimates of the 'gross time effect'-including the
effects of variety replacements and other technological improvements. The
other estimates in Table I can be viewed as an attempt to separate the gross
time effect into the contributing components.

Precipitations and auxiliary irrigation were added in Regression Group 2
and in Table 1. Precipitations do not contribute significantly to yields in the
rainy North, where auxiliary irrigation is also only rarely practiced. In the
drier South, however, the effects of rain and irrigation were signiflcant, and
with these two variables in the regressions, the net effect of the time variable
becomes insignificant.

The complete model is estimated in Regression 3. The regression
includes, for the northern farm, the complete set of qualitative variabies
(see notes to Table 1). The 'farm effect' (which stands for regional
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TABLE I

REGRESSION ESIIMATES OF PRODUCTIVITY FACTORS IN WHEAT

Regression

Santple

AA
kibbutz kibbut:
in the in the Countrt:
North South Santple

A
Itibbutz
in the Cowttrl
SrLuth Santple

AA
kibbutz kibbutz
in the in the CountrJ
North South Sample

A
kibhut:
in the
Nnrth

R2
Intercept

Time

Rain

Auxiliary
irrigation

Nitrogen

Varieties:
old

Mexican

Dwarf

New

Minka

Gabo

Number of
Observations

.4t .02 .24

5 14 4.81 5.12
(70.60) (20.61) (84.91)

.06 03 .05

(8 s7) (1.33) (e.6s)

.42 68 .51

3.90 -115 "72

(4.2e\ (l'70) (1 s0).06 -.01 .03

(8.s0) (.e8) (4.4s)
20 1.13 76

(1.37) (7.21) (e.41)
1.1 3 .65

(10.92) i2.91)

6l '78 .55

4.38 -2.11 3.71
(4 68) (2.6,1) (6 64)

.02 -.08 -.02(1-29) (3.67) (1.64)

.10 1.23 .36

(.66) (8.43) (5.0e)
.07 .99 46
(.46) (8.e8) (e.44)
.21 .39 .21

( 1.71) (4.32) (2.70)

- .03 .t4 -.43(.22) (2e) (3.78)
.07 -.04 -'01

( 78) (:24) (.18)
.25 -ll .39

(r.e8) ( 54) (5.67)
-21 .22 .49

(2.0e) (1.77) (7 66)
.17

(.s6)

-.33 .09

(1 86) (.70)

4057t105405711054057t105

,\otes The dependent variable: (log) average yield per plot in Kg per hectare.
A farm ellect was included in the country sample regressions.
Sample period: A kibbutz in the North 1957 73

A kibbutz in the South 196l-73
Country sample 1960-73

In parenthesis-t values.
Regression 3 for the kibbutz in the North included also the lbllowing variables: previous
crop (7 possibilities) and quality of plot (4 levels grouped by the management).

conditions, management, and other specific factors) was included in the
regressions at the sample level. Here. unlike Regression l, the time variable
is insignificant and even negative in the South. A negative time coefficient
can be a reflection of two factors: (a) With time, area expanded and wheat
was planted on inferior soils. To some extent, at least. this factor'was
allowed for by including the plot effect in the regressions. (b) A negative
time coefficient may be due to the loss of disease resistance in wheat
varieties. If varieties were not replaced, and inputs were not augmented
correspondingly, yields would have decreased with time.6
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The contribution of rain and irrigation are large in the South and small in
the North. The'Production Elasticity'of rain in the South is 1.23:i.e., an
increase of 10 per cent in the quantity of rain will increase yields there by
12'3 per cent. while in the North the rainfall coefficient is only 0. 10.

TABLE 2
MARGINAL coNrRrBUrroN * *?Hj;,,"I;1"]iriil;^*, ULATED FRoM nrcnrssrox 3 r^-

tr''ariable

[tnit
( quantilati|e

varicrbles 1

A kibbut:
in the
North

A kibbur:
ih the Countrt
South Sample

Time
Rain
Auxiliary irrigation
Nitrogen
Varieties: Old

N,lexican
Dwarf
New
Minca
Gabo

Average Sample Yield
(geometric)

Year
Mm rain
qualitative
Kg Nitrogen
qualitative

a:

- 130.4 - 50 2
79 24

2705 8 1455.6
95.1 67.0

(21 I 9) -903 6
(-s2) (2s 1)

( - 228.0) l 201 8
326 0 1581 3

(476 9l

-7824 (225 9)

(60 0)
( 60)

(21 0)
840

( - 90.0)
(210 0)
(840 0)
930 0

3000 2510I 630

Nole In parentheses-not significant at the l0 per cent level,

Table 2 calculates the marginal contributions of the factors affecting
productivity. These values are calculated from the regression estimates of
Table 1 (which are elasticities) for the sample geometric averages. For the
kibbutz in the North, where yield increases (after allowance lor variety
effects and other factors) at 2 per cent per annum. this is an increase of 60 kg
per hectare annually. Time effect in the South and for the sample as a whole
is negative. One millimetre of rainfall adds 0.6 kg per hectare in the North,
7'9 in the South and 2'4 kg at the sample level.

Variety contribution is larger for the whole sample than for the
individual kibbutz. By this estimate, yields of 'old' varieties are lower than
that of the Florence by 900 kg per hectare. and the 'Mexicans' are oniy
slightly better than the Florence. Yields of the 'dwarl varieties exceed that
of the Florence by 1.200 kg per hectare. and the'new'varieties by 1.580 kg
per hectare. The contribution of the Minka and Gabo varieties does not
exceed those ofthe dwarftype (these varieties were, however, developed for
specific local conditions).

Some of the differences in the estimates for the North and the South and
the sample as a whole. could be expected, as, for example. the substantial
differences in the marginal productivity of rainfall. lt is also indicated from
the estimates that the marginal contribution of the modern varieties is
higher in the North. in the more fertile regions. But not all differences in the
estimates can be explained at this stage. Some of these dilferences may be
due to random deviations in estimates conducted at the single kibbutz level.
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The sample is not stratified and representive. and it is possible that its
estimates are biased. We shall return to this issue in the next section.

THE CONTRIBUTION OF DOMESTIC RESEARCH

Conceptually. the contribution of research can be estimated from a
hypothetical experiment comparing agricultural production with research
to production in its absence. Practically, such an experiment cannot be
conducted. ln this study, we assign to the research system the contribution
of the new varieties to prodr:ctivity: this contribution being net of the
effects of other factors. This procedure calls for some justification.

Agricultural research was not confined to genetic breeding and selection
of varieties. Research efforts were also devoted to agrotechnical problems,
such as weed control, irrigation practices. and other aspects ofagricultural
production. The effect of these lines of research is reflected in our estimates
in two ways: (a) Partly, this work enabled the successful adoption of the
new varieties, and as such these should be considered as part ofthe breeding
effort, breeding in the broader sense. (,b) Partly, these studies are reflected in
the time coelficient. If not for them. the coefficient would have been lower.

A crucial aspect of agricultural research is yield maintainance. There are
indications that the Florence variety would have been subject to yield
losses-perhaps because ol the spread of new rust strains-if it had not
been replaced. The varietal contributions in Tables I and 2 are calculated
relatively to the Florence. lf indeed the yields of this variety were due to fall,
the contribution of the new varieties is underestimated. lt should have been
calculated as the yield diflerence comparative to the level Florence would
have reached had it not been replaced.

A major input into domestic agricuitural research is imported
knowledge; brought in the form of scientific publications. exchange of
scientists. data and equipment. In wheat, the knowledge is embodied in the
Green Revoiution varieties. An interesting issue is the division of the
contribution oftechnical change to the part contributed by the local system
and the part contributed by knowledge imported from outside. This
question has one answer from the point of view of Israel. and another if
viewed from a wider pcrspective.

From the Israeli point of view, the contribution, all of it. is local because
the knowledge was imported free of charge. From the point of view of the
Israeli decision maker who has to decide on the allocation of funds to
research in the country, free knowledge is part olthe environment in which
the local research system is operating. The cost of producing this
knowledge abroad should not have any eft'ect on his decision.

There is. however, another question which is relevant from the Israeli
research system point of view. This is the question of how much of the
imported knowledge would have been brought in and applied in the field in
the absence of the locai research system, perhaps by the farmers themselves.
Since, in the case of wheat. the new varieties were not merely imported, but
were also subjected to severe selection procedures and later included in
breeding programmes, we have assumed in our calculations that the
contribution of the new varieties can be attributed completely to the
research system. That is. we assume that no improved varieties would have
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been introduced without research. This possibly introduces an element of
overestimation in the contribution of the local research system. There are
countries that adopt high yielding varieties directly from foreign sources
and not through a local research system. However, recent reports indicate
disappointments with these varieties; disappointments due to loss of
resistance to local diseases and inability to maintain the yield level under
varying climatic conditions. A local research system, by breeding, selection
and study of agronomic techniques, opens the way for successful adoption
of imported varieties.

From the Israeli point of view, all the economic gains due to the new
varieties are part of the contribution of the local research system. The
international perspective is quite different. An upper bound to the
contribution of the Rockefeller Programme in Mexico to wheat production
in Israel is the economic gains attributable to the new varieties minus the
cost of local research on selection and adoption of these varieties. In
deciding on the level of its investment in research. an international agency
which views as the benefit of that investment the productivity gains in all
countries, will rightly use the above mentioned upper bound as a measure
of the benefit realised in Israel. The sum total of such benefits in all
countries constitutes the contribution of a research programme whose
findings are subject to international transfer.

In the absence of a market in which the international research system
charges a price for transferred knowledge, there does not exist a unique
division of the contribution of the knowledge between the domestically'
created component and the borrowed and imported knowledge.

The case of the new wheat varieties is a particularly successful case. The
Israeli scientists were fortunate to be able to draw on the success of their
colleagues in Mexico in producing high yielding wheat types adaptable to a

wide range of climatic conditions. In calculating the returns to research. the
contribution of the successful development in wheat has. therefore. to be

compared to the cost of research on a wider range, including less successful
research efforts. Just as the returns to a lottery ticket should be calculated
by comparing the prize to the cost of all tickets, not merely to the cost of the
winning ticket. The returns will, therefore, be calculated beiow at three
levels: to research in wheat, in dry farming. and in field crops.

The introduction of new technologies may sometimes modify
significantly the farming systems, income distribution and resource
allocation. This was not the case with the new wheat varieties. As Israel
imports most of its grain, agriculture faces a completely elastic demand
curve for grains, the economic contribution of the additional output can,
therefore, be simply evaluated at the world price of wheat.T

As mentioned in the previous section, it is reasonable to suspect that our
sample is not representative. This fact has two aspects: (a) Record-keeping
wheat growers are usually better than others, and yields on their farms are
probably higher than on other farms. This bias will be corrected by
comparing sample yields to average yields in the country, and in calculating
the econoiric benefits, allowing for the differences. (b) The distribution of
wheat areas in the sample is not proportional to the distribution in the
country. The share of the South in the sample, for example, is smaller than
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the corresponding share in the country. In an attempt to overcome this
source of bias. the contribution of the new varieties in the country was
calculated as a weighted average of the estimated contribution in the
individual kibbutz. the weights being the share of the region in rvhich the
kibbutz is located in the country's wheat area. Alternatively, the returns to
research were calculated from the country level estimates. 'Ihe diff'erences
between the caiculated contributionS and returns tbr the two levels were
small and insignificant. The results presented will be those based on the
country sample estimates.

The date chosen as the zero point for the calculation of the returns is the
year 1974. The returns were calculated to the wheat breeding'project'. It
was assumed that the project iasted from 1954-the year at which the flrst
Mexican varieties were imported-until 1973. By assumption, the project
was completed in 1973 with the new varieties occupying practically all the
area sown to wheat.

The method used in calculating the returns was the following lGriliche.s,
1958): it was taken that benefits realisation in the project started in 1965
with the introduction of the semi-dwarf varieties to commercial plots. In
this way. the contribution of the first Mexican varieties is neglected since
the estimates of their contribution were insignificant (Table 1). Annual
beneflt was calculated by multiplying the area sown to a variety by the yield
differences between the variety (variety group) and the reference variety
Florence Aurore 8193. Table 3 shows calculated annual benefits.

The sample estimates were corrected on two points:
(a) The rate of yield increases in the sample was 19 per cent higher than
the country's average. The sample estimates of yield increases were.
therefore. reduced by 19 per cent.
(b) Yield level in the sample was 44 per cent higher than the country's
average. The yield of the Florence variety was reduced in the
calculation to that extent (this correction is of minor importance since it
affects only the correction for flour backing quality which is reflected in
variety price differences).

A simple check indicates that the values in Table 3 are reasonable.
Average country yield rose over the period 1963-1973 by 105 kg per
hectare, per annum; applying this rate to the ten-year period and
multiplying by the area sown to wheat in 1973. rve find that the additional
product due to these per-hectare yield increases was 67.481 tons. In
the prices used in our calculations, the value of this addition was
If . 20.784,000, compared to If . 15,164.000 in the table. Thus. by this rough
estimate. variety turnover explains 314 of the difference between the actual
1973 wheat production rn the country and the yield that would have been
harvested on the l9l3 area with 1963 per-hectare yield.

Table 4 calculates the returns to research. Line I in the table is the 1974
value of the economic contribution of Table 3. Capitalisation was carried
out at two rates of discount: 5 and I 0 per cent. Line 2 is the permanent flow
equivalent of the stock value of line 1. At a discount rate of 5 per cent, for
erample, the flow equivalent of If. 50,140 million is lf. 2,510 million
annually.
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1',AB1.E 4

RFTI,RNS T0 RESLAR('H {I MILT-IONS T')

ruia {)l dis(ouill l1')
5 per ('ent l0 per tcnt

The contributron in Drvarf and Neu varieties in the period
1965 73.

The contribution as a permanent flow (2) : r (l)
Predicted luture annual contributron
Annual outlal rn ivheat research (to nraintain present

l,ields).
Annual net contribution (5) : (2) + (3) - (4)

Research outla,vs iti field crops 195+73.
Returns to research in lield crops
internal rate of return (per cent)
benefit-cost ratio
Rcturn. to reseurch in drr lartning
internal rate of return (per cent)
benefit-cost raticr
Returns to wheat research
internal rate of rcturns (per cent) benefit-cost ratio

50 11

2 s1

t7'00

1.00
18.5 I

108.78

16

-1 j:

lti
:l 51

125

31 68

5 7.25
571

17.00

100
21.13

162 41

l3
I -14

91
936

150

12 5

Norr,. Price are deflated bv GNP price inder. 1967-69 : 100.

By assumption. investment in the projects stopped in i973. In 1974 and
on, yield wilt be maintained at the level predicted for 1914. The annual
value of'the contribution of research wili, by assumption, .be constant at
l€. 17 mrllion yearly. This is an underestimate of the contribution of
research. for two reasons: (a) it can reasonably be expected that yields ll'ill
increase with time due to learniltg and shilts to better varieties in the group
of 'new' varieties; (b) yields of the Florence variety would have decreased.

thus increasing the future contribution of the replacing varieties.
It was assumed that to maintain future yields at their 1974 level' research

u'ill be continued at the current level-an outlay of l{. 1 million annually.
In the calculations ofTable 4. net annual future benefits of the research

project is the money value of future yield differenltal plus the flow
equivaient of past benefits (in this way, past returns are transferred to the

future). rriilr.rs cost of maintainance research. Prices are 196l-9 prices, thus
recent inflationary trends and changes iu terms of trade of agriculture are
not reflected in these calculations.

As stated earlier. three alternatives were taken as investment in research:
(a) research in rvheat over the period 195,1-73: (b) dry farming research: and
(c) field crops research. Cost of research was estimated by Ariel Dinar
ue74l.

The returns were calculated in two ways:
(a) As an internal rate of return; this is the discounl rate equalising the

capitalised values of past and luture costs atrd benefits ol the project.
(b) As benefit cost ratio: namel),. as the ratio of the present vaiue of the

benefits (past and present) to the capitalised r,'alue of the cost.
The last three lines olTable 4 show the alternative values of the returns.

The calculated internal rate of return varies tiom l 6 per cent for research in

t77

(1)

(2)
(3)
(4)

(5)
(6)
(7)

(E)

(e)
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the field crops to 125 per cent for research in wheat. The correspondin-u
benefit -cost ratios are 3.22 and 30.

REMARKS ON THE ROLE OF THE INTERNATIONAL RESEARCH CENTRES

We conclude this case study on the transf'er of technology liom an
International Centre to a recipient country with a fer.l, remarks on the
future role of thesc research institutions and the interrelation between
international and domestic research.8

To some extent. research in the International Centres substitutes
domestic. national research. Our study, however, revealed a case olstrong
complementarity. The creation of the new Mexican wheat varieties
revolutionised the lsraeli wheat research and it is doubtful rvhether these
varieties would have been successfully adopted without the local efTort. In
this process CIMMYT (and the Rockeleller Programme belore it)
contributed the major wide-base advancements and the indigenous
research systems selected and adopted the international techniques to local
conditions.

In general. this division of labour between local and international
research, il properly done. will be according to comparative advanta-ses.
The centres wili concentrate on the more generai innovations and domestrc
research on 1ocally-specific. The experience ol the Rockefeller Programme
in Mexico is highly indicative in this respect. The Programme \\.as ver\
suceessful in wheat, while its maize project was. comparativel)'. a failure
exactly because the latter crop is geographically sensitii'e uhile the neri
wheat types are not lMeyren, 19681.

It is useful to view research. particuiarly plant or animal breeding. as a

search within a distribution of potential genetic combinations.e In terms ol
this framework. the major advantage of the International Centres lies in
their size and wide outreach. By concentrating on a single crop (or a small
group ofcrops). and having enough resources'to cover the ivorld'in their
area ofconcentration. the international centres both increase the variance
of the population they search and their potential to affect the outcome of
their search through appropriate choice of parental breeding material
(IRRl-the International Rice Research Institute in the Philippines-
maintains a collection of 15,000 rice varieties to draw upon in search for
desired characteristics).

The first Centres, CYMMIT and IRRI" have been very successful

lDalrymple, 1974] partly because of the gap between agricultural research
in the moderate climate zones and research in the tropics and the sub-
tropics fBot,ce and Etenson, 1975: Table 1.111. To a large extent this was
done by substituting international research for domestic works. Varieties
developed in these Centres were planted throughout the world after a
relatively short test. Our flnding of strong complementarity between the
levels of research suggest that the Centres may pass an interesting life-cycie:
the contribution olinternational research will enhance the productivity ol
domestic research, governments will invest more in manpower and
equipment, this will. in turn, increase the contribution of the International
Centres but, at the same time, it may lower their relative position li.r-ri-i'ls
the indigenous research systems. Even if this scenario materialises the
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Centres will maintain a crucial position as clearing houses for ideas and
genetic material. It will be expensive and unwisc for a single country to try
and maintain variety collections of the size that the international centres
will assemble. However, as sophistication and standardisation of research
system will spread, as telecommunication improves, the importance of the
physical concentration of international research work in one geographic
locality can be e*pected to decline.

The Centres themselves reveal in their policies that they understand these
developments. To augment the impact of their work. they maintain test
plots in many countries and bonduct courses for local specialists. Two
recent developments at IRRI illustrate this trend beautifully.

lt 197 5 IRRI established the International Rice Testing Programme-a
network of co-operating systems in the rice-growing countries in which
varieties are developed and tested simultaneously in several localities with
'IRRI, as a coordinator, multiplies and distributes sets of seeds . . . data
from all locations are sent to IRRI to be compiled, published and
distributed' URRI Reporter, 21751. Scientists in domestic systems can
request information and genetic material through IRRI.

In further recognition of this change of emphasis, IRRI announced a
new policy naming rice varieties. In the words of Dr. Nyle C. Brady, IRRI
Director General:

Since the first variety of the International Rice Research Institute (IRRI), IR8,
was released in 1966, IRRI's policy has been to olficially release and name new
rice varieties. This practice has served a purpose in calling these varieties to the
altention ol scientists and production specialists in rice-growing cbuntries
throughout the worid. However, marked expansion in national rice
improvement programmes and the development of international co-operation
through the recently expanded International Rice Testing Programme appears
to make this practice no longer necessary. Accordingly, IRRI will no longer
olficially release and name rice varieties. It will leave to the national
organizations the responsibility lor such releases.

IRRI will continue to make breeding material available to all nations,
largely through the International Rice Testing Programme. All rice
improvement programmes will be encouraged to utilise IRRI material and to
release IRRI selections as varieties. using names or designations oltheir own
choice. IIRRI Reporter ll76l.

Another aspect of agricultural research should be brought up at this
point. The first success ofthe international centres were concentrated in the
more applied areas. There has simply existed a wide, hitherto untapped
pool of applicable theoretical knowledge. As this pool is exploited, further
advancements will be on the frontiers of knowledge and will require the co-
operation and cross-fertilisation of agricultural research and 'purer'
scientific work as plant physiology, theoretical genetics, biochemistry.r0
Though economies of scale evidently exist in any research work, they are in
pure science of a different nature than in the more applied areas of
agricultural research. This will also increase in the future the relative
importance of national research.

Thus, the more successful the present efforts of the International
Centres, the faster the decline of their relative importance (even as their
absolute contribution to agricultural production may be rising). It should
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be emphasised at this point that this conclusion is based in the present study
on the case of Israel, a country with a technologicaliy advanced agriculture
and a strong rese.arch base, but it is also supported by evidence from the
developing areas. It should also be noted that only two of the Centres have
already'matured'-the others are just starting now. It will take many years
and hard work for them to approach the levels of success of CIMMYT and
IRRI. The Iesson for the developing countries still is that the establishment
of the International Centres does not liee them from domestic investment
in agricultural research, it enhances the economic justification of this kind
of investment.

NOTES
l. Averageprecipitationinthervheatgrowingarearangesfrom250to700mmperannum.
2. Fertilisers consumption in the world has increased at a similar ratefEtt'nson and Kisley,

1975: Chapter 21.

3. Two additional varieties, Minka and Gabo (the outcome of early Israeli breeding
etTorts), were included in some of the estimates.

4. Several other specifications were also tried with essentially the same results. The double-
log (Cobb-Douglas) specification which allows for complementarity of factors was preferred
on u priori grounds.

5. Rain distribution is sometimes thought to be more important than its total quantity. but
several attempts to incorporate distributional inlormation in the regressions did not yield
superior results.

6. tr-ote, however, that lor the country-sample-regression the time coefficient was barely
signilicant at the l0 per cent level. Too much weight should therefore not be given to this
explanation in the text.

7. Aswheatyieldsrose,wheatareaexpanded.theareaolbarleyandsorghumdeclined.Our
procedure of calculating the benefits implicitly assumes that the values of production per
hectare ofthese two crops were. at the beginning ofthe period. the same as that ofwheat- This
introduced anelement olover-estimation into our calculations. By our judgment, this element
is insignificant.

8. Eleven International Agricultural Research Centres and related institutions have been
or are about to be established. Their work is co-ordinated through the Consultative Group on
International Agricultural Research headed by the World BankfBot,ce and Evenson, 1975:
534t1.

9. For a formulation and elaboration, see Evenson and Kislev [19261.
10. See in this respect Evenson [1968] and Evenson and Kislev 11975: Chapter 21.
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