
evolving disease pathogens. Pre-breeding materials are not suitable for direct release since they

are not adapted to any single agro-climatic environment. These materials may be improved plant

types, or may contain resistance to important diseases. A given gene, say for resistance to an

important disease, originating from a CGIAR program may enter into the breeding pools of plant

breeders across a wide range of environments. NARSs breeders in each environment may then

incorporate the same gene into finished varieties that are also adapted to locally important disease

and abiotic stresses. The CGIAR Centers are vital sources of such pre-breeding material for

NARSs. By collecting information on the composition ofNARSs breeding pools, we hope to

measure the contribution of CGIAR pre-breeding research to NARSs varietal development

research programs.

Crop breeding programs may maintain several germplasm pools. In his survey, Duvick (1984)

distinguishes among three - elite lines in advanced trials, lines in preliminary trials, and nursery

selections. The number and designation of relevant NARSs germplasm pools may differ

according to crop. For hybrid crops, for example, it may be useful to analyze varieties in the three

Duvick pools, but also to survey the composition of inbred line collections. Again, the advice and

cooperation of a crop scientist will be invaluable in designing the survey instrument. Examining

the entire range ofNARSs breeding collections increases the chance of documenting the complete

range of research contribution by Center breeding programs. For example, many finished varieties

and elite lines may not have Center lines as parents. But these lines may have inherited important

genes from Center lines through earlier generations. This contribution will be documented by

examining nursery selection composition.

Once again, the only means ofcollecting such information will be through a survey administered

to NARSs plant breeders. The survey instrument will follow the format of surveys used by

Rejesus, van Ginkel and Smale4
. The latter is included in the Appendix. Survey questions will

focus on determining the percentage composition ofNARSs breeding pools and crossing blocks

4Hargrove, Camarilla and Hoffman provide a very useful survey of use of IRRI material by NARSs.
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by source. Entries in breeding pools tum over rapidlyS An example of the type of information

that can be obtained from breeding surveys is table 1 in Rejesus, van Ginkel, and Smale. The

authors document that 25% of the entries in Developing Country wheat crossing blocks come

from CIMMYT international nurseries.

Human capital in plant breeding

An important goal of the project is to increase our understanding of the structure and capacity of

existing germplasm improvement research systems, and to clearly identify the role played by the

CGIAR germplasm improvement programs. The human capital data collection effort is designed

to assess NARSs and CGIAR scientific capacity and human capital endowments and the

interaction of the institutions. The focus will be on determining the degree of complementarity of

research efforts, but several other questions are of interest. What is the present geographic and

institutional distribution of plant breeding personnel? How is the research focus ofNARSs and

CGIAR scientists distributed among basic, pre-breeding, and cultivar development focuses? How

successful have NARSs plant breeding institutions been in building and retaining scientific human

capital? How does the level of training and experience of scientists compare across NARSs? If

CGIAR programs were to see a reduction in resources, how could NARSs and CGIAR plant

breeding scientists be redeployed to take up the slack?

Reli~ble measures of the global human resources for delivering improved germplasm to Third

World farmers have not been collected, leaving important questions about the present structure

and interrelationships the world's research institutions unanswered.6 In the present climate of

fiscal retrenchment by public research institutions, research administrators and donors are not

interested in funding research programs that are duplicating research being conducted elsewhere.

It is important for the Centers to document the unique role that they play in supplying basic,

5 Rejesus, vanGinkel andSmale found that 30% of entries in developing country whtblleedersii crossing blocks were
replaced each year.
6 Pardey and collaborators, an<Evenson and collaborators have addressed the question of global human resources for all
research areas, but do not provide detail on scientists employed by discipline.
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germplasm conservation, pre-breeding, and cultivar development research outputs within the

context of the capacity of other institutions to supply the same outputs. There are many examples

ofCenters that are supplying research outputs that are crucial to the success ofNARSs

germplasm improvement programs, and for which there are no alternate suppliers. One example

of such a research output is the work ofCIMMYT's plant pathologist group. Over the past 40

years their work has resulted in significantly reducing economic losses from several rust diseases,

including stem rust. There is no alternate supplier with the capacity to conduct and distribute of

this vitally important research output on a worldwide basis.

The most comprehensive report on scientific resources in germplasm improvement is the recent

study of the USA by Frey'. Frey produced a report containing 71 data tables using data collected

with a very short survey instrument (Figures 3a - 3b). The Frey data provides important new

information on the research capacity of private, federal and state research institutions. A couple

ofexamples may serve to illustrate how manpower data can be used to inform research policy

decisions. One of the key questions within the context ofUSA agricultural research policy,

concerns the adequacy of funding for basic research, yet to date we have had little information on

either the existing or desirable balance among research foci. Frey documents that the existing

distribution ofhuman resources across research foci is quite stable across crops at 2/3 of scientists

involved in cultivar development, 1/6 in genetic enhancement and 1/6 in basic research (Figure 4).

The data also challenges conventional wisdom about the roles played by each type of institution,

finding that the private sector has the greatest genetic enhancement research capacity, and nearly

the largest basic research capacity in the USA.

Evenson (1996) and Pingali and Traxler have expressed concern about the under- supply of

germplasm enhancement research to NARSs, yet neither study is able to provide convincing

support for their concern. This is an important issue for NARSs, for the CGIAR system, and for

future technical change in agriculture. Scientific manpower data will allow us to assess the

7 TheFrey study builds on earlier useful, but less comprehensive studies, ~ton, Richardson and"rey; Kalton and
Richardson; and James.
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potential for increased future NARSS/CGIAR coordination of plant breeding research. Human

capital data can also be used to document the role that Centers have played in NARSs human

capital development. Data will be collected by surveying scientific personnel by commodity,

gender, research focus, level of training and by type of institution, following the approach used by

Frey for U.S. plant breeders. Although information on private sector breeding scientists might be

difficult to collect, it is desirable to include it.

Yield advantage of CGIAR germplasm

Estimates of the yield advantage of CGIAR germplasm and of farm yields in study areas will be

needed to measure the economic benefits of GGIAR germplasm research. The contribution of

improved germplasm to yield can take three forms. They are 1) the immediate yield advantage of

switching from an unimproved to an improved variety, 2) the advantage ofswitching from one

improved (CGIAR) variety to a newer release, and 3) the yield maintenance effect, or the yield

erosion that has been prevented by switching to disease resistant varieties. CGIAR germplasm

improvement research has also been shown to generate benefits other than improved grain yield,

such as quality improvements (Unnevehr), improved yield stability (Traxler, et al.), and increased

fodder production (Traxler and Byerlee).. The discussion ofa framework for measuring the value

of such improvements is beyond the scope of this document.

Morris, Dubin and Pokhrel refer to 1) and 2) above as Type I and Type II technical change. Type

I change occurs in areas where modern varieties (MVs) are replacing traditional varieties (TVs),

usually producing a sharp increase in productivity. Type II change occurs in areas where farmers

are adopting newer generation MYs to replace older generation MYs, producing a steady gain in

average yield and assuring the maintenance of yield stability in the face of evolving pest biotypes.

Type II yield effects, therefore, are expressed as an annual rate of yield improvement. For wheat

and rice, Type I changes now occur only in a relatively small number of rainfed environments, and

Type II technical change is the driving force ofyield improvement for most developing countries.
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Crops other than rice and wheat may need consider only Type I changes, since second generation

varieties have not yet begun diffusing widely.

There are a number of complications to deriving values for this key parameter. The yield

advantage might differ for each new variety, and for a given variety may not be constant across

agroclimatic environments. Furthermore, there are generally interactions between cultivars and

crop management practices. Needless to say, it is impossible to estimate the precise yield

advantage ofeach new variety in each environment under all input levels. Past studies have

collapsed yield information into a"manageable number ofyield advantage estimates by grouping

environments, generally to conform to political boundaries, and by using an average yield effect

for all CGIAR-derived varieties. Byerlee and Traxler, (see Table 3) for example, calculate global

spring wheat benefits employing a 4x4 regional (Sub-Saharan Mrica, West Asia/North Mrica,

South Asia, Latin America) yield advantage matrix by megaenvironments (Irrigated, High rainfall,

Acid soils, Drought). Each type ofyield contribution is given a value for each of the 16 region

environment combinations, based on a combination of information from existing studies, analysis

ofvarietal trial data, and subjective judgment. Average farm yields for the beginning and end of

the study period were also designated for all 16 areas.

Brennan and Fox calculate an index ofvarietal performance using an approach that is intuitive and

easy to implement, given information on a} estimated yield advantages and b} diffusion

percentages. For country i and year t, the index is:

where lit is the index in country i in year t, Vit is the percentage yield advantage of CGIAR

derived varieties. Both Brennan and Fox, and Pardey, et al. emphasize that the appropriate

measure ofyield advantage is relative to the unobservable yield without new varieties scenario.

Pardey, et al. construct a geographically weighted yield premium index based on the calculation of

experimental yields ofCGIAR-related varieties relative to a numeraire variety that represents
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what would have been grown if the new variety had not been developed. This is a credible and

useful attempt to capture the fact that the yield advantage varies both geographically and through

time. However, the data and computational requirement burden of constructing such an index is

very large, and will likely be beyond the capacity of most participants in this project.

We propose that values for the yield advantage parameter in each environment be arrived at by

combining the analysis of varietal trial data with the subjective judgement of informed scientists.

For some crops international varietal trial data will be available and can be analyzed using

regression analysis following Maredia, Ward and Byerlee, Pardey et aI., Brennan, or using other

statistical approaches. A second approach to deriving yield advantage figures would be by

surveying NARSs and Center crop scientists on what they consider to be reasonable values for

each region. Given the importance of this parameter to final benefit calculations, methods for

deriving yield advantage estimates should be an important discussion topic at the August 1997

meeting in Sacramento.

Framework and data requirements for economic analysis

The most commonly presented summary measure of the economic impact of research, the Internal

Rate ofReturn (IRR), compares annual benefits to total annual expenditures. The IRR

calculation the benefit and cost streams for each region and research institution are summed and

accumulated over time. Generating the data to provide a credible IRR estimate represents a

daunting challenge for this project, since none of the required data has been systematically

collected over time. The development, release, adoption and disadoption of an improved crop

variety is a lengthy process. To calculate the IRR for a research program requires data covering a

period of20-30 years between initial investments and the realization of economic benefits.

Creation ofa time series ofNARSs research costs is one example of the seriousness of the data

challenge. We will be collecting information on the number ofgermplasm improvement scientists

employed in 1997, but have no direct means of collecting information on expenditures.

Expenditures in 1997 can be estimated using information on the average cost per scientist in each
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country or region, which may be available from ISNAR or in Pardey, Roseboom and Anderson.

To create a research expenditure time series would require that this single data point be

extrapolated back in time for at least 20 years. Nor are time series data on several other needed

parameters, such as worldwide adoption levels and yield advantage in all years, likely to be

available.

The difficult choice forced on project participants is between attempting to calculate an IRR based

on benefits and costs generated from data observed at a single point in time, or to choose some

other summary indicator of economic impact. We are proposing to not attempt to derive an IRR.

Instead we propose that the primary measure ofeconomic impact be gross annual research

benefits in 1997 (GARB1997), which is simply the total value of increased production in 1997.

This simple indicator is calculated as- the change in production induced by CGIAR research times

the output price. For price P, area A, average yield Y, and % yield advantage y, the GARB is

calculated as:

GARB 1997 = PL1Q = PAYy

The advantage of this impact indicator is that it can be derived from defensible data, while IRR

calculations would rely on a string of extrapolations and assumptions. Only four essential

variables are needed - price, total crop area, diffusion, the induced change in yield - and all are

needed for a single crop year. This measure of GARB can easily be converted to a change in

economic surplus using supply and demand elasticity estimates, but empirical measures of GARB

and total economic surplus will always report similar impacts8
. We also propose that total

research expenditures in 1996-97 be estimated. The obvious disadvantages of the proposed

approach is that all dynamic effects of diffusion and research lags are ignored; present benefits are

the result of research investments made over many years, and benefit levels are not constant over

8 The motivation for using economic surplus measures rather than GARB is generally that it makes it possible to
examine the distribution ofbenefits between consumers and producers. We are not concerned with the distribution of
benefits.
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time. Nonetheless we feel that dealing with the problems inherent in attempting to capture these

dynamics are simply beyond the scope of the project.

Role of IAEG and of Centers

The success ofthe project will be determined by the enthusiasm with which it is embraced by

Center social scientists. The IAEG will provide supplementary financial resources to cover survey

costs, and will take responsibility for coordinating the effort among Centers and conducting the

synthesis with the help ofan external consultant.

IAEG will organize two discussion meetings of participating Center social scientists. The first

meeting will be held in conjunction with the International Conference of Agricultural Economists

in Sacramento, CA, August 10-16, 1997 to discuss this proposal and the draft survey instrument

templates and data explanations included in an appendix to this document. Each survey will be

kept as brief as possible, probably no longer than 2 pages. The second discussion meeting of

participants would be planned to coincide with the 1998 Annual Meeting of the American

Agricultural Economics Association in Salt Lake City Utah, August 2-5, 1998. This meeting will

be used for Centers to present results and discuss the preparation of the System wide synthesis.

Summary

In this document we have attempted to explain the motivation and objectives of a proposed

project to assess the impact ofCGIAR germplasm research. The immediate goal of the project is

to generate a report for presentation to donors at Centers Week in October 1998. In developing

the project design, we have been cognizant that we are proposing a tight schedule for project

completion, particularly given the many existing commitments ofCenter and NARSs scientists.

Nonetheless, we feel that the focus and schedule of the project are appropriate, given the current

atmosphere within the donor community. We frankly expect a study ofCGIAR germplasm

research impacts to produce a great deal ofgood news for the System. CGIAR germplasm
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improvement research has made a large contribution to improved productivity in developing

country agriculture. We also believe that strong complementarity exists between CGIAR and

NARSs research, and that there are few alternate suppliers ofCGIAR research products.

The study that we propose is comprised of five sections, each requiring the construction of a data

base on NARSs germplasm improvement research. In a sense, the data collection effort might be

viewed as focusing on three distinct time periods. Data on varietal diffusion in 1997-98 will reflect

the impact oflong-term CGIAR research efforts spanning the period from the early 1980s and

continuing up to present. Data on current entries in NARSs breeding pools may have been in

CGIAR pools the previous year, so analysis ofbreeding pool composition will provide insight into

the influence of current CGIAR research efforts. Present human resource information will allow

us to piece together a picture of the"likely future importance ofCGIAR research. The data set on

releases from 1980-97 is the only time series data that we will be able to collect. As such, it will

complement the other data, capturing the effect of research conducted in the 1960s and 1970s up

to recent periods.

The economic impact of CGIAR germplasm improvement research will be summarized by

calculating the total value of increased production in 1997, or GARB l997, and possibly, the

induced change in economic surplus. Further modeling of the economic impact of CGIAR

research, such as estimating an IRR, will be possible using data collected in this project, but will

be left to a future project stage.
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Table 1. Selected previous studies ofgermplasm improvement research

Authors Period Focus of

Crops;Centers Covered Geographic Coverage Study-

Dalrymple (1986) Wheat; CIMMYT 1965-84 Developing countries 1

Wheat, Rice;

Dalrymple CIMMYT, IRRI Developing countries 1

Evenson Rice;IRRI 1965-91 1965-91 3

Wheat, rice;

Pardey, et al. CIMMYT, IRRI 1970-93 USA 1,2

Rejesus, et al. Wheat; CIMMYT Developing countries 3

Hargrove, et at Rice;IRRI Developing countries 3

I
Evenson & David Rice;IRRI 1965-91 Developing countries 1,2,3 I

Byerlee & Moya wheM;CIMMYTnCARDA 1966-90 Developing countries 1,2,3

Lopez-Pereira & Maize; CIMMYT 1966-90 Developing countries 12
Morris

All, Federal,

Frey State & Private sector 1994 USA 4

All, Federal,

Duvick State & Private sector 1981 USA 3
a Key for focus of studies

1 = Farm diffusion

2 = Economic impact

3 =Germplasm flows among plant breeders; relationships among institutions

4 = Human capital
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Table 2. CIMMYT spring wheat; number and percent of releases (in parenthesis) by technology
category, 1977-90, countries producing a total of5 or more NARS and adaptive releases. Taken
from Byerlee and Traxler.

Releases Releases Releases of Releases of
fromNARS fromNARS varieties varieties

cross - no cross - with from from Third

CIMMYT CIMMYT CIMMYT country

parents parent crosses crossesb

Brazil 43c 41 34 0

(36)d (35) (29)

India 30 53 28 0

(27) (48) (25)

Argentina 9 25 35 0

(13) (36) (51)

Uruguay 5 2 5 2

(36) (14) (26) (14)

Southern China 4 22 10 0

(11) (61) (28)

Turkey 3 4 13 12

(9) (13) (41) (38)

Chile 2 12 31 0

(4) (27) (69)

Kenya 2 11 3 0

(13) (69) (19)

Pakistan 1 5 25 0

(3) (16) (81)

Remaining 29 countries 13 28 232 11

(5) (10) (82) (3)
aIncludes CIMMYT varieties acquired through a third country

bCrosses made by another NARS, e.g., Argentinean variety released by Uruguay

~umber of releases

dCategory's percent of country's total releases shown in parentheses
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Table 3. Matrix of rate ofyield increase from Type I and Type II genetic gain, and annual rate
ofincrease in average farm yields, 1977-90 by region. Taken from Byerlee and Traxler

Region

Sub-Saharan W. Asia- South Latin
Africa N. Africa Asia America

Type I yield increases (percent)

na 25 25 25

20 20 na 20

na na na 25

na 10 10 10

Type n yield increases (percent per year)

na 1.2a 1.2a 1.5a

1.2a 1.2a na 1.5a

na na na 3.0a

na 0.5 0.3 0.5

Irrigated

High rainfall

Acid soils

Drought

Irrigated

High rainfall

Acid soils

Drought

Annual rate ofincrease of
regional wheat yields 1.6 2.4 3.0 3.4

na: spring wheat not grown under this agro-climatic condition in this region

a inc! uding yield maintenance component
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Figure 1. Categories of crop improvement research activ~ties and institutions

Wheat Improvement Activities

I. Basic Research

A. Traditional Research

B. Biotechnology Research

II. Genetic resource management

A. Acquiring & maintaining germplasm

B. Documenting accessions

C. Biotic & Abiotic screening

III. Pre-Breeding research

A. Intergeneric & interspecific crossing

B. New plant typeslYield frontier research

C. Introgressing genes for new diseases

D. Maintaining disease resistance

E. Administering screening nurseries

F. Administering yield nurseries

IV. Cultivar Development

A. Pedigree crossinglbreeding program

1. Breeding pool improvement

2. Development of advanced lines

3. Crossing ofown lines

B. Adaptive breeding program

1. Crossing or selecting elite lines
from outside sources

2. Screeningcultivars from outside
sources

C. Testing/screening program

Testing & screeningcultivars
developed elsewhere

Wheat Improvement Research
Institutions and Roles

MDC Institutions (90 Scientistsa
)

Basic Research

Genetic resource management

Pre-Breeding research

CIMMYT (30 Scientists)

Genetic resource management

Pre-Breeding research

Cultivar Development

NARSs

A. Stage 3NARSs (658 Scientists)

Pre-Breeding research

Cultivar Development

B. Stage 2 NARSs (87 Scientists)

Adaptive breeding program using CIMMYT
parents

Testing and screeningcultivars from outside
sources

C. Stage 1NARSs (409 Scientists)

Testing and screeningcultivars from outside
sources

Private Sector

Pre-breeding research

Cultivar development

a Basic, Genetic Resource Management, and Pre-breeding Researchers in US and Australia only. Australian
scientists assumed to be allocated among research foci in same ratio as reported for the US. Sources for
numbers of scientists: Frey, 1996 and CIMMYT, 1993.

Figure 2a. Coding form instructions sent out with survey used b,Byerlee and Moya.
WHEAT VARIETIES RELEASED DURING THE PERIOD 1966-90
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Please provide a list ofall varieties released in the period 1966-90 at either the state/provincial or national level. Use
the following codes to complete the questionnaire.

Code A. Type ofwheat
I = Spring habit bread wheat
2 = Winter/facultative habit bread wheat
3 = Spring habit durum wheat
4 = Winter/facultative habit durum wheat
5 = Triticale

Code B. Recommended for:
I = Dryland areas (less than 500 mm rainfall during or immediately before growing season
2 = Irrigated areas or well-wateredrainfed areas
3 = Both

Code C. Semidwarf?
I = Yes (carries Rh dwarfing genes)
2 = No

Code D. Origin
I =

la =

2 =

2a =

3 =

Non-CIMMYT variety. [Cross made by country with no immediate CIMMYT parent (includes
many semmidwarfs that only have CIMMYT grandparents or earlier CIMMYT ancestry)].
Cross made by third country withno immediate CIMMYT parent (e.gDebiera, released in
Sudan, from an Indian cross with no direct CIMMYT parentage).
Some CIMMYT gennplasm. [Cross made by country but with at lease one parent from
CIMMYT (the latter defined as above)]. .
Cross made by third country but with at least one parent from CIMMYT (e.~chan,

released in Bangladesh, is an Indian cross with one parent from CIMMYT).
Cross made by CIMMYT (e.g., CIMMYT line, or selection from segregating population or
advanced line).

Code E. Third country of Origin
Use only if Code D is la or 2a, give name ofcountry where cross was made.

Code F. CIMMYT Name
Only if Code Dis 3 (i.e., CIMMYT cross), give name ofCIMMYT breeding line, ifknown
(e.g., Veery 5).
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Fipre 2c. Variety area survey fonn sent out in survey used b)Byerlee and Maya.

Country _ Region _ Total wheat Area _

Variety name Percent of wheat area planted to this variety

%

%

%

%

%

%

%

%

%

Other semidwarf spring breadwheat %.
Other tall spring breadwheat %

Other semidwarf spring durumwheat %

Other tall spring durumwheat %

Other semidwarfwinter breadwheat %

Other tall winter breadwheat %

Other winter durumwheat %

TOTAL 100%

• Include all minor varieties.
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Figure 3a. Page I of survey instrument used iIFrey, Kenneth J. National Plant Breeding Study: Human and
Financial Resources Devoted to Plant Breeding Research and Development in the United States in
1994

Frey survey, Page 1
INSTRUCTIONS
The questionnaire is arranged in two parts -~

Part A is a request for general information about the organization for which you work. Instructions for
completing answers to individual questions are given in the box under Part A.

Part B is arranged to report Science Person Years (SY) devoted to plant breeding research, germplasm
enhancement, andcultivar development for individual crops. Please report to the tenth (0.1) ofa SY for each crop
you list.

DEFINITIONS
Science Person Year -- Work done by a person who has responsibility for designing, planning, administering
(managing), and conducting (a) plant breeding research (b) Germplasm enhancement, and (O>ultivar development
in one (1) year (i.e. 2,080 hours). DO NOT include technicians, farm and clerical workers, computer specialists, post
docs, grad students,etc

:Plant Breeding Research -- Research on the genetics ofplants and methodologies of plant breeding and
biotechnology usually done to provide fundamental information useful for making plant breeding more efficient and
productive. DO NOT include basic research on plant molecular biology.

Germplasm Enhancement - Any activity that includes (a) gene transfer via sexual and asexual means from
germplasm accessions and (b) increasing the frequencies of desirable genemcrop gene pools that will be used for
developing parents orcultivars.

Cultivar Development - Any activity of crossing, transformation, and/or selection (including marker-assisted
selection) among plants which has the direct purpose of releasing a crop variety.
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Figure 3b. Page 2 ofsurvey instrument used inFrey.
Frey Survey, Page 2

Part A. General Information About Your Organization
Please use fiscal year 1994 as the base time period for reporting answers to the following questions.
Circle one number or enter a response for each question.

1. Are you reporting for...
1=United States Department ofAgriculture
2=State Experiment Station
3=Private Company
4=Some other organization (explain)

2. How many years has your organization been involved in plant breeding research, germplasm enhancement,
and/or cultivar development?

Years-------

3. a) Over the past five years, has theSYs your organization devoted collectively to plant breeding research,
germplasm enhancement, and/orcultivar development -
I =Decreased
2=Stayed the same (if stayed the same, go to Part B)
3. Increased

b) By how much? %

PART B. Report of Science Person Years (SY) by Crop
Please report the trends in the number ofSYs [(to the nearest tenth (0.1)] your organization devoted to plant
breeding research, germplasm enhancement, and/Olcultivar development on a crop basis in 1994 (see
DEFINITIONS in INSTRUCTIONS, page 1).

In 1994 the SYs your organization devoted to:

Crop Name Plant Breeding
Research

Germplasm
Enhancement

Cultivar
Development

Use one line for each crop (refer to Reference of Crops list)

Wheat 2.3

30
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APPENDIX: Survey Instruments

A-I. Varietal Release Information, releases 1981-97.
A-2. Breeding Pool Composition, 1997.
A-3. Varietal Area and Estimated Yield Advantage Infornlation for 1997

A-4. Human Capital in germplasm improvement research in 1997
A-5. List of required additional information for economic analysis
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Appendix A-2 Survey instrument 2: Breeding Pool Composition, 1997.

Country Program Crop _

l.In 1997, what was the approximate number oftotal entries in your crossing block? _

categories:h fth fi IIbl kf2 What percent 0 tota entnes m your crossmg oc were m eac 0 e 0 owmg

Type of entry Percent of Material

Your own advanced lines %

Your own releasedcultivars 0/0

CGIAR advanced lines 0/0

CGIAR releasedcultivars 0/0

Advanced lines from other countries 0/0

Released cultivars from other countries 0/0

Wild relatives %

Landraces of local origin 0/0

Landraces obtained from CGIARgenebank 0/0

Other (identify) 0/0

Total 100%

3.What was the approximate number ofcrosses that your program made in 1997? _

h fth fi II wing categories:fredd . 1997 h40fthe crosses ma e m , w at percent us a parent om eac 0 e 0 0

Type of entry Percent of Material

Your own advanced lines 0/0

Your own releasedcultivars 0/0

CGIAR advanced lines 0/0

CGIAR releasedcultivars 0/0

Advanced lines from other countries 0/0

Released cultivars from other countries %

Wild relatives 0/0

Landraces of local origin 0/0

Landraces obtained from CGIARgenebank 0/0

Other (identify) 0/0

Total 100%
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