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12.1. Introduction

Future demand for sorghum is going to be different from the demand pattern observed at present
and in the past. The demand for sorghum grain as food is expected to decline in the future while its
demand as poultry feed, flour, ethanol (biofuel) and alcoholic beverages is going to increase. The
demand for sorghum — both green and dry plants — as livestock feed will also go up. It is also
expected that the demand for sorghum grain and stalk for industrial end use in nutrition and health
products would increase. Thus, sorghum will essentially enhance the performance of integrated
crop-livestock systems and improve options for commercialization in semi-arid agriculture.
Therefore, any strategy to promote sorghum must be designed from this perspective.

In addition to the shifts in demand for sorghum grain and stalk, the vast developments in
science and scientific tools can be used for germplasm evaluation, selection, screening and
development of new cultivars and their utilization. The progress in Information and
Communication Technology (ICT) can lead to the dissemination of knowledge and technology and
the management and coordination of networks and partnerships. Visible changes have occurred in
seed policies and seed delivery systems in countries where ICRISAT is operating. The new
millennium has led to a new vision and strategies of the donor community. At present, agricultural
research is viewed as a mechanism to alleviate poverty and hunger, ensure food security and sustain
the livelihoods of poor communities around the world rather than just a means of increasing
productivity. Considering these factors and the findings reported in previous chapters, there is a
need to devise future strategies for sorghum breeding and partnership, formulate technology
exchange policies and pave pathways for promoting diversity in sorghum cultivation.

12.2. Future Breeding Strategy

The strengths of NARS in Asia and Africa vary. There are a greater number of scientists working in
Asia, particularly in India and China, than in Africa (see Chapter 1 for details). It has also been
observed that national systems in Asia (India and China) mostly benefited from improved parental
lines and breeding materials developed by ICRISAT. On the other hand, African countries were the
beneficiaries of semi-finished and finished products like breeding lines, varieties and hybrids.
Varieties developed by ICRISAT based in India, Zimbabwe and Mali generated spillover benefits
across different African countries (see Chapters 4 and 11). Overall, priorities in sorghum breeding
research must be identified considering both direct and spillover benefits.
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Strategies for Asia, Africa and Latin America must vary. In order to benefit farmers of Asia, the
development of parental and enhanced breeding materials is important. So are broader partnerships
with research institutes in the public and private sectors. On the other hand, ICRISAT should
concentrate on developing breeding lines, varieties and hybrids using indigenous cultivars for African
farmers, in partnership with national research programs in Africa. In breeding and improvement, the
focus should be on end-use qualities, increased productivity and input efficiency for impact. Regional
breeding involving strategic partnerships in varietal testing that has begun in Southern Africa, should
be continued and modified across regions. It would be rewarding to have an integrated strategy for
sorghum development among the key players in Africa (ICRISAT, ECARSAM, SMINET, West Africa
Sorghum and Millet Network and ARIs including INTSORMIL), so that all stakeholders work
together to achieve the critical effort and investments required to tackle important problems. Thinly
spread out resources would not bring out the desired effect.

Setting up centers for regional variety testing, release and seed production systems
particularly in Africa, would provide high payoffs. Such procedures will to a great extent augment
the shortage of human and financial resources, reduce the time spent on variety development and
release and speed up and enhance the dissemination of knowledge and technologies. Thus, regional
efforts are expected to be highly efficient and effective in sorghum research and development in
Africa. Efforts in this direction have already begun in Southern Africa through SMINET and SMIP.
Further progress is required with the participation of the nascent private seed sector in Africa. A
similar strategy for Western and Central Africa as well as for Eastern Africa would pay high
dividends. In the case of Latin America, an integrated strategy among key players including
ICRISAT, INTSORMIL, CIAT, national systems and private seed companies would be essential.

Biotechnology, including plant genomics, has ushered in new scope for germplasm mapping,
identification of novel and marker genes and the development of improved cultivars with
desirable traits. Using tools of biotechnology has enhanced the efficiency, effectiveness, speed
and precision of plant breeding across the globe. Now the development of cultivars with near-
complete grain mold resistance, shoot fly resistance, Striga resistance or drought resistance in
sorghum cultivars is achievable. There has been some progress in this area in recent years.
Biotechnology-assisted germplasm enhancement activities need to be deployed along with
conventional breeding methods at ICRISAT to solve such complex problems. The focus of
biotechnology research in sorghum at ICRISAT must be such that appropriate policies and
strategic partnerships enhance expected efficiency.

12.3. Private-public Partnership

Adoption studies conducted in Asia show that the private sector flourished in Asia in the 1990s in
the areas of development and marketing of sorghum seed. The same cannot be said of African
countries, where the private sector is yet to make large investments in these areas. Studies on seed
systems in Africa reveal that optimal seed multiplication and distribution strategies involving
community-level cooperation are viable options in addressing binding seed constraints.
Partnerships among advanced laboratories, international research organizations, national institutes,
private companies, NGOs and civil society organizations are alternative strategies. Without
effective partnerships, no single institute would be able to achieve lasting results in technology
generation and dissemination. ICRISAT has already proven its ability to build and sustain
partnerships in using conventional and advanced breeding technologies for the improvement of

264



sorghum. The Institute must continue and strengthen broadbased partnerships. It may be noted
that a number of private seed companies have come together with ICRISAT to form a hybrid
parents’ research consortium for sorghum. So far, 16 private seed companies operating in India
partially support sorghum improvement research at ICRISAT through this consortium. This is an
indication of the growing support to partnerships for the development and dissemination of
appropriate sorghum cultivars to farmers.

Partnerships with the private sector should be strengthened in Africa and Asia for greater
impacts in the farmers’ field and agroprocessing industries. Technologies transferred to farmers
during the 1990s mostly came from the private sector which used improved parental materials
from ICRISAT and other public research institutes. Africa has witnessed two-way, public-private
research for development (R4D) partnerships for processing and developing food and beverage
products. According to a recent study by Reddy (2000), the private sector in Asia depends
substantially on breeding materials from ICRISAT. The study also states that companies having
partnerships with ICRISAT lasting one or two years feel the need to strengthen such ties.
Researchers at ICRISAT should take note of this and ensure broadened partnerships. Obilana
(2003) has highlighted some instances of knowledge transfer that have worked for rural farmers in
Africa. Such cases need to be collated in order to broaden options.

In the African SAT, sorghum (together with millets) constitutes a major source of dietary
energy and protein for nearly 1 billion people. In addition to being nutritionally vital, the proteins
and micronutrients are potential sources for value-added products for vitamin deficiency (as in
yellow endosperm sorghums containing beta-carotene) and diabetes (due to low/slow digestibility
of sorghum protein), and biodegradable films in fruit and vegetable preservation. Knowledge of
these and other unique traits of sorghum need to be developed and shared widely in Africa, Europe
and the Americas, so that a useful and broad database can be developed for use in collaborative
R4D ventures.

ICRISAT can provide complementary support to the private sector by developing parental
lines, standard protocols, gene discovery and transformation. This will create greater impacts in
farmers’ fields and the industry. A biotechnology-assisted plant-breeding consortium to cater to
such needs would substantially benefit smaller companies that can’t afford the large investment
that goes into setting up a biotech research facility. The high costs would render them
uncompetitive in the market since they won’t be able to face the transition from conventional to
biotechnology-assisted breeding. As a result, there is the danger of cultivar development being
concentrated in the hands of a few companies in the private sector. ICRISAT must take the
initiative in establishing such a consortium with the goal of achieving greater impacts, encouraging
competition and ensuring the availability of affordable and improved quality of seeds. Private
sector companies in India would also require support from international and public institutes to
train their personnel in the tools of applied biotechnology and to use enhanced germplasm
materials developed through marker-assisted techniques.

12.4. Technology Exchange Policy

= The adoption of cultivars is related to the presence of farmers’ preferred traits in new cultivars
= Adoption level is related to the access to cultivars or options available of cultivars that can be grown

= The speed of adoption depends on the availability of seeds and the profits from the cultivation of
new cultivars.
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These findings have important implications for policies on technology exchange and seed
delivery systems. Seed availability should be ensured through the participation of public and
private sector companies, community-level seed producers or farmer groups. It has been observed
that private companies to a great extent participate in the marketing of hybrid seeds. Therefore,
promoting sorghum hybrids in Asian and later in African countries may be possible through broader
and enhanced partnerships with the private sector. On the other hand, promoting OPVs may
require greater involvement of public companies, NGOs, progressive seed farmers/farmer groups
and community-level seed producers. Availability of source seed (breeder’s seed) is a necessary
precondition for the development of foundation and certified seeds. It is essential that ICRISAT
and its partners concentrate on a sustained supply of breeder’s seed to public and private seed
companies and community-level seed producers.

Broadbased partnerships among international and national research institutions, advanced
laboratories, the private sector, civil society and farmer’s organizations are essential to develop and
transfer cutting-edge technology. ICRISAT can promote existing partnerships among these players
through its recently established Technology Innovation Centre and two other initiatives in progress,
namely the Agri-Business Incubator and the Agri-Biotech Park, part of the Andhra Pradesh
Government’s Genome Valley Project. The Virtual Academy for the Semi-Arid Tropics (VASAT)
can serve as a platform for linking partners in sorghum development and technology exchange.

Transmitting knowledge on the appropriate technology of improved sorghum varieties and
hybrids to rural farmers (and even industry) is easier said than done. What works and what does not
depends on several interwoven issues in a mesh of theories, methodologies and actual practice. In
practice, technology exchange is participatory, slow, time consuming and depends on the
appropriateness of the improved varieties/hybrids and the commitment of partners and
stakeholders. Technology exchange cannot succeed without enabling factors such as the availability
of and access to improved seeds; wide dissemination of information about them; effective
partnerships among stakeholders; appropriate, supportive and effective policies; an enabling
environment including service providers, expertise and skill; and those who play the roles of bridge,
catalyst, broker and promoter. These factors are more or less in place for ICRISAT and some
partners in Asia, but need to be further developed in Africa.

12.5. Pathways for Promoting Biodiversity

There is a growing concern that the adoption of improved cultivars of different crops is decreasing
the diversity of varieties grown by farmers. The analyses reported in Chapter 10 reveals that the
number of improved sorghum cultivars and their rate of adoption in India, China, Pakistan, Iran,
Myanmar, Thailand, Indonesia and Nigeria have increased over time. The genetic diversity of
improved sorghum cultivars in India has increased, indicating that sorghum breeders in India have
used diverse parental materials to develop new cultivars rather than relying on a few. Improved
sorghum cultivars with preferred traits and high profit potential are expected to expand further in
farmers’ fields. Therefore, promoting diversity in farmers’ fields will essentially depend on the
availability of a large number of cultivars improved for various specific adaptations and end uses
having different genetic backgrounds.

A close look at the research focus of private seed companies in India reveals their interest in
making greater investments in the development of hybrids, mostly from parental materials
available in the public domain, developed either by ICRISAT or public research institutes. This is
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obvious considering the investment needed, risks and returns. The implications of such a focus
are as follows:

< Public and international institutes must develop a large number of parental materials improved
for various specific adaptation and end uses with diverse genetic backgrounds

e Closer links with private companies and community-level seed producers is essential to build
awareness about the materials currently available and those likely to be available in the future

= Timely and cost-effective dissemination of materials to companies

= Intellectual Property Rights (IPR)/participatory plant breeding (PPB) regimes “friendly” to
plant varietal selection and development.

12.6. Implications for Research Investment

Investments by the public and private sectors are correlated. It was observed that countries with
higher levels of public investment experienced comparatively higher levels of investment by the
private sector. Public investment in agricultural research promotes private sector investment in the
following ways:

= By ensuring the availability of scientific manpower for research

= Technologies generated and disseminated through the public sector create markets for new
technologies and reduce risks

= By increasing the probability of access to appropriate germplasm resources with traits preferred
by farmers.

Though some major multinational companies had invested heavily in upstream research in
biotechnology in the 1990s, they have backtracked in recent years. In their assessment,
biotechnology research for Asian and African countries is no longer economically profitable because
of the predominance of small and marginal farmers, high cost of the technology in relation to profits
and time scale and the high transaction costs of enforcing Intellectual Property Rights under weak
judicial systems. It s for this reason that public investment in sorghum research should be sustained
and increased. Without public investment, the possibility of investment by the private sector
becomes bleak.

12.7. Conclusions

The future strategy for sorghum at ICRISAT must be in harmony with the changing needs of end
users (eg, ethanol, poultry feed); recent developments in new sciences (biotechnology,
bioinformatics, geographic information systems and ICT); the trading environment (regionalization
and globalization of agricultural ventures and WTO); IPR; indigenous farmer knowledge and
private sector investment in crop improvement. There are visible shifts in the demand for sorghum
and suppliers of sorghum technologies. Today’s problems and concerns differ from those in the
past, indicating that old prescriptions can’t solve present day and future problems. ICRISAT and its
partners must take the initiative to implement these suggestions in order to attain and sustain food
and health security in the SAT. Capitalizing on synergies will ultimately benefit both farmers and
consumers.
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Appendix II. List of improved sorghum cultivars (varieties and hybrids) available in the USA in 2002.

Name of the cultivar

Company name

2140
2233
2440
2468
2660
2731
2800
2838
2949
9135
9210
9850
Cherokee
Honcho
Wings
A201
A298
A459
A504
A570
A571
A581
A603
AB03(1)
LASER
MISSILE
SANECA
576

606

627

697

737
770Y
775Y
TR 440
380
1489
5050
5914
6035
6080
6092
7031
7050
8060
8080
9080

4 RowY
6 Row GBT
6 Row R

AgriPro Seeds
AgriPro Seeds
AgriPro Seeds
AgriPro Seeds
AgriPro Seeds
AgriPro Seeds
AgriPro Seeds
AgriPro Seeds
AgriPro Seeds
AgriPro Seeds
AgriPro Seeds
AgriPro Seeds
AgriPro Seeds
AgriPro Seeds
AgriPro Seeds
Asgrow
Asgrow
Asgrow
Asgrow
Asgrow
Asgrow
Asgrow
Asgrow
Asgrow
Asgrow
Asgrow
Asgrow

Cargill

Cargill

Cargill

Cargill

Cargill

Cargill

Cargill
CropLan Genetics

Crosbyton Seed Co.
Croshyton Seed Co.
Croshyton Seed Co.
Crosbyton Seed Co.
Croshyton Seed Co.
Croshyton Seed Co.
Crosbyton Seed Co.
Croshyton Seed Co.
Croshyton Seed Co.
Crosbyton Seed Co.
Croshyton Seed Co.
Croshyton Seed Co.
Croshyton Seed Co.
Croshyton Seed Co.
Croshyton Seed Co.
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Appendix Il. Continued

Name of the cultivar

Company name

6 RowY
DK28E
DK36
DK38Y
DK39Y
DK40Y
DK41Y
DK43A
DK44
DK45
DK47
DK53
DK54
DK55
DK56
DK65
DK66

734

765

751B
762B
780B
F-200E
F-227E
F-270E
F-303C
F-457E
F-501E
F647E
F-700
SG-677
SG-753
SG-822
SG-925
SG-94249
SG-95207
SG-95392
SG-95512
SG-96258
SG-96275
SG-97157
5319
5429
5440
5503
5515
5616
5664
5715

Crosbyton Seed Co.
DEKALB

DEKALB

DEKALB

DEKALB

DEKALB

DEKALB

DEKALB

DEKALB

DEKALB

DEKALB

DEKALB

DEKALB

DEKALB

DEKALB

DEKALB

DEKALB

Douglass King
Douglass King
Dyna-Grow
Dyna-Grow
Dyna-Grow

Frontier Hybrids
Frontier Hybrids
Frontier Hybrids
Frontier Hybrids
Frontier Hybrids
Frontier Hybrids
Frontier Hybrids
Frontier Hybrids
Garrison & Townsend
Garrison & Townsend
Garrison & Townsend
Garrison & Townsend
Garrison & Townsend
Garrison & Townsend
Garrison & Townsend
Garrison & Townsend
Garrison & Townsend
Garrison & Townsend
Garrison & Townsend
Garst Seed

Garst Seed

Garst Seed

Garst Seed

Garst Seed

Garst Seed

Garst Seed

Garst Seed

...continued
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Appendix IIl. Continued

Name of the cultivar

Company name

Remarks

5727 Garst Seed

5522Y Garst Seed

5631Y Garst Seed

411 Golden Acres Genetics Mycogen list included this
1482 Golden Acres Genetics Mycogen list included this
1506 Golden Acres Genetics Mycogen list included this
1552 Golden Acres Genetics Mycogen list included this
3300 Golden Acres Genetics

3595 Golden Acres Genetics Mycogen list included this
3636 Golden Acres Genetics Mycogen list included this
3694 Golden Acres Genetics Mycogen list included this
3696 Golden Acres Genetics Mycogen list included this
3700 Golden Acres Genetics Mycogen list included this
1498E Golden Acres Genetics Mycogen list included this
444E Golden Acres Genetics Mycogen list included this
522 DR Golden Acres Genetics Mycogen list included this
M 3838 Golden Acres Genetics Mycogen list included this
ORO ALPHA Golden Acres Genetics Mycogen list included this
ORO G XTRA Golden Acres Genetics Mycogen list included this
ORO XTRA Golden Acres Genetics Mycogen list included this
T-E PROSPER Golden Acres Genetics Mycogen list included this
T-E-EDEN Golden Acres Genetics Mycogen list included this
T-E-Y-101G Golden Acres Genetics Mycogen list included this
T-E-Y-75 Golden Acres Genetics Mycogen list included this
H-296W Golden Harvest

H-388W Golden Harvest

H-390W Golden Harvest

H-393 Golden Harvest

H-403 Golden Harvest

H-403Y Golden Harvest

H-430Y Golden Harvest

H-471 Golden Harvest

H-483 Golden Harvest

H-495W Golden Harvest

H-499Y Golden Harvest

H-502 Golden Harvest

H-505BW Golden Harvest

H-512 Golden Harvest

411 Mycogen

1482 Mycogen

1506 Mycogen

1552 Mycogen

3595 Mycogen

3636 Mycogen

3694 Mycogen

3696 Mycogen

3700 Mycogen

1498E Mycogen

444E Mycogen

522 DR Mycogen
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Appendix Il. Continued

Name of the cultivar Company name Remarks
M 3838 Mycogen
OROALPHA Mycogen
ORO G XTRA Mycogen
ORO XTRA Mycogen
T-E PROSPER Mycogen
T-E-EDEN Mycogen
T-E-Y-101G Mycogen
T-E-Y-75 Mycogen
NC+262 NC+ Hybrids
NC+271 NC+ Hybrids
NC+371 NC+ Hybrids
NC+4R48 NC+ Hybrids
NC+5B74E NC+ Hybrids
NC+5B89 NC+ Hybrids
NC+5C35 NC+ Hybrids
NC+6B50 NC+ Hybrids
NC+6B67 NC+ Hybrids
NC+6B70 NC+ Hybrids
NC+6C21 NC+ Hybrids
NC+6C69 NC+ Hybrids
NC+6R21 NC+ Hybrids
NC+6R30 NC+ Hybrids
NC+7B29 NC+ Hybrids
NC+7B47 NC+ Hybrids
NC+7C49 NC+ Hybrids
NC+7R37E NC+ Hybrids
NC+7R83 NC+ Hybrids
NC+7W97 NC+ Hybrids
NC+7Y57-K NC+ Hybrids
NC+8R18 NC+ Hybrids
NC+Y363 NC+ Hybrids
Northrup King K73-J6 Northrup King
251 Novartis
2030 Novartis
8310 Novartis
8414 Novartis
8500 Novartis
8505 Novartis
8699 Novartis
8875 Novartis
8925 Novartis
8950 Novartis
8212y Novartis
83G66 Novartis
84G62 Novartis
84G82 Novartis
8522Y Novartis
85G85 Novartis
85Y34 Novartis

...continued
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Appendix Il. Continued

Name of the cultivar

Company name

86G71
87G57
K35-Y5
KS310
8310
8414
8500
8505
8699
8875
8925
8950
8212Y
83G66
84G62
84G82
8522Y
85G85
85Y34
86G71
87G57
82G63
PS 233
PP 333
PP 599W
PP 644
PP 777
PP 799E
9300
9322
202CR
9200Y
9200Y
9212Y
DASHE
JOWAR-1
RS200E
RS225
RS250E
SPRINT E
SPRINT I
251
2030
K35-Y5
K59-Y2
KS310
KS524
KS560Y
KS585
KS710

Novartis

Novartis

Novartis

Novartis

Pioneer

Pioneer

Pioneer

Pioneer

Pioneer

Pioneer

Pioneer

Pioneer

Pioneer

Pioneer

Pioneer

Pioneer

Pioneer

Pioneer

Pioneer

Pioneer

Pioneer

Pioneer

Pogue

Production Plus
Production Plus
Production Plus
Production Plus
Production Plus
Richardson Seeds
Richardson Seeds
Richardson Seeds
Richardson Seeds
Richardson Seeds
Richardson Seeds
Richardson Seeds
Richardson Seeds
Richardson Seeds
Richardson Seeds
Richardson Seeds
Richardson Seeds
Richardson Seeds
Sorghum Partners
Sorghum Partners
Sorghum Partners
Sorghum Partners
Sorghum Partners
Sorghum Partners
Sorghum Partners
Sorghum Partners
Sorghum Partners
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Appendix Il. Continued

Name of the cultivar

Company name

800
TV1050
TV9421
TS 489
TR430
TR432
TR438
TR445
TR447
TR459
TR461
TR462
TR464
TR474
TR481
TR60G
TR65G
TR82G
Two 80-D
DG 730B
DG 740C
DG 752B
DG 760C
DG 762B
DG 780B
DALE(1970)
M81-E(1981)

THEIS(1974)

Topper 76-6(1994)

W-494
W-528W
W-560T
W-588Y
W-614-W
W-622E
W-624-Y
W-625Y
W-632W
W-644E
W-664T
W-816-E
W-818E
W-839-DR
W-844E
W-851DR
W-858E
W-876-DR
W-902W
W-965E

Southern States

Terral
Terral
Texas Seed
Triumph
Triumph
Triumph
Triumph
Triumph
Triumph
Triumph
Triumph
Triumph
Triumph
Triumph
Triumph
Triumph
Triumph
Triumph
UAP Seed
UAP Seed
UAP Seed
UAP Seed
UAP Seed
UAP Seed

USDA-ARS & MAFES

USDA-ARS, MAFES, and the Experiment Stations of Alabama,
Florida and Georgia, Kentucky, and South Carolina
USDA-ARS, MAFES, and the Experiment Stations of Alabama,
Florida and Georgia

USDA-ARS, MAFES, and the University of Georgia

Warner Seeds
Warner Seeds
Warner Seeds
Warner Seeds
Warner Seeds
Warner Seeds
Warner Seeds
Warner Seeds
Warner Seeds
Warner Seeds
Warner Seeds
Warner Seeds
Warner Seeds
Warner Seeds
Warner Seeds
Warner Seeds
Warner Seeds
Warner Seeds
Warner Seeds
Warner Seeds
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Appendix Ill. Sorghum Research Impacts Questionnaire

International Crops Research Institute for the Semi-Arid Tropics

(ICRISAT)
Research Evaluation and Impact Assessment (REIA) Project

Sorghum Research Impacts Questionnaire
for Public National Agricultural Research Systems
Global Sorghum Cultivar Releases, 1972-1997.

Country:
Respondent:
Name:
Organization:
Position:
Address:

The following information is being collected as part of a Joint NARS-ICRISAT study which will
quantify the global impact of sorghum research activities by National Agricultural Research
Systems and ICRISAT. It also aims to create, and periodically update, a comprehensive database of
public sorghum varieties and hybrids released by public NARSs since 1972.

This questionnaire focuses on the following areas:

1) Sorghum varieties and hybrids released by NARS from 1972 to 1997
2) Area planted to different sorghum varieties and hybrids
3) Sorghum research effort

Please return this questionnaire to:

Dr. MCS Bantilan, Research Evaluation and Impact Assessment (REIA) Project, ICRISAT,
Patancheru -502 324, AP, India.
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Q. What factors are responsible for the differences between on-station and on-farm yield level?

Please mention the percent contribution of different components to the total yield gap.

Part IV. Sorghum research effort (Give data for most recent year available.)

Reference Year = 199

1. Number of full-time equivalent scientists working on developing improved sorghum varieties in the public sector.

Breeders

Agronomists

Seed technologist

Other*

Total

B.Sc.

M.Sc.

Ph.D.

Other

TOTAL

* Other disciplines that support varietal improvement, such as pathologists, entomologists, social scientists, etc.

2. Number of sorghum seed companies operating in the country:

Government or parastatal seed company
Private sector - international company
Private sector - national (domestic) company

3. Approximate number of sorghum scientists in the private sector working on:

Crop improvement research

Varietal testing

Seed production only
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