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Abstract

Sorghum improvement in the SADC/ICRISAT Sorghum

and Mil let Improvement Program (SMIP) has used a 

regional, collaborative, multidisciplinary approach since

its inception. In the 15-year period from 1983/84 to

1997/98, improved varieties and hybrids were developed,

widely tested, and released in eight SADC countries.

Breeding, crop protection, and crop management research

focused on drought tolerance, early maturity, grain and

fodder productivity, and resistance to downy mildew,

leaf blight, sooty stripe, and Striga. We also evaluated

the grain for food, malting, and feed qualities.

The program has made significant achievements in

germplasm movement and utilization; cultivar develop-

ment, testing, and release; assessment of grain qualities

for different end uses; strengthening research capacities

in the national programs; and strengthening linkages

with NGOs, seed companies in Zimbabwe and South

Africa, millers in Botswana and Zimbabwe, breweries

and feed companies in Zimbabwe, farmers' organizations,

and universities. More than 12 000 sorghum germpiasm

accessions were assembled from all over the world and

made accessible to NARS for sorghum improvement.

From these, 10 075 enhanced breeding lines,

4634 populations, 379 hybrid parents, and 3436 experi-

mental hybrids were developed and samples distributed

to Angola (100), Botswana (2398), Lesotho (681),

Malawi (1449), Mozambique (322), Namibia (139),

South Africa (147), Swaziland (326), Tanzania (3702),

Zambia (5330), and Zimbabwe (3930). A total of 27

improved varieties and hybrids were released in eight

SADC countries: Botswana (three varieties and one hybrid),

Malawi (two varieties), Mozambique (three varieties),

Namibia (one variety), Swaziland (three varieties), Tanzania

(two varieties), Zambia (three varieties and three hybrids),

and Zimbabwe (five varieties and one hybrid). However,

of these 27 improved varieties only 9 (33%) are culti-

vated on about 20-30% of the sorghum areas in six

countries. Five sources of resistance to three Striga species

were identified. Twenty-three drought-tolerant male

parents (R-lines) and 36 female parents (A-lines) with

their maintainer (B-lines) parents were developed and

are presently being used by South Africa, Tanzania,

Zambia, and Zimbabwe in their hybrid development

programs.

As a result of grain quality assessment of more than

2500 improved sorghum genotypes, including the 27

releases and 100 indigenous varieties used by farmers,

more cultivars were released that have been adopted by

farmers. Consequent to farmer participatory variety

selection outcomes, three countries are now retargeting

their breeding approaches. Training in seed production

and pollination techniques was provided regionally to

country representatives, and in-country training was

provided in Botswana, Tanzania, and Zimbabwe. Areas

where progress has been difficult include increasing

productivity of the improved cultivars, and seed produc-

tion and distribution. SMIP has also helped identify

future research needs and options for commercialization

of sorghum in each country.

Introduction

The Southern African Development Community (SADC)/

International Crops Research Institute for the Semi-Arid

Tropics (ICRISAT) Sorghum and Millet Improvement

Program (SMIP) has taken a regional approach to sor-

ghum (Sorghum bicolor (L.) Mocnch) improvement since

its inception in 1983. Its operations can be divided into

three 5-year phases. The objectives during Phases I 

(1983-88) and II (1988-1993) were to:

• Introduce, evaluate, and develop drought-tolerant

varieties and hybrids with high yield and resistance

to important endemic diseases;

• Develop random-mating populations for the region

as a genetic pool for national agricultural research

systems (NARS);

• Screen and develop Striga-resistant sorghum cultivars;

and

• Organize and implement collaborative research, trials,

monitoring tours, and training for technicians.

Considerable progress was made in the first two

phases in the development of improved breeding lines,

varieties, populations, and hybrids (Obilana, in press a, b).

In Phase I I I (1994/95 to 1997/98) the program sought to

build on these successes by a change in emphasis from

cultivar development to ensuring that these cultivars were

adopted by farmers after release. Correspondingly, the

objectives for sorghum improvement since 1994 have

been to:

• Continue to breed improved varieties, and collect and

exchange germpiasm with particular reference to

drought tolerance;
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• Facilitate the transfer of improved cultivate to fanners

through national research and extension systems

(NARES) and linkages with NGOs, advanced institu-

tions, and the private sector;

• Evaluate grain quality for various end uses;

• Develop technologies for the management of Striga, 

insect pests, and diseases; and

• Stengthen the capacity of NARS sorghum staff in

crop improvement and utilization through in-country

and regional training, joint workplans, and collabo-

rative research.

Progress on these objectives was continually moni-

tored and evaluated through a series of clearly defined

milestones and expected outputs.

This paper describes the methodologies used and the

accomplishments of the SMIP sorghum improvement

program, and discusses the future of sorghum improve-

ment within the region.

Methodology

SMIP's strategy has involved the development and test-

ing of improved varieties and hybrids (Phases I and 11),

followed by technology transfer and exchange (Phase

III), as shown in Figure 1. The focus of genetic improve-

ment was on drought tolerance, early maturity, resis-

tance to diseases (especially leaf blight, sooty stripe, and

downy mildew), Striga, storage insects and aphids,

dual-purpose varieties that could provide both grain and

fodder, and acceptability by farmers of the improved cul-

tivars. The increase in emphasis on technology

exchange during Phase I I I was aimed at increasing

adoption by farmers and broadening collaboration with

a wide range of partners across the region. Throughout,

the approach has been multidisciplinary, involving

breeders, plant protection and grain quality specialists,

and others. Maintenance breeding nurseries and regional/

country crossing blocks, on-station and on-farm field

testing, farmer verification, and screening at 'hot-spot'

locations are key components of collaborative research

under SMIP.

Another key component, particularly during Phases I 

and I I , was assessment of grain quality of cultivars un-

der development. This was done in the SMIP laboratory

at Matopos, and a database has been compiled, contain-

ing grain quality information for over 2500 genotypes.

This work has also helped scientists from national pro-

grams and the private sector compile and document data

to support cultivar releases and promotional efforts.

NARS research capacities were strengthened by a 

combination of monitoring tours, joint evaluation of

field trials, joint workplans, reporting, and joint publi-

cations. In-country support focused on training techni-

cians on various aspects—management of trials and

breeding nurseries, breeder seed production, field

screening techniques for resistance to Striga and downy

mildew, identification and control of diseases and insect

pests, data analysis, and report writing.

Accomplishments

Germplasm movement and utilization. SMIP's genetic

improvement efforts are tailored to the needs and capacities

of our national program partners. For the stronger

NARS (Botswana, Zambia, and Zimbabwe), we developed

and provided intermediate outputs (e.g., random mating

Table 1. The sorghum germplasm collection at Matopos, assembled by SMIP for regional use.

No of

Source Supplier accessions

Worldwide ICRISAT 6 303

USA INTSORMIL 652

Southern Africa National programs and ICRISAT 2 234

Eastern Africa National programs and ICRISAT 936

Western Africa National programs and ICRISAT 363

Latin America National programs and LASIP1
1 535

China National program 15

Asia National programs 305

Total 12 343

1. ICRISAT Latin American Sorghum Improvement Program.
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Figure 1. Progression for breeding, testing and selection of sorghum in southern Africa (SADC region) by SADC/

ICR ISATSMIP .
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populations, segregating lines, breeding stock, and hybrid

parental lines) from which national scientists can develop

a wider range of finished products. Specialized traits

and sources of resistance to biotic and abiotic stresses

have been incorporated into these intermediate outputs.

Other NARS are provided with finished outputs, i.e.,

varieties and hybrids. Table 1 shows the diverse

germplasm working collection—12 343 accessions—at

Matopos assembled by SMIP and used by NARS/SMIP

teams throughout the SADC region. Most of these

germplasm materials are sourced from ICRISAT (51%),

southern Africa (18%), and Latin America (12%).

in order to enable NARS to more effectively use the

available genetic material, indigenous sorghum

germplasm from the SADC region was characterized at

Matopos. As a result, basic information is now available

on agronomic traits and race classification of these

materials. Table 2 summarizes the classification into the

5 basic and 10 intermediate hybrid races: guinea (23%),

kaffir (11%), and caudatum (10%) are the most common

of the basic races. The distribution of races was also

studied (Obilana et al. 1996). Durra sorghums were

recorded (in Botswana and Namibia) for the first time in

the region. Among the intermediate races, a wi ld and

weedy group, drummondii, was identified specifically in

Angola (20% of the few accessions collected were

drummondii), and rudimentarily in Namibia.

The combination of guinea-caudatum as a hybrid

race has been most successful in SADC region, together

with caudatum-bicolor and durra-caudatum. it would

seem, therefore, that the guinea and caudatum races,

together with their stable hybrid combinations, guinea-

caudatum, durra-caudatum, and caudatum-bicolor, can be

successfully used in sorghum improvement programs in

the SADC region.

Table 3 shows some important agronomic and grain

traits evaluated in the 1354 SADC-indigenous accessions.

Almost all the accessions are small seeded, two-thirds

have white grain, and nearly half are late-maturing (>85

days to 50% heading). Despite this, however, there is

considerable diversity among the indigenous accessions.

Phenotypic correlations were determined among

various agronomic and grain traits in the germplasm

from southern Africa. Plant height was significantly

correlated (P ≤0.01) with days to 50% heading, leaf

midrib color, and seed color. Panicle shape was signifi-

cantly correlated with days to 50% heading.

Massive efforts on germplasm assembly and distribu-

tion to NARS have created a favorable base for generation

of improved cultivars and impact at both intermediate (for

use by scientists) and farmer levels. Both NARS and the
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Table 3. Agronomic and grain traits in 1354 sorghum germplasm lines
1
 from southern Africa, 1988/89.

Trait2 Range Mean Remarks

Days to 50% heading 46-167 92.4 72% of accessions are medium-maturity (66-105 days)

Plant height (cm) 74-441 221.7 2 1 % of accessions are dwarf types (74-173 cm)

Awns 1 or 2 1.86 90% are awn less

Panicle shape 1-9 4.96 50% are compact or semicompact

Leaf midrib color 1-5 1.85 < 1 % have brown midrib

Waxy bloom 1-5 1.89

Seed size 1-3 2.96 96% are small seeded

Seed color 1-5 2.37 65% are white seeded

100-grain mass (g) 0.35-4.33 2.18

Testa 1 or 2 1.46

1. Data shown for 1354 SADC-indigenous accessions in the Matopos collection.

2. Awns: 1 = awns present, 2 = awns absent; Panicle shape: 1 = very lax, 2 = very loose drooping branches, 3 = loose drooping branches, 4 = semi-erect

branches, 5 = semi-compact elliptic, 6 = compact elliptic, 7 = compact oval, 8 and 9 = broom corn; Leaf midrib color. 1 = white, 2 = dull green.

3 = yellow, 4 = brown, 5 = purple; Waxy bloom: 1 = no waxy bloom, 2 = slightly waxy, 3 = medium waxy, 4 = mostly waxy, 5 = completely waxy;

Testa; 1 = present, 2 = absent; Seed cplor; 1 = white, 2 = yellow, 3 = red, 4 = brown, 5 = buff; and Seed size: 1 = large. 2 = medium, 3 = small.

private sector in the region now have wider access to

world sorghum germplasm, thus increasing the variability

and diversity available for improvement. Through a 

series of regional and national breeding nurseries, cross-

ing blocks, off-season winter nurseries, and preliminary

screening; a total of 25 000 breeding lines and enhanced

germplasm were generated for regional use between

1983/84 and 1997/98. A total of 18 524 samples, com-

prising 10075 breeding lines,4634 varieties, 379 hybrid

parents, and 3436 hybrids were supplied to national

research and extension services, universities, and the

private sector (Table 4). During the same period, 244

genetic materials were received from 9 SADC countries,

and 608 collaborative sorghum trials were jointly

evaluated by 11 countries in the region.

Cultivar development and testing

Extensive multilocational, multiyear, and multidisciplinary

screening and testing was done in collaboration with our

partners, to develop new improved varieties, hybrids,

hybrid parents, and sources of tolerance to drought, and

resistance to Striga, sooty stripe, leaf blight, downy

mildew, and storage insects.

Drought tolerance in improved genotypes. A collabo-

rative study with the Volcani Center, Israel, and the

University of Hohenheim, Germany, measured produc-

tivity and drought response in 23 hybrids and 21 open-

pollinated varieties developed at SMIP. We found that

irrespective of the water regime, grain yield and harvest

index increased and leaf area decreased in earlier-

maturing genotypes (Blum et al. 1992), Hybrids matured

earlier (62 days to 50% heading under low stress, 65

days under high stress) and produced more grain (970

kernels per panicle under low stress, 735 kernels under

high stress) than varieties (80 days and 547 kernels under

low stress, 81 days and 443 kernels under high stress).

In terms of plant water status and mean daily biomass

production, varieties were more drought tolerant than

hybrids. However, the physiological superiority of the

varieties under drought stress did not result in higher

grain yields because of their relatively poor harvest

index. The drought-tolerant cultivars include SDSH 49,

SDSH 409, SDSH 48, and IS 18530-1 (SDS 6785-1).

Hybrid parents were also developed with drought

tolerance traits of good tillering, stay green, and early to

medium maturity. The objective is to develop and

distribute parental lines for further testing by NARS

hybrid development programs.

Twenty-three male fertility restorer parents (R-lines)

named SDSR 1 to SDSR 23 were selected out of 34

introductions from the International Sorghum/Millet

Collaborative Research Program (INTSORMIL) at

Texas A & M University during the severe 1991/92

drought, at Matopos and Lucydale in Zimbabwe. The 23

selected R-Iines were tested for four years (1992/93 to

1995/96) at these two locations. In comparison with the

controls, they gave 15% increased grain yield, 20%

lower plant height, 58% harder grain, 10% higher milling

yield, similar maturity duration, and zero tannin content

for both white and red-seeded types.



Table 4. Improved sorghum genetic material (number of samples) and collaborative trials supplied to SADC

countries, 1983/84 to 1997/98.

Table 4. Improved sorghum genetic material (number of samples) and collaborative trials supplied to SADC

countries, 1983/84 to 1997/98.

No of samples

TotalCountry Breeding lines Varieties Hybrid parents Hybrids Total No of trials

Angola 0 91 0 9 100 15

Botswana 916 790 60 632 2 398 53

Lesotho 96 212 0 373 681 21

Malawi 411 681 0 357 1 449 42

Mozambique 69 233 0 20 322 20

Namibia 0 87 0 52 139 9

South Africa1 0 87 60 0 147 3

Swaziland 13 130 13 170 326 18

Tanzania 2 350 936 0 416 3 702 532

Zambia 4 032 551 96 651 5 330 392

Zimbabwe 2 188 836 150 756 3 930 3352

Total 10 075 4 634 379 3436 18 524 608

1. SMIP started responding to South Africa's requests from 1994/95.

2. Includes breeding, pathology. entomology, and Striga hot spot trials and observation nurseries.

Similarly, 36 female (A/B pairs of male-sterile lines

and their maintainers) parents, named SDSA/B 1 to

SDSA/B 36 were developed by SM IP through four back-

crosses and selection for grain quality, stay green, and

productivity. They are slightly taller than the controls,

slightly earlier (2%), superior in grain yield (8%), and

5-10% superior in mill ing quality. A l l have white

grains that are 15% harder than the hybrid controls.

Field visual assessments show the new male-sterile lines

can be grouped into three categories: (1) dwarf (<1 m)

with broad drooping leaves, tan plants, and resistance to

leaf blight and sooty stripe; (2) semidwarf (1.0-1.6 m)

with thin upright leaves, purple plants, and susceptibil-

ity to both diseases; and (3) semidwarf to semitall (1.7-

1.9 m) with broad leaves, tan plants, and susceptibility to

both diseases.

Striga resistance. In collaboration with breeders, weed

scientists, and pathologists in Botswana, Tanzania, and

Zimbabwe, and a student from Old Dominion Univer-

sity, Norfolk, Virginia, USA, we screened and evaluated

490 SADC sorghum germplasm accessions and 12 in-

troduced Striga asiatica (white-flowered)-resistant

(SAR) lines from lCRISAT-Patancheru, Screening was 

done between 1985/86 and 1993/94 at five hot-spot loca-

tions—one location in Botswana and two each in Tanzania

and Zimbabwe—using the 'checker board method'

developed by ICRISAT (Vasudeva Rao 1987). We

identified five resistant sources to three endemic Striga 

species in the region (Riches et al. 1986; Obilana et al.

1991; Mbwaga and Obilana 1994). In particular, two

sources, SAR 19 and SAR 29, showed resistance to

multiple Striga species. These findings need further

confirmation. The sources of resistance are:

• S. asiatica, red flower: SAR 16, SAR 19, and SAR 35

in Botswana; SAR 19 in Zimbabwe; SPL 38A x SAR

29 in Tanzania;

• S. hermonthica: SAR 29 in Tanzania; and

• S.forbesii: SAR 19, SAR 29, and SAR 33 in Zimbabwe.

Meanwhile, in Zimbabwe and Tanzania, NARS/

SMIP teams evaluated components of an integrated control

package that included resistant cultivars, cultural practices,

and use of fertilizers and herbicides between 1992/93

and 1994/95. SAR 19, SAR 29, and SAR 33 seem to

supress S. asiatica emergence in on-station experiments,

and this resistance was confirmed on farmers' fields at

hot-spots in Zimbabwe and Tanzania (Mabasa 1996).

However, the resistant SAR lines gave poor yields in both

Zimbabwe and Tanzania, averaging 30-40% less than

the improved but susceptible cultivars. Herbicide control

of Striga was also studied, and the results show that the

postemergence herbicide 2,4-D-amine could be effective.

Diseases and insect pest resistance. Using the infestor

and spreader row screening method (Leuschner 1996)

five sources of downy mildew resistance were identified
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at Matopos (Zimbabwe) and Golden Valley (Zambia).

These are ICSV 112 (synonym SV-1 and MRS 12),

ICSV 2, SDS 2620 deriv., SDS 2658, and PAN 172 (a

selection from ZSV I made at Panmure, Zimbabwe). In

a series of 15 trials in 1989/90 and 1990/91, more than

80% of the 375 test entries were resistant to downy mildew,

while 42-49% were resistant to leaf blight. Resistance to

sooty stripe was found in 22-49% of the entries

(Obilana 1990).

Another area of particular importance in hybrid

development and seed production was control of ergot

(Claviceps africana). Preliminary results at Matopos

(ICRISAT 1994) suggested that: (1) seed-set is more

variable between rows of six A-lines than between rows

of four A-lines; (2) under intense disease pressure from

nearby sporulating sources, seed-set in a four-row plot of

A-lines is significantly greater than in a six-row plot;

and (3) the rate of disease increase (severity) is charac-

teristically sigmoidal in hybrid production plots just as

in A-lines alone.

We developed a methodology to screen for resistance

to storage pests in sorghum (Leuschner 1996). The

grain-insect egg combination of 15 g of grain infested

with 40 eggs was found to be optimal (ICRISAT 1994).

Using this method, we routinely screened all improved

sorghum varieties derived from the breeding program

for resistance to Sitophilus spp and Sitotroga cereatella. 

From among 270 cuitivars, we selected several, based on

mean number of insect progeny, as having intermediate

resistance to the two pests. Seven Sitophilus-resistant 

cuitivars were selected that showed 22-63 progeny

compared with 105 progeny in the resistant control

Segaloane. The 10 Sitotraga-resistant cuitivars had

18-26 progeny, compared with 25 progeny in the resistant

control Segaloane.

Productivity, adaptation, and farmer

participation

Improved cuitivars generated from collaborative NARS/

SMIP research show yield improvements ranging from

9 to 85%, and improved earliness (7-23%) over the local

controls across six SADC countries (Table 5). Feedback

from farmers who participated in breeding and selection

showed that SMIP's breeding objectives are in line with

what farmers want.

Farmers' participation was a novel exercise, launched

with the objective of allowing farmers to identify preferred

traits and genotypes, and helping us refine breeding

objectives. For the exercise, we assembled a new type of

nursery known as the Diverse Germplasm Observation

Nursery (DGON). Farmers worked with NARS/SMIP

scientists to evaluate the DGON, which consisted of 40

improved genotypes, indigenous varieties, and popular

commercial varieties. Two years of farmer-participatory

testing, 1993/94 and 1994/95, in two drought-prone

locations in Zimbabwe, Matopos, and Lucydale showed

Table 5. Grain yield (t ha
-1

) and maturity (days to 50% heading) of released and promising sorghum cultivars

compared to controls in six SADC countries, 1987/88 to 1997/98.

No of

Grain yield (t ha-1) Maturity (days to 50% heading)

No of

Superiority

over controls

Superiority

over controls

Country environments Range Mean (%) Range Mean (%)

Botswana 12 on-station 0.69-7.00 2.56 +9 58-86 67 -22

Botswana 14 on-farm 0.45-1.01 0.66 +29

Malawi 6 on-station 1.55-2.28 1.88 +33 76-87 79 +7

Namibia 4 on-station 1.57-3.93 1.95 +56 68-79 75 - 7

Namibia 7 on-farm 0.66-1.35 1.16 + 1 

Tanzania 20 on-station 1.20-4.40 2.40 +85 60-86 69 -23

Tanzania 22 on-farm 2,43-3.09 2.96 +65

Zambia 12 on-station 1.03-6.11 3.63 +9 74-86 79 +3

Zimbabwe 30 on-station 1.33-7.07 3.81 +40 63-79 70 -11

Zimbabwe >45 on-farm 0.94-4.05 1.52 +22
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that farmers prefer, in order of priority, short to medium

plant height (0.95-1.54 m), drought tolerance, early

maturity (63-86 days to 50% pollen shed), medium-

large grain size, and good grain yield (1.66-2.83 t ha
-1

)

(Fig. 2). The range of farmer-acceptable values for the

priority traits were calculated using data from the 12

best genotypes.

Improved cultivar releases

Twenty-seven improved sorghum varieties and hybrids

have been released in eight SADC countries since the

inception of SMIP in 1983/84 (Table 6). The eight coun-

tries are: Botswana (4 releases), Malawi (2),

Mozambique (3), Namibia (1), Swaziland (3), Tanzania

(2), Zambia (6), and Zimbabwe (6). Additional informa-

tion on these releases is available in Obilana, in press

(b), Setimela et al. 1997, and Chintu et al. 1996.

A systematic process of development and testing

helps esure that the best varieties are selected for release.

Following 3-4 years of on-station regional and national

testing, the NARS select three to five varieties for on-farm

verification trials. These trials are carried out in 5-10

farmers' fields/locations for one or two years by the

national scientists, extension officers, and farmers'

groups. Meanwhile, SMIP produces breeder seed of

varieties under on-farm testing, and other varieties with

potential for release, to facilitate further multiplication

by the NARS, NGOs, and seed companies. The one or

two varieties most preferred by farmers are then released

by NARS. SMIP also assists national scientists with data

assembly and drafting of release proposals, for example,

by providing data on field performance and grain quality.

Process leading to cultivar release. Cultivar releases

were the culmination of a lengthy process of collabora-

tive technology development and exchange, as described

below and summarized in Figure 1. Germplasm movement

and collaborative selection and testing were backed up

by technology exchange activities. SMIP also provided

technical support and assistance for breeder seed pro-

duction and training to ensure that seed production is

adequate, and that technologies developed or tested in

one country lead to spillover benefits in other countries

in the region. In addition, SMIP catalyzed the develop-

ment of stronger linkages between research and extension,

and between research, extension, and the private seed

sector on one hand and NGOs on the other, to facilitate seed

production and distribution of the released cultivars.

Activities in the first four years included the develop-

ment of breeding nurseries and a regional crossing program.

Regional breeding nurseries were developed at two

locations at Muzarabani and Aisleby in Zimbabwe, one

location at Golden Valley in Zambia, two locations at

Ilonga and Ukiriguru in Tanzania, one location at

Kasinthula in Malawi, and two locations at Sebele and

Pandamatenga in Botswana. The regional crossing pro-

gram to test early-generation and advanced-generation

materials is based in SMIP and involves collaboration

with breeders in Botswana, Zambia, Zimbabwe, and

Tanzania. During this period SMIP also assisted NARS

in maintaining country crossing blocks at Aisleby.

The on-station testing program included a series of

trials: new line trials (1 year), preliminary trials (1-2

years), and regional advanced trials (2-3 years), together

with bilateral cooperative trials conducted (in response

to specific requests) at eight locations across five countries.

These included Matopos and Lucydale in Zimbabwe,

and six other locations in four countries.

Assessment of grain quality for several end uses

Grain quality assessments by SMIP have made an

important contribution to regional food security

(Obilana 1997). Grain quality of the improved material

under development was tested in the SMIP food technology

laboratory at Matopos. We have compiled a database on

physical, physico-chemical, and chemical traits for

more than 2500 genotypes (including the 27 cultivars

released in eight SADC countries) and produced a 

manual of laboratory procedures for grain quality evaluation

of sorghum and pearl millet (Gomez et al. 1997). In

addition, SMIP provides technical assistance on request

to NARS and private firms to analyze advanced and

promising materials, and to support proposals for cultivar

release. SMIP also collaborates with the seed sector,

mill ing and malting industry, and commercial feed

growers to assess grain quality and identify new options

for commercialization of sorghum (e.g., for use in composite

flour). The emphasis in these analyses is on flour color

and quality, mil l ing yield, malting quality, and tannin

content. Table 7 (see also ICRISAT 1994) summarizes

some of the results on grain quality testing.

In 1995/96, SMIP conducted a detailed 10-country

review of food technology research in the region. The

study, which involved a consultant and partners from

the University of Pretoria and from each participating

country, covered various areas, including assessment of

NARS interest in sorghum and pearl millet food

technology, and an inventory of skills and facilities

available in the region. The report of the study (Oniango

1996) was published by ICRISAT, and formed the basis
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Figure 2. Positive and negative traits of sorghum cultivars most frequently mentioned and identified by farmers at Matopos

and Lucydale, Zimbabwe, 1993/94 and 1994/95 ( ICRISAT 1997).
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Table 7. Grain quality traits in different sorghum types.

Range of values

Grain trait White sorghums Red sorghums Brown sorghums

Testa

Hardness score1

Flour yield (%)

Water absorption (%)

Absent

2.6-4.8

72.60-90.82

3.8-11.8

Absent

1.7-4.7

69.23-88.20

4.2-13.1

Present

1.4-3.8

64.20-86.20

5.1-14.8

Flour color:

Dry Agtron reading

Wet Agtron reading

68.2-82.5

48.8-63.6

59.5-76.8

32.2-55.4

50.7-72.1

24.4-48.8

Malting quality (SDU values)

Tannin content (% ce)

Crude protein (%)

14.68-73.34

0

10.9

15.90-72.62

0.0-0.5

10.9

28.28-74.17

0.5-5.0

10.9

Popping quality

Visual hardness

Grain size2

2.4-3.0

medium-large

3.0-3.4

medium-large

-

1. Hardness score on a 1-5 scale where 1.0-2.5 = soft, 2,6-3.4 = intermediate, and 3.5-5.0 = hard.

2. Grain size: large = grains >4.00 mm, medium = grains 4.00-2.60 mm, small = grains <2.60 mm.

3. Brown sorghums do not pop well as the grains are too soft.

for a 1996 regional workshop on the same subject. The

proceedings of the workshop (Obilana 1996), which

include specific recommendations to strengthen food

technology research, were also published by ICRISAT.

Networking in SMIP

SMIP is founded on a networking approach, pooling the

skills of a wide range of partners. Over the years, the

nature of these partnerships has been continually

modified, in line with growing NARS strengths and

changing national and regional priorities. Progress in

initiating and strengthening regional sorghum networks

can be summarized as follows.

Regional networking

• Regional collaborative testing and selection through

breeding nurseries, crossing blocks, trials, and

monitoring tours;

• Training for scientists and technicians in pollination

techniques, breeding nursery management, and

breeder seed production; and

• Assessment of needs in food technology research and

development.

New linkages

• With seed companies (Seed Co and National Tested

Seeds in Zimbabwe, Pacific Seeds and Pannar in

South Africa) for cultivar testing and seed produc-

tion;

• With NGOs [e.g., World Vision International in

Mozambique, Angola and Zimbabwe; CARE

(Cooperative for American Relief Everywhere) and

AFRICARE (Care for Africa) in Angola, ActionAid

in Malawi, and ENDA (Environment and Develop-

ment Activities) in Zimbabwe], and church organiza-

tions (e.g., Christian Council, Mvumi Rural Training

Centre, and Bihawana Farmers Training Centre in

Tanzania) for seed production and distribution;

• With food and feed industries in Zimbabwe (National

Foods, Chibuku Breweries, and Induna Mills), for

commercialization of sorghum for meal, composite

flour, malt, and brewing;

• With farmers' organizations (Commercial Farmers

Union, Zimbabwe Farmers Union, SADC/Deutsch

Gesellschaft fur Technische Zusammenarbeit (GTZ)

Small Scale Seed Production Project) for seed

production and commercialization of sorghum;
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• With universities and advanced research institutes

including the University of Pretoria, South Africa;

University of Zimbabwe; and Centre de cooperation

Internationale en recherche agronomique pour le

developpemment (CIRAD), France, for grain quality

research; and University of Hohenheim, Germany,

Volcani Center, Israel, and Old Dominion University,

USA, on drought tolerance and Striga resistance; and

• With the SADC Plant Genetic Resources Centre,

Lusaka tor regional germplasm conservation, exchange,

and utilization.

Bilateral cooperation

• With individual SADC countries for collaborative

annual workplanning, varietal testing, special

projects, and promotion of sorghum. This collabora-

tion is tailored to needs and research capacities of

each NARS.

Implications for impact

In summary, sorghum improvement work at SMIP has

generated impact via both intermediate (genetic material

and new methodologies for use by researchers) and

finished products (directly benefiting farmers and

consumers).

Direct impact. Collaborative SMIP/NARS research has

resulted in the release of 27 improved sorghum varieties

and hybrids in eight SADC countries. These releases are

a substantial improvement over the 16 releases in five

countries during the period 1968-1983. While adoption

is constrained by several factors (often institutional

rather than research-related), these cultivars cover an

estimated 20-30% of the national sorghum area in many

countries (Obilana et al. 1997). The returns on donor

investment for SMIP research have been substantial. For

example, internal rates of return of 27-34% and a 

stream of net benefits ranging from US$ 7.8 to 28.9 million

in Zimbabwe have been reported (Anandajayasekeram

et al. 1995).

Intermediate products. Intermediate-level impacts include

the following:

• Technical assistance provided to all SADC NARS

(except Mauritius) in cultivar testing and compilation

of documentation that led to the release of 24 out of

27 new varieties and hybrids that were proposed for

release;

• Better targeting of NARS breeding programs (and

thereby improved chances of adoption) through

farmer-participatory variety selection;

• Annual collaborative research workplans of NARS

and SMIP scientists have helped accelerate progress,

for example, in improving resistance to diseases and

insect pests, and identification of options for alternative

end uses;

• Development of drought-tolerant male and female

parental lines for hybrid development in Botswana,

South Africa, Zambia, and Zimbabwe; and

• Identification of sources of resistance to three endemic

Striga species, and incorporation of resistance into

genotypes with improved agronomic backgrounds

from Botswana, Tanzania, and Zimbabwe.

Areas of concern

Progress has been limited in three areas.

• Significant yield increases have been demonstrated

in the new varieties, but yields must increase still

further before the crop can be successfully commer-

cialized.

• More effort is needed to develop NARS capacities to

produce required quantities and quality of breeder

seed of released varieties.

• Additional training and advisory assistance should

be provided to more NARS in the region, with a focus

on seed production, handling, and distribution.

The future

Phase IV (1998-2003) wi l l focus on increasing produc-

tivity and stimulating commercialization. Correspondingly,

specific objectives and activities are being reviewed and

refined. Future emphasis wi l l be placed on:

Productivity increases through

• Improvement of hybrids and varieties using limited

population improvement with alternative sorghum

groups (e.g., guinea sorghums) by toperossmg and

the use of biotechnology; and

• Better production practices including soil fertility

improvement and crop-water-environment manage-

ment.
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Increased commercialization through

• Better marketing strategies;

• Targeting new hybrids/varieties for specific use in

mil l ing, malting, and feed; and

• Improving and broadening linkages and partnerships.

Acknowledgments

1 am most grateful for the acceptance, support, and very

close collaboration received especially from the sorghum

breeders, as well as that from entomologists, pathologists,

extension specialists, agronomists, and the few food

technologists in the 12 SADC countries. Their assistance,

coupled with advice and appreciation from the respective

national coordinators for sorghum and pearl millet

research, and their directors of research, is deeply appre-

ciated and wi l l never be forgotten. The recent growth of

private sector involvement is an encouraging development.

This regional, collaborative approach to sorghum

improvement has been a unique experience for all involved.

The 15-year period has been an experience in breeding

for impact!

References

Anandajayasekeram, P., Martella, D.R., Sanders, J.,

and Kupfuma, B. 1995. Report on the impact assessment

of the SADC/ICRISAT Sorghum and Mil let Improve-

ment Program (SMIP). Volume 1. Gaborone, Botswana:

Southern African Centre for Cooperation in Agricul-

tural Research and Training.

Blum, A., Golan, G., Mayer, J., Sinmena, B., and

Obilana, T. 1992. Comparative productivity and drought

response of semi-tropical hybrids and open-pollinated

varieties of sorghum. Journal of Agricultural Science,

Cambridge 118:29-36.

Chintu, E.M., Chigwe, C.F.B., Obilana, A.B.,

Chirwa, R.W., and Msiska, F.S. 1996. Sorghum variety

release in Malawi: the case of Pirira 1 and Pirira 2.

Pages 19-25 in Drought-tolerant crops for southern

Africa: proceedings of the SADC/ICRISAT Regional

Sorghum and Pearl Mil let Workshop, Gaborone,

Botswana, 25-29 Jul 1994 (Leuschner, K., and Manthe,

C.S., eds,). Patancheru, 502 324, Andhra Pradesh, India:

International Crops Research Institute for the Semi-

Ar id Tropics.

Gomez, M.I . , Obilana, A.B., Martin, D.F.,

Madzvamuse, M., and Monyo, E.S. 1997. Manual of

laboratory procedures for quality evaluation of sorghum

and pearl millet. Technical Manual no. 2. Patancheru

502 324, Andhra Pradesh, India: International Crops

Research Institute for the Semi-Arid Tropics. 116 pp.

ICRISAT Southern and Eastern Africa Regional

Program. 1994. Pages 8-9 in Annual Report, 1993.

Bulawayo, Zimbabwe: SADC/ICRISAT Sorghum and

Millet Improvement Program.

International Crops Research Institute for the Semi-

Arid Tropics ( ICRISAT). 1997. Page 77 in Annual

Report 1996. Patancheru 502 324, Andhra Pradesh, India:

ICRISAT.

Leuschner, K. 1996. Methodology for screening sorghum

resistance to storage pests. Pages 173-179 in Drought-

tolerant crops for southern Africa: proceedings of the

SADC/ICRISAT Regional Sorghum and Pearl Mil let

Workshop, Gaborone, Botswana, 25-29 Jul 1994

(Leuschner, K., and Manthe, C.S., eds.). Patancheru,

502 324, Andhra Pradesh, India: International Crops

Research Institute for the Semi-Arid Tropics.

Mabasa, S. 1996. Screening sorghum cultivars for resis-

tance to witchweed (Striga asiatica) in Zimbabwe.

Pages 201-209 in Drought-tolerant crops for southern

Africa: proceedings of the SADC/ICRISAT Regional

sorghum and pearl millet workshop, Gaborone,

Botswana, 25-29 Jul 1994 (Leuschner, K., and Manthe,

C.S., eds.). Patancheru 502 324, Andhra Pradesh, India:

International Crops Research Institute for the Semi-

Ar id Tropics.

Mbwaga, A.M. , and Obilana, A.T. 1994. Distribution

and host specificity of Striga asiatica and Striga 

hermonthica on cereals in Tanzania. International Journal

of Pest Management 39:449-451

Obilana, A.B. 1990. Regional sorghum breeding for

southern Africa. Page 52 in SADC/ICRISAT SMIP Sub-

program Report 1990. Bulawayo, Zimbabwe: SADC/

ICRISAT Sorghum and Millet Improvement Program.

(Limited distribution.)

Obilana, A.B. (ed.) 1996. Sorghum and pearl millet

food technology in SADC countries: proceedings of a 

regional workshop, Harare, Zimbabwe, 29-30 Jan 1996.

Patancheru 502 324, Andhra Pradesh, India: Interna-

tional Crops Research Institute for the Semi-Arid Tropics

and Bulawayo, Zimbabwe: ICRISAT Southern and

Eastern Region. 87 pp.

16 ISMN 39, 1998



Obilana, A.B. In press (a). Pedigrees of SADC/ICRISAT

SMIP developed sorghum breeding lines, varieties and

hybrids. Bulawayo, Zimbabwe: SADC/ICRISAT Sorghum

and Mi l le t Improvement Program. 43 pp.

Obilana, A.B. In press (b). Sorghum cultivars released

in the SADC region: description and potential uses.

Bulawayo, Zimbabwe: SADC/ICRISAT Sorghum and

Mil let Improvement Program. 38 pp.

Obilana, A.B., Monyo, E.S., and Gupta, S.C. 1997.

Impact of genetic improvement in sorghum and pearl

millet: developing country experiences. Pages 119-141

in Proceedings of the International Conference on

Genetic Improvement of Sorghum and Pearl Millet,

Lubbock, Texas, USA, 22-27 Sep 1996. INTSORMIL

Publication No. 97-5. Lincoln, Nebraska, USA: Collabo-

rative Research Support Program on Sorghum and Pearl

Mil let.

Obilana, A.B., Rao, K.E.P., Mangombe, N., and

House, L.R. 1996. Classification of sorghum races in

the southern Africa sorghum germplasm. Pages 113-

118 in Drought-tolerant crops for southern Africa:

proceedings of the SADC/ICRISAT Regional Sorghum

and Pearl Millet Workshop, Gaborone, Botswana, 25-29

Jul 1994 (Leuschner, K., and Manthe, C.S., eds.).

Patancheru 502 324, Andhra Pradesh, India: International

Crops Research Institute for the Semi-Arid Tropics.

Obilana, A.R. 1997. The role of SADC/ICRISAT in

grain quality assessment for regional food security.

Presented at the fourteenth SAAFOST International

Congress and Exhibition in combination with

ECSAFOST, ICC-SA and ARC-Irene. CSIR Conference

Center, 1-4 Sep 1997, Pretoria, South Africa.

Obilana, A.T., De Milliano, W.A.J., and Mbwaga, A.M.

1991. Striga research in sorghum and millet in southern

Africa: status and host plant resistance. Pages 435-441

in Proceedings of the Fifth International Symposium of

Parasitic Weeds, Nairobi, Kenya, 24-30 Jan 1991 (Ransom,

J.K., Musselman, L.T., Worsham, A.D., and Parker, C,

eds.). Mexico, D.F., Mexico: Centro Internacional de

Mejoraniento de Maiz y Trigo.

Oniango, R.K. 1996. Sorghum and pearl millet food

technology in the SADC countries: a report of a study

for the SADC/ICRISAT Sorghum and Millet Improve-

ment Program. PO Box 776, Bulawayo, Zimbabwe:

ICRISAT Southern and Eastern Africa Region.

Riches, C.R., de Milliano, W.A.J., Obiliana, A.T.,

and House, L.R. 1986. Witchweeds (Striga spp) of

sorghum and pearl millet in the SADCC region:

distribution and control. Report of the third Annual

SADCC/ICRISAT Regional Sorghum and Mil let

Workshop, Lusaka, Zambia, 6-10 Oct 1986. Bulawayo,

Zimbabwe: ICRISAT Southern and Eastern Africa

Region. 16 pp.

Setimela, P., Manthe, C.S., Mazhani, L., and

Obilana, A.B. 1997. Release of three grain sorghum

pure line varieties in Botswana. South African Journal

of Plant and Soil 14:137-138.

Vasudeva Rao, M.J. 1987. Techiques for screening

sorghum for resistance to Striga. Pages 281-304 in

Parasitic weeds in agriculture, Vol. 1: Striga 

(Musselman, L.J., ed.). Boca Raton, Florida, USA: CRC

Press.

15 Years of Pearl Millet Improvement

in the SADC Region

E S Monyo (SADC/ICRISAT Sorghum and Millet

Improvement Program (SMIP), Matopos Research Station,

PO Box 776, Bulawayo, Zimbabwe)

Abstract

Pearl millet improvement under the SADC/ICRISAT

Sorghum and Millet Improvement Program (SMIP)

originally focused on two major objectives. The first was

to lay the foundation for making improved varieties

widely available to farmers in the region. This was to be

achieved by supplying national breeding programs with

enhanced germplasm and information they could use to

stabilize yields in their specific environments. The second

was to raise the level of expertise available for the breeding,

production, and utilization of pearl millet, contributing

to development of strong national programs with the

capacity to generate and test elite germplasm.

Significant progress has been made towards these

objectives. The pearl millet germplasm from southern

Africa have been collected, characterized, and conserved.

The regional facility holds well over 7000 pearl millet

germplasm accessions from around the world, 3082 of

which are of SADC origin. Sixteen pearl millet varieties

originating from this project have been released in f ive

SADC countries: Malawi (2), Namibia (4), Tanzania

(2), Zambia (4), and Zimbabwe (4). These varieties

currently occupy 2-45% of the total pearl millet area in

these countries. Functional millet breeding programs
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