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Sum‘mary

Reglon specificproduction environments and- ;);0{!?;::/ requirennent coupled with te associited biotie
and abiotic yleld constraints has led 1o the adaption of different breeding strategies and sefection crite-
Fia i1 Sorghtin inprovement programs in majer sorghint growing regions where sorglum is imporiant
Jor food security and sorghinmn-based economies. i India, initial landrace selection straleg 'y 10 ex; vl
natural variability was gradually shifred 1o ;).fai'g.r ve breeding and liybrid b eeding with @ major Jocus
on grain yield, eorly matirity arid resisinee x{?p&! Sy and grain mold in raiyy season and resistance fo
shoot fly and terminal dronglit in postrainy féi?.s‘@f; Several Liph yielding varieties and hybrids lave
been developed and releasedinarketed for éofﬁ;;zzzza; season and posirainy season adaptation i Indra.

I Cling, breeding programs were aimed at zfs,;g:‘w:/z/zg grain yield and grain guality (low tamiin and
High protein) to meet animal feed deniand and: ﬁm’(fer Yyield to meet dairy industry deviand. Sweet sor-
i researcl was also given adequaie empiiasis, especially Jor silage preparation to fmprove the
quality of fodder fed lo dairy catile. Because of lar; ge—xm/’e adoption of 1] wbrids compared (o Iudia, there
has been a guantum jumip in serelini f)l(){é’l(‘/!!flf_y € /mm unlike Indra. Development gf ligh yielding,

and midpe resistant and drought resistant hybrids: suitable Jor :mmmf feed was f/i‘«:f maor olyjective of
sarglumi improvement research in Australia. i USA, ipr a;»'emc'ﬁf af grain yield dnd gramn guality witlt
wmidge resistance for animal Jeed nse has been the niqioer é:mée?'zzzg objective. The yield levels in US4

bave increased by more than three folds due to the adoption of lybrids. I A frmar', sorghinn production

& stifl ar subsistence level, the African national sorgluun improvement pﬁagz‘mzs arnéd at inproying

sorghin _for grain yield and graiin guality for, food use, and resistance to dronght. in couniries fike

Nigerta, apart from food-quality grain cultivars, identification/development é}f citlttvars suitable jfor

brewing industry also received adeguate prior I{}’ Apart fiom grain yield and g.* an qualily, resistance fo

wafor prodiction constraints such as Striga, fefy‘ Elight, and stem borer were target frafls iy breeding

prograums (o stabilize production in African conntries. n Latin America, improvement of grai yield and
“grovu quality for animal fee;f use aind fodder yigld for dairy caitle were major breeding objectives.

The global sorghiom 17/1.’/}”?;’6’//{4"/1/ programs fa Ve tremendoris mpact on setgh research and sorghin
productivity in fndia. Several lybrids developed in fudia during 71960-1980 are based on exotic/itherr
derived A-/B-lines, especially USA and Afvican conntries. The adoprion of hvbrids helped enlumice
stagnated yield levels due to cultivation of pure- ;/:}z::f wariefies. Several resisiant sources ta major abiotic
(terniinal droughit) and biotic (shoor Ty, midge, gf ain mold erc. ) yield constraints and forage germplasii
identified at ICRISAT, in collaboration with NARS have been extensively nsed in Indian NARS sorghim
improvenment programs to develop grain and famge sorghun varieties and hybrids less sisceptible to
these constraints. Some of tie varielies :fe;fe;’aped by ICRISAT in par f;m‘m?ey) with NARS are popular
among_farmiers in hidia, Apart from these, the f;mf»émm’ levbrid parents developed at ICRISAT have
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been extensively used by both private and public sector scientisis to develop and markel/release numer-
ous fiybrids for commercial cultivation in summer; rainy and postrainy seasons in India. Farmers now
have wider culiivar options than ever before and these have contributed to cultivar diversity and sus-
tainable production systems. The future priorifies of sorghum improvement research in different re-
glonsiconuntries considering the current farmer and industry need, product diversification to find new

niches and production constraints are emphasized.

introduction

Sorghum [Sorghum bzkw’ér (L.} Mpenéh] - a ma-
_jorcereal of the world after rice, wheat, maize and

- barley, is a staple food for: mﬂhons of poorest and

most food-insecure peopie“in the Semi-Arid Trop-
ics (SAT) of Africa, and Asia. Being C, species with
higher photosynthetzc abllxty, and greater nitrogen
and water-use efficiency, sarghum is geﬁencaily
suited to hot and dry agraecelogxes where it is dif-
ficult to grow other food gmms These are also ar-
eas subject to frequent drought In many of these
agroecologies, sorghum 1s"tru§y a dual-purpose
crop; both grain and stovmj are highly valued out-
puts, In large parts of the developmg world, espe-
" cially in Asia, 50 percent of the total value of the
crop, especially in drought .years (FAO and
ICRISAT 1996). In countriesin Africa, sorghum ig
predominantly grown for food purposes, while in
USA, Australia, China etc,, it is grown for live-
stock feed and animal fodder purposes. Unlike in
other parts of the world, sorghum is grown both in
rainy and postrainy seasons in India. While the rainy
season sorghum grain is used both for human con-
sumption and ]westock feed, postrainy season pro-
duce is used pnmarﬁy congumption in India. Sor-
ghum also offers great potential to supplement fod-
. der requirement of growing dazry industry in India
because of its wide adaptation, rapid growth, and
high green fodder yields, and good quality (Pahuja
et al. 2002).

Production constraints

The yield and quality of sorghum produce is af-
fected by a wide array of biotic (pests and diseases)
and abiotic stresses (droughtand problematic soils).
These are shoot fly (India and Eastern Africa), stem
borer (India and Afmca), rmdge (Eastern Africa and
Australia) and head bug (In(h‘l and Western & Cen-
tral Africa [WCA]) among pests; grain mold (all

regions), anthracnose (WCA and Northern India)

- and Swiga (all regions in Africa) among diseases;

drought (all regions) and pr'oblgm'atic. soils — sa-
line (some parts of India and Middle-East coun-.

tries) and acidic (Latin America) — which together

(except saline and acidic soils) ¢ause an estimated
total yield losses fo the tune of US$ 3032 million
(wwmw.agbiotechnet.corm/pdis/V851995640). Sor-
ghum grain productivity was dismally low (0.7 t
ha') because of these production consirainis and
the use of traditional cultivars (low-yielding) and

traditional production practices during early 1970's.

Region specific-production environments and prod-
uct requireinent coupled with the associated biotic
and abiotic yield constraints has led to the adop-
tion of different breeding strategies and selection
criteria in sorghum improvement programs in ma-
jor sorghum growing regions where sorghum is
important for food security and sorghum-based
economies. In this article, we have made an attempt
to trace the breeding objectives, strategies and
achievements accomplished in global sorghum
improvement programs and their impacts on In-
dian agriculture.’

Sorghum breeding in India

India unlike other countries has two sorghum pro-
ducing seasons- A%/ {rainy season June/July-Sep-
tember/QOctober) and Rad/ (post rainy) season (Oc-
tober-December/January). Therefore, different cul-
tivars are required for each season as production
conditions and production constraints are quite dif-
ferent (Rana, e &/, 1997). Natural selection and

‘domestication by farmers over thousands of years

has resulted in the development of numerous vari-
eties, which are highly local in their adaptation,
Later, sorghum improvement switched over from
farmers’ selection to trained plant breeders as a-
result of which improved varieties were developed
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through pure line selection from principal local
varieties cultivated by farmers. Subscquemly, lim-
ited inter-varietal hybridization dmong local
landraces followed by selection has contributed
towards combining the then existing levels of grain
yield with juicy stems to improve forage cgualzly
Since the emphasis was on specific adaptat;on in
the given region, several varieties were ré‘]aﬂsed
within the states. E.g. Saonar, Rankel, Aispuri,
Maldandi and Dagadi selection in Mah amshtm and
the Nandyal, Guntur and Anakapalli serles of
Andhra Pradesh. Inspite of these efforts, notace=
able changes in yield levels were not marked (Rae
1972).

After the discovery-of stable and workable cyfo-
plasmic-nuclear male sterility (CMS) system
(Stephens and Holland, 1954) and as a result of
the efforts under the accelerated hybrid sorghum
project initiated by Indian Couneil of Agricultural
Research (ICAR) during the year 1962, fourteen
hybrids were released starting from CSH 1 released
in 1964, CSH 2 in 1965, CSH 3 in 1970, CSH 4 in
1973, CSH 5 in 1974, CSH 6 in 1977, CSH 91 in
1981, CSH 10 in 1984, CSH 11in 1986 aﬁd CSH

14 in 1992, all for rainy season. The' pmgram also -

released varieties for rainy season such as Sw*xma
(1964) CSV 11 (1984), CSV 13 (1987) and Csv

15 (1993), but.the varieties are not papular with-

farmers (Reddy and Stenhouse, 1994). Hé‘wever

the popularity of the hybrids by farmers h rainy.

season is indicated by the increased acrmge under

hybrids ovor the years starting from 30 percént arga.
in 1981, 56.3 percent in 1985 and 93-100 g&rcent’

in 1993 in Maharashtra state alone {Rae, ] 97’2  Rao,
1982; Vidyabhushanam e7a/; 1989). A few | lybnds
viz., CSH 7R (1977), CSH 8R (1978), CSH IZR
(1986), CSH 13R (1991-1992), CSH 19R: (2000
2001) and varieties e.g. CSV TR(1974), GSV
8R(1979), Swathi (1988), CSV .14R (1991) were
released for post rainy season. CSH 7R and CSH
8R. hybrids failed to make any mark becausg of
low fodder value and high heterotic response for
harvest index leading to lodging (Rao, 1982). And
other cultivars could not spread and make any ef-
fect on raising post rainy season productivity
(Murty, 1994).

High yicld with matching grain quality and bold-
ness, resistance (o shoot fly and fodder yield equal
to that of the popular focal variety M35-1 under
receding ‘moisture conditions are the traits which

.the farmer look for in post rainy season cultivars

(Rana ez af, 1997). Best qualﬂy sorghum comes
from rabf mraet;es so good grain quality will be
required in the hybrids if they are to be accepled

-(House, e a/. 1997).

Strong research program at ICRISAT’ s Patancheru
center indicated that both A and A, cyloplasmic
nuclear male sterility (CMS} qystcms can be uti-
lized when Ehey are based on cawdarunt vace and
hybrids using landrace pollinators rather than im-
proved restorers were comparable to the released
hybrid CSH 13R and significantly superior to the
popular landrace variety, M35-1 and released hy-
brids CSH 2R and CSH 13R for grain yield and
grain quality, respectively (Reddy e7 o7 2003).

Intensified efforts are underway on post rainy sea-
son (rabi) sorghum improvement for higher grain:
and fodder yields with acceptable grain quality in
both Indian national program and ICRISAT"s

‘Patancheru programs. Efforts are also being con-

tinued on AZarjfhybrids and new male sterile seed
parents with resistance to improved qualities in-

cluding exploitation of different sources of CMS

systems, and continued use of germplasm.

Rainy season sorghum’s ability to compete effi-
ciently with other crops in the future would de-

‘pend on pr oductmty growth, i.c., evolution of hy-

brids with higher yield pozenﬁal,"closing the yield
gaps, reduction per unit cost of cultivation and cre-
ating demand for domestic and export markets
(Rana, e/ af. 1997). Grain mold is an important
biotic constraint of rainy season sorghum caused
bya complex of fungx affecting the yield and qual-
ity of the grains. Therefore, genetic enhancement
in grain mold resistance and value addition through.
genetic means would augment food and feed uses
and ultimately increase the cconomy (Rana, ef @/,
1997). Alternatively, it is essential to work on the
diversified uses of crop surpluscs and mold dam-
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aged and discolored grain (Reddy and Stenhouse,
1994). The technologies to convert molded grains
into various products -such as sugars, alcohol,
starch, semolina and malt products (Somani and
Pandrangi 1993) would enhance industrial uses of
sorghum and consequently the economy,

Sorghum Breeding ét'ICRISAT

The establishment of International Crops Research
Institute for the Semi-Arid Tropxcs (ICRISAT) in
1977 at P‘ttancheru Andhra Pradesh, India (which
is now being call led as fIAC) with sorghum as one
of its five mandate crops fof research aimed to
improve productivity and stal}iiity of ‘sorghum for
-food use in the SAT of the world. Improvement for
yield potential and-resistanice’to droughts, S#iga,
grain mold, downy mildew, charcoal rot, shoot fly,
'stem borer, midge and head bug with wide adapt-
ability received equal attention up to 1980. Target
materials aimed were populations and varieties.
Both recurrent selection methods and pedigree
were followed equally. In resistance breeding pro-
grams, emphasis was given to standardizing screen-
ing techniques and identification and breeding of
improved resistance sources. The initial emphasis
on red grain types up to 1975 was gradually shifted
to white grain types by the end of 1970’s.

During 80's, major emphasis was given for regional
adaptation and breeding for resistance to biotic
stresses (grain molds and insect pests only) in white
grain background. Work on drought, downy mil-
dew, charcoal rot and s77ea was discontinued: Work
on improvement of male sterile lines for grain yield
and grain food quality traits were also initiated.

Initially, several populations were introduced from
USA, West Africa and East African programs and
were reconstituted with selectren Later on several

high yislding goad grain bredwllms and rera cern
landynces Ccaudarum were e),uerm\ ely involved in

breeding at IAC, and guinea ]Qca] Jandraces along
with candatim derived lines it ICRISAT West Af-
rican center (Reddy and Stenhouse, 1994),

During .1985-89, major thrust was given for spe-

cifi¢ adaptation and trait based breeding for resis-
tance, traits. By late 1980’s many National Agri-
cultural Research Systems {(NARS) had enhanced
crop improvement programs and were involved in
planning of crop improvement programs of lnter-
national Agricultural Research Center (IARC)
aimed at specific adaptation. Thus, global sorghum
imp%ovemem program reoriented itself to develop
m*xtemks suited for 12 productive syetezm (PS)in
Asm six-in Western Africa, six ‘In Eastern and
Southern Africa and five in Latin America. As a
result of this reorientation, at ICRISAT's Asia cen-
ter {IAC); strategic research on the development
of techniques and intermediate products for utili-
zation in partnership with NARS programs was

given emphasis during 1990-1994.

Accordingly, an extensive program of diversifying -
breééing':xéw Milo cytoplasm male sterile lines for
earfiness, introgression with durra and goinea races,
incorporating bold and lustrous grain characters, -
and: resistance to striga, shoot fly, stem borer,
smdge head bug, grain mold, downy mildew, an-
thr‘tcne% leaf blight and rust was carried out
(IGRISAT 1993)..

Wili‘l a mzi?or objectivé of irait specific breeding,
noﬁ%l populations or trait-specific gene pools lor
bold grain and high productive tillering were de-
veloped, Test crosses involving post rainy season
“landraces’ progenies as pollinators were examined
forstheir fertility restoration ability under cool
nights and for productivity in post rainy season,
Variabitity for restoration was quite signiticant in-
dicating the possibility of selection within and of
hybnds than bred-restorer hybrids (Reddy and
Stehhouse 1994)

From 1995 onwards, partnership mode of conduct-
ing research to develop improved intermediate
product at ICRIS AT, Puancnery, Indis, and Tinished
products (varieties and hybrids) at other ICRISAT
locations in Africa werc being emphasized. Accord-

ingly, the objectives of the program al present are

“breeding resistunt (to biotic_and abiotic stresses)

sced parents and restorer lines, developing specific”
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hew gene pools and novel plant typcs and identify-
ing and using molecular markers. HoWaver breed-
ing programs in Africa will continue Jo-develop
high yielding cultivars {varicties and hybrzds)\wzt
resistance to s#7ga, and head bug a,pprogrmte in
the region. ICRISAT, working in partnership with
NARS helped release 194 cultivars in several coun-
tries in Asia (50), Africa (110) and Latin America
(34) (Reddy, 2004),

Sorghum breeding in Um’ted States

Initial sorghums introduction in the Umted States
were tall growing and late maturing. Later farmers
found early-maturing heads of Giant Mile, which
gave rise to a cultivar called ‘standard #i/e’. Dur-
ing 1900, a farmer in Oklahoma selected Dwarf
yellow mrile from standard nifo, the seed of which
were distributed to farmers araund Chillicothe, in
northern Texas. Texas Agncu]tuml Experlmentai
station-and United States Departmcm of Agricul-

ture (USDA) began reséarch efforts at Chillicothe .

in 1905. An early white Milo was selected from

the yellow witfos in about 1910, Short stature fér-

-erita and: Liegarie cultivars were %elected and re-
leased in Texas by 1920 (Roeney a;gd Sith, 200&}

‘Recogmzmg that natural hybnd:mhcn gave rise.

to usable and improved types, HN Vinall and

AB Lron began the second phase of grain sorghum .

improvement in 1914, with the deliberaté hybrid-
e Sa « . aq t 4 ’ d

ization of fererira from Sudan with:Blackhull Xg/fir.
Chiltex and premo cultivars were released from that

cross in 1923, 1.C Stephens and LR, Quinby re-

leased Boniter from a cross of Vinall and Cron’s
Chiltex, a Aggariatype, and Quadroon, from a mile-
kafir combination. J.B. Sieglinger also working
with mie-Fafircombination in Oklahoma, released
a variety ‘Beaver’ in 1928 which had desirable char-
acteristics of erect heads, lacking the curvature of
peduncle that was characteristic’ of many of the
milos besides being short statured, smtab]e for
mechanical harvest (Rooney and Smith 2000). Per-
haps, Sieglinger’s greatest contribution came with
the release of Wheatland in 1931, also a derivative
of milo-kafir. In 1937, W.P. Amriin selected root
and Stalk rot (Periconia circinatayresistant variety

from Wheatland and released it as Mariin's Milo
in 1941, This cultivar proved so popular that it was

“the numbér one ciiltivar in the United States until

the dévelopment of hybrids in 19507,

The discovery of a eytoplasmic-nuclear male-ster-
ile (CMS) system (Stephens and Holland, 1954)
.quickly led to the development of commercial sor-
ghum hybnds Scientists in Texas, Oklahoma and
Kansas released several improved hybrids during
this phaseie ef grain sorghum improvement (Rooney
and Smith, 2000) ‘The greatest yield increases came
early on, although higher-fevel yield platcau was
soort realized. Later improvements were smaller
yield increments, disease and insect resistance and
quality. Yields in the United States improved over
300% from 1950 to 1990 (Rooney and Smith 2000)
because of the adoption of improved hybrids and
agronomic practices. '

Sorghum breeding in Australia

Australia’s first grain sorghum breeding program
commenced at the Biloela Regional Experimental
station in 1941 (Henzell 1992). Currently-ilve-pub-
lic sector breeding program is based at the

‘This program is coordinated with and complements
breeding programs in the private sector. The major
objectives of QD?I program include; grain yield,
grain quality and reSistance to lodging, drought,

© midge and dxsease

Grain inej‘d

The varicfy ‘Alpha’ was the first major contribu-
tion of the Bilolela breeding prograin being released
in 1946!41 by Dr. L.G. Miles (Henzell, 1992). In
May E958 seed pf parents of several hybrid grain
sorghums was introduced from.the USA, which
paved the way for hybrid development, and sev-
eral hybrids were-released during 1960°s (Henzell

. 1992) However, they showed 2 relatively small

increase in: yzeld although it varied with the region.
Maximum vield advance due to breeding durmg
_the 30 years since 1960 varied from 0.3% per year
for the Darling Downs to 0.6% per year in the south
Burnett.

- Queensland Department of Primary: Industries
- (QDPI), Hermitage and Biloela Research stations,

P
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However, the grain yield of subsequently released
hybrids in 1986 was equal to the boot midge sus-
ceptible hybrids in the absence of midge in
Queensland (Henzell 7a/1992). A further increase
in yield was evident in non-senescent hybrids,
AQL40/RQL36 and AQL41/RQL36, .which out
yielded the mean yield ofthree check hybrids
(Texas 610SR, pride and B57+) by 111.4and 113.1
percent, respectively. The mcreased yield’ poten—
tial of these hybrids was due to their later lmtunty
and therefore greater: b;om,assr(Mx‘l‘er,, 1992).

Head type and grain. qual y

The open panicle type is preférred prmcxpaiiy be-
cause of its negative effect ori the build up of head
caterpillars, such as Heliothis (Helicoverapa
armigera) and sorghum head caferpillar
(crytoblabes adeceta). Grain with a red pericarp, a
thin mesocarp; a relatively dense endosperm-and
low tannin content in most commonly selected for
in Australia, each of these characteristics contrib-
ute to grain weathering resistance, No consider-
alién has been given to selection for protein con-
tent, principally because there has been no clear
demand from the grain consumers (Henzell, 1992).

Lodging resistance

Lodging caused by plant death under witer stress
cturing grain [illing and the concurrent developmient
of stalk rot diseases is one of the major production
constraints in Australia (Henzcli 1992). In Aus-
tralia and clsewhere (Rosenow e/ al. 1983), major
advances have beenr made in breeding for lodging
resistance under these conditions. This has been
achieved because there is a genetic variation in
sorghum for the rate of plant death under water

deficit conditions. Breeders worldwide have there-
H
fore been selecting for the ndn-senescence (stay-

‘green) trait,

In the QDPI program, the major sources of non-
senescence have been K519, to produce QL9,
QL10, QL1 and QLI2 and more recently B35
(Rosenow ¢/ a/ 1983) to produce QL40 and QL
41, B3S particularly has proved an excellent source

of non-senescence such that hybrids based on,

"QLA0, but particularly on QL41, are highly non-
senescent (HMenzell, 1992), stalk-rot resistant
(Dodman et al., 1992) and lodging resistant
(Henzell er al. 1992}

‘Midge resistance

ﬁost plant resistance to sorghum.midge is a major
a@b_]&CtWﬁ of both ‘public and private sector breed-
hng programs in Australia (Henze]l et al., 1994).

"The aim was to develop germplasim with enhanced
gveis of and a broadened genetic base of midge
resistance conibined with other characters that are
1mp0rtant for local adaptation (particularly stay
green) Because.of the polygenic nature of midge
resistance, the breedmg methods involve cycles of
srossmg, evaluation and selection of parents and
additional crossing to commence a new cycle, with
the occasxoml infusion of new germplasm. Some
p’lrents are used on the basis of other traits (stay
green in B335, SC 35¢rosses). The-use of such midge
susceptible germplasm obviousiy slowed down
progress in increasing midge resistance, but the
approach has been to combine characters for local
adaptation rather than concentrate on midge resis-
tance alone (Henzell e/ o/, 1994). Midge resistant
B-line Q39 developed using resistance sources
SC108c, SC 165¢; TX 2754 and TAM2566 are
higher in resistance than each of these parents. Less
progress has been achieved in developing R lines.
with high levels of resistance as in Q39. However,
recently R lines with resistance at least greater than
AQL39/RQ136 have been developed (Henzell e
m’ 1994). Also, several improved midge resistant
Imcs introduced [rom ICRISAT, Patancheru were
exiplmted in midge resistant breeding programs,

Disease resistance -

Bteeding for resistance (o Johnson grass mosaic
vijus (JGMV) was a major objective of QDPI pro-
gmm in 1970's (Menzell er o/, 1982), 1t involved
backcrov;mg the single dominant gene for resis-
tance ‘K’ (discovered in the Indian variety ‘kiish’)
inio locally adapted inbred lines, The lines QL3
zm;d QL22 derived from JGMYV resistant KS4 lines -
are dual resistant to JGMV and sorghum downy
mildew discase (Henzell, 1992}
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Drought resistance

- Drought stress is by far the major constraint to sor-

ghum production in Australia, Therefore! relatjvely

a large portion of sorghum rescarch is designed to .

address this problem. Of the scveral oiﬁioné for
addressing this problem, selecting for cirought re-
sistance truits such as stay green in addmon to yield
‘per se has been the approach currently p&*ogrc‘;s m
Australia (Muchow, Borrell and Hammer 1996).
Breeding for stay-green trait started in QDPI sor-

ghum breeding program in 1984, The oiferall aim -
was 1o enhance and broader genetic base and.to .

combine it with resistance to sorghum midge
(Henze - er g/ 1997}, The line Q41 cienve& from
the cross QL33/B35 has a high level of stay green
and crosses of it with QL38 and QL39 (Gerghum
midge resistant lines) form the basis of femaie stay-
green and midge resistant gene pool in QDPI pro-
gram (Henzell er 2/.1992). Howeyer, lest progress
lias been made in developing such germplasm in
the male population, although' there are now some
lines .with moderate to-high levels of stay-green
combined with varying levels of midge resistance
(Henzell &7 @/ 1997). ’

Sorghum breeding in China

Modern breeding of sorghum in Chma began in
1920%s, and has progressed through 3 stages: (a)
collection,” classification and pedigree; selegtion
within the best local varieties; (b) cross‘breedmg,
using crosses between local varieties ot local ex-
olic for vatiely production; .and (crosses) Utiliza-
tion of heterosis, which has been the main method
of breeding since 1965 (Zheng Yang, 199’?) The

major objectives of sorghum improvemeilt research

in China include; grain yield, multiple iresistance
to abiotic (low temperature and drought) and bi-
olic (aphids and head smut) stresses, grain quality,
grain feed and forages for livestock.

Breeding for high yield

Exploitation of heterosis-was the main fiethod of

improvement of yicld in China. Throughid program
of selecting the best introduced seed parents, and
then evaluating Chinese bred. pollinators, a scries

of hybrids have been developed starting in the
1970%s. A progressive increase in yield has been
accompanied with an improvément in quality traits.
Average grain yield of sorghum during 1992-94
was 3-73 tha! during 1962-64 before hybrids were
released (Zheng Yang, 1997) The increase in yield
due to utilization of hybrids is estimated at 30-40%
witlr the remaining improvement being due to bet-
ter cultivation conditions (Zheng Yang, 1997).

A survey of the Chinese sorghum genetic resources
through test crosses made on A , cytoplasmshowed
tha{ very few accessions were maznt&mers and most
were partial or full restorers of male sterility, so

" these were mamiy used to breed pollen parents.

Through Crosses of Chinese lines with introduced
B-lines, new sced parents have been bred so that
hybrids are now being tested that have adaptation
and quality traifs from Chinesc ger mp]asm in both
parents (Zheng Yang, 1997).

B’r;eeding for multiple resistance to abiotic
and biotic stresses

" Low temperature. Low temperature is an im-

portant stress factor, especially for northeastern

China in both the seedling and grain filling stages.

Some cold-tolerant local varieties have been iden-
tified using low temperature seedling treatment.
The effects-of low temperature on panicle differ-
entiatieg and seed seihave also been studied (Zheng
Yang, 1997).

Droughi The main factor that limits sorghum pro-
ducuen is shortage soil moisture in semi-arid ar-
eas..Research on, resistance to drought has been .
focused on breeding of sorghum, measures for in-
creasing emergence rates in water-limited areas and

" methods to identify suitable genotypes, New male

sterile lines and restorers with resistance to drought
are being developed (Zheng Yang, 1997).

Aphids. There. are two-major kinds of sorghum -
aphids, the sugarcane aphid, Melanaphis
sacchariand, the yellow sugarcane aphid, sipha
Sava which together cause yield losses of about
20% in vears of epidemics. It was found that most
Chinesc sorghum varicties lack geuetic resistance
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to aphids. Several new male sterile lines with high
degree of resistance have been developed by the
Sorghum Research Institute, LAAS (Zheng Yang,
1997).

Head Smut. Sorghum head smut caused by the
Yungus, Sphacelotheca refianais also a serious dis-
ease. There are three different physaologncal races
~of the pathogen in China, Resistance to head smut
is controlled.by both major genes of 2 or 3 pairs
and sorhe minor génes.(Yang Zhen and Yang
Xiaoguang 1993). Among 10,083 germphsm ac-
cessions studied, 39 showed immunity to race: ‘2
but only 3 accessions have shown resistance to
race3 (Chen Yue and Shi-Yuxue, 1993), Based on
these sources, resistance breeding is in progress
: (Z heng Yang, 1997).

Breeding for quality

Chinese Kaolings are an excellent source of good
grain quality types such as Xiang Yanai and Zhen

' Zhubai. However, they are not used directly in het-
‘erosis breeding due to Jow combining ability and
poor restoration, The problem of hybrid sorghur
quality for food has initially been solved in China,
but nutritive compbsition is low and the traditional
fragrance of original local varieties needs to be re-
covered (Zheng Yang, 1997).

Grain for feed and forages for livestock

Feed grain. Since scrghur?z is the main raw ma-
terial of ccmpound feeds for livestock and poul-

try; breeding for feed quality has now become one
ol the main objectives of sorghum breeding in
China (Shi Yuxue et al., 1992). In order to increase
the feed value of grain it is essential to select vari-
eties and hybrids with low or tannin content (be-

" low 0.2%), higher protein level, a better balance of
protein amino-acid composition (Zheng Yang,
1997).

Forages. Most forage sorghums can be classified
as dual purpose in China, with the grain used for
human consumption and stover for other purposes.

_At present, the focus is on breeding for high biom-

ass -coupled with good nutritional value and low
HCN content (Zheng Yang, 1997).

Breeding for sweet stalks

The growing animal husbandry industry in Ching
has resulted in increased demand for fodder re-
scurces. Sweet sorghum, being more tolerant to
biotic (leaf diseases) and abiotic stresses (salinity,
alkalinity and water logging), besides higher bio-
mass producing ability with sweet and juicy stalks
compared to maize, researchers and policy makers
in Chinaﬁiaced increased impottance on the use
of sweet sorghum as an alternative source for meet-
mg the demand for animal fodder. In China, sweel
507 hum is primarily used for silage preparation.
Sweet sorghum silage mixed with maize silage is
fe&ﬁ‘te cf'ury cattle. Mixed silage has excellent qual-
zty,‘and higher digestibility and palatability to dairy
cnf’ie Despite long history of swect sorghum cul-
twat;on in China, limited efforts were made to im-
prove sweet stalk sorghum systematically before
1970's. However, with the introduction of im-
proved sweet sorghum varieties such as Rio, Roma,.
Rfuﬁadq, and Wray from several countries, system-
atic; sweet sorghum breeding program was initi-
wted in Liaoning Academy of Agricultural Sciences
in E985. As a result, two sweet sorghum h}fbnd.s,
Liagsiza No.| and Liaosiza No.Z were developed
and released during 1989 and 1995, respectively. -
These two hybrids have wide patroriage from the
farmers throughout the country.

Sorghum breeding in Africa

Sorghum is one of the major cereal staple grain
crops that contribute to food security. to millions
of people spread across in several countries in Af-.
rica, The crop is grown as a rainfed crop in diverse
environments across tropical and sub-tropical agro -
ecologies inAfrica; from extreme lowland arid and
sqmmnd zones (of Libya, Sahel of West Africa
and, Botqw'ma} to the sub-humid and humid Jow’
andf; (of southern Guinea Savanna of West Africa)
and the mid high lands (of Great Lakes Zone of
E'xsr Africa). The semi-arid and sub-humid high
éands are typified by high lands of Ethiopia, East-
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ern and Central Africa (ECA) and Lesothd (where ’ Subsequenlly, regional sorghum breeding approach

sorghums are cultivated around Mokhotbug at an

altitude of 2400 m). In all these regions, traditional
cultivars arc grown following traditional produc-

tion practices. These diverse agroecologies with

varying production systems have resulted in dif-
ferent production constraints affecting sorglmm
production.

Consequently, the natidnal sorghum improvement
programs in Africa had their own priority when
sorghum brecding began in late 1930's. replacing
traditional {armer selection activities. This 1@&! to
the identification of, selection and release of better
landraces as “nuproved local selections”™. Bre:ed-
ers then began introductions and conversion pro-
grams using exotic germplasm. Some of 1}@5@ are
still being used as checks in national and rcgmndl
trials, Al the same time, exotic germplasm lmes
were introduced, adapted and tested. Between 1948
and 1960, useful cultivars local varieties and‘aw
otic germplasm lincs were used in hybmd;mtzon
program and initiated pedigree and bulk blecéi ng
programs. Population development and its iy

provement through recurrent selection were pos-

sible with availability of genetic male-sterility. The
population xmprovement served as a long-term
strategy to derive broad genetic-based varieties and
compiememed conventional breeding methods, Of
(he several available male-sterility inducing genes,
ms, has been extensively used in sorghum popula-

tion improvement program. These breeding meth-
ods are still continuing in many African countries.

-Between 1930 and 1950, a multilateral collabora-
tion in Bastern Africa involving Kenya, Uganda and
Tanzania began (Doggett 1988). Greater promi-
nence was given to wide adaptation and increaée:d
productivity. In the late 1970’s, a regional appmé:ch
to sorghum breeding initiated as result of such coi»-
laborations. The first of such regional appr cdcheq

to sorghum breeding was the Organization of Afri-
can Unity/Scientific Technical and research Cem-—
mission (OAU/STRC) Joint Project 31 on Sez;w
'Ar;d Food Grain Research and developmentiin
Alrica (SAFGRAD), which was initiated in 1976

began at different periods in three regions-East and
Central Africa (ECA), South African Development
Community (SADC) and West and Central Africa
(WCA) These regional breeding programs were
set up with the objective of tackling different pro-
duction constraints specific to different regions. The
breeding methodologics and strategics differed in
these regions resulting in differential impacts, both
of intermediate genetic products and cultivars on
farmers’ fields. '

East and Central Africa

Sorghum improvement research in Eastern Africa
began with the collection and screening of local
germplasm in Kenya, Uganda and Tanzanta (1930-
50) (Obilana 2004). Useful local selections were

. identified; the popular ones are: Dobbs (from west-

ern Kenya) and L 28 (from Uganda) (Doggett
'1988). With the sorghum gaining significance in
Uganda and Tanzania, a program to breed for early
maturing, white and brown grain ‘bird resistant’
varieties was initiated in Tanzania during 1948. The
outcome of this program was the development of
brown grain variety, SERENA. The variety was
-derived: from the cross Swazi P1207 x Dobbs

y thfough pedigree breeding in 1956/57. The sor-

ghum-breeding program in these three countries
(Kenya, Uganda and Tanzania) progressed into an
East African regional sorghum improvement pro-
« gram, which St"ii‘l&d in 1958 at Serere, Uganda. This
regional prograim, focused on managing the en-
demic weed, Sziga i addition to bird damage in
the next two decades (1958-1978). This next phase
resulted in the development of three varieties, two
of which-SEREDO (Serena x CK60) with brown
grains, and Lulu-D (SB77 x- Seredo) with white
grain are still popular in Kenya, Uganda and Tan-
‘zania.

*Sorghum improvement research in Uganda is based-
at Serere Agricultural and Animal Production Re-

search Institute (SAAPRI). In collaboration with
JCRISAT and International Sorghum and Millet
Collaborative Research Suppert Program
(INTSORMIL), and a number of Non-governmen-
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tal organizations (NGO's) operating in the coun:
tries, several improved varieties have been released
since 1969 such as Serena Hijack, Himidi, Hibred,
© Lulu Tall, Lole dwarf, :Dobbs Bora, Seredo and
2Kx17/B/1 (Esele 1995).

» ICRISAT came to the region in 1978 to assist in
+ sorghum 1mprovement the focus was on the use
of selected landraces as ;garents in hybndzzatmn to
create variability, and ada,;?twe testing of advanced
lines derived from crosses; ICRISAT operated from
India and Kenya under a Iproject of the Tanzanian
Government, This collaboram{e research expanded
later into two successive regional networks during
1986 —1993- East Africa Regional Cereals and
‘Legumes (EARCAL) network and the East Africa
Regional Sorghum and Millets (EARSAM) net-
work. In 2002, the East and Central Africa Regional
~ Sorghum and Millets (ECARSAM) network was
setup. While EARCAL/EARSAM were funded by
USAID through the SATQRAI)[ICRESAT collabo-
ration, ECARSAM is funded by the European
Union through ASARECA, Between 1993 and
1999, ICRISAT" s involvement in East Africa was
strengthened with inputs of improved varieties from
the Southern Africa Development Community
(SADC)ICRISAT Sorghum and Millet Improve-
ment Program (SMIP). Cdllaborative adaptive test-
“ing, both on-station and en—farm in Ethiopia dur-
ing 1995-2000 has resulted in the release of five
sorghum varieties for pqeductwn in the western
lowlands (ICSV210, PP290), central mid-highlands
{1529415) and eastern 1owiand Wadi (89MW5003,
BIMWS5058). The varzeixes Serena and Seredo
varieties are popularly xufsed in mixtures with
finger millet thin porridgé fof making, and with
cassava flour for ugalv«, in the-Great Lakes
Region.

The two countries, Ethiopia and Sudan can be re-
garded as the strongest i’ the fegion for sorghum
improvement. In line with the Ethiopian
government’s policy guidelines, the Institute of
Agricultural Research (IAR) organizes sorghum
improvement research in a team approach in Ethio-

pia. The team is composed of scientists from dif-
ferent disciplines such as breeding, agronomy, pa-
thology, entomology, and weed science.

For the purpose of sorghum improvement research
in Ethiopia, four adaptation zones of sorghum are
recognized. The zones are classified as: highlands
(altitude of >1900 m) with about 800 mm rainfall;
intermediate (altitude of 1600+4900 m), with more
than 1000 mm rainfall; low lands<{altitude of <1600
m) with low rain fall less than 600 mm rainfall;
and low land (altitude of <1600 m) with high rain

fall (Gebrekidan 1981). Bach of the four distinct

zones of adaptation requires specific type of sor-
ghum to match with agro-ecological conditions and
whic cater to the needs of the farmers and the end
users. Howéver, due to the shortage of trained hu-
man resources and the inadequate research infra-
structure, only oné coordinated national breeding
program operating from Nazret/Melkassa Research
Center responsible for the identification and de-
velppment of improved varieties/hybrids resistant
to anthracnose, ergot, grain mold stalk borer
(Buseola fisca), shoot fly in late-planted sorghum,
S7riga and frost before grain filling and improved
management practices suitable to all the four ad-
aptation zones in order to increase the productivity
levels, To assist The Nazret/Melkassa Research
Center, several technology testing centers repre-
senting each of the four adaptation zones have been
set up. In addition to Research Center at Nazret,
Werer Research Center, low land irrigated center,
serves as an off-season program site. The primary
objective of this center is to seed increase of breed-
ing lines selections and promising varieties and
hybrids for the ensuing rainy season. Over the years,
the sorghum improvement program has developed
from 1nd1gen0us germplasm lines are from intro-
duced advanced breeding lines and reconimended/
released several varieties (Debelo er o/ 1993).

Throngh EARSAM, Ethiopian national program
took the lead in developing large-scale field screen-
ing techniques for resistance to the major diseases
such as ergot, anthracnose, and grain mold and sev- '
eral resistant genotypes have been identified. These
screening techniques and resistance sources have
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enhanced the pace of dcw:!gpmg varicties aid hy-
brids rcazat.;mce to the major diseases. ‘

The Ethiopian Sorghum improvement progréx}n

(ESIP) started in full-scale in 1973. The program

also served as home for the popular zera zera
(candarum race) type sorghums, which were ex-
“lensively used as parents in ICRISAT sorghum

duction in both irrigated and rainfed systems

. (Babiker et af. E995) They include pure line vari-
_eties (Dabar )-
2, FW Ahmed, Ingaz) and hybrids (HD-I and
“Sheikan) resistant lo Srvoa,

i, G.El Hamam, SRN 39, M., Buda-

which meet the require-
ments of farmers’ and consumer preferences in dif-
ferent agro-ecological zones. At present, a full-
ﬂcdged mult i»diqciplinaw sorghum research nro-

JPH1111 78 LT sy o svasvonsgebour MBI L AU VC 25n wi Wbors
ESIP made good progress with release of the vari-
eties, Awash.1050, the popular ETS series; and
Gambella 1107 (E-35-1) that has been widelyused
in ICRISAT breeding programs. (Reddy o7 a/-

2&(}43}.

Sudan in Africa is known for its sirong capacity
and long experience: in sorghum research "with
strong linkages with regional and intemationaficen-
fers. The sorghum research in Sudan datés bz;ck to
carly 1940°s. Initially, crop improvement through
breeding and crop husbandry résearch was given
greater emphasis but later focus was shifted to more

adaptive on-farm research. Sorghum researé] in- -

cluded genetic improvement for. yzei«:ﬁs ands gram
qualuy and resistance to major producixongmﬁ-
‘straints such as Siiga, and post harvesting®han-
dling, and utilization. During ewrly 1940° s‘?,éséz%
-ghum research concentrated on collection and

-evaluation of Jocal and exotic gem)plasm Thc qu :

*fledged sorghum improvement program was znmv-
“ated in 1952 in the central rainfed research station
~at Tozi in Sudan (Ibrahim e @/ .1995). A program

-for hybrid breeding was staried by the Arid lands -

;Agﬂﬂﬂtttfﬂl Development (ALAD) Pr()]ect incol-
jlaberalzon with the Agricultural Research Corpo-
‘ration (ARC) of Sudan in 1970's. In 1977,
ICR!SAT/Sudan Cooperative Sorghum/Millet Iin-
provcmcnt Program was initiated. The most sig-
mﬂcant outcome of these collaborative. rese‘uch
gnctzvmcs is the release of a commercial h)gbnd
tHageen Durra 1 (Tx623A x karper 1597) By
FICRISAT and Sudan Agricultural Research:Cor-
pemuon (ARC) in 1983 (Doggett 1988, Ejeta
11986), Between mid 1970s to early 19907, ARC
%has released many-improved cultivars with yxe}d
Zadvantages of 10% to 70% for commercial: pro-

g e
prdmd el an

Crop xmprovemem ‘crop management practices.
crop protection, post harvest handling and utiliza-
tion and s@czmeco:‘zomics (Yorahim er af, 1995).

. ..xuu"‘x ""'5@ L PUNEBNTTIT TN L aCoes

" South African ci;evefopment community

{SADC)

Sorghum research in the Southern Africa Devel-

- opment Community (SADC) rcgion, mainly in |
‘South Africa and Botswana began belore the Sec-.

ond World War with emphasis on selections within
landraces, bird resistance, and resistance to Siriga
and drought. These activities spilled over inte Zim-

. babwe and Zambia with diversified focus-on hy-
 brid development and production. As early as 1940,
- converted sorghum genotypes, especially combmed‘

Kafirs ahd the white grain male-sterile lines were
introduced into South Africa. The entry of private

“seed companies led to the, commmcmhzat;on of

scrghum for industrial use suchas in ‘opaque beer’
and malting for foods and drinks. In South Africa,

- selections from landraces included the then well
. known Red Swazi, which is still one of the earliest

maturing (90-95 days) variety in the region and
Framida, selected for Stiga resistance from an in-
troduced Chadian/Ni ger;an landrace. The male
parent (Red Nyoni) pf the most popular hybiid, DC
75 known for its opaque beer brewing quality isa
landrace selection, which is popular in Zimbabwe
and Zambia. RediNyoni was selected from the
improved landrace, Red Swazi in Zimbabwe
(Doggett, 1988). One of the most popular and
widely grown sorghum varieties in-Botswana and
the rest of the Southern Africa region is Segolane
was-also selected from landraces. Among the other.
varieties released earlier in Botswana and derived
from the introduced Azfirs from USA are 8D and
65D (Saunders, 1942),
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The cyclic occurrences of severe droughts in the
late 70s in the region, leq to the heads of States of
SADCC (Southern %Africa Development
Conference community) to deliberate on
interventions to minimize the effect of drought. This
led to establishment of SADC/ICRISAT Sorghum
and Millet Improvement;Program (SMIPY in 1983/
84. Sorghum improvenient in SMIP has used a
regional, collaborative} éand multidisciplinary
approach since its mceptlon In the 15-year period
from 1983784 to 1997/98¥ improved varieties and
hybrids were developed,g tested on-station and on-
farm and released by the National Agricultural
Research System (NARS) of the elght courntries in
SADC region. The major objectives of sorghum

improvement research in the région.include:.

development of high yielding and early maturing
dual purpose varieties with resistance to’ drought,
downy mildew, leaf blight, sooty stripe, and Sriga.
Apart from these, the arams were also evaluated
for food, malting, and feed qualifies.

The SMIP program made significant achievements
in germplasm movement and utilization; cultivar
development, testing, and release assessment of
grain qualities for different end uses; strengthening
research capacities in the national programs; and
strengthening linkages ‘with non governmental
organizations (NGOs), prwate sector and seed
companies in Zimbabweand South Africa, millers
in Botswana and_ Zimbabwe, breweries and feed
companies in Zlmbabwe, farmers’ organizations,

and Universities. More than 12000 sorghum

gexmplasm accessions were ‘assembled from all
over the world and made accessible to National
Agricultural Research Sys?em NARS for sorghum
improvement. From th ese 10,075 improved
breeding lines, 4634 1mpro“ved varieties, 379 hybrid

parents and 3436 expemmental hybrids were .
developed and supplied fo Angola (100); Botswana -

(2398), Lesotho (681), Malawi" (1449),

Mozamblque (322), Namzbla (139) South Africa

(147), Swaziland (326), Tanzania (3702), Zambia

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

varieties and hybrids were released in eight SADC
countries. Botswana (three varieties and first white
grain hybrid in the region), 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
hyrid), However, of these 27 released varieties and
hybrids, only 9 (33%) are cultivated on about 20-
30% of the sorghum area in six countries. Five
sources of resistance to three Str:ga species were
identified (Obilana, 274/ 1988; Qbilana, e7a/1991),
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 (Obilana, 1998). The variety
Macia proved most popular in the region, having

'beemreleasg’d“in five SADC countries (latest was

in. Tanzania in 1999) and is increasing in hectarage.

The comparative grain quality assessment of im-
proved sorghum genotypes, including 100 indig-
enous varieties with 27 released varieties revealed
that the grain quality of released varieties was bet-
ter than that of improved genotypes and indigenous
varieties. The transfer of this information to farm-

- ers dispelled their popular perception that released

varieties are inferior to released varieties for grain

‘quality and led the increased adoption of released

varieties (Obilana, 1997). Consequent of success
to farmer participatory variety selection methods,
three countries are now retargeting their breeding
approaches. Training in seed production and polli-
nation techniques was provided across the region’
to country Scientists, and in-country training was
organize‘d in.Botswana, Tanzania, and Zimbabwe.,
Areas where progress has been difficult include
increasing productivity of the improved cultivars,
and seed production and distribution. SMIP has also
helped identify future research needs and options
for commercialization of sorghum in each coun-
try.

West and Central Africa (WCA)

The West and Central Africa (WCA) region is the
largest and most important sorghum production
area in Africa. The sorghum crop in WCA is es-
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sentially rain-fed, and its cultivation extends from
latitude 8N to14°N typified by varied hgro-climatic
zones of humid (Southern Guinea Samnna) and
sub-humid (Northern Guinea Szwamm) to semi-arid
(Sudan Savanna) and arid (Sudano- Sﬁ\ helian) con-
ditions, from south to north. The These agro-cli-
matic zones are characterized by qhqrply varying
rainfall, temperatures and soil condltlom, ranging
from high rainfail (600-1200 mm) in‘the Guinea
Savannas to low rainfall (250-600 m}n) and very
high temperatures in the Sudan apd Sudano-
Sahelian zones. A combination of ihebe with vary-
ing day length periods demands ser{*hum varieties
different maturity photoperiod sensxtmtaes Also,
the production constraints and Aédptatmns require-
-ments vary with agro-climalic zone.

Before 1940, there was no accmmt-ﬁéf’;’soi'ghum
breeding research work in WCA. However, by the
carly 50s, local Jandraces were cellected and se-
lections were made in Burkina Faso,: Cameroon,
Mali, Niger and Nigeria. In Nigeria, the landraces
were initially grouped into four main types-namely
Guinera, Kaura (mostly yellow. enidosperm types
of Durra-caudatum-hybrid race), Farafara'(white
grain type of the race Durra), and Candatim types

(Curtis, 1967). Several selections were;m’xde most

popular of which were the Warsha typc sorghums,
short Kavra and Janjare from Niger and Nigeéria,
and Muskwarig/Masakwa (tmmphmicd sorghums
in vertisols and hydromorphic sgjls) sorghum frem
Lake Cl 1ad and the inland delta of thegriver Niger
in Mali-By 1966, exotic materials were?mtroduceci
and tésted, and pedi gree-breeding progz*ams ‘began
from the derivatives of local x local, Joc&l X exotic
and exotic x exotic crosses. Extensive breeding
programs became established across the region
(Andrews 1970, 1975a and 1975b; Barrault er o/
1972; C)guui ein and Obilana, 1682). Cxantcrmu
and Nicou (i 994} reviewed such actmtxes iny French
West Africa, which were initiated by IRAT in 1964,
In the next 10-15 y&us 1e. by 1971 1:984‘ sev-

eral' improved pure line varietics and hyb;;ds were
developed, tested and released during; 1971-89°

{Obilana 1979, 1981, 1981a, [981b; Chanterean
and Nicou 1994, Andrews 1975g, 1975b; C'uscm
1977, El Rouby 1977). -

Following selections among landraces, introduc-

* tions and Ii'm:s derived from crossing und back-

crossing prcgmms both hybrid development and
popilation improvement with recurrent selection
programs started across the region. In'Nigeria, be-

. fore 1970's, the hybrids directly introduced from -
. USA and India failed to.make a dent to boost sor-

ghum productivity due to their poor adaptation.”
Therefore, the exotic seed parents were crossed
with Jocal breeding lines to develop male-sterile’
lines from 1970 onwards. The most useful materi- .
als derived from this process are: CKGOA (semi-
dwarf and garly); ISNIA, Kurgi A and RCFA (pedi-
gree: (CKG60BxFFS0) x (CK60A) which are semi-

‘tall and late maturing, (Obilana 1982a), From 1977,

testing of large number of hybrids involving three
(RCFA, ISNIA and Kurgi A) of the lour locally
developed male sterile lines and improved and re-
leased varieties was intensified (Obilana 1982b).

*Of these, five hybrids (SSH |, SSH 2, SSH'3, S§5H

4, SSH5) were identified as promising (Obilana,
1982a). Similar efforts in Niger resulted in the de-
velopment and production of the hybrid, NAD-1
by 1989. The experiences of breeding and poten-
tial of hybrid, sorghum in other African cointries
are presented by House er 4/(1997).. |

ICRISAT' s\involvement in sorghum breeding in
West and Central Africa began in 1979 with the
establishment of centers at Kamboinse and

~ Ougadougon: in Burkina Faso; later shifted to

Niamey in Niger, and now operating from Samanko
in Mali since 1985. The ICRISAT" s genetic en-
hancement work in West Africa was preceded by
Institut de Recherche Agronomiques Tropicales
(IRAT’s) involvement in francophone territories
from [964. Selection from segregating materialg
(derived from exotic x local crosses) and exotic

" germplasm introduction were the focus of both

programs. ICRISAT was also involved in popula-
tion improvement for grain food quality among
guinea sorghums in Sotuba and Samanko, Mali.
Breeding for Swiga vesistance was also initiated in
1979 in Burkina Faso by ICRISAT. One of the
achievements from the joint presence of ICRISAT
and [RAT in West Africi is the development of the

varicty, IRAT 204, derived from a IRAT 11 x IS
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12610 cross. IRAT 11 is a derivative from Senégal
local (Hadien-kori) x Niger local (Mourmoure)
cross. IS 12610 is an Ethiopian germplasm acces-

- sion from ICRISAT gene bank,

. To stabilize and to improve foreign exchange earn-
ings in Nigeria, during. 1980s, breeding programs
were focused on the cieveiopment of varieties suit-

able for mait preparatxcms and brewing of clear la- .

ger beer. As a result, improved varieties with good
nult and brewing cIe‘lca}ager beer qualities were
developed and released; {sziana 1085). Collabo-
rative grain quality testmg ‘including malting qual-

ity and proximate malyszs between Institute for
Agricultural Research (IAR) Ahmadu Bello Uni-
versity (ABU), Samaru, Zam and the Federal In-
stitute for Industrial R&se‘arch (FIIRO), Oshodi,
Lagos (Obilana and Diamxa 1983, FIRO, 1986)
led to the identification of SK 5612, the best malt-
ing sorghum. These were fo lowed by series of pi-

lot brewing and test marketmg of lager beer made

of sorghum malt (barley malt was replaced in ra-
tios of 25%, 50%, 75% and 100% by sorghum malt)
in 1984 in collaboration with three breweries. Fol-
lowing positive outcomes from acceptability, qual-
ity testing and successful marketing of the 100%
sorghum malt, the government of Nigeria banned
import of barley malt in 1988, thus saving more
than US$100 million foreign exchange. The fed-
-eral Nigerian gcvemmeni installed a brewing in-
dustry with a productien capacity of 18 million
hectolitres of beer in 1988 (Bogunjoko, 1992). A
spillover effect of this impact is the, establishment

of intermediate malt industries. This led to quan-

tum ‘increase of sorghun malt and sorghum malt-

syrup production by bevemge industries produc-
ing malt drinks (ma]tma malta and Amstel) by
major breweries and ‘i:everaga companies in Nige-
ria (e.g. Cadburry Ltd., Lages) Another spillover
impact of breeding and selac{zon of varieties suit-
" able for brewing malt is the use of sorghtim malt in
composite flour with when and maize, as wean-
ing foods (Murty ef%/ 1997).

The large-scale demand for the variety SK 5912
encouraged sorghum researchers to intensify the

« efforts on the identification/development of vari-

eties snitable for brewing malt and lager beer. An
effort in this direction led to selection of another
white-grain sorghum variety ICSV 400 by Nige-
rian and ICRISAT scientists (Murty e7 a/,

1997).

Intsormil

The International Sorghuwm and Millet
(INTSORMIL) Coliaborative Research Support

Program (CRSPF, pronounced “crisp”) located at the

University of Nebraska, begap in 1979 and includes
the participation of seven U.S. universities (Uni-
versity of [llinois, Kansas State University, Mis-
sissippi State University, University of Nebraska,
Purdue University, Texas A&M University and

Wett T[cxas Ad&M University) and the USDA/ARS,
‘as well as: ‘research institutions in the U.S. and col-

laborating countries. The INTSORMIL. CRSP, or

- simply INTSORMIL, is a research organization

focused on education, mentoring, and collabora-
tion with host country scientists in developing new
technologies to improve sorghum and pear! millet
production and utilization worldwide, The results
of the research are of benefit to both the United
States and colluborafing countries.

INTSORMIL research is based on long-term, sci-
entist-to-scientist collaboration to remove con-
straints to the production and utilization of sorghum
and pearl millet. This research involves the devel-

opment and exchange of data, techniques,

germplasm, and information between the United
States and collaborating countries, to the benelit
of producers, processors and consumers of sorghum
and pearl millet worldwide. INTSORMIL plunt'

- breeders work with agronomists, plant pathologists

and entomologists to select varieties of sorghum
and pearl millet which are resistant to pests such
as parasitic weeds, fungi, bacteria, and insects.
INTSORMIL food scientists work with plant breed-
ers and agricultural economists to identify and de-
velop lines of sorghum and pearl millet with im-
proved characteristics for milling, food products,
and livestock feed. INTSORMIL agricultural
econontists o research'on the economic aspects,
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including cconomic impact, ol agricultural research
on the production and utilization of sorghum and
pearl millet

The plant breeders of the INTSORMIL havdibeen
instrumental in introducing germplasm (ggnel:c
material) from many foreign countries mto«U S.
sorghum and pear} millet lincs, improving thc re-
sistance of these U.S. crops to many plant discases.
Drought tolerance and disease tolerance bred into
U.S. lines of sorghum developed by INTSORMIL
researchers have been incorporated into lines of
these crops in Africa and Latin America, improv-
ing crop production and fighting hunger in those
arcas.

Researchers of the Sorghumy/Millet INTSORMIL)
collaborative Research Support Program (CRSP)
have devcloped a rapid non-destructive bioassay
for assessing S/7iga resistance, and new genes
found to have stable Sr4ea resistance are being bred
into improved sorghum varieties. More than nine
Striga-resistant varieties of sorghum have;been
tested on farms throughout the African continent,
and multiplication of well-adapted vancuaqws in
progress. Using plant-breeding and genetlc re-
search, INTSORMIL researchers are helpmg in-
creasc sorghum production in arid, Siriga-affected

areas, resulting in alleviation of hunger in ATrica* -

Part of the INTSORMIL utilization rc'search has
centered on the relatively low protein dlgestlbnhty

of sorghum grain. Sorghum protein makes up 2 about X
12% of grain weight and about 70% of the pxotem -

is encapsulated in hard-to-digest spherical ag§em-
blies called protein bodies.

A new discovery from INTSORMIL funded re-
scarch at Purdue University is a sorghum grain type
with high protein digestibility, In the accompany-
ing figure, high magnification pictures taken with
a transmission electron microscope are shown of
normal protein bodies on the lelt (A) and highly
digestible protein bodies on the right (B). The dra-
matic difference in structure accounts for the im-
provement in rate of digestion in the highly digest-
ible types of sorghum. Researchers are exploring

ways (o use this sorghum for human food and ani-,

mal feed. More easily digestible sorghum is ex-

‘pected to improve human nutrition, parliculatly in

Africa and India, and has the potential to improve

the nutrition of livestock, both in the U.S. and else-

where,

Digestibility affects the vaiue of sorghum as for-
age for hvestock The brown midrib (BMR) trait
in some lines of sorghum developed by

INTSORMIL researchers provides greater. digest-

ibility than normal forage Sorg]luxns. The pictures
above and on the left show BMR sorghum x

'_sudangrdss hybnd forage to be preferred by graz-

ing cattle in a free-choice test. Six rows of a con-
ventional type sorghum x sudangrass hybrid (the
number one pedigree sold all over the world) were
alternated with six rows of BMR sorghum x
sudangrass hybrid, and the cattle were allowed free

choice grazing throughout the field.

BMR Sorghum-Sudan grass forage. The first
commercial production of Nutri+Plus BMR sor-
glium x sudangrass forage hybrid, based on BMR”

sorghum mutants refuiting from research by
. INTSORMIL scientists, was in 1996, and 1 mil-

lion pounds were sold, during 1997, This BMR
hybrid has shown an 18, 9% average increase in feed

value, compdied to riormal sorghum x sudangrass

hybrids and offers an additiona) $42.84/acre, based
on feed. valuc of $60. OO/{on A total of 2.1 million

. pounds of seed of a highly digestible sorghum x
', sudangrass hybrid was produced and sold in 1999,
and 4.1 million pounds of seed was bein g produced
for sale in the year 2000. Improved nutritional qual-

ity of sorghum for livestock foriige is another bén-

- efitof INTS ORMIL research, which through com-

mercialization is providing value to the farmer.
Sales of only one company's BMR sorghum x.
sudangrass seed in the year 2000 are expected to
provide ddditional value to farmers of
$17,136,000.00.'Th'is value-added product is be-

“ing well received by the U.S. dairy industry and is

also being exported to Pakistan, Mexico and
Canada, improving the U.S. balance of trade.

BMR Sorghum forage. In Nebraska, research
has shown that BMR forage sorghum outpetformed
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standard sorghum hybrids and may be egual to
~ some corn:hybrids whensused to feed dairy cows.
BMR sorghum silage was shown to be 10 percent
more digestible than regular sorghum silage, re-
sulting in more than 10 pounds of milk per day
and a value, which could be as high as US$ 200, an
acre more than regular sorghum. Palatability and
feed intake of cows fed BMR silage were compa-
rable to corn silage diets. Both regular and BMR
sorghum average 25 to 30 tons per acre of silage.

Latin America

In Latin America, sorghum is produced on inter- -

mediate to large farms except in some inland val-
leys and eroded mountain sEopes of Central
- America utilizing hybﬁdsxmported from USA and
cultivars developed-in thg regions. In Guatemala,

El Salvador, I—Ionduras,:Nlcaragua and Haiti, a

large part of the preducnon is on small subsxstence
holdings often less than éne ha size where farmers
‘use photoPemod sensnwe hndmccs intercropped
with maize and beans usmg traditional production
practices.

The damages due to doWny mildew, anthracnose,
grain mold, stem borer. and midge among the bi-
otic stresses and soil acidity and alkalinity, drought
and cold temperature among the abiotic stresses
are the major yield constraints apart from the lack
of early-maturing, tropically adapted cultivars with
high yield potential and tolerance to major stresses
in the region.

Although the majority of the countries in the re-
gion have well-éeveiapecf agricultural research in-
stitutions, the sorghum component is weak in many
. of them because of poor’ operational budgets and
. trained human resourced. ICRISAT initidted the
Latin America and Caribbean Program in1976 by
stationing its staff at Intemat;onal Wheat and Maize
~ Improvement Center (CIMMYT), Mexicb. The
program-was aimed (o d’evele::cp early, dwarf and
bold grain varieties for fenﬁxle s0ils in both the high-
lands and lowlands of Céntral America. The pro-

gram was ]ﬂter transformed as Latin Arerican .-

Sorghum Improvement Program (LASIP) in 1990

and led by Varthan Guiragosian and Cropmton Paul,
a cereal breeder. LASIP had a comparative advan-
tage in the development-of tropically adapted im-
proved germplasm resistant/tolerant to major pro-
duction constraints food-grade cultivars in Latin
America. Several varieties were released and
adopted based on ICRISAT-bred improved
grermplasm, Due to funding Constraints, LASIP
was discontinuied in 1993. However, considering
the interest shown by Latin Américan NARS, a
program for improving sorghum for acid soil tol-
erance was initiated in 1996 with funding support
fromInter Amerxcan Development Bank (IADB).

Tize acid and infertile Oxisol areas in Tropical
America are dominated by Savanna system in the
-Llangs of Colombia and Venezuela, and the
Cerrados of Brazil (Gourley 1991), which tradi-
tionally used for livestock grazing. Sorghum is
considered to have potential to contribute to sus-
tainable acre-pastorai systems. The INTSORMIL
program identified 20 acid soil tolerant lines 1980s
(Gourley 1991), but they were susceptible to leaf
diseases. At its centers in India and Africa,
ICRISAT has developed diverse sets of hxgh-—ywié'
ing sorghum breeding lines useful as base materi-
als for testing in acid soils of Latin America. Since
1996, ICRISAT, International Center for Tropical
Agricultural (CIAT) and the national programs of
Brazil, Colombia, Honduras and Venezuela have
jointly implemented an IADB-funded project on *
A research and network strategy for sustainable
sorghum production systems for Latin America”.
The major objective of this project include; (1) to

-assemble, multiply and evaluate grain and for'we

sorghum breeding lines for tolerance to acid soils
and resistance to foliar diseases, (2) to develop a
research network of scientists working on this crop

_in the region and train them in sorghum research,

and (3) to test the most promising genotypes in the
target production systems.

A diverse set of 378 pairs of grain sorghum A-/B-
lines, 784-grain sorghum R-lines/varieties and 94
fordge sorghum lines were introduced into Colom-
bia from ICRIS AT-Patancheru. In addition to these,
male sterility inducing gene (ms,)-based two-grain



iStrategies for Millets Development and Utilization

109

sorghum populations (ICSP LG-Large grain and
ICSP B-maintainer) and one forage sorghum popu-
lation. (ICSP HT-high tillering) developed at
ICRISAT were introduced. These- introductions
were tested-empirically for grain and forage under
acid soil conditions and- selected fifteen grain sor-
ghum A-/B-lines for high yield, and resistant to leaf
diseases and tolerant to acid soils and twenty-one
R-lines (on A, cytoplasm) for high yicld under acid
soils (Reddy ¢ a/2004a). Besides these, four for-
age lines (IS 31496, 1S 13868, ICSR 93024-1 zijnd
ICSR 93024-2) were selected for tolerance to acid
soils.

Inback-up breeding progran:, ICSP LG-large gram
and ICSP B-maintainer populations. were mcrged
and selected alternatively at CIAT farm under neu-
tral Ph, and at Matazul under acid soil condmons
Some of the sclections (male fertiles) were ad-
vanced through pedigree breeding. Several prom~
ising progeniés were also selected from the segre—
pating materials of the specific crosses made among
the lines selected for acid-soil tolerance and 1css
suscepnbie to foliar diseases,

Nearly. 200 hybrids involving selected A- and R-

lines and INTSORMIL R-lines were evaluated at
Matazul (60% Al* and 4.6% orginic matter). These
hybrids produced more than 5 t ha! grain yield
while the AI* tolerant check Real 60 yielded 4 t
ha'*. Some of the outstanding hybrids include; ICSA
38 x REAL 60, ICSA 73 x ICSR 110, ICSA 89002
x REAL 60 and SPMD-A 94045 x A 2267-2. Thé’se
are less susceptible to leaf diseases, greener} fat

maturity, and also taller than the check Real 60

(Reddy e a/. 2004c).

Impacts on Indian sorghum
research and productivity ‘

A major portion of the world collection consists of
tall, photosensitive tropical landraces. These, '15
such, are of limited value in crop improvement pro-
grams. To augment the use of tropical ge;rmplasfm
and to broaden the genetic base, the US scientigts
began a tropical conversion program using the lorig-
day rainy season-and the short-day post-rainy se;l-

‘son gernmiplasm at Puerto Rica Centre. At ICRISAT,

"several tall; late flowering zerg zerg (from Ethio-
pia-Sudan bordel) Kaura and Guineense {from

ngena) landraces has:been converted into short

.and early flowering lines.

Germplasm introduction

A lotal of 22,701 exotic germplasm accessions have
been introduced into India from different countries.

The major contribution is. from the USA,

Cameroon, Ethiopia, Zimbab»y_;:, Sudan, Uganda
and Nigeria. The core collection constituted at
ICRISAT consistirg of 3,475 accessions {(approxi-
mately 10% of total collection), which represents
the genetic spectrum of total collection at [CRISAT -
(Prasada Rao er a/. 1995). The core collection is
expected to enhance the utilization of genetic re-

sources by the Indiap national sorghum
‘scientists.

~Germp|ésm evaluation

:Indmn sorghum germplasm has been evaluated at

International Crop Research Institute for Semi Arid
Tropics (ICRISAT) Patancheru for various agro-
nomic, resistance: (biotic and abiotic) and grain
qm]xty evndent traits. Among the insect-pests, the

;most intensive scrcenmg was carried out for resis-
tanice to shoot fly and-‘stem borer. The resistant

sources 1dentxﬁed are predox‘numntly of India ori-
gin, and a few-are from Ethiopia, Nigeria, Sudan

‘and- the USA. The. sourges that showed stable re-

sistance to stemi borer and shoot fly aie IS 1044, IS
1054 (M35-1), IS 1151,1S 1055 (BP53), 1S 1119,
18.2195, IS 4664, IS 5469, IS 5613, IS 8315,
181082, 18 2205, 1S 12308,1S 13100 and IS 18554,
and IS 1594, 1S 4261, 1S 4825, 154881, and IS
4923, respectively).

Utilization of germplasm

Usable sources of cytoplasmic-nuclear male ste-
rility (CMS) were developed in the USA in 1950s
by incorporaling gene from race Aqfir into milo
cytoplasm (Stephens and Holland 1954). Initiaily,
the CMS lines and other germplasm lincs were in-
troduced from the USA and later from Africa, and
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femperate x temperale and temperate x tropical
crosses, particularly the former, were developed and
tested. Pedigree. selection from segregating linegs
derived from these crosses resulted in the develop-
ment and release of, three hybrids, namely, CSH
1, CSH 2 and CSH 3 during 1962-69. Of these,
CSH 1 involved CMS CK 60 (introduced from
USA) as female parent, which had High yield po-
tential and responsive to improved managemenf
pmctxces as compared to old cultivars with-adapta-
tion to light soils and low rainfall arcas. The intro-
duction of CSH 1 durmg 1960s resulted in quan«
tum jump in produ‘ctmty and pmducnon

During next decade (1970-1979), three hybrids,
CSH 4, CSH 5 and CSH 6 were developed and
released. Of these, CSH 4 was. dual-purpose hy-
brid with high grain fodder y;eld potent:al The seed

parent of this hybrid, 1036A, Wwas developed. from’

a cross of CK 60B and PJ 8K (a local variety from
Maharashtra). While the hybrid CSH 5 (MS 2077A
and CS 3541y had substantial yield improvement
and resistance to grain moulds and leafy diseases
as compared to CSH 1, CSH 6 derived from the
cross between 2219A (early CMS line), and CS
3541 R (converted version of photoperiod-sensi-
uive Ethiopian line IS 3541), became very popular
for inter-intercropping in pigeon pea due to its plant
type and earliness, CMS 2077, female parent of
CSH 5 (MS 2077A and CS 3541) was developed
from IS 2046, a germplasm introduced from
Senegal. '

In general, grain yield was markedly erihanc‘ed by

utilization of exotic breeding matérial in hybrid
program, However, the increased susceptibility of

hybrids to major diseases and insect-pests and in-

ferior grain quality compared to that of local culti-
vars resulted in poor acceptance of hybrids by the

farmers. To overcome these constraints, CMS and
restorer (R-) lmes were devejoped from derivatives
of tempernte x tropical crosses, Further increase
in grain yield was achieved during 1980-1989 by
the development of CSH 9, CSH 10 and CSH 11,
all based on new seed pﬁzent CMS 296, CMS 296
was a very good comblger and was the derivative
of cross between Karad docal (Indian germplasm)

and IS 3922 (American line). While CMS 296 was
widely used seed parent, CSH 9 became a widely
adapted hybrid.

During 1990s, a few other CMS 296-based hybrids
were developed and tested. However, none of these
were significantly superior to CSH 9 for grain yield.
ENsvenhe}ess, release of the hybrids, CSH 13 and
{CSH 14 provided useful diversification-for early
%mmurziy and fodder yield. €SH 13 had very high
ifodder yield potential. The male parent of this hy-
rfbrxd (CSH 13), RS 29 was developed from the ¢ross
*bstween SC 108 (an American elite line) and SPV
3126 (a'tall mutant of CS- 3541). CSH 14 was carly
gvsfit} grain yield potential at par with CSH 9. How-
iever, a need for diversification of CMS parent was
felf in view of stagnating yield potential and seed
?productxcfn problems. A high yielding hybrid CSH
Elé was developed using new parental lines (CMS
27 and C43 R). This hybrid also showed improve-
ment in grain mould tolerance as a result of incor-
poration of the Ethiopian germplasm IS 23549 con-
tent in its R parent. The CMS parent was d’evel-
oped from multiple crosses involving IS 3687, |
3922 and 2219B,

Simultaneously with hybrid breeding, improvement
of open-pollinated varieties was undertaken. First
variety, CSV | is a direct introduction (IS 3924)
from the USA. CSV 2 and CSV 3 were developed
from temperate x tropical crosses. CS 3541, the
restorer parent of three popular hybrids (CSH 5,
CSH 6, CSH 9), also became popular as a variety
CSV 4. It is a converted line of an African
germplasm line 1S 3541, CSV 5 was dcveloped
from Indian Jocal Aispuri and US line IS 3687 and
h'wc shown S77pa resistance. CSV 1lwhich be-
Came popular for high fodder yield, was developed
,irom a cross of American elite variety (SC108-3)
with Indian elite variéty (CS 3541).

SPV 462 which became very popular, was devel-
eped frem multiple cross invelving IS 2947 and IS
3687 introduced from the USA and 1S 1151 and
BP 53, locals from Maharashtra and Gu;arat in In-
dia, re%pectwcly SPV 462 has high grain and fod-
der yield and good grain quality, CSV 13 is an-
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other variety developed from multiple cross-of ex-
otic and local germplasm. Variety CSV 5, devel-
oped from SPV 462 and CSV 13, is dual-purpose
variety having as high grain yield as that of CSH 3
and fodder yield as that of CSH 10. The present
day varieties and the restorer parents have moder-
ate level of resistance to diseases and insect-pests,
but the CMS lines are highly susceptible.

impacts from ICRISAT -~
partnership programs

Screening germplasm for forage traits.

Mathur ef a/, (1991, 1992} liave published: two’
catalogues on evaluation of forage sorghum .

germplasm maintained at ICRISAT gene bank
based on the studies miade under NBPGR-ICRISAT
coliaboration program. Information on nearly 1500-
collections fror 37 countries for 26 traits was re-
ported. in one catalogue. The other catalogue con-
tains information on 3,943 collections from differ-
ent states of India evaluated for 19 characters. In
both cases, the evaluation was done during rainy
season at three locations (Delhi, Jhansi and Akola).
The details of books/catalogues/web sites/pub-

lished on Indian germplasm are available from the -

ICRISAT websites-hitp./fwwwicrisat.org, ltip.//
wwwsingercgiarorg; - and  fupiwwmw
HICSOFghin. ves. i,

Screening for prociuiction constraints. Based-

on laboratery and field evaluation, several
germplasm sources for Strigaresistance weie iden-
tified at ICRISAT and some of them that have been
used in breeding program are: IS 18331 (N 13),IS

8744 (Framida), 18 2221, 1S 4202, IS 5106, 1S 7471,

1S 9830, 1S 9951, 555, 168, SPV 221 and SPY 103 |

Tall, stay green, high tillering and stem borer re- -

sistant CMS lines (ICSA-/B- 671 to ICSA-/B- 674)

. have proved useful for developing forage sorghtim’ -

hybrids in combination with Sudan grass and-sweet

sorghum pollinators, The germplasm lines used for -

forage sorghum improvement were: IS 1044 IS
12308, IS 13200, 1S1 18577, IS 18578 and IS
18580, Further, IS 3247 has been utilized for de-
veloping low-HCN forage sorghums.

- Indian NARS

Exchange of breeding material. Based on spe-
cific requests, seed samples of hybrid parents, va-
rieties, and populations were supplied to NARS
partners in India. A large number of seed samples
representing various categories of breeding mate- -
rials (A- and B-lines, restorers, varieties and oth-
ers) have been supplied to several pubhc (62,161
samples) and priyate sector (51,428 samples) sci-

‘entists, in India. durmg 1986 to 2003. It is impor-

tant to note that naait1~natzenal private seed com-
panies share’ the;r ICRISAT-procured breeding
materials among%’heir various branches and hence

“there is.much wzdgr dissemination of the material
“across the gldbe. The use of these improved breed-
Jing materials had mulnphet effect, with public and

private research orgamz‘xtions further developing
54 finished products (nybrids), specifically for tar-
geted proéuctzon ‘areas testifying the utility and
impact of ICRISAT bred hybrid parents. Further,

ICRISATs mtematmnal testing program helped in

testing some of the cultivars developed by Indian
program scientists, and some of these cultivars have
performed well in:several parts of Asia (e.g. Thai-
land) and Africa (e.g. Ethiopia). For example, the
hybrid, CSH 9 performed well both in Africa and
Asia, and the vanety, GPR 148 is preferred by farm-
ers in Ethxopxa for its earliness and bold seed

Participation in AICSIP trials. All India Coor-
dinated Sorghum Improvement Project (AICSIP)
has been conducting replicated yield trials at vari-
ous locations representing different agro-climatic
zonés with a view to identify and release improved
sorghum varieties:and hybrids for commercial cul-
tivation in moré tlian one state, ICRISAT-bred va-
rieties/hybrids an;d those derived from ICRISAT

;breedmg matersaﬁ :by national breeders have been

tested in AICSIlg\trxals since 1979-80. So far, 68

varieties and 74 hybnds were entered into advanced

trials du:ectly by ICRISAT (up to'1992/93 and there-
after, direct’ cbntrzbutmn was stopped) and 167 va-

_rieties and 74 hybr:gds developed from ICRISAT

g"iateriais were enjered into advanced trials by na-
tional program biéeders (Reddy eral. 2004 b).

ICRISATA CAR partnershlp Projects. The in-
creased need for pmon itization and focused research
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led to the development of formal partnershipd
projects between ICRISAT and ICAR. Currently,
there are two formal partnership projects- (i}. Di-
versification of seed parents and -restorers with
adaptation to rainy and postrainy seasons, and (ii).
Mechanisms and molecular markers for resistance
to grain mold, shoot fly and stem borer. In these
partnership projects, for. example; some of the
materials (PKV 801, KR 194, C 43, PMS 7B) de-
veloped by Tndian programs are being used to de-
velop mapping pepulahom to xdenufy molecular
markers for resistance to gmm mold.

JCRISAT also- supplies advanced lines to NRCS

towards trait-based nurseries and NRCS erg'mlzesj

~and distribute them along with their own materials
to the selected AICSIP centers, For examp}e NRCS
organizes the evaluation of Sorghum Grain Mold
Variability Nursery (SGMVN) and Sorghutn Grain
Mold Resistance Stability Nursery (SGMRSN) at
“AICSIP centers at Akola, Parbhani, Palem, Surat
and Patancheru to identify major pathogenic fungi

and variability among them in different énviron-

menis. The purpose is to evaluate the performance
of the lines developed from grain mold resistance
(GMR) breeding at ICRISAT and in Indian national
programs at diverse grain mold pressure locations
in different sorghum growing zones in India and to
identify advanced lines with’GMR across locations
for their utilization in GMR breéding. Similarly,
NRCS organizes the evaluation of shoot pests and
sugarcane aphid resistance nurseries at AICSIP
locations. As a long-term and balanced breeding
strategy to develop the much needed broad genetic-
based improved pure-line varicties as well as hy-
brid parents for sustained productivity as well as

for developing cultivars that cater to the diverse-

and ever-changing consumer pref erences and tastes,

‘population improvement progmms were revived in.

partnership with NRCS. A total of 24 ICRISAT-
developed genetic male sterility-based populations
that include ICSP LG ({harg), ICSP LG {m&z},
ICSP B {#harif), ICSP B (rab), Ge‘od grain; West
African carly, Indiay Diallel, Indian Synthetic,
Grain mold, ICST HT, Fast Lane R, Fast Lane B,
US/R, US/B, Serene elite, Tropical conversion, RS/
R, RS/B, ICSPIB/R MFR, ICSP2B/R MFR, ICSP

mriy dual purpose, head pest, shoot pest and photo-
insensitive populations are being maintained at
ECRISAT in collaboration with NRCS.

Breeding Products. Initially, both ICRISAT and
Indian NARS programs placed greater emphasis
on grain yield and good grain types, and the part-
nership was on informal basis, ICRISAT exten-
sxveiy made use of several high yielding good grain
type@ from the Indian programs.~For example, CS
3541, 555, UchV,, GPR 148, GPR'165,.GPR }68,
SPV 105, M 35- I and CSV 1(Swarna) in varietal/
restorer programs, and 2077B and 296B in séed

parents’ development program weré used as par-

ents for developing varieties or hybrid parenis at
ICRISAT. for regional and/ér global use. As the
program emphasis changed from breeding for high
yie dmg to improving for resistance to various bi-
otieww(grain &mciifs -sheot ﬁy, stem borer, midge,
'mi: mcnos'e Striga, etc.) and ‘aboitic (drought)
strcsses which are also relevant to India, ICRISAT
stxengthencd the sorghum improvement program
by ;mtmtmg several projects on breeding for the

résistance traits. This approach at ICRISAT gen-

eratéd diversified arrays of breeding materials im-
proved for resisiance to insect pests, diseases, S/ripa
and ’“dmughi This enabled the Indian program lo
%ake?advant'age of the brees:}mg materials and resis-
tant ‘sources hmproved in joint Indian NARS-
ICRISAT partnership programs. For example, the
improved resistant lines - ICSV 745 (released as
DSV 3 by Karnataka State), ICSV 735 and ICSV

197 (midge resistant); ICSV 705 and ICSV 708

(stioot fly resistant); ICSV 700 and ICSV 112 and
ICS\J 702 (stem borer resistant), Malisor 84-7
(heacf bug resistant); and ICSR 94015, ICSV 95012‘! '
ICSV 96101 (grain mold resistant); SP 36257
(downy mildew resistant); A 2267-2 (multiple leaf
diseases resistant); and ICSR 89014 (ergot resis-
tant) were utilized by various programs in India in
their resistance breeding programs, The Siiga re-
sistant varietics, SAR | (released as ICSY 145 for
eultivation in Andhra Pradesh, Tamil Nadu,
Karmiak’x by Indian Gevernment} and SAR
19, mciy be cited as the: shmmg examples of suc-
cessfi’:i partnerships between ICRISAT and ICAR
prcg,mms
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The ICRISAT-bred varieties, ICSV 1, ICSV 12,
SDS 2650, § 34, S 35, GD 57904, ICSV 126, GD

57903 and GD 11183 were utilized in .varietal.

breeding program; and ICRISAT-bred restorers and
seed parents, MR 750, MR 830, ICSV 89058, ICSV
194, ICSV LM 865B, ICSR 89058, ICSB {01,

ICSB 56, ICSB 73, ICSB 70, SPL.90B, SPMD
8643A (midge resistant); SPSER 94010A, SPSFR
960694, SPSER 8643 A and SPSFR 86065A (shoat.
ﬂy resistant) were utilized in the development of
hybrids in Indian Programs. Also, some of the seed
parents sich as ICSA 88020 were utilized in for-
age hybrids development at Hisar. The varieties,
ICSV I{CSV 11) and ICSV 112 (CSV 13) and the:
hybrid CSH 11 released -for commescial cultiva-
tion are popular among Indian farmers.

Apart from these, several germplasm accessions/
selections have been released as superior varieties
through partnership research in India. The notable
among these are NTJ 2 and Parbhani Moti (SPV
1411) for postrainy season cultivation. The
Parbhani Moti with its large and attractive grains
compared to that of M 35-1 (the popular postrainy
-season variety) received greater attention by large
number of farmers at farmers’ day held at Dharwad
jointly by University of Agricultural Sciences
(UAS), Dharwad and ICRISAT during October
2004. The demand for its seeds was overwhelming:
and ICRISAT readily responded and supplied the
seeds to about 200 representative farmers in
Karnataka. Thus, the partnership research efforts
by multi-disciplinary team of scientists at ICRISAT
and in NARS programs have led to the release of
22 1mproved cultivars using ICRISAT-bred mate~
rial in India.

Of late, use of sweet sorghum for ethanol produc-
tion is gaining increased importance following the
Government of India’s policy to blend petrol and
diesel with 5% ethanol in first phase and 10% in
second phase. Alfeady, research on sweet sorghuni,
is underway at NRCS and a few state agricultural
universities. As a result of these efforts, SSV 84,
the first sweet sorghum variety was developed and
réleased by national program during 1992/93. Re-
cently a sweet sorghum hybrid NSSH 104 has been

developed at NRCS by using SSV 84 as male par-
ent and ICRISAT-bred ICSA 38 as seed parent and
being recommended for release foe commercial
cuitwatmn as spemai purpese sorghum,

f Future perspectwes

In India, to stabilize the productivity, research thrust
needs to be placed on ‘managing major production
constraints such 3s shaot fly and grain mold in rainy
season and shoot ﬂy and terminal drought in
postrainy season. The breeding research on im-
provement of postrmny sorghum for grain quality-
evident traits such as bald and lustrous pearly white
grains and semi-corrieous endasperm suitable for
chapatti/roti making needs priority. Male ~fertility
restoration in hybnds under cold temperature ex-
perienced in postrainy seasons need to be addressed
by selecting the male-sterile lines and pollinator
under cold temperatures. The landrace pollinator-
based hybrids have the required traits for postrainy
season adaptation with farmers-preferred. grain
quality traits, except that they lacked resistance to
shoot fly and had intermediate grain luster, It is
therefore expected that if improved male sterile
lines with resistance to shoot fly and grain luster
become available, they can contribute to enhanced
accegtabxhty ‘of hybrids by farmers for postrainy
season cultivation. Product diversification such as
. fainy season-produced grains for use in poultry feed
and sweet stalks for.u§e in ethanol production needs -
greater priority, whilg sti]l focusing on food-qual-
ity grain especially ior postramy season adapta-
tion in India. Sunult neous efforts to link sorghum
producers w;th pouﬁry feed and products manu-
facturers and’ dxsts,liaimes in'a coalition approach
wouldensure sus%amabie and incréased demand for
‘these alternative products

In China, grain yleld %for livestock feed and sweet
sorghum for silage prcaducnon needs greater focus.
In Australia, grain yxe}d and resistance fo midge
and terminal drought stress should receive contin-
ved focus. In Africa, improvement of grain yield
and defensive traits such as resistance to stem borer
among the insect pests, anthracnose, ergot and leaf
blight among the dxseases and witch weed Sriga
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should be the major breeding objéctives, In regions’

where there is adequate seed production expertise
support such as Nigeria, Zimbabwe and South Af-
rica, hybrid breeding needs to be given greater
emphasis along with varietal improvement. Be-
cause of large areas with sozi acidity toxicitigs in
Latin America, breeding pwgrams should be de-
signed for developing calfivars resistant to these
problematic soils focusing on grain yield and green
fodder yield for livestock feed and fodder needs.

Considering vast areas affé@ted by soil salinity in

‘Western Asia and Northerq "Africa (WANA) coun-
tries, the development of vé‘metzes tolerant to soil

salinity would not only ensut;e sustainable andeco- -
friendly management of sucﬂl problématic soils, but

-also help enhance smghurn“produchon

So far casidatm, kafr, and durra tjq‘ﬁes have been
extensively exploited in sorghum improvement

programs all over the globe anf ‘yielded desired.

results. However, guineatype germplasm resources
needs to be tapped to capture further diversity into
the-varieties and hybrids for sustainable produc-
tion systems. The vatiability in the cultivated sor-
ghums (5. dicolor) particularly doc/na types that
originated in Myanmar and other higher biomass
types with sweet stalk (also pmwn midrib) and fo-
liar disease resistance needs o be exploited for the
improvement of forage and Sweet sorghums.

Several countries are in the process of enacting (a
few countries have already eniacted) legislations for

protection of plant varieties (PPV), there is an ur-.

gent need for characterization and building data-
base of extant and new varigties/hybrids for pro-
tection under these PPV acts;to prevent undue ex-
ploitation by claiming monopolyirights over pro-
duction and marketing of theSe hybrids:

The use of blotechnoiogxcal;stools such as DNA

markers and transgenic tech‘nology for sorghum
improvement have not yleldetl desired results 5o
far. Therefore, the canventmnal breeding ap-
proaches should continue to recelve adeauaie Jual
ority for the improvement of tarcreted tt‘alts' while
mastering the DNA marker and trans gemc tech-

nologies for the improvement of traits such as re-
sistance to grain mold and shoot fly/stem borer,
which hitherto remained elusive/intractable through
conventionhal approach.
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