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SUHHARY
I. Sorghum Breeding

The opportunity available to the sorgliun program of ICRISAT has
expanded substantially in the last year. Beside the scation at Quagadousuou,
Upper Volta, a sorchun breeder has heen stationc. at Yad Medani, Sudan,
Ilonpga, Tanzania, and it is anticipated that a sorghum breeder will be
stationed vithin che ICKISAT program at Samaru, iligseria. A program is also
seveloping <hine wi.l focus on the higiher clevarion situations primarily in
Ethiopia and flenya. ICRISAT has a sorghum brecder stationed at CIIMYT in

Mexico; however this paper concentrates on India and Africa.

The Government of India has approved five locations as substations
of ICRISAT: Bhavanisagar, Dharwar, Gwalior, :lissar, and a site yet to be
selected in Jammu-Kashmir. How these locations might contribute to an
ICRISAT cooperative network for sorghum breeding research is considered in

this paper.

A second important development at ICRISAT is the increasing
opportunities to screcn sorghum for various traits of economic importance.

Important criteria are:

1. Yield and stability
2. Quality

a) Traditional concepts
b) Food prcparation and tastc
c) MNutrition high lysine low tannin.

3. Resistance

a) Insccts: stcm borer, shootfly, Midge, possibly head bugs
b) Discascs: Grain moulds, Charcoal rot, Downy mildew

¢) Drought

d) Strniga.



The increasing capability to screen for these traits provides an ovor
improving base¢ for cffective cross discipline cocogeration., An effort has
been made i. this papcr to indicate .ow this multiaiscinlined approach wrul:

intcract with the sorphwm breeding prograum.

Indication “as boen made as to how the rogional stations both within

arsd outside of Iudia could contribute to supoort the multidisciplined apnroach.

The prograr “ssc is cxpanding fo include waterial adapted to an array
of climatic situations, and to incorporate som: photoscnsitivity across thc
range of maturitics. Somc photoscnsitivity for the drier zones protects the
cultivator who must repecatedly sow to cstablish stand, that he will have
moisture at the end to maturc his crop. A latc sown photo-insensitive type
might run out of moisture at the ond of the season becausc it could be
maturing aftcr the rains had stopped. Some photosensitivity in late maturing

types might well contribute to adaptation.

It is anticipated that each of the regional stations of ICRISAT outsidc
of India will have its own rcscarch program and undertake service functions
such as regicnal trials and nurserics. Breceders at these locations arce looking
to the center at Hyderabad for ever improving source material for factors as
mentioned above., It is anticipated that the ICRISAT stations will truly form

an effective network for crop improvement.

The important aspect of collection has not bcen stressed in this paper.
It is recognized that the collection is a source of variability for the traits

of intcrest. It has, is, and will be screened and cvaluated for traits



of concern. Theo introgression project is an important step botween manes
"
collections and their usc in the crop inprovement svogram. The colluctlin

is rccognizod as an important source acterizl.

It is anticinoted that sroven op

cnonically clite liacs, shoviar
wonkness for one trait, will, whencever possitls, b improved by @ type of
backcrossing program.  This brecding procedure has not been mentionod in
aztail as it is reasonsbly straight-forwerd aad svecific, The breeding

schemes presentud aro gencralized and simplificd in nost cascs.

The ICRISAT “cgional Stations have beon asscciated, in this paper,
with cnvironmental zoncs.  Thesc zones arc uscful for the cvaluation of
adaptation; however, it is recognizcd that brecding materials are useful
across differcnt zones. The comments made hoerein are not meant to imply
a rcstriction on this movement but to help focus a concentration of cffert.

This paper has been develoned primarily within the sorghum brecdins
group at the Ceriter (Hyderabad). It has bcen orranized to serve as a basc
paper to gencrate interaction and comments. It is not considcred a finishel

proposal. Your commcnts arc most welcomc.

Fcbruary 1978. L.R. House
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SORGHUM IMPROVEMENT

APPROACH WITHIN SORGHUM BREEDING

I. Introduction

The improvement of sorghum rests on across discipline approach.
The problem is how to most effectively integrate the contributions from
the disciplines. It is possible to improve several varieties for one
or two particular traits and once these have becn stabilized, cross with
varieties stabilized for other traits. This building block approach
is slow. Part of this paper presents an attempt to describe an approach
to sorghum improvement in which promising breeding material is strengthen-
ed for all important traits during its development. Over time continually
better varietal material should be forthcoming in terms of yield,
resistance and quality traits. It should also be possible to more clearly
focus on the problems of screening and to point to areas where greater
effort and expanded facilities arc required. This approach is also in
keeping with the philosophy at ICRISAT; and, the desires of our coopera-

tors, that we provide better and better source material.

This past year ICRISAT has had the opportunity to cxpand within
and outside of India. The Government of India approved outreach locations
at Bhavanisagar, Dharwar, Gwalior, Hissar, and a site in Jammu or Kashmir.

Overseas, beside the program in Ouagadougou and Sotuba, programs began



in the Sudan and Tanzania. Soon programs may opcn with likely centers
1t Samaru, Nigeria, and in the Ethiopia, Kenya 2rca. ICRISAT has also
taken responsibility for the cold tolerance program centered in Mexico.
This represents a trewendous cxpansion of opportunity for ICRISAT's
sorghum program. Fich of the overscas rcpional stations has or will
have its own nrojrm. It is oxpected that 2ll centers will form a
nctork of cooporating stations. As the stations are able, it is
expected that they will be responsible for regional nurserics and trials
as well as other activities such as collecting and germplasm maintenance,
for their regions. Climatic differences cxist and an attempt has been
made in this paper to begin to describe these differences in terms of
station rclationships. Therc is particular interest in the relation-
ship between the ICRISAT centers within India and those in Africa.

This excercise should subsequently be expended for other locations of
concern in the world. A map of Africa is presented showing the

location of many sorghum stations therc (Fig. 1).

II. Geographical and climatological rclationships of ICRISAT stations
in India and Africa

The network of ICRISAT stations has and is expanding considerably.
It is important to attcmpt to analyze rclationships between these
locations for soil, climatc, other environmental factors and the crop,
and also, to consider the unique traits of each location with reference
to contribution to the whole system. Cooperation between several

interest arcas at ICRISAT is obviously valuable.
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i) The rclaticnship between stations in India and Africa:

C »graphical information -hout stations in Iadia and in Africa
J4itn which they are climatolousicnlly most closcly rclated is presented
in device 1o (It s assumed thal Srinagar represents o clinctol .pgical
situncicn for the ICRISAT sitce in Jammmu-Xashmir)., Climatological
informntion is presented in Table 2. Geographical information is prc-
sented for a number of stations in Africa in Table 3. It appears,
for working purposes, that the climatic situation can be divided into

c¢irht categorics:

1. The low rainfall zone

2. The intermediate rainfall zone

3. The high rainfall zonc

4. The cquatorial zone

S. The high clevation intermcdiate rainfall zone
6. The temperatc zone

7. The East African zone

8. The Rabi Season, Indiq.

An indication is made in Table 3 how each station might fit into this

climatic division.

Weather records were used for the rcgional stations in India
and for locations in Africa choscn to indicatc broad climatological
diffcrences. These locations are not necessarily sorghum stations but
arc in areas wherc sorghum is an important crop. This information is

presented in Figures 2 through 35. Graphical comparisons are made in



Tables 2 through 7 and climatological information on a station by staticrn
basis madc in Tables 8 through 35 in fact, Tables 2 through 7 were made

from the others.

The station at Hissar is most reprusentative in India of the
low rainfall zone (Figs. 2, 8, 10, 11, 12, 13). The rainfall is
sirilar to that in the Sudan from Kassala south tc Abu Naama. The rain-
fall at Hissar and Kassaia is lower than at the West African locations.
However, rainfed sor;jhum is taken on the road between Wad Medani and
Gedariff (Figs. 2 and 11). With a station nat Wad Medani, this would
seem to be a good location in Africa to werk on sorghums for the low
rainfall zone. The temperaturcs at Hissar are definitely colder
during the winter months, but during thc growing scason arc hotter than
at the African locations. The opportunity for supplemental irrigation
at Hissar might help approximate the dry African situation, Hissar,

then, would be a uscful location for the sorghum program.

The climatic situation at Hyderabad is similar to that at
Ouagadougou; Figs. 3, 16, 18, 20, 21, 22, 23, 33, The climatic situa-
tion across Africa from Roseircs in the Sudan to Kanc and Kayes is very
similar to that at Ouagadougou. The dip in cxpeceted rainfall in August
at Hydcrabad is not cxpected at the other locations but the overall

pattem is similar. Temperatures during the rainy scason are very similar.



jhc rainfall and temperaturc pattcrns at Llongwe, Malawi, and Lusaka,
Zambia, are cooler but close to thosc of the other stations in this zone.
It would secm uscful that regional activities from both Hyderabad, and
Ouzgadougou, as well ns other stations in the zone, cxchange sceds

with thesc stations in the Scuthern Latitude,

The rainfall at Gwalior is hipher than at Hyderabad (Figures
18 and 19) indicating that Gwalior might countcrpart for a somewhat
higher rainfall situation in Africa. However, the duration of rainfall
is 1le¢ss (the scason shorter), also, Gwalior is fairly far north
(26O 14') which would present problems working with the photosensitive

sorghums of the higher rainfall zones of Africa.

None of the regional stations in India have a climate similar
to the high rainfall zones of Africa (Figs. 4, 26, 27, 28). This
climatic zone will be best represented by the ICRISAT regional center
developing at Samaru (Fip. 4). Brceding for this zone might also be
undertaker at Sotuba in Mali. The total rainfall pattcrn in high
elevation, high rainfall Ethiopia (Fig. 24) is similar to stations at
lewer clevation but the temperaturcs are very differcnt. The need to
scrvice such areas needs to be considered in developing a program
cxpected to center in Ethiopia and Kenya (Figs. 24 and 25 - note the

similarity in rainfall pattern between Jimma and Kitali).

The rainfall pattern in the equatorial zone is best represented



in India by the station at Bhavanisapar (Firs. 5, 32, 34, 35). The
similarity in rainfall and temperaturc between Bhavanisarar and the
ICRISAT regional center at Ilonpa (near i‘crogorn) is ood. Tempera-
tures Jrovu at hisgher clevations (particularly Butare) but still it
seens rensonable to service this hisher elevation area from the ICRISAT
centere at Bhavanisagar and Ilonga.  The rainfnll pattern in this zone
is ditferent from those in the low, intermediate, and hiph roinfall
zones in that the rain starts carly in May and keeps increasing until

October. Bhavanisagar is an important location tc the sorghum program.

The climate of the high elevation intcrmediate rainfall zonc
of Ethicpia appears to be relatively similar to that of Dharwar
(Figs. 6, 29, 31). The rainfall pattern at Nazareth is between that
of Dharwar and Hyderabad (Fics. 6 and 18). Night temperatures at
Harar are cooler (SOC) and Dharwar is some 6° of latitude further
north. However, we should try and evaluate sorshums from the Ethiopian
highlands at Dharwar in the Kharif to sec if they give a near normal

expression. If so, this would be useful to the soryghum program.

Srinagar is in a temperatc climate with colder temperaturcs and
low rainfall (Figs. 7, 15, 17) during the growing scason. It is the
only station in India which approximates many cof the growing conditions
of Southern Africa. Supplementary irrigation would be required, but

with this we could evaluate materials of potential valuc for temperate



southern Africa. Althcugh not represcnted here, this locaticn mipht
relate well to growing conditions in the Near East. This station coulce
counterpart with ICARDA should this become a re-ionual station for the
ICRISAT sorghum progr:i.. This station has potential value for the

SOTI UM DTOSTAR.

The climatc in East Africa is different from those so for
described; there can be 2 distinctly bimodal rainfall pattern (Fip. 14),
cenerally rather high rainfall (Figs. 24 and 25), and gencrally
rclatively high and cool. The program now proposed for Ethiopia and
Kenya should be able to identify locations for appropriate testing.
The iden of a center at Kitali is not bad, the rainfall is high and
it is cool. The development of strong links tc the Ethiopian Sorghum
Improvement Progran should also makce possible uscful sites for deve-
lopment and evaluation. The program now under consideration for
Ethiopia and Kenya is for the high c¢levation cool situation. There
ar¢ dry warmer, even hot, situations at lower clevations that may in

time be reached (Fig. 14).

In swmary, it is intcresting 2nd fortunate that there are
such similaritics in climate between the sites now available to ICRISAT
in India and the regional station in Africa. These can be summarized

as follows:

Lew rainfall zone - Hissar, Wad Medani

Intermediate rainfall zone- Hyderabad, Ouagadouuzou



" High rainfall zone - Samaru
Equatorial - Bhavanisaygar, Ilonga
High clevation inter- - Dharwar, Nazareth

mediate rainfall
Temperate - Srinagar
East African - Kitali and other locations in
Kenya and in Ethiopia (in coopera-
tion with the Ethiopian Sorghum
Improvement Program)

Rabi - Hyderabad, Dharwar

This array of stations appears to provide working access to most
of the climatic situations of interest. A high rainfall site in India,
a temperate site in Africa, and opportunity for work for the hotter drier

conditions of East Africa could be beneficial.

A better physical description of the cnvironment in which
sorghum grows would do much to help delineate zones and to relate
these to the ICRISAT stations, It should also be possible to gain a
better prcdictive base for the movement of varietal material from onc
location regionally. The possibility of cooperation of agroclimato-
logy, soil physics and cereal physiology to describe in detail the
environments and relate thesc to the growth of a standard set of lines

including entries from all zones appears to be a reasonable approach.
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Twdle 1: Geographic Information for ICRISAT Stations,
Staticn Country Zone flev,(M) Latitude Lonsitude
bdorabad  Indin Inturnediate sa5 170 21w 780 28
Rainfall, Rabi
Ouipviou ou  Unmer Volta  Intermediate 8 12228 17031
Rrinfall
Hissar India Low Rainfall 221 29108 750 40'E
Wad Medani  Sudan Low Rainfall 405 14% 238 33 29'C
Bhavanisagar India Equatorial 78 1% 21w 77° 30°E
Ilonza Tanzania  Equatorial 594 6 50'S 37 00'E
Samaru Nigeria High Rainfall 686  11° 1N 7° 3BIE
Sotuba Mali High Rainfall n N 8o
Dharwar India Hish Elevation 727 150 27'N  75° 00°E
Inter. Rainfall,
Rabi
Nazareth Ethiopia tiigh Elevation 1500 8” 33N 397 17'E
Inter. Rainfall
Srinarar  India Temperate 158 34 05N 7¢° SO0'E
Kitali Kenya East African 185  1° N 3 E
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ple 3:

Climatological and geographical information for some sorghum stations in

Africa
Srat fon Country Latitude Longitude Rainfall Elevation Climate (1)
mm meters
Ab aaa Sudn 13,09 N 33.57 E 590 430 LR
Adub Uganda 217N 32.56 E 1418 1095 FA
Apadd Sudan '
Alcmaya Clopla 12,25 N 35.34 E 870 HELP
Arus  Negele Fthiopia 5.05 N 39 Lk HLTK
Badikaha Ivory Coast 9,27 N 5.38 £ 1435 300 1R
Bambey Scnepal 14.42 N 16.27 W 632 20 LR
Bobo Moulasso  Upper Volta 11.12 N 4,18 W 1181 432 1R
Bujumbura Burundi 3.238 29,21 E 1139 1706 Trop, LA, HR
Butare Rwanda 2.36 S 29.44 1150 1754 Trop, FA, HR
Chilanga Zambia 155 §  29.1 E 775 1200 IR
Dodoma Tanzania 6.10 S 35.46 E 578 1131 Trop, LR
Darou Senegal 15.00 N 16.00 & 517 40 LR
Fanaye Senegal Temp, TR
Gaboronne Botswana 26,40 S 25.55 E 540 983 Temp, LR
Good Hope Botswana 25.28 § 25.26 B 510 1283 LR
Humera Ethiopia 15,07 N 36,04 E 436 590 Trop.
Ilonga Tanzania 6.50 S 37.00 |k 1011 594 HR, Trop
Juba Sudan 4,52N 3136 E 982 460 HR
Kaduna Nigeria 10.36 N 1.21 E 1308 645 IR
Kadugli Sud m 11,00N  79.4) E 765 450 IR
Kamboinse Upper Volta 12,22 N 1.3l W 852 308 IR
Kano Nigeria 12,03 N 8.32 E 866 490 IR
Katakwi Uganda 1.54 N 33,59 E 1135 1158 LA
Khartoum Sudan 15,37 N 3232 C 64 380 LR
Kitgum Uganda 3TN 32,53 E 1262 914 EA, NIk
Kobo Fthiopia 11.49 N 39.36 E 650 1400 HEIR, LR
Roporo Mall 14,308 412W 540 IR
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tation Country Latitude Longitude Rainfall Elevation Climate (1)
mm meters
wl 'Uganda 1L2TN  33.46 E 1340 1128 EA
suka Zambia 15.25 8 29.19 E 837 1277 IR
halape Botswana 23,05 S 26,48 E 552 1006 Temp, LR
radi Niger 13.28:N 7.06 E 622 269 LR
'rowa Cameroon 10.26 N 14.19 E 883 404 IR
1ka Werer Ethiopia 8.59 N 40.10 E 570 916 LR
kwa Nigeria 9.04 N 5.59 E 1110 184 HR
ILOROro Tanzania 6.51 S 37.40 E 892 520 Trop
sroto Uganda 2.33 XN 34,36 E 888 1524 LA
-shu Botswana 24,26 S 26,09 E 500 945 Temo, LR
_nza Tanzania 2,28 5 32.55 E 1002 1140 Trop
szareth Ethiopia 8.33 N 39.17 € 796 1500 HEIR
akuru Kenya 0.17 § 36.04 E 877 1849 EA, IHEIR
foro du Rip Senegal 13.44 N 15.49 W 916 18 HR, IR
tchard Toll Senegal 16.5 N 15.5 W 316 1 LR
jarta Upper Volta 12.5 N 2.5 W 837 IR
same Mali 14.26 N 11.26 w 750 46 IR
Jamaru Nigeria 1111 N 7.38 E 1095 686 HR
shinyanga Tanzania 3.338 33.24 £ 780 1219 Trop
iimsim Sudan 13 N 35.4 B LR
yinthion Mdeme Senegal 12.43 N 15.42 W 1387 15 HR
wutuba Mali 11,12 N 8.27 W 927 HR, TR
‘oboro Tanzania 5.02 S 32,49 E 892 1265 Trop
'ororo Uganda 0.42 N 34.10 E 1475 1233 EA
‘ozl Sudan 12,5 N 34, E LR
kiriguru Tanzania 2.42 8 33.01 E 809 1199 Trop
‘ad Medanlt Sudan 14,23 N 33.29 B 381 405 LR
'au Sudan 7.42 N 28.01 E 1128 435 HR
el Sudan 4.01 N 31 E HR

1) See next page.
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Approximate climatic classification ICRISAT Main Locations
The L + Rainfall Zone = LR (iissar)

The Intermediatce Rainfall Zone = IT (Hyderabad, Ouagadourou)
Tne High Rainfall Zone = HR (Samaru)

The Equatorial Zonc = Trop. (Bhavanisagar, Ilonga)
IMo Hiiph Elovation Inter. Rainfall Zonc¢ = HEIR (Dharwar, Nazarcth)

Temperatc Zone = Tenp. (Srinagar)

East African Zone = EA (Kitali, Ethiopia ?)
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I11. The Experimental Program, Orgrnization -nd ~pproach

The sorghun breeding prograr has been <ivided morc or less into
program units with an S1 scicntist incharge ¢f onc or more units. As the
program has dcveloned chiinges have been nade, and now, with an expan-les
opportunity within India ond oversecas, following the increasc in loc~tio .

wailable, there is @ .od to redeTioL the projrenm again.

Other opporturitics arc facilicitine tue opportunity to nodify tiv.
program. Screcning techniques are constantly improving, and a rcasonablce
lcvel of agronomic clitceness has been achicved., Probably the biggest
change thnt we anticipate in the future is 2 closer interdisciplinary

working rclationship.

It is important that the regional centers in India are rescarch
centers (as opposcd to off-season and testing ccacers) and that the rescarch
at thesc stations will be largely deternined from the centcr. Overseas,
the programs at the regional centers will be lerelly determined by a stnfs
there. It is alrcady fairly clcar that scicntists in thesce regional
centers, as well as in country programs, are leoking to hcadquarters for
constantly improved sourcc material; material corbining better levels of

yicld, stability, quality and rusistance traits.

It is Laportant that thusc centurs develop 2s a network of
coopcrating stations, headquarters included. This cooperation is being
strengthened via o coordinating function serviccd by staff from thc
center. It is also anticipatcd that staff at the overseas regional
stations will hclp, cven assume, a coordinating function among country

programs in their regions. They will receive material from anywhere,



3.

cvaluate its potential, and organize only the most promising material o -

their region into rogional trials; Wad .ledani for the dry zone, Ouapgadou

for the int rmediate rainfall zonc, %vnaru €or the high rainfall zonc,

.tc. This apnears to be an adequate basc to cncourage intercoopuration

and the opportunity for all involved to contributc their skills.

These comments can to some oxtunt he represented diagramaticnlly

1s “ollows:

1. 2.

Development of source material Development and identification of
(yicld limiters and quality traits) clite agronomic stock (Protoction
Intensc screcning for trait and 1gainst yicld limiters).

prot.ction from other liniters. Coopcration between Center and

Source material from Center and Regional Stations. Final sclection

“cgionnl Stations at Regional Stations

Grain mould and veathering Introduction

Food qunlity Population

iligh lysince Pedigree

Tonnins Hybrid

Shina A-lines

Shoot fly

Sten borer

tiddge

‘lead bugs

Downy mildow
Cheoreoal rot

Drought

3.
Intcraction (1 x 2)

Dcvelopment of varietics and hybrids;
multidisciplinary screcning at selection pressurcs
suitable for the material at center a@d select
regional stations. Feod back into units 1 an§ 2.
gpecific improvement of otheruise clite materinl.




In the brecding arogram todate there hes buen intercrossing
Setween source materinl and betweon sourco nat.ri1l and 1~ronomically
clite lines.  These crosses have be .n madc by the various scientists
»nel the progeny incorpor-~ted bacl into their specific intercst arens.
sroadly, the proposnl now made indicates thnt the Jovelopment of source
mterinls (upite 1 and 2) would bLe mor. or luss s in the post but with
1ikily ereat.r cooperation vith Plejional Gt tiwms. Th: progcny €rem
crossws vutween (unit %) uould become less specilic~lly assigned, protection
1gainst yicld limiting traits would be dropwed »r reduced and all disciplincs
would be involved in scroening 1nd ovalucting the material. Quality traits
would also be cvaluated. Different scasons, screening techniques, and
locttions can bc used. Coordination and responsibility for this phase

could be cnsured by international scicntist(s) in sorghum breeding.

The strengthening of source material (unit 1) is also important.
This implics the streagthening of the source “or th: particular trait of
inter.st; for example, strengthening resistance to shoot fly within the
program for rhc development of shcoc fly resistant typ s. Improvement or
source nlso includes crossing between different snurce aiterials, for
example, shoot fly and Strniga resistance, or [irh yiclding types with
sources of prain aquality. Interaction of disciplines is important;
coop.rtion betv.on breeding and pathology €or grain mould resistance,
between breeding and physiology for drought tolcrance, and between
breeding and food technology for food quality cvalurtion. It is proposcd
tiat eirly genoration progeny, following many of these crosscs be included

in unit 3 for across the board screening and then at an appropriatc stap.



“nackerossed into units 1 or 2, Tvaluation in nrens 5I adaptation is relev

Obvicusly, ien 2 number ¢

~

individuils ar. using tie sae sourc.
vreerial thee . is » reel possibility that difforent incividuals are
oo tiae the saae eros. s, Tae sane vould Le wrue of ovaantict.
reooway from the erosscs.  The Lusi solutior £ tiis problen wmwpears o

vouy, planning ~ud parditioning of tho vorh fo.? inoan . nuiteble fastion,

Jr is 1lso suquosted tiat eatrics heine advanced are subjectd
to across the beard cvalnation.,  This is in contrast to dividing sceds
of ~ progeny and sovuine into differep: tests and then recombining sclocted
wntrics.  The program should permit  rapid cnourh {lou through that the
cae progeiy c¢an be advanced through 211 tosts iacluded as part of the
cv~lu~tion. It is supgested that moderate to hiech lovels of fortility
te included for materials in units 1 and 2, 1nd hioh and low levels of

foriility for items in unit 3.

The population breeding approach morc clearly and easily providos
a mechanism {or tle incorporation of many traits, 2nd as can be seen in
the statencat for ucpulation breeding, plons arc to modify the breeding
mproach to do this. “opulations will be developed for the various
climatclorical zsnes. Leadership for some of those populations should be

una rtoken at regional stations.

Srceding is 1 progression or proccss of improvement. The best
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naterials at any point in time may be contributing inspite of somce
weaknesses,  Uscful material scnerally can be gencrated more rapidly by

the pedigree breeding aporoach.  Both appro-cacs have a place.

e are also intercsted in the inwroverent of prover or clitu
agronomic matcrial for specific traits by backerossing or a modification
of this procedurc. Today, for wxam:le, thers is an array of apgronomically
clite material undesirably susceptible to charccal rot. An attempt will

be made to recover the lite type with charcazl rot resistance.

Steps are being taken at ICRISAT and at the regional centers to
include¢ the development and cvaluation of hybrids, It is ncarly a
universal experience that hybrids outyicld varicties and that this
difference becomes greater as the growing conditions become more harsh.
Somc countries are in a bettor situation than others to develop a sced
industry, but nonc of them can even try without pgood hybrid material to

produce.

Confounding the number of traits that rcquire cvaluation is the
nunber of climatic situations for which varicital material is requirced.
The array of regional stations in India is a bigs advantage; cquitorial
types can be evaluated at Bhavanisagar (morc photosensitive types);
drought tolerant types can be cvaluatcd at Flissar (kharif) and Dharwar
(surmer); and cold tolerant typcs in Kashmir. Lharwar can be used to
evaluate charcoal rot, downy mildew and pessibly resistance to midpe in

addition to drought. Shoot-fly has a bimodal peak in population in thc
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north which may be an advantoec to hasten screeain~, It may be necessary
to undertakc screening at a regional center roquirine inosulation or
infestation; for cxawnle, the cvaluatisn oy cherconl rot in photosensiciv.
nrtericl ot Bhaveniscear, It wey b wcossary voocrente < 0 Thcilities

t the resional eontor, oy oxpand {rcaliti.r -t .n wain conter; for

<xacsle, we currently »re in great ned to ineroasce facilities to rew

stum borer. ie need to establish a reliable screen for midee,

HMore detailed statements about projects ia sorchum breeding arc

made below.

A. Screening

i) Sourcc matcrial: The developnent of source material (units 1

and 2) arc cxpected to remain in objective esscntially as they arc. A
scverce situation is crcated for the trait(s) of intcrest with protcction
from other limiting factors. Spccial laboratory and ficld techniques
nay be involved. Proccdurces used arce not indicatid in detail on the

diverams for breeding schemes. Concuntraticon is on unic 3.

It is surocsted for unit I waterial that scverc tosts arc alternated
with thc opportunity "or sclection when plants ~re grown under good
conditions of minagenent. This will permit ~n cpportunity to select for

arrononic clitencss.

ii) Breeding material (unit 3): Screcning will be across traits of




cuacern.  Ficld tests vwill Lo uwsced cnhancing the cxpressitn of 2 numb.r
~f fectors  sine carly and late sow. e dates oo -iffc ont locavions.

Dhorvar, for exampic, is valuable bicruse of the wiseeted soverivy o f

dovmy uildew, charcorl rot, and mid o, Ficld scroeaning shiould b
ind.rtaken at vaviers Iocatioas reoresentine JiTForont neisturc 1!
tempertoure situntioms o cible £iil scrocndo for proveiline problo s,

Therc is a need te balance the us. of statinns v widine cxcopticnal

screcning opportunitics nnd the aced for zonal ~dapt-tion.

Problems considered to requirce screenins in most of the climatic

situations arc:

Grain mould and weathering Head bugs

Food quality Suiga

Shoot fly Dovmy nildew

Stem borer Charcoal rot

iidpe ‘ish and low fertility
Drousht

Lab (.sts are available or beinp developod for tadign, food
quality, grain mould and weathering, and possibly scedling reaction to

drought stress will b~ found helpful.

Some tests arc incompatible; fer cxamle, orain mould with midec,
head bups, and probably charcoal rot; 1lsn, cvaluation for damage by

midpc and head bugs on the same crop is difficult.

Replication of the screening tests is werth evaluation and
Dharwar is an obvious choice because of the reegular ccurrence

of dwony mildew, charcoal rot, and midge. Rcplication would alsc



offer protection a2rzinst failurc of a test(s) ~t onc location,

It is desiravl: that screcnin~ be unierteken .n plants in the
breeding ;rogrv: so that all eatrics are screencd £°r all traits., In
some inetaicos seraoming will be cn - plant brsis and ia others ~n 2

s e
raniiy basis,

Tie f11-vin~ is survested.

Grain mould and weathering Family - F3

Food quality Family - F4 or FS
Striga Fanily - F3

Shoot-fly Individual - Fz; Farily - F3
Stem borer Individual - Fz; Family - F3
itidge Individusl - F,; Family - F,
Head bugs Individual - Fz, Fanily - F4
Downy mildcw Individual - F,
Charcozl rot Individual - F3
Drought Individual - F_; Family - F4

b
(no irriqationf

Low fertility emily - F4

(note that the 5, is like an F, and thc 52 is like FS)

The screening procedurc is shown diagraratically in Fig. 36.
The word "Screcning' on the diagrams for the various breeding programs
refers to some aspect of this oroccdurs, It is assumed that meny of

the screening and brecding procedures will be modified with expericnce.

tlot all of thesc factors are iuportant in all zonal areas.

The experimental approach can be set in accordance with the priorities.




iq. 36 - Suggested Procedure for Screening

J Unit 1 Source Unit 2 Source
Resistance, Quality X Yicld Stability

Unit 3
[1
I,Z (Main Scason)
late Sowing (primarily for insects)
Individual Plant Selection

Stemborer, Shootfly, Midge, Mild Drought,
Charcoal Rot

Py (off-season)

Individual .
Plant Sclection l I | ﬁamlly
Charcoal Rot L E:?I"a'
101
Drought Shootfly o Mould Midge
Hyd. Hissar Bhavanigagar
Lab
Fy (Main Season)
Seed from Selected Plants (Charcoal Rot) from
1. Y,T, I
Scelected Families
Individual Plant
Selection
Downy Mildew
- ‘Low. ) Grain Drought Head Midge Foud
ity Fertility Mould (Hissar) Bug  (Dharwar) Quality Lab
karly ?
sSowing ¥

Seed from Selected Plants (Downy Mildew ) from Selected
familics
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3. ropulation Zrecding
L)

The ; pulation breedine proex m is beins odifi 1 with time.
Taitinlly there were asp.cts includine source, brockus nd advanced
prpulations.  The backap populations ver. intonded touards retainin
1~pre variability throurh low seloctina inte .sity nccompanicd by
‘requent intercroscin’ . A cerresnondine meowlotion for cach backup
populition was alsc runnine sinultancously in advanced unit with
higher scluction pressurce to achieve quick results. Under the source
group, development »f new populations for specific regions or require-
nents was being undertaken. Two scicntists were cngamed in this whole
arca of population brecdineg work. Currently onc scicntist is taking
care of this program. The major cmphasis is on six of thc 10
advanced popul~tions which arc listed in Table 1. US/R and US/B
popul~tions have high yicld potential and pond variability for many
desired traits. e have been very successful in cextracting promisins
lincs from these populations. Therc are indications that US/B
population will producc 2 range of ¢.od B lincs which could casily be
converted inte A lines t. support and strengthon the hybrid program.
Rs/R and Rs/B popul-.tinns have tropically adapted material. Rs/R has
performed well in Thhiland and Brazil. Rs/B is bling considered for
cxtracting cood B lincs with cquatorial adaptntion. Early population
is buing taken up for low rainfall zonc and medium-latc population will

meet the requirements of intermediate rainfall zome.
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The perforaznce of trepical conversion and Sercre elite
p-pulations has not been found satisfactory and therefore they arc being
discontinued. The twe fast 1w populations will soon phase out and
the derivatives £r-n these will suitably be merged into other populations

cr will be utilized in other proerams.

fut of the sourcc and backup populations, Indian diallel and
Uest African E-rly, arc found to be most productive. These populatiens
e been put on regular selection scheme. The other populnations have

gonc into cold store tr mecet specific sced requests.

An attempt is being made to have onc population for cach
rcoeraphic region. With the availability of increascd locations for
testing the matorial, the tosting of the populations will be confined
only to the locations of its adaptation., With the addition of work
on the devclopment of hybrids, the emphasis on B composites is being
incrcased. The preliminary test on possibility of petting good B lincs
from populations has viven good results. 0L the 141 lines tested for

their rcection to A lines, 80 hnve been found as sood B lines.

The major cmphasis in the area of population breeding in future,
will be on strengthenine the populations for quality and resistance

traits, the details of which arc given in the folluwing notc.



Tablc 4. Dreedinz Populations at ICRIGAT,

J'lam~ »f the Prp2l-tions

nS/%
Us/B

Rs/R

Rs/B

Early Pop.

fiid late Pop.

Indian diallcl

Yest African Early

Comgonontq

4 ilebraska wnd 2 Purduce restorer populnti o
2 llebreska and 2 purduc maintainer pepoi-cioas

Popnlation devcloped at Serere using tropicclly
adapted restcrer lines

Popul~tion devr:loped at Sercre using trepic~lly
adapted maintaincer lines

Devcloped by intercrossing 45-60 days flowcering
material

Developed by intercrossing 68-70 days flowering
matcerial

Indian adapted acterial

HUABC + Bulk Y
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i)  Diversification and strcngthening sorghum populations for differcnt
rcsistances

'le have spent a little over four years € working on sorchun
pooul Lol ns ~e ICPIGAT and I think this is the tine to antlysc, cviluate

a’, if necesstry, nodify the plan 'nd resct our 7hals zant objectives,

Mo compleced nlarly 2 cycles of selection in most of our
populations, the priority of sclection being on grain yield and agronomic
clitcness. Of those two cycles, the first was based on eye evaluation
of S1 lines in order to climinatc a lot of poor, brown and red grains
and late, tall and photosensitiwc material to bring poorly accepted,
ostly feed prain but reasonably good yielding populations to a stage
where systematic selection could be practiced. The second cycle of
sclection was primarily directed towards improving grain yicld and
stability over environments. In spite of the fact that the test was not
as cxtensive as planncd because of limitations on number of diverse sites/
countries and facilities at coopcrating centres, very encouraging results
have been obtained. The populations and several of their derivatives havc
shown distinct superiority in grain yield over other materials. In fact,
somc of the lincs are fairly closc to the yield levels of the best

available hybrids and arc cqually consistant over locations and seasons.

Another character wherc trcmendous shift has been made is the
grain colour and quality. Thc frequency of brown and high tannin grains

is reduced to zero. The proportion of vitroous, lustrous bold white



grains has increasaed considerably and further rate of progress should be
auch faster. The heipht of tropical tall populations has been reduced

by abcut 25% and pionotypic uniformity is increased.

‘lith regards to acceotability of population breceding materials in
our cooperative prorrams, therc are contradictory reports. Early
generation (population progeny Sz) tests have, by and large, not been
appreciated at most of the centres, Ethiopia being the exception but
the advanced generation derivatives, which are the ultimate products,
looked promising in most countries cxcept Upper Valta. The general
observation is that the proportion of useful material in S, trials is
low. This is, however, not surprising in early stage of the program.
This is quite true at Patancheru also. Only about 50-60 plants have
been seloctod from cach of the 200 entry trials and these have been
advanced to further pencrations through head rowing. Thesc plants have
been producing very diversc and attractive lines, Similar results werc
expected from other centres as well. In fact when similar sclections
werc made in Ethiopia, they produccd rood lines.  These observations
indicate that thoush c2rly seneration trials do not appear very attractive,
they can produce uscful material provided carcful plant selections are
madc. As the sclcction under diverse conditions procecds, the proportion
of material with wider acceptability and stability should increase

steadily.

The success of deriving high yielding lines, however, should
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nct <etract us from the weaknesses of the material which arc rosponsible
for their ﬂbor acceptability in scveral rericns, The desired grain
quality in a tan olant colour and good levels of resistances to provailing
posts and discascs, Stiiga, drousht ctc., arc very important €or any
Arterinl to be accepted in a region. Good levels of resistances are
nlsy necessary for stable performance of & genctype over locations and
yenrs, Dut very lictle has so far been done in improving the populations
for these characteristics. The reasops for postponing work in this

vital arca are two fold. 1. Scrcening facilitics for several traits
uere not developed and sources of resistances were not identified.

2. Since most of our populations werc obtained from thc ccentres where
problems of posts and diseases arc different from those of the semi-arid
tropics, there is lack of sufficient variability in the populations for

many such traits.

tlow that a good deal of information on sources of resistances
for shoot-fly, Stidiga, grain mould and to certain extent on borer, midgo,
dovny mildew is available, wc have to cvolvc an appropriatc system to
utilize them in our pepulations. Sufficient carc should be taken not
to off-sct the gains of carly seclcection. As most of the resistances
cxist in tall, photoscnsitive, poor yielding local types, it will be
hazardous to put them directly intc the populations. This is bound
to brine the populations back to their original shape which would need

anothor 4 yecars to bring them to thc present level of elitcness.
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The side car approach is considered to be an idecal system to deal
with such a situation. 1In this syston cach populntion is crossed to a
resistant source and scrcened in segregating pencration and then back
crossed to the improved version of thc population each cycle. Thesc
side cors thus remain only onc gencration behind the improved population.
The systenm allows recovery of resistanccs in elite background without
hindering improveswent of the papulation for other traits. The side
cars for different traits can bc¢ intemcrossed at an appropriate stage
to fornm the population with scveral added characters which will cventually
replace the main population. This approach was proposed in the beginning
but is more resource consumipg .apd requires more than onc person for
population breeding work. In the abscnce of such a large scale integrated
population breeding program, due to lack of facilities and pcrsonnel
engaged in this area, an alternative system has to be warked out. 1

propose the system which is diagramatically illustrated in Figure 37.

The system is not very diffcrent from that of the side car
approach. It is based on the assumption that it would be possible to
recover a number of resistant lines from crosses between populations
anu resistant sources having elitcness similar to that of population
82 entrics. These lincs will be intercrossed along with population
Sz‘s at recombination stage only when they have satisfactory level of
apgronomic elitcness. However, if recovered lincs were not found worth

intercrossing in thc populations, they could be backcrossed to population

and the process repeated.



The systom involves crossing improved - .ulations and promisinge
Jopulation derivatives to 4-5 bost resistant sources for cach disease
or pest as and when idencified. It has been ols.zved that any nopulatisg
derivatives have spaciTic weaknesses for cne ox the other trait, .any
of these derivatives koup seorepating for male sterility upto 54
~mesntion. Thuercior:, it is easy te tront then as femal: and cress
ther to required resistant sources. owever, population bulks should
be used as malc for making crosscs to resistant sources. The Fz's of
both sinzle crosses (population derivatives and resistant parents) and
top crosscs (resistant parcents x populations) will be screened under
appropriate selection pressure. Sibbing can be done betwcen resistant
sterile and fertilce plants in order to make use of sterilc seercgates.
The best 33 lines or 82 sibs from cach cross will be included along
vith 82 lines derived from population in a trial. The trial will be
conducted at diffcrent sites to cvaluatce lines for yicld, stability and
other agronomic characters. The F3 and F2 sibbed lines from rcsistant
top crosscs and single crosscd will simultaneously be evaluated under
appropri~tc sclection pressure for rosistances in question., At
recombination stage, the best lines from cach group of resistance
and hipgh yiclding S2 lincs will be intercrossed togcther. Such a
population will have to be rocombined atleast twice before starting

next cycle of sclection.  The number of lines from each group of

resistance being tested and selected will be determined by the nature
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of inheritance of the ¢haracter. Hopefully, 20-25 lines selected from

ecc.. proup of I, would give 2-3 er more lines for recombination.

The promiging lines from all erosses could be handled in pedgiree
nethod. TLe liney in 14 or FS generation could be tested as potential
improved varieties. The selected varietics from such erosses cam be
recycled in the pepulation at any recombination stage. This will save
the population fyom passible genetic drift for good genes as well as

increasc level of resistances.

Once we have resynthesized the population, we expect enough
variability fex impreving the population against these traits. For
this it is proposed that after every recombination the half sibs or bulk
populations should be grown under different conditions within the zone
of adaptation, namely, good protected management, pest and discase infectgd
conditions, te extract S2 progenies. These 82 progenies should then be
field testod im a common test undor varying, locations and environments.,
On the basig of indieations available on inheritance of S{riga resistance,
it appears that it is 2 simply inherited character. For such a trait it
may be possifle te screcn 82 lines in the laboratory for strigol productfon
and strigol aegative lines eould then bc tested for mechanical type eof

resistance and also field tested, if necessary.

Such & cyclic selection would bring simultancous improvement over
all characters. and slowly we should be able to recombine different

kinds of regjistances intoopematerial for stable production.



Fig. 37 - Flow Chart for Population Breeding Program
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C. Improvement of Crain quality and ilould resistance

Cnc of thc constant problems in the brieding program is to
outcross “or any nuaber of rcasons but still producc, in the ond, a

varicty or hybrid wjth acceptablc grain quality.

smiverselly, whether for low or high rainfall situations,
all brecders want carlier material. This is important in obtaining
yicld when the rains stop carly. hen the rains continuc beyond
cxpectation thesc earlier types weather and mould. It is important

to couple resistance to grain mould and weathering with earliness.

Sourcc material is developed by subjecting sclected plants
to high moisturc conditions (rain and sprinklcr and 4noculation.
It is anticipated that screcning for unit 3 material will be regulated
by sowing datc so that grain is dcvcloping during periods of expected

rains.

Grain quality is first visual; pcarly whitc round bold sceds
on tan plants. Gubscquently sccd of selected grain will be cvaluated
for chapatti making traits. This cvaluation is included in the flow

pattern of screcning.

A suggested breeding pattern is presented in Figures 39 and 40.

Therce is already an ongoing program for thc development of

matcrials for the carly and mid-scason situations. There is now interest
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in includiap the devclonment of materials for the late scason. This
<Efort nust be initiated and because of photosensitivity in the material

will e st oundertoken at Bhavanisagnr (Fie. 40).

Tow develes cne of high lysine varictics constitutes part of
Coocpuorum fou o dicy ernin, The program beoan by crossing the
twe Lthiopinn sources of high lysine (IS 11758 and IS 11167) to
agrononmic clite typ:s. Sclection for plump grain with high lysine
was practiced but in advanced generations there frequently was a

reversion to normal lysine levels. Apronomic clitcness was lost and

this particular aspcct of the program was discontinued.

The drop in lysine content in the soft start P721 grain has not
boen a problem, scncrally sced size has been small and the germplasm
basc narrow. Therc arc indications that progenies from crosscs betwecn
P721 and the Ethiopian sources have better seed size. Recent availability
of two vitreous sources of high lysine (Purduc and Texas AGM), whilc in
1 very small sceded background, and, a diverse array of rccovered types
from crosscs witih P721 offur new hope for propress. Efforts will now
be made to use thesc sources, to increasc swed size in 2 high lysine
background, and to creand the diversity available. The breeding progran

is prvsented schematically in Fig. 41,



'y ~ Improvement for Grain Quality and Mould Resistance Early, Medium,
and Medium Late Maturity Types (Preliminary Stations Hyderabad,
Bhavanisagar) .

Source
Unit 1 Unit 2
Quality, Resistance Agronomically Elite ¢

I'Tnh*rcrosstl l——¢ X ‘—J

Unit 3
Fye 3 way, 4 way e -
Composit e
Random Mate

|
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"ir5. 19 - Improvement For Grain Quality and Mould Resistance Photosensiti
and Late Types (Work to Be Undertaken Primarily at Bhavanisagar)

Unit 2
imtroduct ion » Screening
Unit 1
P
Prelim. Trial source % 1
L ;x ‘ XI Unit .
N
Unit 3
L8
P ,‘i .
1 66— Compognd s ry » Screening
Crossing
", 51 — Screening

Screening

N l Preliminary
¥4 Yield Trial - India

Severe Screening
Grain Mould ke Fg = % More Intense
Screening

+ Seed Increase

y% ———wy BAdvanced Yield Trial
I SAT




Iig. 40 - Breeding Scheme For Development of High Lysine Lines.

Agronomically Elite X Ethiopian hl-hl-————1
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J. Strdga project and its integration with other projects

17 Peaigree ap.roach - main SPUGa program:

The lalorriory screcning techniques for uoth resistances - low
stiialant (LS) an’ anci-haustorial factors (&°Y) - have been worked out.

Loth are seclli- - tecaniques and can safely be used to scrcen F, or

3
52 sccdling progenies in the Sfadga laboratory. e have identified
scveral lines which have onc typc of recsistance or the other. The
schemec to make usc of thesc lines to develop (i) lines with increased
level of Striga resistance by intercrossing different types of resistant
lines and (ii) Svuina vresistant lines with good zpronomic background
by crossing with high yielding adapted parcnts is prcsented in Fig. 41.
This scheme integratecs laboratory and field testincs with the breeding,
nropram. Though the inheritance of AlIF is not yct known thc procedurc
outlined assunes simpler inheritancc for boti the types of resistances.
The work is in progress to determine the inheritance of AHF and if it
happens to be polygenic the F3 scedlings identificd as having AHF will
be propagated in Stuina sick plots and thce F4 sced obtained would be ficla
tested along with the material coming from the mainstream. The tem
tanti-haustoriazl factors' (AHF) is prcferred in place of mechanical
barricrs to include the possible involvement of chemicals in interfering
with successful haustorial penctration through the host root tissue.

However, this excludes the resistance mechanism which is duc to antibiosis

which cperates after haustorial cstablishment.

As more information is available about mechanisms of resistance

and scrcening opportunitics the breeding procedurc will be modified.



Flow Pattern for the StA49a preeding Program and its Integration with
uther Proijects.

mit 2 Unit 1 Populption
—p Adapted Source ..
Yield Stability Striga  other

L—*x: J L.xJ Random Mating
| |

Unit 3 tnit 3

]'A) ‘—-.... Scereening _--'l"7 Half Sib &

60

I : AR ‘L
Screening F3 S1 Screening
Lab Test
Sick Plot
. seroon ) ! ,
4 Screening 14 S, Screening

Sick Plot =3

Preliminary Yield Trial
India

Recombination
52 I"q

.

Fg S3 Seed Tncerease

Fg S4 International
Testing



61

£. Breeding for Pest Nesistance

Brccding for pest resistance was bepun during the rabi season of
1°/4. The threc inscess of concern are shoot-fly, stem borer and midge.
Thzre is currently coucern about lead bucs il this pest may be added to
che list., The bLreedine technique incluacd hoth population and podgire.

mcthods.

The pedigrce approach began by crossing ?6 varicties from India,
West Africa and East Africa tc resistant sourcces. The population method
was begun by usine resistant sources as the fomale and advanced lines from
populations as male; this introduced the genctic male-sterility factors
ms 5 and ms., . Results have indicated that scrccning in the Sl and 82 is
more effective than in the half sib.

The program developed so that in 1976, 287 Fz's were screened for
shoot-fly during thc kahrif and 142 selcctions were made. During the rabi
206 Fz's werc screcned and 198 selcections were made. The screcning techniquu:
for stom borer has been developed but a good screcning opportunity for midge
is still required, It will be important to be ablc to separate the effects

of midge and headbun.

Resistance to chese insect pests is quantitative in inheritance and
in the case of shoot-fly and stem borer rccessive. The population approach,
though requiring time, is apt to be the best. The program is now being
structurced to have one population for cach of the threc main pests and

onc population for all three of them combincd,

These populations will be primarily for the improvement of sourcc

material. Threoe »dditional populations, onc for the low, one for thc high



tYg. 42 - Strengthening of Sources of Resistance
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?ig. 43 - Incorporation of Resistance into Elite Backgrounds
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riintll situations, and one for high clevation arots, is bein:, developos
)

te LrinT toscther ~rronomically -litc lines  srurces of resistance te U

treits, quality, nd resistince to ..o.eces. The decision to have thes

populations was »a'  in L.77,

fenetic nle-seorility aas veen invrodacd into all of those peprid-.ic
but there has bl e backerossing so Ui . cmitrivatior fron the st lity
sources is high. T[Mercfore, before bosinnin, recurrent sclection 1t is
desirable to buik cross tho populitions onto resistant sources. The F
populations would be screened and bulk crosscd. Deve lopment of thuso
populations will requirc time but good material con be derived from alnost
anywhcre in the brerding progran. The breeding proprams arce shown

schematically in Figures 42 and 43,

Currently, cnhanced cfforts arc beir; made to partition resistanc o
shoot-fly into component parts; antibiosis, rocovery resistance, and ovi-
pnsition preference. As more is learned abovt thesce individual effects, tiw

screening av ! breeding procedure could be indificed.

F. Broeding for Drought Pesistance

The problums associated with the breedins for '"drousht rasistance
are now receiving increased attention by the sorghum breeding group in
cooperation with the physiologist. This is a acw area of research in
sor¢hun breeding and in the next four or five ycars is expected to be an

important part of thc rescarch cffert.

The concerned is primarily about rainfall behaviour leading to droucht

stress; i.c., a limited supply (550 rn. »f rainfill or less), intermittent
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drousht at any time in the plants lifc, and the robi season in India wher

»

blants grow :sscntially on residual woistur:, Generally, the dricr arces
1ls~ the hotter arcas so cvaluation in the natural situation may be relov-at
for rth wisturc wmd temperaturc str.ss. ICRISAT staticns are located i.
natural rainfall situations that can tc uscd to suitably evaluate plans
watrrial. lowever, it weuld als. be useful to have seed and/or scodlin

tests that corrclate well cnouph witl resistance to drought in the ficld

that morc susceptiblc matcrial can be screcned out.

The opportunity for the cvaluation of drought resistance at Ilydcrabad,
Hissar, and Hydcrabad in India is relevant. The opportunity to develop
drought rcsistant types for the low rainfall situation at and around lad
vedani appears promising in Africa. This would also be an important part

of the program in Tanzania.

The current breeding plants are for sclection in advanced generations
from single crossecs, threc-way, and double crosses. Once suitable parentnl
material has becen identified, the population breeding approach may be
appended.  The pedigree breeding program proposed is outlined in schematic

form in Fipure 44,

G. Breeding for Charcoal Rot Resistance - A Prcposal

Charcoal rot causcd by thc sclerotial stage of Macrophomina phaseolia
is a scrious discasc of dryland sorghums. Disease devclopment is influenced
by many factors including soil moisture, tillage mecthod, crop sequences,
plant spacing, soil fertility, etc. The pathogen probably entcrs the stalk

through the roots and advances within the stalk from the crown upward. It

is typified by thrce successive stages: 1) General water soaking of pith
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tissues, 2) Intcensc pigmentation (red tc black) of affected tissues and

3) fading o. éolour, drying of affccced tissues and formation of sclerctia
cn the vascular raunants., In infected seedlings the symptoms are scen as
scudling blights and in adult plants as stall rots. In adult plants
externol symptors -r. not visible until! near meturity. Just beforc
naturity, the affecte! plants may lodae, and orain development can be soor.

Drought and high tempcratures are known to precondition the plant for

charcoal rot infection.

The cxtent of yield losses and the arcas affected in the SAT repion
arc not known. A survey in this regard would be cf help., There is also
a2 nced to study the inheritance of rcsistancce and relative influences of

various environmental factors.

The objectives of this projcct arc therefore, 1) to determine the
arcas and extent of yicld losses (pathologists); 2) to understand the
factors influencing thc development of the discases (pathologists, breeders
and others); 3) to standardise scrccning tochniques (pathologists); 4) to
screen the germplasm and other breeding lines to identify sources of
resistance (pathologists); 5) to study the inheritance of resistance
(breeders and pathclogists); 6) if nccessary to improve the sources of
resistance and 7) to put together the favourable allcles of resistance
and other stability traits including yicld, pest,Stuiga, ctc. (breeders

and pathologists and others).

Clearly, good cooperation between the breeders and pathologists is

essential for the success of the projoct.
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Fig. 45 - Breeding for Charcoal Rot Resistance
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The breeding nrosram in sencral includes:
1. Tdentificaticon and developrnent of source material:

1) Screening of germplasm and other breeding lines (pathologists)
)

L) Upgrading the source by crossing amon~ the types (breeders

and pathologists).

This would be carried out under protection for other yicld limitin

facturs such as shoot-£ly and st borer.

Z. 8ringing together the favourable alleles for resistance, yicld onu

other stability traits.

The breeding method is largely pedigree sclection in the populations

obtained by singlc, threec-way or doublc crossecs.

Later on, as morc information is available (for example, if the
resistance is found to be a polygenic systcm) composites will be develeped
to take up the population breeding approach, if the inheritance is simple

a backcrossing approach will be uscd.

A suggested brecding approach is represcnted schematically in Figure
45. A similar typc of program is cxpected to devclop for resistance to

downy mildew.

H. Rabi Sorghuns - A Breeding Project Proposal

fpproximatcly 40% of thc sorghum arca in India is sown in the rabi
season. Rabi sorghums are traditionally sown in September-October though
there arce some indications that carlier sowing is beneficial. The rabi crop

scnerally prows and maturcs on a rcceding moisturce supply,

Expericnce of the All India Coordinated program is that it has been

more difficult, and continues to be morc difficult, to develop improved



70

sorghum for.the rabi season as comapred to the kharif. India is the only
country of the SAT where winter sorghum is an important crop. The germ-
plasm base is narrow and presents a problem for the development of superior
rahi sorchum types. The reason vhv it is difficult ooe< beyond the morc
obvious factors of increascd incidence of shoot-fly and drought. Possibly

temperaturc and cven day length may be relevant.

The rabi area may conveniently be grouped into three zones. The

objectives of the breeding program for each zone are outlined below:
(1) Arid Zonec:

The expectcd rainfall is approximatcly 45 cm, most of it is in

September and October. The following will be taken into consideration:

1. Shoot-fly is not a problem since there is no prcvious sorghum
crop in such areas.

2. Sugary discase may be severe.

3. Farmers want both fodder and grain.

4, Farmers generally takc up late sowings in October.

Accordingly the breeding objective is to produce a variety that
matures in about 100-110 days so that it cscapcs moisture stress and is
tall enough to give fodder. The plant type should be such that yield
compensation is good under low population density. The evident quality
characters - plumpy round grain, straw coloured glume, etc. need to be

considered.
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(ii)' Assured Moisture Zone:

In this zone, both kharif and rabi crops overlap. Shoot-fly,

stem borer, downy mildew, and leaf discascs arc problems.

The brevding objective is thercefore, to evolve lines of 120 to
125 days duration and mediwnr tall with resistance to discases and pests.

They should also be responsive to fertilizers.

(iii) Assured Water Supply Zone:

Farmers more and morc in irrigatcd areas are sowing sorghum as one

of the crops in a multiplc cropping system.

For such areas, breeding early and dwarf types with resistance to

diseases and pests and fertilizer responsiveness become the objective.

(4v) The Rabi Breeding Program:

The breeding program in gencral includes:
1. Development of source material:

a. Screening of germplasm and other breeding lines.

b. Upgrading the sourcc by crossing among the types. This
would be carried out under complete protection for
other yield limiting factors such as pests, diseases,

Siniga etc.

2. Putting together the favourable alleles for rabi adaptation

yield and other stability traits.

The breeding method is largely pedigree selection in the populations

obtained by single, three-way or double crosses.
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Later on, as more diversc useful material and information is
available ¢ the mechanism(s) of rcsponse to the rabi cnvironment,
composites will be developed for a population breeding approach. As with
the drought resistance breeuing, active cooperation of physiologists is

esscntial for the success of the project.

An outline of suggested breeding plans is presented schematically

in Figure 46.

Development and Evaluation of Hybrids

The development of hybrids is an extension of a varietal improvement
program. To support the hybrid program it is important that fertility rc-
storing and non-restoring lines are kept separate during the development
phasc (across projects) i.c., care is required to insure that B-lines do
not lose their non-restoring trait as they arc outcrossed with other source

material.

Onc of the major problems, »articularly in the tropics, is the

availability of good A-lines. Generally, diversification of the phenotype

of A-lines would be beneficial. It is anticipated that there will be a

substantial effort in the program to help with these problems.

It is also planned to improve good A and B lines for specific weakness
by a backcrossing program suitably modified for the nature of inheritance

of the trait.

The diagram in Figure 47 outlines a breeding procedure to develop

A and B lines from good pollinator parents that are either restorin; or

non-restoring.
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