Scientific Papers presented at the
OAU/STRC-SAFGRAD International Drought
Symposium on Food Grain production in the

semi-anid regions of sub-Saharan Africa. Nairobi,

Kenya. 19-23 May, 19§6.

This publication has been supported by
the USAID, United States Agency for
International Development

Copyright (C OAU'STRC-SAFGRAD 1987 / ;2(
All Rights Reszned.

No pan of this book may be /
reproduced by any mezns, or

transmaticd or 17anslated into

2 machine language withoul the

wntien permission of the
publishe:s.

An OAUSTRC-SAFGRAD Publication.

Production by: Founth Dimension Printing Services
: : 7 Glcbe Close, Thorpc Bay, Soulhcnd-on Sca Essex, UK.

ISBN 978—"453—12«-9 ~ : '. B

Printed and bound in Great Britain by ~ -
Redwood Bumn Limited, Trowbndge, Wilishire

CP el

Proceedings @en International Drought Symposium

held at thc Kenyatta Conference Ccntrc Nairobi, Kenya -

19th to 23rd Mav 19S6.

FOOD GRAIN
PRODUCTION IN

SEMI — ARID AFRICA

Edited by
J. ML MENYONGA

international Coordinator
OAU/STRC-SAFGRAD.
Quagadougou

TAYE BEZUNEH
Diractor of Research
OAU/STRC-SAFGRAD.

Ouaygadougou

ANTHONY YOUDEOWEI
Publishing Consultant
University of Ibadan, Nigena.

Published by

The Coofdmauon Office
OAU/STRC-SAFGRAD

Semi-And Food Grain Research and Dcvclopmcnt

0, Ouagadougou, Burkina Faso.
SAFGRAD BP 1783

-l



S An environmental physiologists approach to
screening for drought resistance in sorghum
withh particular reference to Sub-Saharan
Africa™* '

J.M. PEACOCK and M. V. K. SIVAKUMAR

LPrirscipal Crop plhivsiologist, Scrrglicerss Trraprron-crnicare I’rograrnn, 1CIRIS AT
Ccriecr, 1CIRIS. AT Iwstarsclicre, 7. CO.._S502 32d, Asvellira Praaclests, Frecdice.
ciricd )
I’riraciprerd Agroclirricterlerssise, 1CIRIS AT Sahclican Ceoentcr, I°. CO. BDox 12904,
Nictrrnion, Nigcor.

Abstract Sorghumn Sorglicerrr hicolor (1-.) NMocnch s an amportant food crop of the
sci-arid ropions of Sub-Suaharan Africa bhut undoer drought conditions yiclhds have
(tallen from g Jong ternmn averapge of around XX Ki/bia 1o Lelow HIXS K/l

In vicw of the range of cavironments in Sub-Saharan Africa and the different
patterns of droughit which occur in thesce resions, Lircoeding for drought resistancce it
sorphum is a complex problem. A carcful analysis of the cnvironment is cambincd
wiath the ideontification of appropriate pphysiological traits for devcacloping drought
roesistznt and highoer yiclding sorgliasn.

FFlistorical rainfall data for the sorpghum growing Jlocations werce analyscd for
dclincation of the average dates of the bocpinning and ond of the raias, the Icngth of
the rainy scason. and the probabilitics Of recciving a defincd amount of rainfail
during thce crop prowing scason. FFrom the computed date of sowing, thie duratioss of
drought at various probability lcvels were assessced onn a 1O0-day intcrval for the
gcrowing scasan. I'hiis iaforsnatiaon s usced 1o group Jocations thiat bhave similar
probabilitics Oof drought in diffecrent growih stages of the sarghum crop. Three
tmpaortant gprowthl stages arce scecogniscd viz. sccocdling cstablishmicent. mmid scason
growithi, and the grain-filling poerniod. X

The pprouch takcnn to the systoematic deveclopinieast of a practical diougeht
SsCcrcocning program s illustrated using data {rony v miid-scason drought situastion
althouyh 1t is cmiphasisced thiat the apypyraach for udl thirce stasges IS essontialliy the
siance. -

Inittally. o sample of pocnotypes were scloctced from the sorghun gonctic resaources
accoessions at the ICRISATT Coentceocr ta soeproescnt o snaterial collectod fron smainy
countrics over a rangce of altitudces (O 1o 20K ) aand mican annnnuasl rainfall (250 o
250 mam) coverimng niost of the tarxonaonmic proups. »

“TThe samplce of lincs were screencd undeoer severe droupght conditions at ICRISATT
Center. PPatancheru. India in the 1clatively rain-frecc sununcoer scasons from 19YS3 1o
19SG. : )

Considerable gencetic yvariation was shown in the response and survival of these
pocnotypyes  to miid  scason drought and high tcmmperature. Visually  obscrved
diffecrences in “resistant” and ‘suscoptibilce’ genatypres in termms of doesiccation tolcrance
asind recovery ability were shiown to bhe bascd on mmcasurablc physiological scospranisos.

11y conclusion., it is argucd that althooupeh the *cnvironmacntal phvsiology” appyroach
hhas ecnabilcd sosphumm scioentists (o focus thoeir screoning offorts o sprccitic droupht
prroblemns, it is vital that morce cmmphbasis 1< prut on doevelopiaing thosce typoes of clinatic
sanalysis which bhhetior doescribhe the varsious dsoughts of Sub-Sabaran Afcica.
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Introduction

Sub-Saharan Africa (SSA) is the only part of the developing world in which
the index of per capita food production has declined during the last (wo
decades (33). Of all the sub regions of SSA, West Africa has shown the
slowest growth rate for total food production. Sorghum (Sorghum bicolor
(L.) Moench). is grown on over 10 million ha in West Africa where it is one
of the most important rainfed food crops. In Burkina Faso, for example,
56% of the total calorific food intake comes from surghum Despite this the
annual-growth rate of sorghum from 1969-71 to 1980-82 in SSA was 2.1%
which was lower than the population growth rate of about 2.58% during the
same period.

The present sorghum cultivation prauucs in SSA are vulnerable o the

ravages of drought; whilc average yiclds of sorghum arc around 1000 kesha,
under drought conditions these have fallen below 100 kg/ha.

Itis thercfore important to limit yicld losses from adverse variations in the
environment. As Jordan and Sullivan 1982 stated, “the problem of crop
performance under drought conditions resolves into (wo basic components:
the first a genetic componcent and the second, a management component™
There are complex interactions between the two and our efforts to cope with
drought must aim at a thorough understanding of the entire production
system including cnvironment, management and genotype.

In this paper we emphasize the need to bring our present knowledge of
two of the components of this production system. the environment and the
genotype together in what is termed an “cnvironmental physiology”
approach. The physiological and genctic aspects of crop improvement in
responsc to drought and the associated high temperature stress have been
comprchensively reviewed in recent years and will not be repeated here,
However, these reviews indicate that ample genctic variation for
physiological components of drought resistance exists in sorghum.

An objective of this paper is to emphasisc the nced for appropriate
descriptions of drought environments. Simple methods of rainfall analyses
with suitable examples from SSA are described. A further objective is (0
demounstrate that these analyses provide the physiologists and breeders with
sufficient information to focus their screening on a specific drought problem.

Such an approach should also aid in the ideatification of appropriate
genetic variation and physiological traits for devcloping more drought
resistant and higher yiclding sorghums for the semi-arid regions of Sub-
Suharan Africa.

The environmental physiologists approach

Drought is a complex problem and scicntists have made little progress in
developing material that is more stable than the local farmers’ landracces.

‘¢ belicve that there is a very good rcason for this: many of our crop
improvement programs have been trying to develop ‘improved’ material
with little or no idca about their real customers or the cnvironment they live
in. Initially the most important component to deline (rather than drought
itsclif) is the needs of the customer and the environment that he has to grow
the sorghum crop in.

We think that the approach is simple and systematic, it has six
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components “h)ch arc summariscd bricfly below under the (ullowmg
hecadings:
' Customer; Environment; Growth stages; Germplasm; Traits; Collabora-
tion. :

All components are important but the most important is a clear
understanding of the environment where the kcy person, the customer, is
trying to produce food.

Cuslomer

The customer's nceds are very important. Researchers often forget that
apart from feeding the children the farmer has cattle (o feed, food to couk
and roofs to cover. The failure of many high yiclding varictics ([{YVs) has
been becausc these important uses have been ignored.

Eny lronmcnl

Itis nnpnwblc o develop a crop improvement program for drought pmnc
arcas without a clear understanding ol the climatic conditions of the arca. If
we are (o focus our rescarch on the type of sorghum genotypes and (raits
required for any particular customer, it is csscntial to establish whether the
problem our customer has is one of scedling drought stress, mid scason or
tecrminal stress or a combination of any two or three. This can only be done
through a detailed analysis of the customer's cnvironment.

Growth stages

It is vital that the sclection procedure set up will discriminate resistant and
susceplible material under stress conditions for the three phenologically
distinct growth stages; viz. (i) emergence to about floral.initiation (GSI1)
(i1) floral initiation o ﬂo“cnng (GS2) (iii) flowering to physiological
malturity (GS3).

Germplasm

It is cssential that the material used has a wide a genclic basc as possible.
Therefore by germplasm we include both landrace and breeding material.
We should also point out that the success of this approach rclics more on the
usc of the landrace material than of breeding material.

Traits

The first part of this component is to visually identily a character or trait
which imparts resistance at any onc of the phenological growth stages. Many
cxamples could be given but some are good secdling cmergence, lack of leaf
desiccation during mid-scason stress and absence of lodging at the time of
terminal stress. All these traits should be casily identifiable. The success of
the overall approach depends on sclecting both highly resistant  and
susceptible material.

The sccond part of this component deals with the physiological
measurcments on the resistant and susceptible material. As physiologists we
should understand the principles that determine why that scedling or plant
survived the harsh environmental conditions. Successful development of
stable drought resistant material requires good science, coupled perhaps
with a bit of luck.
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Collaboration

Finally, but not lcast, is the collaboration component and cvaluation of
identified traits. As we said carlicr, breeding for drought resistance is a
complex problem which up to the present has not been solved. It never will
be if we work in isolation from our colleagucs, not just within ICRISAT,
but those working outside of ICRISAT. The collaboration should be
international and must include both basic and applied rescarch and
cvaluation of the important traits and material.

LN

Sub-Saharan Africa (SSA) ~ the drought problem

In bricf, what is important is that we are ablc to solve ‘our customers
drought problems in SSA. Obviously this poscs an cnormous problem in
itself as there are so many different climatic zones and variable rainfall
patterns.

Among the environmental factors that are most relevant for a discussion
on drought are rainfall, tecmpcrature, radiation and soils. Scasonal variation
in temperature and radiation at a given site arc the most predictable. The
most variable factor however is the amount and distribution of rainfall. This,
in combination with the variation in the depth and physical characteristics of
soils between locations, lcads to droughts of varying intensitics and
durations during the growing scason. The [irst requirement in the analysis of
the environment then, as Turner 1982 points out, is the characlc.rlZdllon of
droughts cxpcncnccd and expected at different locations.

Unfortunately, in spitc of a wecalth of information on weather,
interpretation of this information in terms of plant response has relied
strongly on cxtensive yicld testing. Priority zones for sorghum rescarch
continue to be identificd on the basis of mecan annual rainfall while
drought-prone rcgions continue to cxhibit considerable variability in rainfall
from year to year and large variations in spatial distribution arc common.
For example, the variation in mcan annual rainfall at Banfora in Burkina
Faso (Fig. 1) over the last 64 years is about 25%. Although the mcan annual
rainfall here is 1148 mm (as represented by the horizontal linc), from 1968 on-
wards the rainfall has been below average and in 1983 it was only 480 mm.

«Like most arcas in SSA the rainfall in West Africa is variable not only
from ycar to year but also from month to month within the same year. An
cxample of this can be scen in Fig. 2 which depicts the daily mean rainfall at
Niamey, Niger, during three years. The mean annual rainfall at Niamey is
560 mm. From this criterion, 1964 was an abovec-average ycar, 1968 an
average year, and 1972 -a ycar with below average rainfall. However the
rains terminated by carly Scplcmbcr in both 1964 and 1968 while in 1972 it
rained till 18 October.

The variations described above cause instability in the traditional methods
of crop production and open to question the utility of employing average
rainfall data in cvolving ‘drought strategics’. A rainfall record can provide a
wealth of guiding information for agriculturalists but only if the information
generated can be uscd in solving operational problems. Obviously careful
analysis of thc long term rainfall data is called for. Some of the more
mecaningful questions that could be asked are:

a) What is the average datc of the beginning of the rainy scason and
what is the variability associated with it?
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Figure 1 Annual ramfall variation st Banfora, Burkina Faso (Mcean annual
rainfall = 1148 mm).

b) When do the rains stop and what is the variability of the date when
the rains end?

¢y Whatis the average length of the growing season for a particular crop
in a given location and what is the variability of this period?

d)  Considering the above, what are the criteria to be used in the choice
of & varicty appropriate to this location?

c) In order to devise strategics for overcoming the effects of drought
what arc the probable periods of drought stress endured by a given
varicty”? v

Rainfall analysis: An example from Sub-Saharan Africa

To illustrate the application of agroclimatic information to answer the above
questions, we have chosen five locations in SSA. These are Mopti (Mali)
and Niamey (Niger) in the Sabelian climatic zone. Kaolack (Sencgal) and
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Figure 2 Daily rainfall variation at Niamcy, Niger.
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Ougadougou (Burkina Faso) in the Sudanian zonc and Sikasso (Mali) in the -
northern Guincan zone.

Monthly and annual rainfall

The simplest analysis of rainfall is usually the calculation of mcans and
variability. Monthly and annual rainfall statistics along with thc data base
for thesc five locations are given in Table 1. Mopti and Niamey with a low
mean annual rainfall exhibit higher cocfficicnts of variation (CV) than the
other locations in SSA, specially in May and October. In gencral CVs
during the rainy months of Junc to Scptember range from 24 10 9 52% at
different locations and the CV for annual rainfall ranges from 17 to 26%.

Considering the high variability associated with the monthly and annual
rainfall it is imperative that strategic planning for the drought-pronc regions
must consider periods shorter than a month. Use of monthly averages to
describe scasonal regimes is often suspect not only because moisture
availability over a short period of even 10 days is critical but also the onset
and the end of the scason - cither on average or for individual ycars - do
not coincide with calendar months. Hence we have analyzed the daily
rainfall data available over a period exceeding 50 years for these locations.

Beginning and end of rains

The date of the beginning of the rains is an important critcrion in planning
agricultural operations, particularly sowing. Various definitions of the
beginning of rains arc available. The criterion used here is that of recciving
20 mm of rainfall totalled over 3 consccutive days after 1 May with no
period without rain longer than 7 days within the next 30 days. Expericnee
with both sorghum and millet crops in West Africa suggests that this sowing
criterion could give satisfactory cmergence and plant stand. The date of
cnding of rains has been taken as the day after 1 September following which
no rain oceurs over a period of two decades (a decade is a 10 days period).
The length of the rainy reason is the difference in days between the dates of
the beginning and end of the rains, as defined above. :

Table 1  Monthly and anunual rainfall (imm) statistics at sclected locations

Location Data May Jun Jul Aug Sep Oct Annval
base ===ccccces ecccccscs csscsess e- wecess esscccses scecsese ecscsces
(yrs) Mean CY Hean CY Hean CY Hean CV Hean CY Hean CY Mein CV

Hopt | s8 26 100 60 52 146 40 183 39 93 4S5 19 96 534 23

(Rall)

Niamey 8 35 93 76 S2 143 37 193 40 90 S1 16 100 S6) 25

(Niger) ’

Kaolack $6 s 232 60 70 1S7T 49 293 40 211 44 63 16 196

(Senegal) - - .

Ouagadougow S7 73 67 111 43 181 28 253 35 M4S 32 38 93 827 24
(Ourkina Faso) :

Sikasso 65 113 52 165 32 268 29 334 24 242 31 98
(Kalt)

60 1306 17

CY = Coelficient of variation (5)
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Using thesc criteria we computed the dates of beginning and cnd of the
rains and the length of the rainy scason for each ycar of the data base for
the five locations in SSA. Computations for ecach ycar have been used to
calculate standard dcviations associated with these dates. Results of this
analysis, presented in- Table 2, bring out moré clearly the f(ollowing
important features of the daily rainfall at the sclected locations (Table 1):

a) Rains at the drier Sahclian Jocations (Mopti and Niamey) begin 20-31
days later and end 25 days carlicr as comparced o the higher rainfall
locations. The stundard deviation of the beginning of the rains here is
also higher. Hence in dry years the length of rainy scason could be
considerably shorter in the Sahcl.

b) The cnd of rains is lcss variable than the start at the five locations in
SSA as reflected by the lower standard deviations.

c) At Sikasso, the high rainfall location, the length of the rainy season is
46-52 days longer than at Nwmcy and Mopti and 13 days longer than
at Ouagadougou.

d) Koalack, which has a mecan annual rainfall ncarly similar to that for
Ouagadougou and falls in the Sudanian zone by that criterion, is like
the Sahelian locations: The rainy scason starts later at Kaolack
indicating that much of the rains reccived carlier in the scason are
undependable for sowing. The length of rainy scason at Kaolack is
similar to that at Niamey.

e) The standard deviation of the length of rainy scason at Mopti (26

' days) and at Niamcy (20 days) show that in dry ycars the length of the
rainy scason could be very ‘short, viz. 62-74 dnys showing thereby the
rcasons for crop l':nlurc in dry ycars.

Rainfall probabilitics

Dccadal precipitation totals for a long period of time are available for many
of the drought-pronc regions in SSA. These data can be analyzed by fitting
the most appropriate mathematical function to the rainfall data and
computing the probabilities of recciving a certain amount of rainfall, c.g. 10,
20, 30 mm, ctc. We have used the Markov chain model for precipitation
analysis which was introduced by Gabriel and Necumann 1962 and has been
used widely. The application of these maodels in agricultural planning has
been discussed by Stern and Coc 1982. Rainfall probabilitics can be
clfectively used to sow the scasonal progression of rainfall dependability
thercby providing a useful mcans to differentiate locations. This point can
be amply illustrated (or Kaolick and Ouagadougou which have the same
mean annual rainfall. The probabilitics of rccciving 10 mm or morc of
rainfall during each decade at Ouagadougou and Kaolack arc shown in
Fig. 3. At Ouagadougou the rainfall probabilitics by decade 12 are 35% but
incrcase to 78% by decade 15 and stay above the dependable probability
lcvel of 70% (indicated by the horizontal line) till decade 27. At Kaolack
the rains start laic (Table 2) and so the probabilitics do not rcach the
dependable level until decade 19 and stay below those at Quagadougou until
decade 21 but thercalter probabilitics at Kaolack are higher.

Rainfall probabilitics for Mopti and Niamcy (Fig. 4) also show a slight
advantage for Niamey where the probabilities reach the dependable level by
decade 17 in contrast to decade 19 for Mopti. “This initial advantage is
reflccted in the beginning of rains by 7 days and in the length of the growing
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Figure 3 Probability of recciving 10 mm or morc of rainfall during cach decade at
two locations in tie Sudanian zone.
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Table 2 Average dates of beginning and end of rains and length of rainy scason at
sclected locations

L e e L L L T L X L e R R )

Location Begfnning of rains End of rains Length of scason
Date  s.d. Date  s.d. Days  s.d.
Mopti 19 June 21 15 Sep 11 .88 26
Niamey 12 June 17 14 Sep 9 94 20
Kaolack 23 Juno | 14 27 Sop 12 97 18
Ouagadougou 31 May 16 24 Sep 12 117 21
Sikasso 23 May 12 10 Oct 14 140 18
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scason by 6 days for Niamey (Table 2). At Sikasso the dependable
probabilitics arc attained by decade 14 and continuc until deacade 29.

Drought probabilitics

The analysis described so far provides uscful information about a location
but is stll insulfficient (o supply answers (o the specilic question of
pmh.‘lnlmcs of dry spells since there are occasions when dry spcll frequency
is more unpnrl.ull regardless of rainfull totals. For example, in the case ol
sorghum it will be useful to have information on the relative susceptibility of
the crop to drought spells during the GS1, GS2 and GS3 phascs.
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Figure 4 Probability of receiving 10 mm or more of rainflall during cach dccade at
two locations in the Sahclian zone.
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Assuming the computed date of beginning of rains in cach ycar (defined
previously) as the date of sowing, the length of dry spell (or days until next -
day with rainfall greater than a threshold value) at different probability
levels can be computed for consecutive 10 day periods from sowing. Results
of this analysis for the sclected locations at a Y% probability level shown in
Fig. 5 cmphasisc the following important points:

a) The dry spells during GS1 arc more probable than .those during GS2,
specially at the low rainfall locations Mopti and Niamey.

b) At Mopti the length of dry spells is progressively longer during GS3
from 80 DAS and at Niamey from Y0 DAS.

¢) Kaolack and Quagadougou with ncarly similar mcan annual rainfall
show important differences in the length of dry spells as in the case of
rainfall probabilitics (Fig. 3). At Kaolack the length of dry spell is
progressively longer form 10 DAS while at Quagadougou this
happens from 120 DAS.

Since the dry spell analysis shown in Fig. § is bascd on the computed date
of sowing for cach year of available rainfall data, these data could be uscd as
a guide for the various maturity durations of varictics o breed for in
different locations. At Mopti and Niamey breeding strategics should be
oricnted towards maturity durations of 80-90 days. for Kaolack 1(X) days. for
Ouagadougou 110120 dyas and for Sikasso 140 days. So far in this chapter
we have attempted to better define some of the environments of SSA, but
how can the physiologists use this information to solve the drought problems
in Mopti, Niamey, Kaolack ctec.

These data and the conclusions listed above provide essential informition
{or the physivlogists and the breeders for developing more stable yiclding
varictics for these live locations. Clearly physiologists and breeders from
these locations should now concentrate on screening the sorghum material
for those traits which will impart resistance during GS1 and GS3. However
although many other lociations in SSA have similar drought distributions (o
the live locations described, there are those such as the central region of
Tanzania where there arc mid scason or GS2 droughts.

The next step in this paper is to describe those stages, of the components
of the ‘environmental physiologists” approach, that Icad to the development
of more stable and higher yiclding lines for GS1, GS2 and GS3 stress
cavironments.  Although screcening methods have been  developed by
ICRIA'T scicntists for all three stress enviconments it will not be possible to
deseribe more than onc in this paper. Our aim is 1o also demonstrate that
the overall approach, irrespective of the particular growth stage (ic. GSI,
GS2 or GGS3) at which the stress occurs, is similar, ‘

Screening methods for identifying good crop establishment traits in both
sorghum and millet have been published and these are also described by
Soman ¢t al. 1986 in these procecdings. Similarly the important (riits
associated with GS3 were extensively reviewed in 1983 at the Bellagio
workshop in 1984, Conscquently we will concentrate on a mid-scason stress
situation, and go systcmatically through our approach for a location in
India. :

The environmental physiologist’s approach = an example from India

Custumer

Farmers at Anantapur who grow sorghum for food and fodder.
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Environment
The mean annual rainfall at Anantapur is 590.2 mm, very similar to Mopl
and Niamey but the distribution is very different. Fig. 6 shows that the
drought problcm is onc of mid scason stress.

As a result of the distance from Patancheru and the poor resources
available at Anantapur it is impossible to conduct all the rescarch at that
location. Some of the more detailed rescarch had to be undertaken

Patanchcru. '

Unfortunatcly the normal growing scason al l':nam.chcru. in the absence of
a “rain-out” shelter, does not cnable us to flu this and lhcrcf‘nr'c' it was
neccessary (o simulate mid-scason stress conditions ‘oul of scason’. lln§ wis
done, by growing material in the summer scason (i.c. March to the onsct ol

rains in Junc).

Growth stage

The growth stage is GS2 and is usually associated with the growth from
aboul the time of floral initiation to that of anthesis or 50% flowering.
However, the onset of the stress may occur before initiation, particularly

with late maturing varictics.

Germplasm

It would be extremcly difficult to systematically screen the 2(7()()().ucccssi0ns
of sorghum that have been collected so far. Thus, a representative sample
was sclected. In 1983, a total of 700 sclected permplism accessions and

e Patancheru (764 mm)

0.8 —e=+=e= Anantapur (590 mm)

006“‘

004-‘

Probability

0.0 I | 1 | | 1
20 24 - 28 32 36 40 44
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Figure 6 Probability of recciving 20 mm or more of rainfall during cach standiud
week at two locations in India.
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advanced breeding lines were screened during the summer (March-June) at
ICRISAT Center. The material was divided into three groups: the first two
comprised germplasm lines sclected {rom a wide range of taxonomic groups
(c.g. durra, caudatum, ctc.), geographical locations (countrics where
sorghum was collected), and climates (runge of altitudes and mean annual
rainfall). The third group included both germplasm and 70 advanced
breeding lines developed at ICRISAT or by national programs. The
material was sown in mid March and established with irrigation for 1S 10 18
days. Irrigation was then discontinued and the midscason stress imposcd.

Trails

Many physiological traits that affcct crop adaptation to drought and high
temperatures have been identified and a “physiological approach™ 1o -
breeding for drought resistance has been described by Morgan 1980,
Bidinger 1980 and Steponkus et al. 1980. However, in the carly stages of our
screcning program it was csscntial to examince only those traits that could be
visually recognised. The two traits cxamined were:

I. Desiccation tolcrance, i.c. a measure of the amount of lcaf arca that
remained unscorched or “fired’. We scored leal firing at regular
intervals during the stress period on a 1 to § scale, where 1 = less
than 20% of lcal-arca fired, and 5 = over 80% lcaf-arca fired.

2. Rccovery ability, i.c. ability of a previously stressed line to produce
new leaves and grain after rain. We scored recovery ability ona | to §
scale where | = over 80% of the plants in a row recovered, and
5 = less than 20% recovered. :

We examined the results of the 1983 screening and retaiaed lines that had
a leaf firing score of less than 3 (most resistant) and those having more than
4 (most susceptible). Fig. 7 shows the effects of stresses duc to heat and lack
of water on a typically ‘resistant” and ‘susceptible’ line. We sclected 2606 lines
for further screening in 1984, :

These sclected lines were sown on 16 March 1984 in an Alfisol at
ICRISAT Center with four replications. The crop was established with
irrigation {soil brought to ficld capacity) and midscason stress imposed by
witholding irrigation from 20.DAS. All the lines expericnced stresses from
heat and lack of water for a period of 66 days. During the stress period only
4.5 mm of rain fcll, and the mcan maximum temperatures were close (o
40°C. The stress cnded at 91 DAS, following 21.6 mm of rain. We scored
the matcerial for leaf firing at 48, 61, 70 and 83 (DAS), for recovery ability at
89.°94, 102, and 117 (DAS), and for grain yicld when the lines reached
physiological maturity.

The visual screenings in 1983 and 1984 clearly demonstrated that there
were marked differences in the response of these sorghum genotypes to high
temperature and water deficit. [t was argucd that our screening approach
could be simplificd even further, if the underlying mechanisms associated
with these striking diffcrences (Fig. 7) werc understood.

Survival (maintenance of membranc integrity) is ultimately determined by
the plants’ ability to maintain an internal water status which will allow it o
sustain a minimum of essential metabolic processes such as photosynthesis
and respiration, and to facilitate transpirational cooling of leaves. The
apparcnt failure of some of the genotypes in the carlicr screenings were a
conscqucnce of onc ar more of the following:
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Figure 7 Ellccts of stresses duc to heat and lack of water on two sorghum cultivars,
IS 22327 (lcft), a resistant line from Botswana, and 1S 12741 (right). a susceptible
line from China. ICRISAT Center, 1984, (Source ICRISAT Annual Report 1984).

1. . An inadequate root system, which was unable to extract water to
sustain atmospheric demand. .

2. Stomatal bchaviour which is over sensitive to plant water delicit and
high cvaporative demand.

3. The ccll and leafl tissue is unable to survive at temperatures above

40°C.

From the 266 lines sown in 1984 only 157 flowered by the end of the
recovery period. Of these we sclected five ‘susceptible” lines (FS) and four
‘resistant’ lines (FR) (Table 3) for a detailed experiment, to cxamine the
physiological bases of resistance to mid-season heat and drought stress.

Instrumentation was installed in two replicates of cach of live genotypes in
stress and control treatments. “The lines measured are marked with an
asterisk in Table 3 and represent an carly and o late maturing ‘susceptible’
linc and two carly and onc late maturing *resistant® lines, Full details of this
instrumentation and the physiological measurements are given by ICRISAT
1986 and Pcacock ef al. 1985.

In bricf, the following mcasurcments were made on the youngest fully
expanded leaf: relative leal water content (RLWC - defined as the ratio of
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Table 3 Sorghiam lines used in detailed physiology experiment at ICRISA'T Center,
summer YRS, '

------- el L L E L L LT EE Ll R e bl b L L T T

Annual Time to
Sorghum Origin Eleva- Rainfall Taxonomic. SUX (lcwer-
line tfon (m)  (awm) group ing
Seeeatizlal T
'15 17605 Yemon 1970 600 Durra 131
15 12739 China -1 - Caudetum bicolor 50
1S 12744 Taiwen - - Guinea cavdatum S3
. 1S 21436 Malavi 75 800 DOurra 56
1S 22253 Botswana 1250 S14  Kafir 52
Resistant (FR)
*1S 20969 Kcnya 1100 1500 Caudatum 115
*IS 1347  Egypt - - Caudatum dicolor 48
*1S 13441 Zimdbabwe -~ - Caudatum 60
1S 22380 Sudan 600 450 Caudatum 85

--------- L LT T PR T T L T T L T T L L R Y

1 = Data not avatladle
’ = Measuroments taken

leal water content at sampling to that at full turgor), leal water potential (yl
- as measurcd with a pressure chamber) and stomatal conductance (gl -
measured with a dilfusion porometer). Measurements of light incident on’
the leaves, (Si). and the lcafl temperature, (tl), at the time and site of
mcasurcment of conductance were made with a quantum sceansor and an
infrarcd thermomelter, respectively.

Mcasurements of I, gl, Si, and tl were made on the same leaves.
Immediately after the measurements of gl, Si. and tl, the leal was excised
and returned to a ficld laboratory for measurements of yl and RI.WC. Sail
water content was measurced in these plots, using a ncutron probe. Detailed
measurcments continued until the onsct of the rains at 84 DAS alter which
only dry matier production and grain yicld were measured.

The purposc of this paper was not to examine in detail the data from
these physiological experiments but to illustrate that it is possible 1o
systematically screen the germplasm and breeding lines. Also, by sctting the
correct ‘selection pressure’, it was possible to rapidly identifly material rom
which it may be possible (o obtain drought ‘resistance® genes, We sclecied
three sets of data.

Results shown in Fig. 8a and 8b clearly demonstrate that, after a critical
level of stress is reached (56 DAS). the ‘resistant® lines have a very different
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Figure 8 Measurements made at 12.30 h on the midportion of the youngest lcaves
in five sorghum lines 1S 20969 (m), IS 13441 (), and IS 1347 (e (resistant), and
IS 12739 (o) and IS 17605) (0) (susceptible) of (a) relative leaf waler content
(RLWC %) and (b) leaf water potential yl MPa in the stress plots and (c) leal
conductance (gl cm sec—1) in the control plot, ICRISAT Center, summer 1985.
[From Pcacock er al. 1985.]

plant water status to the susceptible lines, in terms of RLWC and yl under
both soil and atmosphcric water stress. Noticeably, the trend for both traits
is the same. A similar response, under atmaospheric wiler stress only is
shown in Fig. 8c for stomatal bchaviour in terms ol individual lcal
conductance, gl. The terminology requiring phrases such as ‘resistant’ and
*susceptible” was obviously subjective, bascd on the carlicr visual scorings.
Yet these data verify that these visual differences arc based on measurable
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physiological traits and could be used cffectively in an improvement
program (o identify ‘resistant’ genes. '

Collaboration

We have little information on the more basic characteristics of these
constrasting lincs. To date, most of the significant collaborative basic
rescarch has been done at the scedling stress stage or carlier. An example of
this rescarch is a Ministry of Overscas Development Project (R3801) being
conducted at the Welsh Plant Breeding Station (WPBS), in the UK. Earlicr,
using techniques developed at ICRISAT Center we have shown
considerable genctic variation in the ability of sorghum scedlings to emerge
at high temperaturcs. The biochemists at the WPBS, working with the same
genotypes, showed clearly that the differences in scedling emergence were
closcly rclated to the rates of cmbryo-protein  synthesis.  Such
collaborative rescarch has not only enabled us (o jointly develop a more
rapid screening methaod, but has led to an understanding of some of the
underlying mechanisms influencing crop establishment at high temperatures.
[n the meantime in the arca of mid-season stress collabarative rescarch on
the applied side has been going on with the Andhra Pradesh Agricultural
University (APAU) at Anantapur where lines are cvaluated under i typical
mid-scason stress. In 1985 we obtained excellent correspondence between
results at Patancheru and Anantapur.
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Figure 9 Sorghum cultivar IS 13441 fiom Zimbabwe with firing resistance and
ability to recover from severe stress. This line has also produced good grain yiclds on
large panicles (left). Source ICRISAT Annual Repoirt 1984),
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Conclusions

The approach described has enabled sorghum scicntists at ICRISAT Center
to focus their screening cfforts on specific drought problems and identify
important traits associatcd with that particular drought. This information is
also useful in the rapid scrcening of environments for the choice of suitable
testing sites for breeding matcrial, thereby climinating the present cmpirical,
ad hoc methods of yicld testing.

However, we are still some way from our goal as thesc identified traits
have yct to be incorporated, by conventional breeding methods, into betier
agronomic backgrounds. However, somec of thc so called germplasm
accessions, such as IS 13441 from Zimbabwe, (Fig. 9) are not only a source
of these uscful traits but also have relatively high yiclds. It is also
cncouraging to lcarn that one of the promising lincs, IS 22380 from Sudan,
is being used as a parent in Burkina Faso.

Looking to the futurc, regional programs like SAFGRAD, thc national
programs and intcrnational Centers cngaged in agroclimatology should put
morce emphasis on developing those types of climatic analysis that can better
describe the various climatic zonces, soils.and droughts of the SSA, and at
the same time can be used by breeders and physiologists.
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9 Breeding Sorghum Hybrids for Irrigated and
Rainfed Conditions in the Sudan

GEBISA EIETA
Department of Agronomy, Purduc University, West Lafaycite IN. 47906, USA

Introduction

Grain sorghum [Sorglhiun bicolor (1..) Mocnch] is the most important food
crop in the Sudan. With over one third of the crop land in ihe country
devoted to sorghum, it ranks first in total tonnage of grain produced and
total arca cultivated. Every ycar some 75% of the total cercal production in
the Sudan is gencrated from sorghum. ln most years, the total arca under
sorghum is over 3 million hectares and over 2.5 million mctric tons of
sorghum grain is produced. In contrast the total production from all other
cercals (millet, wheat, rice and maize) is less than one million tons.
Following the 1984 drought, over 4 million hectares of sorghum were
planted in the 1985 crop scason and resulied in a large production surplus in
the current 1985/86 markcting year. .

In Sudan, sorghum is the main stalf of life for millions of pecople. In many
parts of the country, the crop is wholly utilized. The grain is used for making
kisra (unlcavened bread from fermented dough); a significant portion is also
used as thick porridge, asida; as a popular beverage, abreili and as a local
beer, marisa. The stalks arc used as building material and the straw is uscd
as animal fced or as [ucl. Sorghum is thus the nutritional backbone of the
country.

Rationale for Hybrid Sorghum Research

The decision to develop an cxpanded hybrid sorghum research program in
Sudan was timely and important. In the Central Clay Plains, mechanized
sorghum production on increasingly large farms created the demand for
short, combinable, sorghum types. Work in the region by the Agriculiural
Rescarch Corporation (ARC) over scveral ycars had clcarly demonstrated
that traditional local varictics were late, tall and unadapted to the large
mechanized farming operations. As a result, there was a conscious clfort by
the ARC to undertake intensive selection for high yiclding cultivars suitable
for mechanized types within the otherwisc good local land race varictics. In
much of the rainlands scasonal precipitation is usually unpredictable und
unreliable with the result that yicld reductions and crop failures arc common
in some years. It has been widely demonstrated that sorghum hybrids have
higher yicld potential and greater stability under stress conditions than
varictics. Hence from the outsct it was belicved that superior sorghum
hybrids identificd under local conditions in Sudan could rapidly increase and
stabilize yicld levels in the rainlands. ‘
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