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A A Regional Effort for the Improvement of Sorghum in .S‘muhm.'nm

usc of sorghum to cnhance its market opportunity. Beside being used as a
malt source by large brewers of traditional beer, Zimbabwe is interested in
using sorghum to extend wheat flour and Zambia is planning to construcet a
plant to make molasses. The dairy industry in Zimbabwe is interested in
animal feed and in Botswana there is interest in developing a forage with
good resistance (o moisture stress. Although it would require study, there
may be a place for production of alcohol and biogas.

The programme is at an exploratory stage when attempts are being made
to lovk at an array of opportunitics to better utilise the crop traditionally
and as a cash crop in the market.

Conclusions

1. While recognizing the importance of resistance (0 moisture stress, it is
important to rank priority traits for the various agro-ceological situations in
the SADCC Region to determine research strategics. _

2. A regional crop improvement programme can be a cost effective way to
undertake many rescarch problems in the region and can contnbute (o
strengthening national research  capability. "The regional  programme
develops a network and also participates in a world-wide network of
rescarch and development.

3. Education and training programmes are being established to reduce the
problem of lack of qualiicd manpower to undertake crop improvement
activities on sorghum and millets..

4. Concern is expressed about conditions for doing quality ficld reseach
and plans to contribute to improving experiment station development and
management. through an cducational-training component. _

5. In the region, a service will be provided to speed the rate of breeding
progress via an off-season nursery ~ crossing block opportunity. and o
continually introduce and evaluate across a range of priority traits.

13 Improvement in Stand Establishment in
Pearl Millet
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Abstract  Tnadeguate Gop stands e acommen fearare o pearl mbet tichds m and
and sem arid areas e both Sahclhan Afoca and o o Stadies Nugor aand
Ragasthion: State (Indin indicate that dow sont moctine and assocested ngh wnl
temperatute wie amony the manor caoses of stand tabures, seed Quantity and l|..,.|||\
are usually not innting Lactoss

Feetd and laboratory scrcemng methods hine been developed to evaluate getetic
ditercnces e toleranee of high ol surface temperatures and low seedbed mosture
levels for bath imtial emergence of seedbngs and for post-cmergence survival Initial
results andicate that there s penotvpie sanation i pearl miltet for tolerance o st
of these probleme. Reasons for differential 1olesance ate not known at present, but it
should be possible i the near fnture 1o commence tontime sereemng ol selected
brecding matenals tor better stand estabhshment capatyhiy

The posability of eventually brecding tor better stand estabhishment capabality wall
depend on (1) field evaluation of the benetits of the ditfferences that exist and {2) the
outcome of future studies on the hentababiy of these ditferences

Ciop establishment is olten ated as a0 production problem for pearl mallet
(Penmsettom amertcanum (1] 1 eche) i both and and <enn-and areas. Farmers sie
hiequently obliged o som several tmes o attam an aceeptable stand of plants. even
with the relatively low plant populations common 1o these arcas, particularly the
Sahelian zone of West and Centtal Alnca (Cathennet e al., 1963, JCRISAT, 19R3).
Resowing mncrcases the labowr requitement for the crop, and ciops from lale sowings
often vield dess than those trom sowangs with the fust s (Chancau. 1974).
lmproved estabhshiment would be o detimite benedit it i conld be attamed. by cithes
improved Gllage and sowing methods ar by mblet cultivars with better tolerance to
those factors which cause poor estabhishiment

Causes of Poor Crop Establishment

Poor crop stands can oceur tor a vanets of reasons: poor seed quahlty, poor
seedbed preparation and sowing methods, failnie of emergence. and tnlure
of emerged seedhings o survive (see also table 1) As cach of these factors
requires a different solution, s essential to understand the major cause(s)
of stand Lalute i a piven location before mmprovement can be sought.
Several studies carned out by the authors to better understand the specific
reasons for stand Ludure (JCRISAT. 1982 TCRISAT, 19R6) lustrate the
ditferences which exiat,

In studhes o several viltages i [ndia and in Niamey Department. Niger.
the quality of seed of peanl millet sown by farmers has generally been good
(Soman er al.. 1984b, Soman, unpubhished).

With o few exceptions, insect damage is low (< 10%) and getmination in
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standard laboratory tests is good (>80%). Seed quality thereforc may ve
only an infrequent causé ‘of ‘poor stands. Similarly sowing rates were
generally adequate (Fig. 1)

Actual field emergence percentages in these same studies however were
low, often in the range of 25% or less of seeds sown. In Dhandhan village,
Sikar District, Rajasthan in 1983, for example, actual plant stands at § days
after sowing (DAS) represented less than 10% of the seeds sown (Fig. 1),
which resuited in plant populations well below rccommended ones in all
cases, and stand failures in many cases. Even under optimal conditions on
research stations emergence rates for pearl millet arc scldom more than
50% of the seeds sown (Lawan ef al., 1985, Soman, unpublished), although
laboratory germination rates of 90% are regularly reported. LEmergence
rates of 50% can be easily compensated for by adjusting sowing rates, but
cmergence rates of 10% can seldom be, as cmerged scedlings in these
conditions are frequently too unevenly distributed to provide cven stands

Analyses of seedbed environmental data from the Dhandhan study
suggested that low soil moisture and high soil temperature in the seed zone
during germination/early’ emergence (1 -2 DAS) were at lcast partly
responsible for the poor emergence observed. Mean seed zone moisture
ranged from 1 10 6% (in soils with >90% sand) at 1 DAS. accompanicd by
midday soil 1cmperatures of 36 to 44°C.

Post-emergence death of scedlings is also a common problem, particularly
in the Sahel, and can reduce acceptablc plant stands at emergence to stand
failures within one ‘to two weeks time (ICRISAT, 1986). In the study in
Niamey Department, emergence calculated on a hill basis (at least one
emerged seedling per hill) averaged 80%: but hill populations declined from

'
Table 1 Factors affecting crop establishment of pearl millet in farmers’ fickds.

o

Factors AfTecting Seedling Emergence:

Secd Factors

- Sced viability and dutmancy
- Sced size and density

~ Plumule length/growth rate

Management Factors
~ Timeliness of sowing
~ Sowing depth

- Seed-soil contact

Environmental Factors

- Soil moisture

- Soil temperature

- Soil crusting and compaction

Factors Affecting Post-Emergence Survivai:

Secdling Factors
- Vigor snd growth rate
- Root establishment

Environmental Factors
- Soil moisture

- Soil temperature

—~ Cnil fertility
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Figure 1 Dutnbution of seeds sown (hottom). emerged cdbings teenten and
surviving seedhngs (lop) n mery” bedds m Sthar Dhastocr, Rovatiim Todes i 198G
and Nuamey Departtment, Niger i 953

amean of 4900 hills ha ' at 3 DAS 10 2300 Il ha' a1 12 DAS. with stands

tling completely in nearly hall of the helds thie 1) A analvas of
environmental conditons measured duning the penod mdieated that agh
soil surface temperatures (C>S0°C gt ouddin b were Py responsibi hor
the stand Hoss. Such temperatores are common 1 this area il the nutal
sowing ramn(s) are followed by o penod of divclear weather and surface sl
mosture evaporates (ICRISA 1, {uxyy

Improvement in Stand Establishment

The ongin of a stand estabhishment problem obviousdy detarmnnes the
appropriate solution Seed quabity can be nmproved by selecting bettes seed
material from the presious crop (Okonkwo and Nandethp., 1ONS) and by
improved  storage conditions. Poor cinergence due 10 mcoredd sowing
depth, poor seed sonl contact, ete L v be anproned by better m\nn;~
cquipment andior methods Stand foss due to covermg of seedbngs by wind
or water transposted soll matenals can be o reduced by lnd - satace
treatments, wind breaks. ete 1o reduce such conenmp (ICRISAT, [URS)
Stand fathues or Josses due 1o unfavourable  seedbed mosture and
temperature conditions are less feasible 1o control by cubtugal mcthods, and
mprovement must be sought through genctic tolerance of the facton
responsible for the stand Ldure. Breeding for such tolerance s a relatvely
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<w area, but the procedure for doing so is similar to that for breeding for
resistance (0 pests or diseases (Bidinger er al., 1986). This nccessitates an
understanding of the problem, the development of screening methads and
the assessment of genetic variability (or tolerance, and an cvaluation of the
response to selection for improved establishment ability.

This paper will review the results of the authors’ research, which has been
designed to lay the foundation for future efforts in breeding for improved
crop establishment ability. Emphasis is on the development of screening
methods for specific problems, and on the assessment of genctic variation
for tolerance to the causes of the problems.

Seedling Emergence from Low Moisture, High Temperature Scedbeds
Screening Techniques

A field screening technique has been developed to simutate the low
moisture, high temperature conditions which can occur in a seedbed
following sowing donc on an isolated, light, rainfall (15 -- 20 mm) which is
then followed by clear dry weather (Soman, unpublished). The screening is
done in the hot dry season before the beginning of the monsoon
(March - May) when atmospheric conditions result in rapid drying and
heating of the scedbed soil.

Seeds are sown into dry soil on raised beds 1.2 m wide with 4 rows to a
bed. The soil surface is smoothed and a gradient irrigation applicd using the
line source technique (Hanks er al., 1976). This produces a lincar gradient of
applied water from about 30 mm closest to the sprinkler line to S mm at the
farthest point, covering seven beds. The beds are sown such that each test
entry appears in cach position (bed) along the gradient in the useful range of
10 to 25 mm of applied water. Seedbed temperature (2 cm) is monitored
hourly by an automatic data logger and scedbed moisture (0 - 5 cm) is
measured daily by gravimetric means (Fig. 2). Test entries are replicated
cither once or twice on both sides of the line source. Comparisons are made
of genotype emergence in scveral beds, including both adequate (wet) and
inadequate (dry) moisture for full emergence. Data arc expressed as
emergence in the dry scedbed conditions relative to that in the wet
conditions.

A second, ‘laboratory-based method to assess germination response to
high temperaturc has also been developed (Soman and Peacock, 19RS). In
this mcthod sceds arc sown in closed but unglazed clay pots which are
placed in a water bath with the water level controlled to maintain an
optimum (not saturated) soil moisture in the seed zone of the pot. A bank
of infea-red lamps are placed above the water bath; these are used 1o heat
the soil surface in the pots in a simulated natural diurnal temperature cycle
(Fig. 3). The maximum temperature of the cycle is adjustable from <40 to
50°C, thus allowing any degree of lemperature stress to be put on
germinating/emerging seeds without the common confounding cffects of
inadequate seedhcd moisture. Data are expresscd as a pereent emergence
(of the secds sown).

‘

Evidence for Genetic Variation

Differences between both landrace and improved varieties have been found
in ability to emerge in low moisture, high temperature seedbeds. In fact in
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certain cases the differences hiave been surppsangly Batge Ina recem
cviluation of entries i the Intcrpational Peard Millet Adaptation Toal,
198RS, the tmpe of cmergence mothe docr end of the mostie yradiem
(LE mm of water applicd) was from 11 to 857, Sixcentries had greates than
S0% emergence in these conditions and two emerged as welbin the din asom
the wet (19 mm water apphed) convinomment (b 4

These results were considered enconraging as no previous effort had been
made 1o select these enties for emerpence abihty 1 this amount o
variation is a general pattern, carly screcmng of vaneties ander consider s
ton for wider testing nay be sufficient to climinate those with poorer
emergence capability from further consderation This would simphiy the
procedure for improving stand estabbshiment capalnhiy consedenably

Mare experience s avindable in sereening peand millet for the ataling o
emerge in high temperature conditions alone. as the techgue sy the
infra red lights has been avinlable fonger A companson of 117 pencii
resources accessions from the state ol Kagpasthan (ndiag, sy Saeheban and
two Southern Afvcan countries indicated considerable genetie sanation for
cmergence abibty at a moderately high ¢15 C) dinky navamam sosl suitace
temperature (Fig. S). Increasing this temperature to S0C redoced the mean
per cent emergence from 71 at 35 1o 367 ot S0OCT gnd e rangy tooan
20 = 100% 10 0 = 0% Fight per cent of the entnies however still achieved
satisfactory (=60%) emergence at SOTC This suggests that of there were o
need o breed for emergence capabibity from such cxbieme temperatunes,
sources of tolerance are avinlable

Seedling Emergence from a Crusted Soil Surface
Screening Techniques

This technigue (Soman ez al. . 198350 is done i the hekd i the diy season as
in the previously descnibed seedhng emergence techmgue Seeds e sown
on adjacent pairs of 1.2 m wide beds i a diy soll, whneh has been worked 1o
a very fine tilth to favour sutlace crust fonmation. Fhe tops of the beds ane
smoothed with a bed shaper folowing sowmg aud o antonm spronkier
ungation of approxamately 0 mm s given usimg two sets of averbapping hine
source systems placed at the edges of the test aea The achion ol the
sprinkler-apphed water drops on the smooth soill surtace provides the
conditions necessary for crust formation dunimg the lollowmg 0o 3 s ol
evaporation rates and temperatures are high One day before the eypecied
time ol seedhing emergence the surface crust onone o the pair of beds s
broken using o rolling crust breaker; this provides o control treatinent to
measure  the potential - mavimum emergence under the expernimental
conditions, but in the abaence of the crust Soil temperature and moisture
we monitoted and  crust strength assessed daily (Figo 01 Genotvpe
emergence s expressed as the ratio of seedhings emerged o the crusted
treatment to thase cmerped i the control (cu 1ato).

Evidence for Genelic Variation

Pearl nullet v general does not emerge well in crusted sl conditions
compared (for example) to sorghum as the midlet seedhing is smaller and bess
capible of actually breaking o surface ciust thete we, howeser, some
differences among lines, and a tecent test ol germplasm aceessions f1om
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after sowing (DAS) in a field screening trial for seedling emergence in crusted sol
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Figure 7 . Emergence of emriél in the International Pearl Millet Adaptation Trial,
1985, under crusted soil conditions. Data arc the ratio of cmergence in the crusted to
the noncrusted conditions (C/U ratio).

Southern Africa has identified some lines with a reasonabic emergence
ability.

Thz same International Pearl Millet Adaptation Tnal reported in the
previous section was also screened for emergence in crusted soil conditions
(Fig. 7). the rcsults typify those gencrally observed with pearl millet. The
majority of the entries failed to achieve a satisfactory emcrgence, only five
reached 50% and one, 70% emergence. Breeding to improve cmergence
ability in crusted conditions would probably require a greater effort, perhaps
including crosses with the existing lines showing the best capability and
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Figure 8 Rclationship of percent seedhing survival and experimental cocthaient of
vanation for three ficld expenments on seedhing survival in high temperature. low
maoisture conditions.

ntensive  screeping of  progeny. Nothing is known  however  of  the
mheritance  of the ability of cmergence from a crusted soil or the
mechanisms by which some few hnes are successful.

Seedling Survival in High Temperature, Low Soil Moisture Conditions
Screening Technigues

Screcning for seedling survival in combined high soil temperature, low sl
moisture conditions is done under field conditions in the fatter part of the
dry season, prior to the tains. Sceds are planted and given 25 mm of
irrigation by sprinkler. which 1s adequate for 100% emcrgence Control
plots (wet plots) continue to bearrigated as required  Stress plots (diy plotsy
receive no fuither itngation Under such conditions. there g stiong
inverse relationship between coclficient of vanation (CV) and the mcan
percentage survival in the diy plots (Fig. 8) The time of telease of the stress
(when an irmgation of 25 mm s given to the dry plots to accuratety
determine  the number of surviving plants) has been expenmentally
determined in terms of the estimated pereentage survval an a standard
resistant check at which the expected CV will allow the desied degiee of
discrimination among cntries. (This is about 70% with Jocal Hein-Kheni
landrace as the resistant cheek) Soit surface temperatures are momtored
regularly in both treatments and data are expressed as per cent survival and
scedling growth in the diy as compased to the wet plots.

An attempt is also being made 1o modify the laboratory techmgue used to
evaluate emergence under high soil surface  temperature, 0 ordet to
evaluate the ability to survive high soil temperatures following emergence,
without the associated cffects of a rapid loss of soil moisture. Plastic pots
containing 10 scedlings each are set in a4 water bath placed undet a bank of
infra-red  lamps. Scedlings aic subjected o vanous  penods of  hagh
(45 = S0°C) soil surface temperatures, both continuous and with altcinating
non-stress periods, as would occur in ficld conditions. Additional work s
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Figure 9 Seedling survival of entries of the Pcarl Millet Multilocation Drought
‘Trial, 1985, under high temperature, low moisturc conditions.

Ve Vo i : '
)

BRI T PRI

3 ]
£
‘ LY '
B (%
°
3 A
oo 9 adg. ) b HH s A
oL 1L 0 L
. AT B » L] “a, S0 ss .80 [ 1
Y e T e Seed) Ing survivel (1)

- ey co .
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under high temperature, low moisture conditions.

tequited' on this, méthodology, but 'initial results (sce below) have been
promising. '

‘ ! | BT

Evidence for Genetic Variation "

A number of compatisons of materials of Sahclian-origin with non-Sahclian
materials have demonstrated the clear supcriority of the former in surviving
long periods of stfess at the seedling stage. For example, a group of Indian
lines under evaluation for drought tolerance (at the adult plant stage) were
all'‘markedly infékior 'to the local Heini-Khciri landrace at Sadore, Niger in
ability 'to sutvive a ‘period of seedling stress (Fig. 9). The landrace had 65%
stand survival compared to 51% for the next best entry and a 42% average
of all lines. Similar'differences exist between African varieties of Sahclian
and non-Sahelian origin; nearly all of the entries with less than 50% sutvival
in 'the ‘comgarison of mostly Sahelian ‘landraces shown in Fig. 10 arc of
African but non-Sahelian origin. Whether or not there are important
differences among Sahelian landraces is not known.
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Figure 11 Scedling survival of selected pearl millet hines following the initiation of 4
48 hour penod of high temperature (48°C) treatment under ifrared Lunps

Limited expenience in sereening new breedimg program products indicates
that there may be large ditferences in such matenals, and that those
including parents from non-Sahelian arcas may have poor seedhing survival
capabiliies under Sahelian conditions (ICRISAT, 1986)  Reswhis were
generally encouraging however, in that some new vancties did have o
tolerance equal to that of the local Sadore” landrace, which was used as the
tolerant check. New vancties for the Sahcehan zone clearly necd to be
screened for establishment capability as carly as possible ain the breeding
process to discard thuse which are not able o tolerate scedling stress
conditions.

Results  from  the laboratory infra ted sciceming system for high
temperature tolerance are hmited. but have indicated that clear differences
exist among the limited number of genotypes tested, (Fig. 11, A< an the
case of the ficld screening, certain lines were found with a tolerance equal 1o
that of the check variety (CIVT in Fig. 11} Further expenience with this
techmgue is necessary however to confirm that the direct measurement of
heat tolerance does predict the field tolerance of the combimed temperaue
and moisture stress,

Breeding for Improved Crop Establishment Capability

tas clear from results teported m the previous sections that there e often
significant  difterences among  released o advanced sancnes in aop
establishment ability. Where crop establishment is a problem, it wounld scem
that routine screening of advanced varieties {or establishment atulity shoubd
be initiated, mainly to discird those entries which do not establish as well as
the varictics commonly grown by tarmers The number of vancties in the
advanced stages of testing is often small, so the iesources requited for such
screcning are not large. As the ubjective of such final eviduation s generally
to reduce the number of vacicties to one or two for on-farm testing. any
cvaluation procedure (¢ g.. consumer acceptance, pest resistance, establish
ment ability, cte.) which assists in this is useful Thas s particularly trae
the yicld differences among entries are small/non-cxstant, and cannet
therefore be used to clininate entries.

Some additional ficld evaluation of the differences among vancties
identified in the screcoing procedures would probably be advisable before
routincely using these procedures, however. The performance ot the toleram
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.«d susceptible checks in several of the proccdures has been confirmed in
field plantings, as part of the procedure of sclecting these as checks. These
represent extreme differences, however, and it could be uscful 1o determine
how well intermediate entries in the screening tests perform under natural
field conditions. Such information would assist in evaluating the significance
of small (but statistical) differences recorded among entries in the screening
procedures.

The longer term use of these screening procedures for direct selection for
seedling establishment ability in the early stages of a breeding program will
depend on the results of future studics on the heritability of differences in
establishment among genotypes. Early generation selection requires screen-
ing a much greater number of lines, over more than one generation, and
requircs that screening must fit into a fixed calendar determined by other
selection procedures. Sccdling cstablishment must be sufficiently heritable
to justify this increased expenditure of time and resources. Nothing is
known of the heritability of seedling establishment at present: work is just
beginning to assess this. The results will determine how (and if) selection for
establishment " ability can be best integrated into the carly stages of a
breeding program. v :
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