in barley to PAV-like isolates

‘Chiku o [beraki I' X Ea52

1

‘Chikurin [beraki 1' X 'Vixen'

Ibaraki 1" x Ea52 and *Chikurin Ibaraki 1" x ‘Vixen® in ficld conditions

Fig. 4: Segregation of F, barley (Hordeum vulyare) plants of *‘Chil urin
1o isolates RG and 2t of the BYDV-PAV

wias identified (Ukai and Yamashita 1987). *Chikurin Ibgraki
1" was resistant to BaMMYV whereas its mutant Ea$2 wasisus-
ceptible (Gotz et al. 1991) und the resistance in *Chikurin Jba-
raki 1' to BaMMYV was shown to be conditioned by a smgle
recessive gene (Ordon and Friedt 1993). It would be of inttrest

whereas Ea52 was resistant and a resistance gene in Ea52 ( :jvm.i)

[ igate the genetic between the genes con-
ferring resistance 1o the three different viruses (BYDV-PAV,
BaYMYV and BaMMV).
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Abstract

One population of pear| millet (Pennisetum glaucum (L.) R, Br.) highly
susceptible to downy mildew (Scleroxpora graminicola (Sacc.) Schroet.)
was subjected to two cycles of recurrent selection for downy mildew
rexistunce using u modified greenhouse sereening method. The response
1o welection was evaluated under greenhouse and ficld conditions using
50 random §, progenics and 50 random full-sib progenies from euch
cycle bulk. Significant progress over cycles of selection was observed in
all evaluation triuls. These results d that, in a s ibl

Thus. under suitable environmental conditions, the disease
can spread rapidly 10 nearby plants and nearby fields. especially
during the early stages of plant growth (Michelmore et al.
1982, Shetty 1987, Pinard 1989). Seedling symptoms range from
partial discolouration to seedling death. Planis show stunied
growth. yellowing, and imes "green ears’ (vegetalive pro-
liferation of floral parts), which result in purtial or complete
loss of seed formation in the panicles (Williams 1984).

population, recurrent selection effectively increased the level of resist-
ance 10 downy mildew. The modified greenhouse method for assessing
resistance to downy mildew effectively diferentiated genotypes and had
the advantages of greater rapidity and suntability for use throughout
the year, independent of season

A rapid decline of genotypic variance was obscrved in advanced
cycles of sclection, indicating that u small number of genes controls
d ildew resistance in this The of geno-
typic and error varignce components from 8, progenies and full-sib
progenies suggested that full-sib progenies be used successfully in
recurrent selection for increased downy-mildew resistance.

Key words: Pennisetum glaucum - Selerospora graminicola
downy mildew resistance - - germplasm utilization - recurrent
selection

Pearl millet (Pennisetum glaucum (L.) R. Br.) is a short-season
cereal crop generally grown in the dry areas of the tropics on
sandy and degraded soils. Tt is the staple food of the semi-
arid and arid areas in Africa and in northwestern India, where
landrace varieties are predominantly grown because of their
adaptation to heat and drought. However, the landrace material
from northwestern India is highly susceptible to downy mildew
caused by Scleraspora graminicola (Sacc.) Schroet (Bidinger et
al. 1994). Direct use of this material in breeding new cultivars
adapted to the edaphic and climatic conditions of this region
will depend on the possibility of improving its resi 10 this
discase,

During a typical growth cycle, oospores of the pearl millet
downy mildew pathogen, which can survive for many years in
the soil, infect seedlings of pear! millet. After infection of the

i ic tivsue, the mycelium spreads lly through-
out the plant, and sporangiophores with sporangia are formed
on leaf surfaces. Sporangia become airborne and upon contact
with free water, such as dew or rain droplets on a leaf surface.
they liberate zoospores (asexual spores). The infection with
zoospores can result in systemic infection if the growing point
is invaded. New oospores are produced sexually by compatible
mating types (Michelmore et al. 1982).

The field screening procedure is ti ing as normally
a whole crop cycle is used for this test. The success of the
ing is highly dependent on weather that favour
discase development, and, thus. large differences in disease levels
can occur over scasons. A greenhouse screening procedure
(ICRISAT 1988) that involves testing of seedlings reduces the
time required for screening to about 3 weeks. The procedure is
largely independent of season and can thus be easily used as an
initial stage of selection in diverse recurrent selection schemes,
The first objective of this study was to investigate the feasi-
bility of improving resistance to downy mildew in the highly
susceptible landrace material from northwestern India. The
second objective was to determine whether recurrent selection
for downy-mildew resistance under greenhouse screening con-
ditions leads to increased resistance in the seedling (greenhouse
and field) and adult plant (field). A third objective was 10 study
the effect of two cycles of selection for resistance in the green-
house on the genetic variability for resistance under greenhouse
und field conditions.

Materials and Methods

Genetic material: The Western Rujasthan Population (WRujPop &8)
was established in 1988 by rundomly mating 13 lundrace accessions
of pear! millet from northwestern India. Two rundom matings with
moderate mass selection for seed set, earliness and tillering were done
at ICRISAT Center duning the rainy season of 1988 and the dry season
of 19%9. During the 1989 rainy season. 330 single plants were selfed at
Futehpur and Jodhpur in northwestern India, in the state of Rujasthan.
The selection experiment was initiated with these 330 S, progenies. The
recurrent selection procedures which followed are summarized in Table
1. To make full-sib progenies (FSP) among S, progenies (S,P) bulk
‘pollen from single S,P was used to pollinate 34 plants in the other
parental S,P. Crosses umong the S,P were made as a partial diallel to
avoid assortative mating for traits such as maturity. To constitute the
improved cycle bulks, equal quantities of seed from each cross were
bulked. Experiments evaluating the response to selection were con-
ducted with 50 random $,P and 50 random FSP from each of the C,,
C, and C; cycle bulks. These S,P and FSP were all produced during the
post-rainy scason of 1990 at the ICRISAT Center.

In the evaluation experiments, the inbred lines ICMP 423 (highly
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Table 1: Procedure for two cycles of
recurrent sclection for downy-mil-
dew resistance in WRajPop 88

Yeur

Aumly

30 xmglr plams from ( I «ell pnllm.usd in Ru]mlhun

330 S, progenies screened in a greenhouse for downy-mildew resistunce
40 selected S, progenies recombined by making full-sib progenies to form

Ceyele (12% selection lmensnyl

ild

2458 full-sibyp dinag ford resistunce

42 selected Tull-sib progenies momhuml to form C; eyele (17% selection

intensity)

1989 Rainy season
1989 Post-rainy season
1990 Summer season
1990 Rainy season
1990 Post-ramy season

Random tull-sib progenies and random 8, progenies from the €, C.. C;

cyele bulks produced

resistant). KB (moderately resistant) and 8438 (susceptible) were
included five times per replication as control entries. The openspol-
linated bulk of NHBA3 (u highly susceptible hybrid) and 7042 (a highly
susceptible landrace from Chad) was included four tmes per repl

achieve normal distribution for analysis of varianee, Duncan's multiple-
range test was performed on the transformed means 1o test the sig-
niticance of differences (Steel und Torrie 1980). The means are presented

as a control entry

b

Greenhouse screening for downy-mildew The g

asp ge incidence d). whereas variances and com-
ponents of varnanee are reported from transformed data. As the Tattice
design dud nul increase efficiency, the duti were analysed uccording to
a ! plete-block design, using the ANOVA snd vaRCoMP

sere-
emng procedure for downy-mildew resistance was a modification of
that reported by Singh and Gopimath (19%5). Ins ol inoculating
plants individually, they were inoculated en m: Fifty seeds were
sown per 10 em pot. with two pots per eatry and a uniform sowing
depth of T em. using a potting mixiure of sind and soil of 11, This
generally resulted mo =45 plants per pot. At the coleoptile to one-leaf
stage. plants were spray-moculated with an agueous suspension of!
sporangia tabout 10" sporangia mb), Inoculated plants were incubated

procedures of SAS l\/\\ 90,

Results

Direct responses to selection

Significant increases in resistance o downy mildew through
recurrent selection were apparent (Table 2) in both the S,P and

overnght at 20 Cand +95% RH. Pots were returned to
benches and the number of plants with systenue mildew symptoms was
counted about 2 weeks later, This procedure was used for the seleetion

and for the h of progress from selec-
ton. The $,P and FSP for evaluating progress from selection were
tested ut the same time during the rainy seasons o 1991 in two separate
simple 13+ 13 fattice trials

Field screening for downy-mildew resistance: Spreader rows of the highly
susceptible bulk of NHB3 and 7042 were sown every Yth row, as
described by Williams et al. (1981), The test entries were sown when
more then 75°y plunts in spreader rows were infected and sporulating
abundantly. Plots were single rows of 2 m length, spaced 60 ¢m apari.
The entries were randomized according 1o a simple 13 < 13 laitiee
design. Plots were oversown and thinned o about 20 plants per row.
14 days after sowng. The total number of plants and plants with downy-
mildew symptoms were counted 30 days after sowing. Plants with
downy-mildew symptoms were removed from the plots at the time of
the first count. The number of plants with downy-mildew symptoms
way again counted at flowering. The trial was conducted in the post-
ruiny season of 1991,

Statistical analysis: The downy-mildew incidence data (% infected
plunts) from the evaluation trials were transformed 10 square roots to

Table 2: Progress from onc cycle
of § progeny (S,P) selection and a
subsequent cycle of full-sib progeny
(FSP) selection for seedling downy-
mildew resistance (% infected
plants) in the WRajPop 88 popu-
lation of pearl millet

Cycle
Cu
G
G
Controls
ICMP 423
81B

$43B
NHB3/7042

FSPevall in the greenl The initial cycle bulk (C,) had
S, P and FSP mean levels of resistance similar to the susceptible
inbred control, 843B, whereas the second cyele bulk (C,) means
reached levels of resistance that were not significantly different
from the tant controls, [CMP 423 and 8IB. The first
improved cycle bulk (C,) showed levels of resistance that were
intermediate between the C, and the C, means for both S,P and
FSP. The same trends were observed for seedling resistance
in the field evaluations, except that, for S,P evaluation, the
differences between consecutive cyele meuns were not signifi-
cant.

Gienotypic variance for downy-mildew resistance at the seed-
ling stage decreased rapidly over selection cycles (Table 3). After
the second cycle of improvement, the residual genetic variation
was too small to expect further significant gains for resistance,
especially when estimated from 8P performance. The error
variances also tended to decreuse. possibly due to scale effects,
but not nearly as much as the genotypic variances. The sume
variance components for an unrelated trait, panicle length,
showed no decrease of genetic variation, The genotypic variance
tended to be larger among the FSP than among the P for
seedling resistance in the greenhause (except for the C)), as well

Gireenhouse evaluation
5P "

Ficld evaluation
sp FSI

10.2¢ 15.6¢ 43d 134¢
52b 49h Jded 38b
21a 30a 1.6 abc 182
2.7 abe 244
4.2abc 234
8.7 abe 32.7d
‘M 5d 51.7¢

ae: Means within columns that

are rollowed by different letters are slgm Ci nlly different at P = 0 05
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Table 3: Estimates of genotypic (+',) and error (s’,) variances among 50
random S, progenics (S,P) and full-sib progenies (FSP) derived from
the initial and the two improved population bulks of WRajPop 8 after

Table 4: Cycle means from 2 cycles of recurrent selection for downy
mildew (DM) resistance in WRajPop 88 for characters observed during
field screening of 50 random S, (S, P) and full-sib progenies (FSP)

IO (o y

rcaimaIG in i
Cycle of selection
Character/ Cycle of selection Character/progeny lype [N C, G SE
progeny Variance ¢, () ) e e b e e i
lyp: wmponml Adult plant DM resistance
{% infected plants)
anny mlldcw |recnlmunc FSP 3.60 114 0.86 B
¥, 1.82¢ 175 0.00 Sp w3 178 108 !
h
FSP v ; g' g ;;' (z,'i‘o. Time to 50% bloom (DAS)
b T3 095 076 % 536 551 540 046
¥ : SP 565 s69  §17 042
D(;w:y e feld wed:m“ e 247 LI 000 Panicle length (cm)
g ' 12 14 166 F$p 2.3 206 200 026
Fsp - Yie lwe ose SP 194 190 190 025
v m 4017 Ph:ig!yhﬂsh\ (cm)
1445 1464 1449 230
D‘;”;‘Y mildew. field- ‘“’“"“ plants o6 vsr ose s,P 1305193 B2 199
| X Y . .
ot 195 131 036 Plants/m?
FSP ¥y 1024 000 0.02¢ FSP 122 123 17 0s0
¥ 226 114 0.43 Sp 132 13 12.1 0.54
Panicle length ) e because of s . N
Y v, 186% 6330 5630 Not because of sq nfdm
%, 3.50 407 381
FSp ¥, 4.49* 3140 a7
¥ 368 304 4M Discussion

* Cienotypic variance components larger thun twice their error variance

as in the field. The error variances for the S,P trial in the
greenhouse were much higher than those for the FSP trial. This
may be due to poorer emergence in the S,P trials as the mean
number of plants per pot was only 17.0, compared to 43.5 for
the FSP trial. Under field testing. no differences in emergence
were observed, und the error variances were of the same order
of magnitude.

Genotypic variances for adult plant resistance to downy mil-
dew were much lower than for seedling resistance, whercas the
error variances were in the same order of mugnitude as those for
seedling resistance in the field. This could be due to sampling
effects as there were fewer adult plunh than seedlings for deter-
mining downy-mild of genotypic vari-
ance of $,P were low. In lhc(‘ .lhelnnl failed to detect significant
variation, and later did not show any decrease over cycles,
whereas, for FSP, they decreased sharply from the C,. For both
types of progeny, the error variances decreased considerably as
the mean numbgr of infected plants decreased (Tables 3, 4).

The correlations for downy-mildew reaction between green-
house and field results were highly significant (P <0.001), but
of only an intermediate level; 0.66 for the FSP and 0.51 for the
S,P for the first count and 0.61 and 0.50 for the second count.
respectively. Correlations between the first and the second field
counts were a little higher, 0.71 for FSP and 0.62 for the S,P.

Correlated responses
Selection for seedling resistance to downy mildew in the green-

The mechanism and the inheritance of resistance 10 downy
mildew in pearl millet are poorly understood. In India, break-
down of resistance has occurred in several single-cross hybrids
(AICPMIP 1991), often with devastating results, whereas
broad-based open-pollinated variceties show more stable resist-
ance (Fig. 1). Cultivar-specitic pathogen populations have been
isolated (Ball et al. 1986, King et ul. 1989, Thakur et al. 1992).
indicating that the pathogen is highly variable, and responds to
selection pressure rapidly. One stratagem to enhance durability
of resistance would be to maintain genetic variability for resist-
ance in cultivars, and recurrent selection in broad-based popu-
lations may be a means to achieve this. Rattunde and Witcombe
(1993) reported that recurrent selection using a field screening
procedure (Williams et al. 1981) was successful in maintaining
a high level of resistance while improving yield in diverse broad-
based populations. Increased resistance to downy mildew
through recurrent selection has not been reported for pearl
millet,

Resistance to downy mildew is commonly improved by using
highly resistant African sources in the composition of breeding
populations. Recurrent selection methods are frequently used to
stabilize these high levels of resistance (Rattunde and Witcombe
1993). Studies d ing the imp of downy-mild
resistance in pearl millet populations are not available. The

ili of residual intra-li iability for downy-mildew
resistance in susceptible inbred lines has occasionally been suc-
cessful (Singh et al. 1992). In maize, recurrent selection for
resistance to downy mildew caused by Peronospora spp. has
been successful (Leon et al. 1993).

The results of this study show that genetic variability for

house resulted in a significant increase in in the field
at the time of flowering (Table 4). This is of particular interest as
this material is highly tillering, and carries shoots at a vulnerable
stage of growth over an extended period of time. No correlated
responses were observed for panicle length, plant height and
plant stand. Although the S,P showed a trend for increases in
time to 50% bloom, no such correlated response was observed
in evaluating FSP (Table 4).

ild i exists in a susceptible population.
Recurrent selection was successful in exploiting this vannuon
to improve the level of resi: i In all eval

trials, the mean disease incidence for progenies from the C, was
significantly lower than that from the C. The mean levels of
resistance of the C; did not differ significantly from those of the
resistant controls, ICMP 423 and 81B (Table 2), whereas the
performance of the progenies from the C, cycle was most similar
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Hybrid
ICMH 451

Vanety ;
WC-CT8 ‘

Do wny mildew %

Year

Fig. 1: Downy-mildew incidence (% infested plants) on widely grown
pear] miller hybrids and one open-pollinated variety as observed in
monitoring nurseries across India from 1975 10 1990 (AICPMIP
1991

10 that of the susceptible inbred control 843B. However, the
discase pressure in the evaluation trials is considered to be
only moderate. Higher diseasc levels might have improved the
differentiation between the controls and the cycle means, and
thus might have allowed 4 better judgement of the actual level
of resistance achieved by this selection scheme.

These results document that recurrent selection based on the
madified greenh dure for downy-mil g is
an eﬂ'eclw: method of increasing the level of resistance in vari-
able breeding populations of pearl millet. The correlations
between greenhouse and field eval trials were sufficiently
high to mdlcale that the greenhouse screening predicts ﬁeld
expression of resistance to downy mildew. The correlated field
responses 1o selection in the greenhouse confirm this (Tables 2
and 4). The greenhouse screening method achneved a similar
level of differentiation and bilities on an
entry mean basis of 0.53 for S P and 0. 77 for FSP for the C,
cycle) as the field screening at the seedling stage (0.80 for §,P
and 0.77 for FSP for the C, cycle) with the same material. These
findings thus strongly support the usefulness of the modified
greenhouse screening method, as the heritabilities and geno-
typic variances (Table 3), and thus the expected genetic gains,
are similar, and it is considerably faster and more ﬂmh)e in
its application than field Predicted lated gains
under field conditions, when selection is carried out in the
greenhouse, are expected to be only half those of direct gains
because of the intermediate level of correlations between field
and greenhouse screening tests.

The rapid decline in genetic variance observed during two

3l

cycles of recurrent selection indicates that seedling resistance to
downy mildew in this population is controlled by a refatively
small number of genes (Geiger and Heun 1989). This is not
surprising as this population is relatively narrowly based with
respect to sources of genes for resistance to downy mildew. All
its parental components originated from the same geographic
region where natural disease levels are low. A similar study
using a more broadly based pearl-millet population. such as
the World Composite from which the highly resistant open-
pollmmcd variety WC-C75 was derived (Fig. 1), is needed to

ine whether the selection-induced decline of genetic vari-
ation is population dependent. Recurrent selection has been
reported to cause rapid decline in genotypic variability for dis-
ease and insect resistance in maize (Penny et al. 1967, .lmuhyon
and Russell 1969, Randle et al. 1984).

However, resistance to downy mildew in maize appears to be
governed by a greater number of genes, because evaluation of
progress from recurrent selection indicated steady progress over
three cycles with no tendency to decline (Khebra et al. 1981,
Leon et al. 1993).

The comparison of variance components indicates that full-
sib progenies can be used tly for i of seed-
Img resistance to downy mildew. In pearl millet, full-sib pro-
genies have rarely been used in recurrent selection schemes
(Singh et al. 1988, Rattunde and Witcombe 1993). The estimates
of genetic variances among the FSP were sufficiently large to
predict significant genetic gains from selection. The estimates
of error variance (Table 3) from the S,P und the FSP did
not differ much, except in the greenhouse screening wh:re the
number of seedlings d for d jild
differed markedly for the two types of progeny. In maize, both
S, progenies (Leon et al. 1993) and full-sib progenies (Khebra
et al, 1981) have been successfully used to improve resistance
to downy mildew.

The genotypic variance estimates among the FSP were actu-
ally larger than those among the S, P for downy-mildew resist-
ance, as well as for the other traits measured during the field
screening. This is surprising since, theoretically, if gene fre-
quencies are 0.5, the additive genetic variance among the FSP
is only expected to be half that of the S,P (Wricke and Weber
1986). The two types of progeny were tested in different trials,
and therefore these results are not fully comparable. However
S,P and FSP trials, both in the greenhouse and in the field, were
conducted adjacent to each other at exactly the same time. The
same controls were used in both trials, and their means and
variances indicate that the testing conditions did not differ in a

_ way expected to change the relative magnitude of the variance

components, Schipprack (1993) found similarly high estimates
for genotypic variance estimates for the FSP in comparison
with the §,P for days to flowering, panicle length and panicle
yield over a wide range of pearl millet composites, with no
obvious explanation.

Accidental ing during the prod of the S,P was
rejected as an explanation of this observation. The proportion
of outcrossed plants within the S,P in the field trials was not
large enough to explain these deviations from theoretical expec-
tations. Comparison of the means of the S,P and the FSP for
plant height, pamcle length lnd time to bloom (Table 4) indi-
cates that i was exp d in the same
order of magnitude aswas found by Rai et al. (1985), supporting
the assumption that the plants were true S, progenies.

Visual observations of the field trials suggest that the
expression of differences for agronomic characteristics among
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the S,P was reduced because of lower vigour in general, possibly
enhanced by the relatively poor growing conditions for millet
in the downy-mildew field nursery due to frequent irrigation to
promote discase development.
The deviation from the theoretical could also be
caused by a high dominance variance component. The degree of
dominance has not been studied for downy-mildew resistance.
However, the practical experience with crosses among inbred
lines is that tends to be d over ibili
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be relatively small in pearl millet (Vyas and Pokhriyal 1985).
The relationship between different types of progeny in pearl
millet seems to need more careful study and direct comparison.

Genetic analyses of the resistance 10 downy mildew in maize
in Asia have shown that its inheritance is highly polygenic, and
that the additive component of the genetic variance appears to
be most important (Kaneko and Aday 1980, Lima et al. 1982
Singhburaudom and Renfro 1982, Borges 1987). The inter-
actions between this host and its parasite appear to be more
complex than for pearl-millet downy mildew, Maize is a much
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more recently introduced crop in Asia and is ible to a
whole range of tropical downy-mildew pathogens which co-
evolved with different indigenous crops (Williams 1984). In
different countries, different pathogen species prevail, In
sorghum, however, resistance to downy mildew caused by Per-
onosclerospora sorghi (Weston and Uppal) C. G. Shaw appears
to be controlled by a few major genes that are mostly dominant
(Sifuentes und Frederiksen 1988, Reddy et al. 1992).

This study shows that genotypic variability for downy-mil-
dew resistance exists in the highly susceptible landrace material
from northwestern India. Recurrent selection, using a modified
greenhouse screening technique based on seedling testing alone,

dep in pearl milk Z. Pl 94,201 -207

Randle. W M. D. W. Davis, .de V. Groth. 1984: Improvement and
genetic control of partial resistance in sweet corn to corn leaf rust. J
Am. Soc. Hort. Sci. 109, 777 781,

Rattunde, H. F. W..and J, R. Witcomhe, 1993: Recurrent selection for
increased grain yicld and resistance to downy mildew in pearl millet
Plant Breeding 110,63 - 72

Reddy. B.V.S.. L. K. Mughogho, Y 1. Narayana. K. D. Nicodemus.
and J. W. Stenhouse, 1992: Inheritance pattern of downy mildew
resistance m advanced gencrations of sorghum. Ann. Appl, Biol, 121,

24y 288
SAS. 1991 STAT User's Guide. Releasc 6.03 Edition. SAS Insti-
lmc Inc., Cary, NC.

k. W. 1993 E; of popul and apti-

was successful in exploiting this variation, leading to i d
resistance und u reduction in genotypic variation after two
cycles of selection.
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