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Recurrent Selection for Increased Grain Yield 
and Resistance to Downy Mildew in Pearl Millet 

Abstract 

SIX pcul m~ l l r t  Pionrir:nnl gl.iuiun8 1 ' K Bi  
compn$.,, v i r r  ,uh,r,,rd >,,,hrrc I ? ,  mu:< c ~ r l u \ < l l  
rilr,tir~n in rnulr~l~i~arnnal i i l d  rrlali and dous)? 
mlidrv ~ l ~ . a i r c  nur,cr~cr  ~n lndm The haw rril 
~ r i ~ r i r d  papurrion> a r r i  tntcd t i  v i e r  f l > u i  . car>  
s th i r i  liii.ar,onr I F  Indl3 , l l  10 ?Y'h,. l h  unilrr 
i r r m ~ n ~ ,  ii~ovgh! and op t~mi l  rno8,turt cundmon\ 
1 . i ~  ,a0 \car \ ,  2nd ( i  undcr ,ndu.vd duwnr mxldr* 
#nleir,onr 10 d r t r n l n c  rnr impart. ot  hrltciion an 
$ n l n  i l r l d ,  aRronnm8. xralt,, and rcurrmir to  

doan, m,ldra ,iiil~.oipnr" gr.m,.i~.~la sari  
Sihrilrl 8 u.m %,*in >,.Id ,nrrr>,rr for tour run, 
p w ~ t c ~  undcrs,nn~ t>rcc  tc \ I X  , \ ~ l e \  ,)I ~clcct~<m 
rlngrd hnr r rm 13 lo 9 i k p  hr i i r l d  109 ru 
4 9 ' .  c,'lr" xhl ih, ~ \ c r l ~ c d  "lrr <ompoilo\. 
amaunrrd lo I 1  ",, ri<1r ),'Id ,ti,", acrc gcnrr- 
all, ~ r p ~ i . , ~ ~ d  a, d l  trn loirl,nnr and undrr both 
armznal-draught m d  op:tmil mu l~ tu r i  mitron- 
men!, The gani an gram v r l d  wrrr rsru~lartd w r h  
~ncrerirs of horh h#omai\md h3nr.l mdrr w!shou\ 
rxxrnd~ng shr growth dunoon cxicpc ~n rhr carl~crt 
rumpuitrr i v i r cp t lh~ l~ t i  l o  d o ~ n v  mrldew rr- 
maned helo* I:", 11 11' ielrcrrd pupulrtluns 
n u s ,  rhr ctfrrtlirnrrs o! nrurrmr rdacnon for 
inrrcamg u r i d  m d  vlcld roh l lm of pearl m ~ l l t ~  n 
cIc~~I! dcmonsrnt~d 

Key words: Ptnnarr*m g k m m  - Srloo$popun 
grammlrok - populruon >mproxsmlnl - ylrld 
rrrh,llr\ - ).,~ld ramponont, - 

Conmbuuon from ihr lntrrnationrl Crops Re- 
rnrch lnr~ocvw far ~ h c  Srml-Arid Tropler 
(ICRISATI. Patvlchcru 502 324. n d h r a  
Prdcrh. lndm Journal hnlcla Na JA l:3I 

Pear millcr ( P < m ~ n l ~ r r ~ n i  R!iiuiu,n 11 I X i l r )  

l r  i cercal crop ymun liir g r iw  or l o i a ~ c  on 
ipp rox~mi ! r l \  26 m > l l ~ o l >  h i  ( F A D  IY7Y1, p r l -  
marzly ~n arid ro \um~-ar>d  ri.ylon\ Inirua$>ni: 
qraln i l e ld  r h r n u ~ h  rrcuircnr \rlcr.r>o~> should 
hc fcnrlbl i  due tc  pcarl mlllct'. rrcmrndau, 
gcnm" w m b l l ~ r i  (BLxT<)\ and l'ciui I 1968. 
KII.X.\III  CI 11. 1989) httmrlon mu,, r l r o  hr 
rlben tu the b l r ld  r t a b ~ l ~ t i  a1 lmprvvud p o r l  
mtl lct  pupulauun, due ro rhc !firear\ of rcvcri  
mobrrure dcilcltr ( B l i l l ~ i ~ l a  c t  al 19821 and 
doun)  m ~ l d r a  (\drmrpora grrmtniro!r Sacr. 
Schroct.) rp jphy tu t~c r  ( S n i i i l l ~  h 19771 In- 
crcarlng gr im vw ld  and yield r r rb> l~ rv  have 
rhcrciorr been malrlr brrcdlny oblectivur ior 
Improving pcarl m~ l l c r .  

TO meet these ubicct~rea, the lntcrnatirinal 
Crops Rcrearch ln i r~ ru rc  for the Scml-And 
Tropla  ( ICRISAT)  ~ t a i t e d  a popularton Lrn. 
proLcrntn1 brccd~np p raer im rn 1973. Gmur- 
i i a l l v  broad bared populat~i lnr oi pearl millet 
vrre rrcared m d  rubjecrod to recurrent rclcc- 
tlon u imp mu l r~ lu r rnona l  progeny rerrlng for 
pran  y ~ c l d  and rclccrlon ior dlrcare reclstrnrc 
under mduced downy mlldcw ~nfcrtat lonr 
IAYllRrwb et 11 1985) 

Large grlnr for grain yleld o f  pc r r l  ml l lct  
thruuph rcrurrent ~ e l e c t ~ o n  hrv t  been clrhcr 
p icd~crcd  or ~ r a l > z r d  (Govll cr d. 1982. 
K.<nlom ot a1 1983. K H A D ~  1977, S I N ~ !  el aI 
1988) These studies generally ~nvo lved  only n 
irw cv r l r r  of relrct>on m d  tertlng m r lhmirrd 
number of cnuironmma. Thur thc i cu ib l l i t y  



of incrcmng gram yleld of peul mills over a ronomlc tram of pearl m~llct. data w e n  pooled 
broad geographic region through recurrent from sevcrd years of downy mildew rests and 
srlcction has not y s  bccn clcirly demon- multilocar~onal y~cld trials in whnh thc bast 
ruarcd. i n d  selected popularions of six composiur 

To vrcrr the cffcct of recurrent selection on wcrc wdurtad.  The  results of there combincd 
yield, rcsirtrncc to downy mildew, and ag. analyscr are reported here. 

Tablr I Rervrnnr ~clerrcon methodl urrd for lmpiovtng clr p a r 1  m~ller comporms 

Propen) trit Locruon 
Compo. oi progen) Numbrr Srlcctad 
site Cycle Typc' Year tcs,* <cleacd' fnrnon ("-1 

MC 1 F5  ' 1975 PH HI BS 4b 9 
2 I:S 1976 P H L  24 12 
3 FS 1977 PH HI G 22 8 
1 F5  1978 PHPL HI 33 15 
5 S: 1980 PH PL 40 19 
b S 1982 PH BS 5 4 t 3 7  21 
7 HS 1983 PH HI 1 0 7 t  4 15 
8 5 ,  1985 PH BS 54 ld 

I 5 ,  1975 I'H HI BS 45 9 
2 5: I977 I'H PI. HI 21 8 
3 15 1978 PH HI SA 2 5 t l i  11 
1 5: 1980 PH PL 45 21 
5 5; 1982 Pli BS 44+ 5 I 7  
6 5 1981 I'H BS 78+11 9* 

1 FS 1977 HI 11 I 1  
2 FS 1978 PH B B  22 IC 
3 TC 1980 PHPL 49 23 
1 HS 1981 PH 51 20 

I HS ' 1978 PH HI 40 I 7  
2 FS 1979 PH HI 27 13 
3 S1 1981 PH HI 8 5  60 20 
4 5, 1983 PH BS 67 Z 
5 S, I983 PH BS b6 ld 

SRC 1 5: 1981 PH HI 53 22 
2 5, 1983 PH HI BS 50 8' 
3 5, 1985 PH HI BS 40 Zd 

DZC I FS 1980 PH PL BS 32 19 
2 H S  . I981 PH 18 18 
3 H S  1982 PH 5C 9 
4 S, 1984 P H  BS 46 12" 
5 H S  I986 PH 119 22 

' H S  - half-ab fundy. FS - lull-nb f m l y ,  TC = rurmrr. 
' PH - Paunchcnr h ~ h  cod frmlny. PL - Paunchrru low mil fmilly ( I P N ) ,  HI= Hlur (2'PN), BS = 

B h a v ~ l r a g r  ( I I 'N) .  L - LWlhlma (31.N). G - GY~IUI (16.N) in lndw SA - SMUU. Nigeria (12lr i )  
BS - Bambcy. Scncpd (I4'N). 
Ropcnirr wlcctd fmm the previous cycle, plus ray bnn from o ~ h s  sources nnmrpsed  d m p  
momb!luoon. 

I Sdccdon over bath s r y r  of m.qe S, pmgeny mu. 
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Materials and Methods ~ropcn~c ,  dcrlvad irom other ~omoos,ttr were 

u her& hit i tom Afrlci had i r X e  head ~o lume 
)urge iecd rtzr ,A\URFPS et 11. 19851 'Thc hlcdlum 
Lumpornc IMC.1. 6.rrl\ Compos~re IEC;, inter \ r  
nod Compurlic IIVC1. and Nrr Eltrr Lompovtr 
\ELC' a c r e  csrabl~~hrd b\ i rcamh~n~ng 196, 115. 

hl, m d  47 unrclaicd parrnral linci, rc>pcr.!ncli. 
,hoben rc io id~ng ru m n u n n  m d  prrtnrmmir per ,r 
~n one season o i  itrung Thr prrma ot K C  ucrr 
Iandraich or Itnis from othrr hrecdlng piagnmi, 
vhrrras ihnrc n i  FC m d  SELC rrrr  i or 5. 
prus<nx> drrl ied lrom crriou, cornpwrr.\ 
tny Impro>cmcnL I: hulk? lrom intcnarled imr,c, 
vtrr used ro form I\'C Twk orhcr comporne> ucn 
.rcrtcd c n r ~ r r l ~  frum Airtian marrtal. thc Smut 
Kri i r r lnr Conlpo$ltr (5RC), conrtltutid Iron) 17 
rmut-rc~~strni tnhrcd Ihnr,, m d  the 1)aiirl Lompor- 
, t i  ,1)2L1, produced from 23 daarc \. Ihnc, 

Kccamh~nar~on o i  parrnlal lhnir u.3, don" h, tupcn 
piill,ninon ~n iiolarxon Rr<urnbtnru<tn hlci'k. con 
rnwd o i  rinylc r o u l  ot prrcnxrl Ihnr, ,apar~red h, 
iulk n l w ,  tormtd from m alxquot o i  rrrd !runt r i i h  
parent Reiomhlnanon war conducted thrcr rlntci ~n 
VC. Iulri ~n SRC. m d  once ~n LC. N F I C ,  I i C .  
>nil D2C hcti,n iclrcrmn sil inhinrd 

Population improvement: Kciurrenc \cIciuon fur 
~ n i r r n i d  ~ r l r n  ~ ~ c l d  was hrwd on per i r  prrtorm 
a!,.< tn ,m$tr or nml~~ lo~at~ ,>n trul5 (Tahlc I T h e m  

nu delihcrrw aelccr>an tor weld undcr drought, 
illhouph \omr prageni r i ~ a ! i  recr l~ id  hrliru tip 
tmum r l ln l l l l  

<clccr~on war ptrctlccd rr c v c n  stage ~n the bred 
8ng CYCIC Pi inn  ~ 8 t h  undrrirahlc hoyht. rnaunn, 
pn8clr nlzr, doanv mlldcu rurccpob~llrv. and pour 
prnrcle cxcnlon wcrt dlriaidcd tn the recombmarlon 
b r k  2nd wnhln the niultmg halt-r~b h m ~ l ~ a ,  I n  
1982, r nvu.rtagc 5, twnng rchemr (ICRISAT 19861 
s rr  tniuard tn MC. IVC. NELC, m d  SRC when. 
h i  about 1330 5, ptogcnirr were tested ~n m ~rth- 
ialrd, unrcpl~racd, imgb row plot n u r q  II  

Patanrherv m the dry (off] waron. m d  about 3% 
~hrno~rp lc r l l v  ruprrlor 5, progrnlrr wrrr rerrcd 
?lulnlocwondy ~n thrce-repisac. s~nglc-row plorr 
.n the foUwlng rmnv (main) ,cuon. 

Progender from r z h  rv r l r  of seicct~on were 
tor tcrlrnnce to downy mildrw. Hlgh ~ n -  

~ r u l w n  m d  opurnd condrr~onr ior mfccuon were 
ndutrd m the scrcentng nursery by ~nocuiarmg 8 

~usirptlbi. culuvar sown m 'mitctor rowli' m d  by 
mvadmng mrat smgrrion (SWCH m d  WlulAMr 

ANDREW ?I A. 1985). W id  seed ai symp- 
'dur p h u  nn the dmd pragmler s m c d  u chr 
Tomb8nadon u n a .  

E ~ ~ l u a r i n g  progress from wlecrinn: Trlrl, ti, rr,esr 
rhr ~ i r w  v~r ld ,  m w n n .  and hetkht 01 chr h a w  m d  
rclrcred popula8#on% tmnl tour lo ihr rrclcs of 
icleirlun in MC. IVC. LC. m d  h t i C  ucrc Lon- 
ducted ~n \hi rim% rel ion.  of  1982, 1984, and I985 
rt thrur luia!lcm\ ~n lndta (Tahlu ?I Thr hare and 
rnmr d\an icd  popularic~n~ 01 MC. IVC, h L L C .  
>RC. 2nd Il?C acre L L I ~ C C ~  8" 1987 ram, rer<on at 

rhr ,am? rhrrr :i,irunlnvmd mrhr 1987tind 1993dn 
irahoni ar Pxcincheru Plot, -err 4 nl lung ulih ,); 

119821 or !our :I984 f~ 19951 rliu, &pnied at  3.5 m 
Rhalnnl.ajar, 0 6 m (l'atanihcri~ 1987). clr C 75 ,n 
~r>tcrid, Plant. u e i r  rhlnnrd tu  t I m wtihln mu, 
I'an8rIc vcrr hanrrtrd imm tt lvr  mw\ o i c n c h  
ur drlid. and %riyhrd (.ran )?*Id an, dc!rtnllnrd 
b~ thrnI,~i>g all pznlrlcr hanr,ctd (1982 2nd I987 
dr, waxon' i i r  h\ au l$ lp l l~ny  %irfd hv 
rhrr\b~r>~pri.mc ~1984. 1985, lYK7 n l n r  re)in,n,) o i  
I 1 k g  ,ubrrnmplr Tzmi la btriuai, %ar rcrurdcJ a, 
rile numhrr ,il dl!, lrcirn cmurprnrr to when 
> i C  ' ' .  ot plantran a plut had prn,rIc~ w ~ t h  rmtryni 
itlpmar Plan, h q h r  aar mcarurud from r h ~  3081 ro 
t h ~  "p "1 pnman p a n ~ ~ l c  on 5--10 rsndum plants 
per plot >~r.l,l romponintr md agtonamlr trrlts 

d c t r m ~ n i d  81, IYX: wcrr ssrd m n r  (530 ~ r r d i  
u r~y l lcd  in rao rrphi i tcr per rrprnmm,), numbrr 
u i  xcds p a n ~ ~ l c  !wed mays panlilc dlrbdrd hy 
~ndnidual ~ r r d  ma.,:, rcrd mrvr prnlclc (pmlrlc 
man pbir m ~ l i > ~ i i c d  br rhrnhml: pcrcrnt md dl- 
udcd hv thr numhir o i  pana~1.s plot ' ) ,  rhrcihlne 
pcrirnt (yrnn i u r l ~ h t  d>>wdrd by pmxl r  xcqht), 
w u c r  r ~ l d  1,tnrrt rut rt yrnund lcvcl and ~ u n  drlrd 
two davl hciore wc~gh~ng:,  hlomirr f l um o i  pmlclc 
and rtubrr vleld-) m d  hrivra! index ( ~ n i n  ylcld 
dlvzdrd b, b l o m a ~  and mulupl>rd by looi 

Thc tndr at Hlrrr and Parrnthriu a c r e  ramfad ~n 
1982 to I985 T h i  lY8i r r~a l  at Hlrar wag trrtvirrd 
i o u ~  tlmts due to inlufilc~nt runh l l  Bha~~nlsagar 
trlrir recclvrd ilood 8rriplrlon on'. ivcry 7-14 
day< Titrls conducted n Patmrhcru tn thc dry 
rcvan  o i  1987 and 1990 had two dlffrrmt molrrurr 
rrrnmentr: untnrrnuprrd lrrlgrtron unrrl two wakc 
bcfore harvcs~ (controll and Imgarlon dl~ronunued 
(rcm~nal dmu&r] tir 47 devr dur cmergencs 
(DAE) Furrow rrngrrtanr of rpproxlmiirly 30 mm 
wcrr rppllcd once wery I 4  drys ~n both tre*rmencr 
'The frrqurncy w u  mrrcued [a lOdry lnrcnrlr afrcr 
45 DAE m thr control. 

The roils ar Hlrrr wcrc enurolr wlrh 
I>O-IWmm arahblr vmr-holdmg E I ~ . E I I Y  

(AWHC). Thcrr were dftlolc rr borh Bhavuusrgai 
(80 mm AWHCI  and rr Paunchem (60-100 mm 



W ... Rlm'wof md wrrco~ai 

Table 2 Lnv~ronmcoul data md number oi rrpllrrr~onr ior orpenmenu lrrung base a d  u l m r d  popuIarlonl 
oi pearl mlllei rt rhrrc locrrmns !n indlr 

Run) iralon [In Drv 
1<110" IIYO* 

1982 1981 1985 1987 1987 19% 

Hiur 

i'lantin): date 20 Jul I3 Jul 8 jul  15 Jul 
Xcpl~crrion 5 b 4 4 
Ralnfnll (mmy 210 325 349 53 illt 
Max I m p .  ('C)' 31 to 4C 32 m 43 32 ro 40 29 to 41 
Mln temp. l"C1 I8  m 27 1 X  lo 27 21 ro 28 23 to !C 

P~tanchcrv  

T'lan~ingdatc 29 jun 4 l u l  l 7 J u n  26Jun  I ?  dI 2 0 J m  I7 Jtn 
Kcplirarl,,n I 6 4 4 8' 13" 
Rantdl (mmj 188 418 311 171 I 611, 
Max temp. ('[I 2H ru 14 27 to 32 2H r,r 35 29 to 34 29 to 39 31 to 38 
Mcn tia>p, IT1 22 to 24 21 ti, 23 22 ra ?! 22 to 24 I3 lu 23 I I to 24 

BhrvrniraDat 

Plrnrlng date 8 Jun 13 J u n  a jun 32 M a s  
Krpliiai>n,n 5 5 1 4 
Rimtall Imm! 26 11) 2 1 121 11' 119 (11 
h l ~ x  i m p .  ("C) 33 to  34 31 to 35 32 la 35 ! I  to I9 
~Vtn temp ('C) - 23 lo 27 I r  to :<, 2 5  to 28 

AU'HC). l,cntltra~ion wlrh 10 kp ha N md 43 kg 
ha ' P:O, ucurrrd prior to plrnrlng md m add#- 
uund 40 kp ha ' h a i i  copdrcsrrd 2-3 wcrks ritcr 
planllnp 

f rcqucnr? ot plants rurcrptiblc LO down" mildcr 
was a~ressrd at Pazanchcrv ~n rwo-rrpbcarr dlsrrrr 
nuncnrr tn rhc tunv reaanr 01 I982 md 1985. T h e  
b u r  md rrlrired popuirrionr of MC. IVC. EC, md 
NELC wrtr sown hctwcrn rhr intccror rows fin plats 
oi 4 rn linglh wrh !out roar m 1982 (rbour 139 
plmts) md two rows ~n I985 (rboui bC plrntr). The  
lotd numbers of plmtr and ~nfec~rd plmu were 
c o v n d  tn n c h  p i a .  SKdltng tests of downy mal- 
dcw rurcspub~l~ru (ICRISAT 1988. SWGH md 
GOPaAm 1985) an rlu buc- md sderted populr- 
uons from thctc comportus wcrr conductd cdn 
Mvch md Drcmber  of 1989. The mt uruu were 

downy mildew at the micogtile m o o r - I d  rmp. 
The in%&& p h e  w o e  incubated at 20'C m d  

> 95 ':o hum>d>t\ ioi Ib hours md then returned m 
the plarrhourr Thr number uf phnu r i h ~ b l t t n ~  

in Dccrmbcr 

Stadrriul an8ly8is: Dam were p~o1.d from ir 
1982. 1984, md 1985 trials md miyzrd  w~rhtn md 
xrurn l o ~ a m n ,  wlth rmdomlzrd compictr blo<i 
drrfignr urrd jrr c ~ c h  expcrrmmt. ANiyrrr w o e  can 
ductcd wsthtn r u h  compomtr ia userr the rficct 0: 
rtirtlon on grun ykeld md rgronamlc uuu. Err .  
\anmcrr did not d~Hor by more thm r llcror <I 
thrcc scrorr n p m m c n u .  Lmru md qwdrritlr ran 
t r ~ s r r  for cycle o i  srlrcvon vcrr computed to dl 
rcnbe the pntern o i  uur chmgn over eyilcr. b. 
dons md ye- w m  both considered to be mdoi ;  
c H m .  V.nmcr rtvlbulcd to m y  by y c u  mJ 
c n q  by locxdon m z w o n r  v m  pminiuoned inr, 
tine= (cydt) md -,dud componuru.  

hcu regreions oi ylcid md of v n o m t  w r 
on cycle of rdr t ion  vcrc computed w l b  the Gur r  - 



Results 
, m  1 - "  - " . " . -  

Gram vleid rer~onsc CYCLE OF SELECTION 

Kh-unmr Selcnlon for incnrard Grain I d d  In Pearl Ulllrt 

,I Linear Model proccdurc ol (AS 11985 Thc di f fer  '- 
,nri  hrrrrcn the b ~ r c  m d  most adtmied rslcrtcJ 
ropulat~nn for crch o f  t n r  iornpos~rrr i ~ a l u n r d  ~n 
thr 1987 ramr rcaon wcrr icrrcd lor riln~i~canir 
"\#np rhc mm b, location mean r q u ~ r c  to iumpu!~ 

2- - 

liU ,slurr 
Data on thc ini idrn~p ill dnum mlldrv (I1M "..r 

~rom the down, mlldru nurrirle. md rhc rrrdllna ,,-,, , 
,or, aerr rrm,turmrd !a (DL1 " r 2 5 ,  ' priclr ti, 
~na lv i l s  ( G o h ( i 7  and G L I M ~ Z  19641 

8' 

4 d n q h r  rnponrr lodm (DRI B~ , l \ i . i  R ~i il 

;9u7: urr comp"l~d Ill, the harr and rd\r:,,cJ s m  . 
~ ~ p u l a r ~ o n ,  in tht druvenr rnal 111 luX: Thbr ~ J C K  
h~ lp ,  ~danufi rpr r~ tn  mlrnncc m trrnilnal dri,uFhr 
r i  iumpirmi: the i l r lds obhcnrd undir !arminal 
J ~ , , , ~ t h  anh p r i d > ~ c ~ o w  n! tkrmln~l drc,ught , i~ ldr  zna 4 
lor ahtih thr cllr,fi o l  maru rw  and i ~ i l d  undrr 
",,n srrubr ~undiuons rrr airoun!ud tor Tilt cri>#r 

, . 
I n u r  rcr ilrr i sc ie i  o i  re iur rmt  5ceitirrn I" 

~reased  the grain \lsldc ot the popularion, jirr 
GI ht 72 to 94 Lg ha c>LI< lllncar rr\pon%i.,  
P < 901) I" ML. IVC and EL b u ~  onit hi 
2 3  kg ha ' ( P  > O 05; In N t L L ,  at i rag id  rurcr 
nlnc unvlronmcntc ~n lndla (Tib le3 l  Thcr i  
ganr reprcsmt InLrenrca of 0 9 ",, m 4 9 ''0 
i ~ i l s  Somi. o i  the largcu Incrriei OI pram 
< leld occurred rn the iir,t i ? i l c  of selrct~on. 
out onl\ in t.C ass there a quadrattr lnirea,c 
or yteld (P < 3 C 5 )  otcr c \ r ie r  (FIR I )  

Cams for grain yield iivcr relectlon c y ~ l r  In 
\IC and IVC tended to bc numrr i i r l l j  larger 
~n ienrral ( P a r m ~ h e r u )  and noi thr rn  India 
H m r )  than In rourhern lnd l r  (Bhavmlsagir) 

T a b l c  3), but these dliirrencer wcrc nunrag 
niilcnnt (P > 0 05) Hoarrcr. ~n EC rhe weld 
rrrponrc to  relect~on ~nteractcd w r h  locat,on 
.,f evaiuanon (P < 0 G I ) ,  a, Itnear responses 
wcurrcd  at Hmr and Bhrvanlragar but a h ~ g h -  
\ quadratic response (214 kg ha ' g u n  f rom 
C: to C: bur 253 kg ha ' decrease f rom C2 w 
C,) w u  abscmed a t  Patancheru 

Tne rubscquenr muirilocat~onal u r t  o f  thc 
iue m d  most rdvmcrd  popular~on  ~n cach uf 
1.e comporcrer p ~ b i c  4 )  conflnncd rhsr g n l n  
lcld h d  rcrpondcd porlr~vely ro selecrlon 
I 7 % (P > 0.05) 10 18 3 % cyc la '  
P < o.oi)]. T h e  yleld Incresses lor MC 

rinir or oh ,e r>d  r lr ldr  ~urpa.,zrib rhc pr rd~~lcd  
urid. aould 1nd8,nc :hr prawni, al droucnk u > i i  pox - 
an," md TLIUI~ I "  ~YIIII\. L)RI \ I IYL\  

(4 7 %  C Y L I ~  1 m d  N k I  C ( h  9 ' A ,  ~ , r l c  ' 1  
rqual or iurpa7, r h n w o h w r \ r d  ~n thc  fvit fou r  
ti, i l \ c  i \ i l c \  i l l  \elctt>on [Tahls 3 ,  but nor f o ~  
IYC. (0 7 7" , j i l ?  ) 

Thc P O S I ~ I V L  gram y ~ l d  rcspon$e\ WPI. 

found to  occur under tcrniinai-dir,ught tondl 
rlonr a\ well as under more oprlmal m u i m r c  
~ o n d j t l o n s  for two of t'lr tour compo,ltt.\ 
tcrrcd ~n rhcdrought trlai, (Tnblr 5 1  Although 
chr absolurc gnms w r r r  much smaller undr r  
irrmlnal drouehr, the gnlni rclatlvr to  rhc C? 
mean wcrr bcr) slmllnr ~n rhr termmnl- 
d i o u ~ h t  (1 29 and 4 6 7  "10 cycle ' )  m d  the 
iullv-singated (4 7 9  2nd 3 67  "1. cyclr I )  re- 
gimci for MC and IVC, rerpect~vely There 
ylrld grins were ssoc t r red  wlrh Increa,er o i  
btomarr and hamnt index under both moll- 
iurr condl r~onr  

I ,  , 
.' ,' 

Downy mildew aurccptibibty 

The frequency o i  plants showing rurccpribtl>ty 
to  downy mlldcw w a  gcnernily less than 5 "10 
sn the fteld tests m d  less r h m  9 % ~n the 



Tablr 3 Lari6r~mt. of lhniar irgrers~onr oi  papulrx,on me- on cycle of s~lcci ion an b u r  pui mrllm 
comparluon ior rhrrt trnrr averigrd over rhtat yew, ri thrrr Indarn larauonr and arrorr lorruonr 

Gtam (kg ha ) Blwm (darrl Hslght (cm) 
Campo Abro Rcla to 
nrc Cyiirr Loranon' lvtr C m r m  (%I Abroluu Absolute 

Compnr>rc Gram Bbom H~>$hx Ind~\lduai Sreds Panlrlcs 
and Cyrlr (kg ha ) (davr, lcm! ,ccd mar, lmg, p ~ n ~ r l r  m 

MC C: 2300 50 I 226 8 86 2lbC I2  5 
MC C, 3160 5C9 222 941 259C I 2 3  
Chini(c rvcle 108'" 0 I -1 037 54' 0 0 

IVC C, 255C 53 0 242 9 b l  2710 9 9 
IvC Cb 2660 51 5 225 8 52 2543 11 1 
Chmyi  cycle ' 18 0 1 -1' - C  18' -32 C 2* 

NELC C, 2110 542 210 e l 3  2443 11 4 
N E L C  C, 2880 54 5 224 8 95 1010 11 0 
Chlnl r  cvilc 118'* 0 I 3 0 12 118'" -0 1 

SRC C: 1860 55 1 219 8 50 21% 9 3 
SRC C, 2880 52 3 235 8 79 2640 11 8 
Chmge cycle ' 340" - 1 0' 5 010 150" 0 8" 

D2C C, 2110 510 151 837 2170 122 
D2C C5 24W 504 160 8 61 25Ob 11 3 
Chmgt cyde ' 76 -0 1 I 0 05 M -02  

LSD 005 390 2 4  I 6  0 91 394 I I 

S l p l i c m t  dtffrrmec k t v ~  b u r  md advanced cycle populruon s P c 0 M md P < 0 01 rcrpl 
uvcly 
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scedl~ng tests ~n the base and relccted popula- d o a m  rnlldrw rurcrpt rb~l~ry  ovrr cycles. The 
rions of pearl nuilrt ITablc 6). Thrrc acre no lercl o i  ruscept~bll~tv In the rclcrted popula- 
lhnear responses of downy mildew rerirrmcr to  uonr did not differ (P > 0.05) from h a t  of the 
c)clc of seicctaan (P > 0.03) obrcned in the rirtrtinc checks (2.4 for WC-C75 ~n i d d  
i ecd l~ng  rests. Field tests indlcrtrd that EC test, md 1 0  ?O fur 700651 in seedling rests) 
c x h ~ b ~ t r d  a l~ncar decrearr (P  < 0 3 5 1  of The us i cp r~b l c  chuck HB3, with 94.2 Sj SUE- 

T~blc  5. Ymr of b a r  (C:l and mar! rd~mccd ,elcixcd populrrrunr IC.1 ~n (our pearl mtllct cclmpor~irr 
r idu i t rd  under Iulh krngrrcd [~oncro l~ and rrrm~nrl drought (TD) condlt~cinr uvcr rwo years a Patanchrru 
lor four agronomic !rill, 

comporlrr Gram lky ha \ Biomass ( k ~  ha j Thrrihtny ( " U J  Harvrn Index (ou) 
m d c i ~ l r  Contrid TI> Conrml TU Lontrul TU Cuntrol TL) 

V I I C  L. 
hLLC C, 
Change crclc 

IRC C; 
SRC C. 
Chmge c\ i l i -  

L5I) 0 L'5 

.'- Slgnrf>rmr d~tfcrcntr betarcn bax and ad~anied i i r l r  popula~~r,n at  I' < 0 05 md P < 051. rrrper- 
~ ( t l i  

Table 6 Mean durn: mlldcu suvrpc>bd~n. ln puiicnt, uf base (C:, md  ieloited popuia~~oni (C,) of four 
pearl millel compurltcs (MC, IVC, EC, NELC) over two vmrr 01 i ~ r l d  trrung (17') and two serdlmg reill 

IT)  ~n thc glrrrhourc 

Sclccr~on MC IVC LC NELC 
~ < l e  FI ST IT ST 1.7' ST FT ST 

c: 
c, 
c, 
c, 
C, 
C, 
c, 
C, 
c, 
C 
SE' 

Diflm ngri i iundy (P < 0.05) from G b d  an mdyns of rrmdomrd valun. 
Sundud mr of cycle mranr m uuldomed uruu. 
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in the field. That surccptabl~ plants contlnuc to  
occur d c s p ~ t e  r c ~ ( a t c d  cycles 01 select~on could 
be due  to  (a) ~ n t r o g n r r i o n  bringing in gcncs 
for rurcept ib~l~ ty ,  (b) the prrutlce o i  ,clrcting 
only v i t h ~ n  progcnres m d  thus incrclsing the 
probability oi retaining susceptible crcape,, 
and (cl t h ~  d y n u n ~  nature of h e  har t .paho-  
gcn re lanonrh~p rerultlng irom rhc h ~ g h  Ire- 
qucncier o i  ourcrossing and reiornblnatlon in 

the pathogen a well ar host populnrioni ( B A I I  
ct r l  1986) Thr dynamtc m t u r r  of rhn  
parhorvstern likelt, requires that rrlcirton 
prcrsurr he contmually rpplled in order ro  
maintain h e  Irbrl oi rcrirtincr iound in thcsr 
populattonr. T h e  apparent reduction of reiirr- 
anre observed In m ~ l l c ~  populattons multipl~cd 
under low downy rnddrv  lnfactmn preswic 
(BILL et 11 1986) ruppons  this ~ d e a .  

Rekurrcn tc  Selektion auf K o r n r r t r a g  und  
Mehltavrcaistenz in  Pcrlhirre 

An ccchr ~ ~ n c h e r ~ s c h c n  Popul ruonm (,Corn- 
par i to" )  von Pr r lh~rs r  (Pmnar lun i  glavcvrn 
[L.] K .  Br.) wurdc ~n l n d ~ r n  dcr E!nfluC\ uon 
drci oder rnehr Zykisn rckurrenter Srlrktlon 
r u f  Korner tng ,  Rrsintcnr gegen Mchltau (Srlc- 
iorpurn grnmrnaroia Sacc. Sihroet.) und aui 
agronornirchc Merkmale untersuchr. Dle m e -  
Irktienen und qelekt>encn Popularioncn aur 
.crschledenen Zykien wurdcn In \,lerJahren an 
drei Onen ( I 1  bir 2PN) und zurati.ilich unter 
hohem Mchlrru-lnfekrlonsdruck gepriiit. Die 
S ~ l c k r r o n r ~ c w ~ n n e  Lm Kornenrag  bc l~efen  slch 
m den einzclnrn Populationen iuf 0.9 blr 
4.9 % (durchrchnittlich 3.3 %) jc E lcknonr-  
zyklus. D I ~  Enragszunlhrnm trrtcn an fast 
allen O n e n  ~ o w o h i  be, optlmaier ds auch be1 
iubopamalcr W ~ r c r v e r s o r g u n g  auf. SIC waren 
mit ciner dcut l~chen  Zunrhme dcr Biomusc  
und einem crhohten Hamest-Index uerbun- 
den. Drr Mchluubefd l  blieb unter F t l d b e d ~ n -  
s n g e n  m e a t  deutlich u n u r  5 %. K o r r c l ~ c n e  
Elek t ion  fbhne in der {ruhcsun Population zu 
ciner vn t ra i insch t rn  BIihzc!nerrbgerung. 
Die Ergebnissc belegcn die W'iksamkcit der 
rekurrcnten Selektion zur S t e i g m n g  dcs 
K o m e m g c s  uad der E m a g s ~ u b i L u t  bei Pcrl- 
ine. 
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K v  tn thr cst*blirhmmt. Imptoramen,, m d  cbalu* 
uon of the pearl millcr populrr~onr reporlrd ~n rhtv 
paper. U.c also (hank I D SING11 and K. 
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