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PREFACE

The pear]l millet breeding program has a large data bank
resulting from reswarch conducted by several scientists over many
years. A data bank such as this is & tremendous resource as
reanalysis of cata accumulated over years can provide conclusions
of greater sccde and significance than those obtained from
analyses of 1rdividual trials., This report is intended to
facilitate the exploitation of this data bank by providing 1) a
descriptive su-nary of the purposé. methodology, and status of
statistical aralysis of these trials, 2) a data base that
compries inforration needed to find and analyte the data, and 3)
recommendationy ! analyses to be made and analysis of the topic
with highest [-10r1ty, This report is divided into three
sections that aZdress each 0f these ob)ectives,
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SECTION 1



DESCRIPTIVE SUMMARY OF PLARL MILLET COMPOSITE AND VARIETY TRIALS

INTRODUCT ION

The purpose of this report i1s to provide information on the
objectives, materials and methods, and status of statistical
analysis of ICRISAY trials involving composites and varieties of
pear] millet. The documentation of this information will aid
interpretation and combined analyses Of previous experiments,

The 56 trials summarjized are presented in six Qroups
according to the nature of the experiments. Trials examining the
genetic nature of populstions, alternative selection methods, and
realized progress from selection form the first three groups.
The remasning groups connist 0f Initial- and Advanced-Variety
Triale, and Composite Progeny (Best Progenies) Traaels.,

The objectives, entries tested, and years and locations in

which wach trial was congucted are presented. A Jlist of the
locations used as experimenta)l sites and their abbreviations 1is
prevented in Appendix 1. The method by which the genetic

material was developed 18 also presented when availabdble. This
information, however, was very scarce, with only scant records
being found in such sources as [In-House Reviews. Improved
documentation of both triales and recombination/progeny
development plots could be achieved by routinely including pages
in field books where snformation as suQgested i1n Appendix §{ would
be recorded.

The accuracy of trials and the status oY statistical
analyses of these trials 1s reviewed, with special focos on the
Composite Bulk Trials. These assessments are reported at the end
of this summary.

SUMMARY OF TRIALS
1.1 TRIALS ESTIMATING GENETIC PARAMETERS
Advanted Generation Trials

Objectives

The advanced generation trials assessed the level of
inbreeding depression after random mating :n experimental
varieties and population progenies.

Genetic materials

The Syno entries were constituted by diallel mating of S5 to
9 progenies and bulking the resulting seed. The Syno was open
pollinated in isolation with culling of about 3% of plants to
produce the Synl.



Triai Year Location
Advanced Generation Trial {AGT) 1977 PHF HSR
Advanced Generation Trial-1 (AGT-1) 1978 PHF HSR PDN
Advanced Generation Trial-Il (AGT-11) 1970 PHF HSR PDN
Entries
1977 AGT 1978 AGT-1 1978 AGT-11
WC-CX73 SYNO, SYN1 WC-C73 SYNO, SYN1, SYN2 §SC-H76 S8YNO,
WC-5147 SYNO, SYN! WC-3147 SYNO, SYN1, SYN2, WC-B76 8YNO,
wC-3344 SYNO, SYNLI WC~3344 SYNO, SYN!, SYN2, MC~-P7é6 SYNO,
IVS~-AXT7Y SYNO, SYN1 WC-919%2 SYNO, SYN1, SYN2, RF-A7é S8YNO,
Iv5-5094 SYNO, SYNLI [vS~A7% SYNO, SYNI, SYN2, WC-C793 SYNO,
Iv6-%427 SYNO, SYN1 [vS~-3043 SYNO, SYN1, SYN2, IVEB-A73 8YNO,
MC~-Cx79% SYNO, SYN1 SSC-C73% SYNO, SYN]1, SYN2, SSC-C73 SYNO,
MC~-%0Bs SYNO, SYN1 SC1-%026 SYNO, SYN], SYN2,
MC-%17) SYNO, SYN!l SC1-%106 SYNO, SYN1, SYN2,
LC-Cx7% SYNO, SYNL SC2-3%1%3 SYNO, S5YN1, SYNZ,
LCL-90472 SYNO, SYNL SC3-3%048 SYNO, SYNL1, SYN2,
LC-%9242 SYNO, SYNI MC-C73 SYNQ, SYN!, SYN2,
SSC-CX793 SYNO, SYNI
SSC~-SC1-26 8SYNO, SYNI
SSC-SC2~1%3 SYNO, SYNIL
Diallel Trial of Composite Bulks 1983

The Diallel Trial was intended to identify heterotic
combinations among composites currently undergoing population

improvement at ICRISAT.,

Trial Year Location
Diallel Trial of Composite Bulks (DTCB) 1985 PHF BSR
Entries

NELC-C4 X IVvC-CS

NELC~C4 x MC-C7

NELC~-C4 X SRC-C2

NELC-C4 X EGP-CO

IVC-CS x MC-C7

IVC~-CS X SRC-C2

IVC~-CS X EGP-CO

MC-C7 X SRC-C2

MC-C7 = X EGP-CO

SRC-C2 x EGP-CO

NELC-CA

IvC-CS

MC-C7

SRC-C2

EGP-CO

8YNL

SYNI,
SYNI,
SYN1,
8YN1,
SYN{,



1.2 TRIALS ASSESSING ALTERNATIVE SELECTION METHODS

Objectives and triale
Theoe trisls (listed below) investigasted differences among
alternative methods for selecting superior varjeties, or for

conducting populetion i1mprovement., The NPEY ewperinent studied
the association between number of parental iines uted in forming
varietl, :es with the performance of those varieties. The
fresibility o©f improving varieties by evaluating progenjies
derived from selfing, sibbing, end test-crossing was examined in
IXVT.  The tfeawibility and effectiveness of using gQriddeg mass
selection (GMS), restricted recurrent phenotypic selection
(RRPS), full-sib (FS), and S2-progeny selection for improving
population performance, per se and/or testcross, was evaluated in
PCT-1 and WCSMBT. The AMMS trial focused solely on the
feasibirlity of mass selecting for i1mproved performance per se of
populations. This tris]l compared several intuitive and
biometlrically derived selection indices. The etffect of OGMS,
RAPS, FS-, and S2-selection on the genetic variability and level
of inbreeding 1n the selected populations was tested in PCT-11],

Trial Year LOcation

No. Progeny to Produce Expt. Varieties (NPEV) 1979 PHF PLF
Improved Expt. Varieties Trijal (IxvT) 1979 PHF PLF HSR

KAM WAD SAM
Seln. Intensity in New Early Composite (SINEC) 1979 PHF

Population Comparison Trial-1 (PCT-1) 1979 PHF .
Population Comparison Trial-1] (PCT-11) 1979 PHF

World Camposite Seln Method Bulk Trial (WCSMET) 1982 AMF
Alternative Methods of Mass Selection (AMMS) 1984 PHF HSR BSR

Genetic Materials

® NPEV-1979
20 entries. No information was found describing the nature of
these entries, s0 the data are unanalysable.

e I1XVvi1

Method of Selection

Variety Bulk® Selted Sib Testcross Overall®

X X X
X X X

WC-C795
IVS-A73
MC-P76
SSC-H76
RF-A76
WC-B76
§6C-C73

3 M M M 3 W W
D 3 M L M

b unselected variety

multistage selection, eg. upon selfed and test-
cross performance



o SINEC

Nusber Selection
Composite selected intensity

New Early 252 19%
- 252 5%
" 90 13%
" 90 S%
e PCT-1
Populations .
wC CO Each population was tested and random mated
WC GMS-C2 bulk, selfs, and topcrosses with WC-CO, 1vS§,
WC RRPS-C2 and S141A
wC FS-C2
WC S2-C1
» PCT-11

351 S! progenies in total, with Sle derived from WC-CO, WC~-GMS,
NC_RRPS $ W“FS’ and NC-SZ »

o WCSHMBY
Me thods
RRPS, GMS, and FS evaluations were conducted each kharit at
Patancheru. S2-progeny esvaluation was done every other Kharif,
222 progenies were tested and 22 selected in each method (Pearl
Millet Breeding publication PMB 1.3).

Size of population subjected to RRPS and GMS selection was 2000
hills according to PMB 1.10.

Selection criteria 1n S2 and FS selection were days to bloom,
plant height, and head weight, RRPS and GMS were based on
visual asaessment of the same characters, with 2000 hills
divided into grids of 100 plants from which 10 plants were
selected. Selection in GMS was at harvest whereas that ot RRPS
was before flowering. RRPS was modified in Cycles 5 and 6,
with 1% plants selected per grid before flowering and 10 of
these retained at the time of harvest (PMB 1.12).

Entries

WC CO bulk (twice)

WC S2 (cycles | to 3)

WC FS (cycles 1 to 6)

WC GMS (cycles 1 to &)

WC RRPS (cycles 1 to 6)

WC RRPS-modified (cyles 35 to 6)

o AMMS
46 experimental populations were derived by selection for
increased or decreased yield potential in the Dwarf, New Early,
and New Elite composites. Detaileog description of the
selection indices employed and the methods for developing the



experimental populations can bde found in "Mass-selection
strategies for pearl mildet improvement” (Ph.D. dissertation,
H., F. Rattunde).

1.3. TRIALS EVALUATING PROGRESS FROM SELELTION

Objectives and trials

The purpose Ot tiwee Lraialu (listed below ) is to determine
what progress has been achieved by the varaiety and population
breeding of the Pear] Millet Improvement Program at ICRISAT. The
performance o! experimental varjieties derived from initjal and
agvanced cycles of composites were compared in CXVT, Seed stocks
from the many reselection within WC-C7% were compared in WCC75CT.
The effects Of recurrent selection on yield potential, agronomic
traits, and disease resistance of pesrl millet populations were
assessed in a series of composite bulks trials.

Triasl Year Location

Comparison of Experimental Varieties (CXVT) 1979 PHF PLF HSR BSR

WC-C7% Comparison Trial (WCC75CT) 1983 PHF BSR
Composite Bulk Trial (CBT) 1976 PHF PLF HSR BSR
Composite Bulk Trial (CBT) 1977 PHF PLF HSR BSR

LAM TNI
Composite Bulk Trial (CBT) 1978 PHF PLF MHSR

SAM TNI
Composite Bulk Trial (CBT) 1979 PHF PLF HSR BSR

KAM PDN .
Composite Bulk Trial (CBT) 1982 PHF HSR BSR PDN
Composite Bulk Trial (CBT) 1984 PHF HBR BSR
Comparison of Composite Bulks & Varieties

(CCBVT) 1985 PHF HSR BSR PDN

Comparison of SRC Bulks Trial (SRCBULKS) 1985 PHF HSR BSR
Comparison of SRC Bulks Trial (SRCBULKS) 19846 PHF HBR BSR

PDN PSN
Composite Bulk Trial (CBT) 1987 PHF HSR BSR

PS]1 PSD PDN

Genetic Materials
e CxvT
Entries
WC-C7?% wC-B77
IVS~-A793 IVS-P77
MC-C75 ™MC-k77
SSC-C78 SSC-P77
LC-C7% LC-A77



® WCC7XY
Entries
Seed Stocks of WC-C7%

Field Season

NSBws 1980 kharif
BSBué& 1980 Kharyt
NSRCEL17 1982 Summer

BSRCEL7? 1982 Summer ;
BSP 1983 Summer
NSP 1983 Summer

BSBS-7 1982 Rabi
NSBS-7 1982 Rabi
Bw-8 1979

o COMPOSITE BULK TRIALS
The occurence of particular selected populations 1n trials
across years 18 presented for each composite separately.

Medium Composite (MC)

Year of trial

Cycle 76 77 78 "79 '82 '84 8% ‘86 867

co X X X
Ci X

C2 X X
C3

Ca

€S

Cé

c7

c8 X

> M »C .

» o M »m M

M 3 M D M W DK M
M m X > 3 e

New Elite Composite (NEC)

Year of trial

Cycle 76 77 '78 '79 '82 'B4 '85 ‘86 'B7

co X X X X
Ci X X X
c2 X X X
c3 X X X
Ca X X

C5 X

(A



intervarietal Composite (Synthetic) (IVEB)

Year of trial

Cycle 76 77 78 79 ‘82 ‘B4 '63S ‘86 87

co X X ) ¢ ¢ X X ¢
cC1 X X X X X X

c2 x X b ¢ X x

C3 X X X ) ¢

ca X X X

cS X

Cé b ¢

Smut Resistant Composite (SRC)

Year of trial

Cycle 76 77 78 79 ‘82 "84 '83% 'Bs ‘87

cCo X X X
ci X x
c2 X X
c3 X X
02 Composite (D2C)
Year ot traial

Cycle 76 77 78 79 B2 'B& ‘8BS ‘B 87
co b X X
cl b ¢
C2 X X
Cc3 X
ca
c9 X
New Early Composite (NEC)

Year of traial
Cycle 76 77 7?8 79 ‘82 ‘B4 85 ‘86 '8B7
CoO X X X X
cCi X X X X
c2 X X X X
C3 X X X X
ca X X
CS X X




Super Serere Composite (3SS8SC)
Year of trial

Cycle 726 77 ‘78 79 ‘82 ‘84 ‘85 '86 '87

Cco X X X X ) § X
ci X ) ¢ X X X
c2 X X X )
c3 X X
ca X X
cS X X
Cé X
cz x

Serere Composite 1 (5C1)
Cycle Trials

76 77 078 79 82 B4 8% 86 87

co b { X X
ci X X X X
C2 X X X x
c3 b ¢ X
ca X
cS X

World Composite (WC)

Cycle Trials

co | >d X

X
(o § ) ¢ ) 4 X X X
c2 X X X x
c3 X X
cC4 x
cS X

Late Composite (LC)

Cycle Trials

76 77 78 7% ‘€82 "84 ‘85 ‘86 ‘87

co X X b 4
C1 X X
c2 ) { X

Lo



Sevioral entries 10 the 1976 and 1977 Composite Bulks Trials
were derived from composites other than those presented above.
In 1976 thece entries contisted of SDS (C2,C7), CDP (Ci1), ExBornu
(Cl), CO and C) of the origanal Dwart and Early Composites. In
1977 the CO and (1 of Gen/’d and Gam 70 were tested.

Data trom the 1982, 1964, 1909 and 1987 CBY trials has been
completuly cheched 10r transcraptional- and other-errors. The
corrected data hos been stored tn files according to the names
listed 3n Appendax 3.

L ]

1.4 EXPERIMENTAL VARILTIES TRIALS

Objectives and trialu

The purpoue ot the erperimental varieties trials 18 to
assess the performance of varietien developed at JCRISAT at a
number of locations.

Trial Year Location

Experimental Varieties (EXVI) 1977 PHF PLF HS5R BSR DUR KAM
SAM BAM WAD PAL
Composite Expt Var Best Prog.{(CEBY) 1977 PHF HSR

Experimental Varieties (EVY) 1978 PHE PLF MSR PAK TN] kKAM
PDN

Experimental Varieties (EVT) 1979 PHF PLF HSR BSR KAM BAM

: SAM WAD TNI )

Experimental Varieties (EVT) 1980 PHF PLF HSR BSR BAM SAM
WAD

Experimental Varieties (EVT) 1781 PHF PLF HSR BSR

Initial Expt. Varieties (IEVT) 1982 PHF PLF HSR BSR

Initial Expt. varieties (IEVT) 1983 PHF PLF HSR BSR

Initial Expt. Var-1 (JEVT-1) farly 1984 PHF HSR

Initial Expt. var=-J1(1EVI-]) Late 1984 PHF PLF HSR BSR
Initial Popln. Varieties (]PVT) 198% PHF PLF HSR BSR
Initral Popln. Specitic vVar {1PSVT) 1985 PHF PLF HSR BSR
Pear) Millet Initiral Var (PMIVT-1) 1986 PHF PLF HSR BSR PDN
Pear] Millet Initial var (PMINVT-2) 1986 PHF PLF HSR BSR PDN

Genetic Materials

e EXVT-1977
WC-A76 MC-P76 5SSC-A76 G73-P76
WwC-P76 LC-A746 SSC-P?&6 (G73-B74
WC~B76 LC-B7&6 5S5SC-H76 RF-A76
MC-A76 LC-P76 G73-RA76

e CEBT-1977
wC-Cc2 MC~-C2 LC-C2 SsC-Ci GAM?3-C)
WC-A76 MC-A74 LC-A76 SGL-A76 GAM73-A76
WC~-6173 MC-460%2 LC-6027 SSC-6030 BGAM73-6018
WC-6199 MC-6108 LC-6156 SSC-6255 OGAM73-6172



EVT-1978

4 verieties derived from EC, OC, SSC, LC, WC, MC, Iv8, SCi
NWC, NCGAM?73, GAM73, and NEC. Varieites were composed in 1977
from progenies selected at specific locetions or across
locations, and named accordingly (-P77, -H?7, -177, -L77, -B77,
-887?7, -KX77, -S77 for single location, and ~A77 for across
locetion selections).

EVT-1979

21 varieties from WC, NEC, NELC, D2, 8SC, Ivs, 8C1, MC.
Varisties were based on progeniws selected in 1978 across (A78)
or withan saingle locations (P78, H78, K78, BB78, W?8).

EVT-1980

27 varieties from SCl, SSC, NELC, NC, 8C2, Ivs, DIC, 1R1B, 1B.
Parental lines were selected at Patancheru, Hisar, and across
locations.

EVT-1981

31 varieties from MC, IVC, SSC, WC, SC1, SC2. Parental lines
were selected at Patancheru, Bhavanisagar, and across
locations.

IEVT 1982

Location of progeny selection

Composite PHF H5R BSR Across
SCl B1O1

wC 8101-2

DiC 81095 8102-3 8l
NELC 8101-3 810} 8101-4 8]
ILC 81 Bl a8l
IvC 8101

ssC 8101

MC 8102

SRC B8101-% 8101-2 8l
IEVT 1983

39 varieties derived from [VC, MC, NEC, NELC, SSC, SRC, Togo.
Parental |ines were selected at PHF, BSR, HSR, or across
locations.

IEVT~1 1984 early
15 varieties were derived from NEC and DIC. Parental lines
were selected at PHF, BSR, HSR, ~- across locations.

IEVT-1I]1 19684 mid to late

36 varieties derived from NELC, SRC, MC, WC, and IVC. Parental
lines were selected at PHF, BSR, HSR, or across locations.

14y



e IPVT-1885
32 vorieties derived from IVC, SRC, NELC, MC progenies selected
Ain 1984 or in the years 1980 to 198J.

e IPSVT-1985
Varieties constituted from progenies of D2, SSC, EC, MC, NELC,
DIC, EG, and NEC, tested in 1982 to 1984.

e PMIVT~] 1986
Varieties constituted from progenies ot ML, EGP selected at in
1485 PHF , BSA, and across locations. .

e PMIVT-2 1986
Varieties constituted from progenies of NELC or SRC tested in
1985,

1.9 ELITE VARIETIES TRIALS
Objectives and trials

Elite variety traials were conducted to evaluate promising
verieties over a range of geographic- and ecaphic-environments.

Trials Year Location

Elite Varieties Trial (EVY) 1978 PHF PLF HSR BBR TNI BAM
WAD KAM GOR PDN

Elite Varietres Traal (EVT) 1979 PHF PLF HSR BSR BAM XAM
SAM WAD TNI ’

Elite Varieties Trial (EVT) 1980 PHF PLF HSR B8R WAD BAM
PDN

Elite Varieties Traal (EVT) 1981 No Record

Advanced Popln. Var. Trial (APVT) 1982 PHF PLF HSR BSR
Advanced Popln, Var. Trial (APVY) 1983 PHF PLF HSER BSR 1S5C 1AM
Advanced Popln., Var. Trial (APVT) 1984 PHF PLF HSR BSR ANA
Pear! Millet Advanced Var (PMAVT) 1985 PHF PLF HSR BSR GUL
Fear]l Millet Advanced Var (PMAVT) 1984 PHF PLF HSR BSR PDN

Genetic Materials

e ELVT 1978
Varieties derived from WC, MU, LC, Ivx, SCl1 were tested. 13
entries were common with BPPT-1977 and &4 entries with EVI-1977.

e ELVT 1979
24 varieties derived from WC, Ivs, MC, SSC, MC, LC, SC1, and

NEC.,

e ELVT 1980
27 varieties consisting of entries retained from ELVT-1979 (8)
or promoted from PMHT-1979 (4), EVI-1979 (5), PMST-1979 (2),
and BPPT-1979 (8).

s ELVT 1981

Entries include 3 hybrids, 3 synthetics, & experimental
varieties, and 3 progeny varieties.

11



e APVT 1982

21 varieties derived from SCi,

IvC, MC, WC, and SSC.

Nine are

common with EVI-198]1 and seven are in common with BPPT-1981.

e APVT 1983
22 varieties derived from NELC, SRC, MC, DIC, SSC, and 1VC.

o APBT 1984
28 varieties derived from IVC, MC, NELC, SRC, and SSC.

o PMAVT 196%

19 synthetics and 22 varieties of NELC, MC, SRC constituted

1982 to 1984,

e PMAVT 1986

28 varieties of

synthetics,.

Ive,

1.6 BEST POPULATION PROGENY TRIALS

Dbjectives and trials

by

Individual

progenies derived
s1bbing were tested multilocationally t

potential as varieties.

in

SRC, MC, NELC and compowite bulks and 14

from composites and increased

O evaluate their

Trial Year Location
Best Population Progeny (BPPT) 1977 PHF HSR
Best Population Progeny (BPPT) 1978 PHF HSR KAM
Best Population Progeny (BPPT) 1979 PHF HSR SAMF WAD TNI
KAM PDN
Best Population Progeny (BPPT-1) 1980 PHF PLF HSR WAD BAM
Best Population Progeny (BPPT-2) 1980 PHF PLF HSR BSR WAD
BAM (no data found)
Best Population Progeny (BPPT) 1981 PMF HSR PDN
Initial Population Progeny (IPPT) 1982 PHF HSR BSR
Initial Population Progeny Var(IPPVT) 1983 (no data found)
Initial Population Progeny Var(IPPVT) 1984 PHF PLF HSR BSR
Initial Population Progeny Var(IPPVT) 1985 PHF PLF HSR
Genetic Materials
e BPPT 1977
60 progenies derived from WC, MC, LC, SSC, Gam73, Gam73, and
sC.
e BPPT 1978
79 progenies derived from WC, IVS, LC, NC, Gam73, Gam73, MC,

ssC, SC1, NEC, €C, DC, andg EB.

e BPPT 1979
60 progenies derived from WC IVS, NEC, NELC,

o

r

SCi, and MC.



e BPPT-1 1980
60 progenies derived from D2C, SC1, SSC, NELC, SC2, andg NC.

e BPPT-2 1980
14 progenies derived from D1, IR, 1B, and crossed progenies of

thewe composites and of DC and EC.

e BPPT 1941
39 progenies derived from SC1, NEC, MC, IVC, SSC, end wWC.

o IPPT 1982 "
60 progenies derived from DIC, SRC, NELC, MC, SC2, andg IVC.

e IPPT 1983
53 progenies derived from NELC, MC, IVLC, NEC, SSC, SRC, and

Togo.

e IPPVT 1984
36 progenies derived from WC, NELC and SRC.

e IPPVY 1989%
32 progenies derived trom IVC, WC, NELC, MC, and SRC.

ACCURACY AND STATISTICAL ANALYSIS OF COMPOSITE TRIALS

Data from the 1982, 1984, 198%, and 1987 Composite Bulk
Trials were retrieved from storage on computer tepes and were
checked against the original values 1n the fieldboors.,
Transcriptional errore and other errors were found §n data from
every year. Data stored or magnetic tape, therefore, must be
rechecked in detaji! before any reanalysis 1s 1nitiated.

The accuracy of experiments can be Judged by the magnitude
of the least significant cifferences (LSD) between entries. The
accuracy of the Composite Bulk Trials, therefore, can be
indicated by the LSDy g for grain yield differences between
bulks., The LSDO.O? values for the Mediuq_Comesxte bulks, for
example, rangec from 2X6 to 927 kg ha in the nine tests
conducted over three yewars and three locations. These error
levels are reasonable for the environments in which testing was
done and showed no relatiorship with the productivity of the
environments., Combined analyses over years and locations of the
Medium Composite bulks, however, resulted in a LSDO_05 for grain
yield of 1354 kg ha‘l. Thus the increased effectiveness in
discriminating between genetic materials by repeating trials over
years is indicated.

The prior analyses of multilocational Composite Bulk Trials
has been very limitec. The combined analyses across locations
have been i1ncomplete with, for example, no estimations made of
entry by location interactions. Fur.nermore, combined analyses
over years has not been done.

b
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Pear] Millet Composite and Variety Trials at ICRISAT
1977 to 1966: A Dats Base

--------- LA R L R L L R R R R LY S YR YRy XN

Expt. Yesr Location Fldbk Rep Plot Size Traits

.. - - CE L E T P LR R L AL ENERZ PR TN LYYy ]

cer 1987 PSD 302 4 Axdx0.80 20
cet 1987 BSA 304 4 Axdx0.50 20
CcBY 1987 HSR 306 4 4xd4x0.7% 20
cer 19687 PWF 307 4 4x8x0.60 20
CBY 1987 P 297 4 Andx0.60 20
ceY 1967 PDN 10 20
SRCBULKS 1986 PODN 289 4 4x2x 787 16
SRCBULKS 1986 PSN 286 4 Axdx0.79 16
SRCBULES 19846 PHF 299 4 Ax2x.7% 16
SRCBULKS 1986 BSR 281 4 4xdy .S 16
SRCBULKS 1986 HSR 283 4 Ax8x,07% 16
PMAVT 1986 BSR 281 4 K9
PMavT 1986 HSR 203 4 49
PMAVT 19686 PHF 288 4 49
pPmavT 1986 PDN 289 4 49
PMAVT 1986 PLF 292 4 49
PMIVT-2 1984 PHF 288 ! 49
PMIVT-2 1986 PLF 287 3 49
PMIVT-2 1986 BSR 28] A 49
PMIVT-2 1986 KSR 28) 3 49 -
PMAVT-2 1986 PON 289 b 49
PMIVT-1 1986 BSR 281 3 42
PMIVI-1 1986 HSR 283 3 42
PMIVI-1 1986 PLF 287 3 ax 42
PMIVTI-1 1986 PWF 288 3 42
PMIVTI-1 1986 PDN 289 3 42
SRCBT 1983 B8SR 2% 4 12
SRCHT 198% MSR 260 4 12
SRCBT 198% PHF 272 4 12
1SPVT 19686 8SR 256 3

1SPVT 198% HSR 260 3

18PV 198% PLF 264 3

}15PVT 198% PHF 265 3

PMAVT 198%  GUL 2%6 4 49
PMAVT 1985 BSR 2%6 4 A9
PMAVT 198% HSR 260 4 49
PMAVT 198% PLF 264 4 49
PMAVT 198% PHF 265 4 49
1PPVT 198% KSR 260 3 30
1PPVT 1985 HSR 260 3 30
1PPVT 1985 PLF 264 3 30
1PPVT 198%  PwF 269 3 30
1PVT 1985 BSR 2586 3 I2+4
1Pyt 1988 HSR 260 3 32+4
1PVT 1985 PLF 264 3 3244
1PVY 1985 PHF 265 3 32+4
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CBT-NCLC
CBT-MC
(BT-NEC
CHT-5C1H
“pY~SSC
CHT-DI1D2
CBT-WC
CBT-IvC
CBY-MC
CBT-NELC
CBT-NEC
CBT-SC1{
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Year

1982
1902
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
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1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1981
1981
1981
1981
1981
1981
1980
1980
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1980
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1980
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1980
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1980
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BSR
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HSR
BSR
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181

181

181
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173
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134
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148

148

Rep Plot Size

NUDBUBBDDUUNDDODLDLLDALUUWUDDADLDLLDLDDLLLDDLLRPUUUULGRUBUEUBULUWLIW

6XDX.D
6EXBX .S
6XDX .Y
6EXOX .5
6X3X.5
6XB3X. D
&X4X.75
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1960
1980
1980
1960
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
L1979
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1979
1979
1979
1979
1979
1979
1979
1979
1979
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1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
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132
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131
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134
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134
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&0+ 4
&HO+ A
&H0+ 4
&0+ 4
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29
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Evr 1979 TNI 1314 3 x8%x .60 2144
cBT 19768  PLF 106 3 8x4.25x.7% 21
CBY 1978 TINI1 106 3 21
cuY 19768 SaAM 106 3 6.5 2 <1
CBY 1970 PHF 106 3 HX4.25%.75 21
CBY 1978  HSR 106 3 6x5 7 21 .
AGT~2 19768 MSR 112 3 1446
AGT -2 1978 8BSR 112 3 14+¢46
AGT~1 1978  PHF 112 3 8xX9%x,.7% M-
AGT~-1 1978 HSR 112 3 Y
ELVT 1978 PLF 86 3 8XA.2%5X.75 Tb+7
ELVT 1978  MSR 86 3 Ib6+7
ELVT 1978 BSR 86 3 ax X.95

ELVTY 1978  TNI 86 2

ELVT 1976  PDN 86 1

ELVT 1978 BamMm 86 3 X X.80

ELVT 1978 WAD 86 S X.%0

ELVT 19768 KAM 86 2 4xX4x .75

ELVT 1978 GOR 84 R 2XAX,7%

ELVT 1978  PHF 86 3

BPPT 1978 PHF 112 2 8X4.25X.75 79«2}
BFPPY 1978 HSR 112 2 6XHX .45 79+ 21
BPPT 1978 ram 112 2 79«21 .
EVY 19768  HSR 98 3 6X4X .45 43+ 4
EVY 1978  PAK 98 I 9X2.7X.45% 4344
EVT 1978 PDN 6 1 4%+4
EVT 1978 PHF 98 X 43¢ 4
EVT 1978 PLF 98 3 4x4x.75 4%44
EVTY 1978 KAM 98 X 49+4
EVT 19768 TNI 98 2 495+4
CBY 1977 LAM 76 X B8XSX.45 16
cBT 1977 TNI 76 3 8x5x.80 16
CBT 1977 PHF 76 3 8X5X.75? 16
cBY 1977 PLF 76 3 8X5x.757 16
cB7 1977 BSR 76 3 axsx.s0 16
CBT 1977 HSR 76 3 8X5X.757 16
BPPT 1977 PHF 70 2 6EXS5X.75 60+21
BPPT 1977 HSR 70 2 6EXBX.75 6021
CEBT 1977 PHF 76 3 6EXSX.79 24
CEBT 1977 HSR 76 3 6XSX.757 24
AGT 1977 HSR 70 RS 6XBX.75 X0
ARGT 1977 PHF 70 3 LX5X .75 30
EXVT 1977 WS8R 70 3 BX3X.757 15+95
EXVT 1977 PLF 70 3 BXS5X.795 15+95
EXVT 1977 PHF 70 3 gxs5x.75 15+95
EXVT 1977 BSR 70 S 8xsx.s 2595
CBT 1976 PLF &0 4 16
cBY 1976 PHF 650 4 16
cBY 1976 BSR 36 3 16
cBY 1976 HSR 41 4 B8X5X.%0 16
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RLCOMMENDAT IONS FOR ANALYSES AND ANALYSES CONDUCTED

The analysis of highest priority to the population
smprovement work of the FPear]l Millet breeding program 1s the
combined snalysis over years and Jlocations of trials evaluating
compostite bulks (selected populations derfved from cyclic
selection). This analysis would determine whet progress has been
made 1 population improvement of pearl millet by evaluating the
direct and indirect changes caused by recurrent selection, The
results of such an analysis would suggest how the breeding
program should Le designed to enhance future genetic improvement
of pearl millet. Combined analyses of Composite Bulk trials
grown in 1982, 1984, 1985, and 1987 were conducted and are
reported in Appendix 4, These results showed that grain yield
had been increased through recurrent selection and that incresses
in yield potential were translated into improved yield under
terminal drought, Only one trial was conducted under terminal
drought §n the off-season, however, and additional testing in
natural drought environments is therefore needed to substantiate
these results.

The Composite Bulk Diallel Trial of 1985 18 another topic
with high priority for analysis. Data from this traal will be
analyzed by the author during his stay at the University of
Hohenheim, Stuttgart, Weat Germany.

Comparisons 0t four selection methods were made 1n 2
multiyear, parallel, selection study in the Worlc Composite.
This study is of great importance to the treeding program but the
products of selection were evaliated only in & single
environment., It has therefore been s.ggested that seed of these
products be i1ncreased 1n the summer of 1989 and tested at several
locations in kharif 1989,
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APPENDIX 1. LOCATIONS OF VARIETAL AND POPULATION TRIALS

Location Atbbrev,
Patancheru high fertility, India (17°N 76%€) FHF
Patancheru low fertility, PLF
Patancheru downy mildew nursery PDN
Patancheru smut nursery PSN °
Patencheru summer irrigated PS1
Patancheru summer drought PSD
Hisar, Indis (28°N 75%) HSR
Bhavanisagar, India (119N 77%) BSR
Buntur, India (16°N 80°E) LAM
Anantapur, India (1%°N 78%9%) ANA
Gulbarga, India (179N 77%) GUL
Yussefwale, Pakistan (31°N 74%) PAK
Kamboinse, Burkina Faso (13°N 2°) KAM
Samaru, Nigeria (119N 8%F) SAM
Bambey, Senegal (14°N 16°) BAM
Wad Medani, Sudan (149N 339%) WAD
Tarna A.R.S., Maradi, Niger (13°N 8%) TN!
Kaoma, lambia IAM
I16C

ISC Niamey, Niger (139N 2%)

it —
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APPENDIX 2. DOCUMENTATION OF MATERIALS AND METHODS USED FOR
RESEARCH TRIALS AND RECOMBINATIONS OF PEARL MILLEY.

Research Trial Purpose

Genetic materialet origins, entry numbers

Experimental design: blocking, replication,
plot size (total and net), distance between
and within rows

Dates of planting and harvesting

Field in which experiment conducted

Applications of fertilizer, irrigations, etc

Traits measured and transformations used

Name ot files and tapes where data is stored

Recombination Location
Planting date
Genetic materials: origQins, numbers of plants
per progeny
Method of pollination
Description of any selection practiced
Method of harvesting the recombined seed

o~y
< [/
-t



APPENDIX 3. NAMES AND CONTENTS OF FILES MITH CORRECTED DATA FRON
CONPOSITE BULK TRIALS OF 1982, 1788, 1983, MDD 1787.

File name Year Location CLontents
DID2BHIB2.TXT 1982 MSR REP EMT BD MMT THZ
IVCBHIB2.TXT 1982 MSR REP ENT BD MMT TH%
NCBMIB2. TXY 1982 MSR REP ENT BD MMT THX
NECBMIB2.TXT 1982 MSR REP ENT BD HUT THX
NELCBMIB2,TXT 1982 HSR REP ENT BD HWT THX .
SCIBNIDZ.TXT 1982 MSR REP ENT BD HWT THX
SSCBMIB2.TXT 1982 MSR REP ENT BD HWT THX
WCBMIB2, TXY 1982 HSR REP ENT BD HWT THX
HEAD YIELD (T/7HA) = (HMT - 1200)/1%00
DID2PHB2.TXT 1982 PHF REP ENT BD HT HWT GuT
IVCPHBZ. TXY 1982 PHF REP ENT BD HT HMT GuT
MCPHB2.TXTY 1982 PHF REP ENT BD HT HuT GuT
NECPHB2.TXT 1982 PHF REP ENT BD HT HWT GuT
NELCPHBZ.TXT 1982 PHF REP ENT BD HT HWT QuT
SCi1PHB2.TXT 1982 PHF REP ENT BD WT HWT CuwT
SSCPHB2. TXT 1982 PHF REP ENT BD HT HWT GuWY
weePHB2 . TXT 1982 PHF REP ENT BD HT HWT GWY

HEAD YIELD (T/HA) = (HWT - 240)/1500
GRAIN YJELD (T/HA) = GW1/1500

DID2BBHB2. TXT 1982 MSR REP ENT BD HT HUWT TH%
IVCBBMB2.TXT 1982 HSR REP ENT BD HT MWl THX
MCBBHB2, TXT 19682 HSR REP ENT BD KT HWT TH%
NECBBMB2,TXT 1982 MSR REP ENT BD HT WMWY TH%
NELCBBHB2.TXY 1962 HSR REP ENT BD HT HWT Th%
SCIBBHB2,IXT 1982 HSR REP ENT BD H1 HWT THZ
SSCBBHBZ2.TXT 1982 HMSR REP ENT BD HT HWT THZ
WCBBHB2 . TXT 1982 HSR REP ENT BD HT HuWT THZ
HEAD YIELD (T/HA) = (HWT -1040)71000
CBTHIB4S,.DAT 1984 HSR REP ENT BD SMUT HT EL PC HC AGS HWT TH:
HEAD YIELD (T/kMA) = (HWT - 2100171500
CBTPHB4.TRA 1984 PHF REP ENT BD HC GWTY(T/HA) HWT(T/HA)
CBTBSB4.DAT 1984 BSR REP ENT BD RHC HW1 THZ

HEAD YIELD (T/HA) = (HWT - 1100)71000

CBVTHIBS.TXT 1985 HSR REP BLK ENT THX: HWT BD HT EL PC HC
HEAD YJELD (T/HA) = HWT/1500

CBVTPHBS.TXT 1985 PHf REP BLK ENT THx HWT BD HT EL PC HC AGS EVIG
HEAD YIELD (T/HA) = oMY - 2360)/71500

CBVIBSBS5.TXT 1985 BSR REP BLK ENT THX HMT BD HT EL PC HC AGS
HEAD YIELD (T/HA) = HWY - 2200)/1000



CBTHSE?.DAY

CBTHFO7.DAT

CBTBSE87.DAT

CBTE7SSTR. DAY

CBTB7SNOR.DAT

NECPDN.DAT
NELCPDN. DAT
IVCPDN.DAT
MCPDN. DAY

DMB?.DAT

1987

1987

184-¥4

1987

1987

1982
1962
1982
1982

1989

MSR

PHF

BSR

PAT
SUMNER
DROUGHT

PAT
SUMMER
IRRIGATED

& 198%
& 1983
& 198%
& 198%

REP ENY TH MTL MMT2 BD KHTI MT2 MT3 NT4 NTY
PLI PL2Z PLI PLA PLS PC HC ADS 300SEED
HEAD YIELD (T/MA) = (HWT1+MNT2-2000)/1300

REP ENT TH WMT BD MT1 HT2 HTTI PLY PL2 PLI
PC HC AGS 300SEED
HEAD YIELD (T/MHA) = HNT - 430)/1200

REP ENT TH HWT1 HNWT2 BD HT1 HT2 HT3 HTA HTY
PLLI PL2 PL3 PLA PLY PC1 PC2 PC3 PCA HC AGS
SOOSEED '

MEAD YIELD (T/HA) = (HWT1+T72-2400)/1200

REP ENT GMT HWT 8D MC PC HT PL SHT A B
HEAD YIELD (T/HA) = (HWT-1180)/1200
ORAIN YIELD (T/HA) = CWT/1200

STRAW YIELD (T/MA) = SWT/1200

REP ENT GuWT HWT BD MC SWT PC HT PL EVIO AGS
HEAD YIELD (T/MA) » (WY - 23460)/1200
GRAIN YIELD (T/MHA) = GWT/1200

STRAW YIELD (T/HA) = SWT/1200

YR REP ENT DN 1982 = YR1
YR REP ENT DM 1985 = YR?
YR REP ENT DmMZ
YR REP ENT DM~

REP ENT DM%




APPENDIX 4. POPULATION IMPROVEMENT FOR GRAIN YIELD AND DISEASE
RESISTANCE IN PEARL MILLET.

Abstract

Recurrent selection for incressed grain yield and resistance.

to downy mildew caused by (Sclerospore greminjcole Sacc.

Schroet.) was conducted for at least three cycles in six pearl.

millet (Pennisetum gleucum (L.) R. Br.) composites. We
determined the effect of selection on grain yield per de, yield
under terminal drought, and incidence of downy mildew. C, ond
selected populations were evaluated in a single year across three
locations {n the rainy sesson India, and under terminal drought
end in jirrigeted control (n the dry season. Susceptibility to
downy mildew was tostcd in field and glasshouse tests with high
inoculum ltvcls. 1£n yield increased by 7288, 94s¢, 83ts, and
23ns kg ha ' cycle in four composites tested over locations
and years. Yield increase (linear) x test location interaction
occurred in only one composite. Scloctxon xncroauc? yields under
terminal drought by 1Bns to 9338 kg ha * cycle in the five
composites tested. VYield gains were associated with incresses of
harvest index under droughted environments and of biomass under
irrigated conditions. Maturity and height were generally
constant or reduced. Downy mildew incidence was less than 8%
except when new material had been introduced into the population.
The relevence to ongoing populstion improvement in pear] millet
is discussed.

Key Words: Recurrent selection, G x E interaction, Drought
resistance, Sclerospore graminjcola Sacc. Schroet.

Introduction

Pear]l millet 18 grown for grain or forage on approximately
26 million ha (FAO, 1978). It is a subsistence crop generally
grown without use of fertilizers or pesticides, and is the most
important source of calories for people living in the dry
tropical regions where no other cereal is as well adapted pearl
millet growing areas have mean annual rainfalls of 200-800mm, and
thus low or poorly distributed raintfall are major yield limiting
factors (Bidinger et al., 1982). One of the most serious biotic
threats to production of pear]l millet 18 downy mildew, which is
endemic In Africa and India and has caused several epiphytotics
in Indis since 1971 (Rachie and Majmudar, 1980; Safeeulls, 1977).

At ICRISAT in India since 1973, a range of genetically broad
based populations of pear] millet have been created and sub)ected
to recurrent selection to increase genetic tolerance toc major
diseases and drought while increasing yield potential per se.
Recurrent selection was conducted with multilocational progeny
testing and exposure of seQregating material to high downy mildew
disease pressures (Andrews et al., 1985). Experiments evaluating
the selected pear]! millet populations for grain yield, yield
under drought, and levels of resistance to downy mildew have been
conducted in India between 1982 and 1989. We report the changes
made by recurrent selection in six pear] millet composites for
grain yield under normal and terminal drought stress

-l
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environments, and for downy mildew susceptibility.
Materials and Methods

Genetic Materials

Four pearl millet (Pennisetum glaucum (L.) R, Br.,)
composites were constituted at ICRISAT from lines of both African
and Indian origan. Indian lines are sources Of early maturity
and tillering, whereas African lines contribute lerge head
volume, seed size, and disease resistance (Andrews ot al., 198%).
These composites, the Medium (MC), EKarly (EC), Inter Verietal
(IVC), and New Elite (NELC), had 196, 113, &), and 47 parental
lines, respectively, chosen on maturity and performance per se
in one season of testing. Lines entering MC were landraces or
lines from other breeding programs, whereas those entering EC and
NELC were S, or S, progenies derived from other composites
already undergoing improvement. Fo bulks from intervarietal
crosses were chosen to form the IVC. Two composite had parental
material entirely from Africa: The Smut Resistant (SRC) was
constituted from 37 smut resistant inbred lines, and the Dwart
(D2C) composites was constituted from 23 dwarf! S2-lines.

Recombination of parental lines was done by open pollination
in isolation, with single rows of parental lines separated by
bulk rows formed from an aliquot of seed from each parent.
Recombination was conducted three times in MC, twice in SRC, and
once in EC, NELC, IVC, and D2C before selection was (ni{tisted.

Population lmprovesent

The composites were subjected to recurrent selection for
increased Qrain yield by multilocational testing of progenies of
various types (Table 1l). Progeny trials were conducted at
Patanacheru (17°N) and Hisar (29°N), India, for nearly every
cycle of selection, although data from Hisar often had to be
discarded because of severe and heterogensous soil salinity.
Progenies were selected for superior individual or across
locations grain yield. There was no deliberate selection for
yield under drought although some progeny trisls had below
optimum rainfall.

Progenies from each cycle of selection were sown in downy
mildew Nnurseries where inoculation of susceptible cultivars {n
‘infector rows' and mist irrigation induced high inoculum loads
and optimal conditions for i(nfection (Andrews et al., 1989).
Selfed seed of symptomless plants in the selected progenies
served as the recombination units for intermating progenies to
begin the next cycle of selection,.

Progenies derived from other composites in the breesding
program were included in the recombination phase of certain
cycles of selection in MC and IVC (Table 1). New genetic
material was introduced to increase genetic variability and not
necessarily to increase the population mean.

Evaluating Progress From Selection
Trials to assess the grain yield, maturity, and height of

selected populations were conducted in the rainy seasons (May to

27



October) of 1982, 1984, 1985, and 1987 (Table 2). The base
population (Cn) end subsequent four to five selected populations
of MC, IvC, é%. and NELC were tested in 1982 to 1983. In 1987,
only the C. and letest selected populations of MC, IVC, NELC,
SRC, end D were tested. The trials in each year were tonducted
at Hisar (29°N), Patancheru (17°N), and Bhavaniseger (11°N) in
Indie. Entries were replicated three to six times per trial.
Plots were 4s long with sinx (1982) or four (1964 to 1987) rows
spaced at O0.5m (Bhavanisagar), O.6m (Patancheru, 1987), or 0.75=
intervals. Plote were uniformly over-seeded and thinned’to 0.im
between plants within rows. Penicles were harvested from four
rows of esch plot, air dried, and weighed. Grain yield was
determined by threshing all panicles harvested (1982 and 1987) or
by multiplying the panicle yield from each plot by its threshing
percent, estimated by threshing a kg semple of panicles (1984 and
196%). Days to flower was recorded as the number of days from
emergence to when > 30 percent of plants in a plot had emserged
stigmas. Plant height was messured from the soil to the tip of
primary panéclc on 5-10 random plants per plot. The number of
panicles m %, individusl seed mass, and nuaber of seeds panicle !
were estimated at each location in 1987. Seed mass was
determined by weighing 300 seeds from two replicetes of each
experiment. Number of seeds panicl"l was calculated by dividin

seed mass paniclo'1 by individual seed mass. Seed maes panicle

was panicle mass plot’1 multiplied by threshing percent and
divided by the number of panicles plot'l.

The trials at Hisar and Patancheru in 1982 to 1985 were
rainfed. The 1987 trial at Hisar was irrigated four times during
the Qrowing season due to lack of rain. Bhavanisagar is located
in a netural rainshadow and trials at this location received
flood irrigation once every 7-14 days.

The 80iis at Hiser were entisols with 130-200mm available
water-holding capacity (AWHC). There were alfisols at both
Bhavanisagar (80mm AWHC) and at Patancheru (60-100 AWHC).
Fertilizer applications of A40kg ha ! N and 40kg P,0q were made
prior to planting and an additional 40kg ha'1 N were topdressed
2-3 weeks after planting.

The yield potential ot the C, and latest selected
populations of five pear)l millet composites under terminal
drought stress was evaluated at Patancheru in the dry season
(January to March) of 1987, There were two treatments, a
control, which had uninterrupted irrigation until 11 days before
harvest, and a terminal drought treatment which was created by
stopping irriQation at 47 days after emergence (DAE). Irrigations
of approximately 30mm were applied through the furrows with a
frequency of once every 14 days in both treatments. The
frequency was increased to 10 day intervals after 45 DAE in the
fully irrigated control. Both treatments had four replicates
with plots of four rows of 4m length and 0.6m width.
Fertilization was the same as 1n the rainy season expsriments.
Panicle yield was measured on all four rows per plot and the
entire sample was threshed to determine grain yield. After the
panicles were removed the plots were cut at ground level to
harvest the straw which was dried in the sun for two days, and
then weighed. Yield of biomass was computed by summing panicle
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and straw yields. The harvest index was determined by dividing
Qgrain yield by biomass and multiplying by 100.

Frequency of plants susceptidle to downy mildew in the
selected populations were assessed st Patancheru in two replicate
disease nurseries in the rainy sessons (June to September) of
1982 and 19885. Infector rows and daily aist irrigations‘were
used to create an optimal environment for infection (Williems and
Singh, 1980; Andrews et al., 198%). The selected populations of
MC, IVC, EC, and NELC were sown between the i(nfector ro in
plots of 4m length with four rows (n 1982 (about 130 plants) and
two rows in 1983 (about &0 plants). The total numbers of plants
and infected plants were counted {n each plot.

A seedling test for susceptibility to downy mildew at the
most susceptible growth stage of peerl millet (ICRISAT, 19688) was
used to evaluate all populations derived from the four composites
up to 1988. Approximstely 70 seedlings of each entry wera grown
in each of three pots in March of 1989. Th sordlingc were spray
inoculated with a sporangial suspension (107m1” %) ot a Patancheru
isolate of downy mildew at the coleoptile to one-leat stage. The
inoculated plants were incubated at 20°C and > 9%% humidity for
16 hours and then returned to the glasshouse,. The number of
plants exhibiting symptoms of jinfection were counted 14 days
after inoculation. The pots were randomized in complete blocks
before inoculation and of towards (n a completely randomized
design.

Statistical Analysis

Analyses of variance among the selected pear! millet
populations tested in 1982, 1984, and 1989 were conducted within
each composite to assess thw effect of selection on gQrain yield
and agronomic traits. Date were pooled over years and locations
and analyzed within and across locations using a randomized
complete block design. Error variances did not differ by more
than a factor of 3 across experiments. Linear aend quadratic
contrasts for cycle of selection were computed to describe the
pattern of trait changes over cycles. Mean squares from these
contrasts were tested against the entry by year interaction mean
square when it was larger then the pooled error term, since years
were considered random whereas locations were fixed. Variance
attributed to entry by year and entry by location interactions
were partitioned into linear (cycle) and residual components.

Linear regressions of yield and of agronomic traits on the
cycle of selection were computed. Their significance was
determined from the linear (cycle) contrasts. The General Linear
Model procedure of SAS (198%) was used for both the analyses of
variance and regression.

Variance among the C, and latest selected populations of the
five composites tested in the 1987 rainy season was described by
analyses within and across locations using a randomized block
design. LSDs were computed using the pooled error mean square to
compare the Co and latest selected populations within each
composite.

Data on the incidence of downy mildew (DM)) from the 1982
and 1985 downy mildew nurseries as well as the 1989 seedling test



were transformed to (DMY O.S)O‘3 prior to analysis (Gosexr end
Gomez, 1964).

To determine 1f specific drought tolerance contributes to
vield differences under drought a drought response index (DR!)
was used (Bidinger et el., 1982; Bindinger et al., 1987). This
index,

Dﬂl‘ - Y'1 - Y‘l
SEye .

is computed for the §{th genotype as the difference between its
observed yield under stress (Ys,;) and its predicted yield under
ltrcls (YI‘) and expressed as a ratio over the standard error of
Ys Ys; is estimated from the yield (Ye ) and deys to
bloom (tc of the {th genotype under irrigated conditions
according to the following equation:

Y'i - 5 4+ bx(YC1) - bz(BCi)

where the intercept (a) and regression coefficients (b, and b2}
are estimated by multiple regressions of yield and b*oom date
under jrrigation of all genotypes under test onto their mean
yields under stress. The existence of specific resistance to
drought is considered to be indicated by Dﬂli > 1.3.

Results

Grain yield and agronomic traits

Four to five cycles of recurrent selection increased Qrain
yields by 7238, 83%xx, 9488 and 23ns kg ha~! c:yclc"1 (linear
respona®) in the MC, IVC, EC, and NELC pear] millet composites,
respectively, averaged over three years at three locations 1in
India (Table 3). This 1s a range of 0.9-4.9% increase per cycle.
The largest increases Of Qgrain yield occurred in the first cycle
of selection, in which 73% of the total yield increase predicted
by linear regressions over all cycles was obtained in MC and IVC,
and 43% in EC, Only the EC populations, however, had significant
quadratic response of grain yield across cycles of selection.

Number of days to flower and plant height of the populations
selected in EC exhibited significant curvilinear increases over
cycles of selection. Selection in JVC and MC, however, resulted
in significant linear decreases of days to flower and decreased
or unchanged plant height.

The linear increases of grain yield over cycles of selection
in MC and IVC did not differ (P>0.05) between the three test
locations in Peninsular India. Selected populations derived from
EC, however, had linear yield gains that interacted strongly with
location (P<0.01), with large gains exhibited at Hisar but none
at Patancheru (Table 4). VYields of EC populations at Patancheru,
however, uuhxqzted a quadratic response (P<0.01) with an xncreag
of 214 kg ha  between C, to C, and 2 decrease of 253 kg ha
& from Ca to Cu.

The linear changes of days to bloom and plant height showed
almost no interaction with locations or yesars of testing. Only
the linear increase of days to bloom in selected populations of
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EC showed interaction with the year ot testing (P<0.01), glvtnq
linear changes of 1.1488, 0.898% and 0.%188 days cycle in
1983, 19684, ano 1982, respectively.

The 1987 evaluation ot the Co end letest selected
populations of five coaposites again showed that recurrent
selection had increased grain yields, with increases of 4.7%%
(MC), 0.7ns (IVC), &.988 (NELC), 18.38% (SRC), and 3.638 (D2C)
psrcent c,rcl."1 when averaged over three locations (Table 9).
These rates of gain compare favorably with those cbserved in the
first 4 to 3 cycles in MC and NELC but not in IVC (Table 3). The
vield increases shown by MC and [VC selected populations were
significant (P<0.03) st all three locations. VYield increases in
NELC and D2C were smaller at Hisar (2.8n8 and 1l.6ns percent
cyclo"l. respectively) than their yield gains averaged over
Patancﬂ,ru and Bhavanisagar (11.388 for NELC and 4.4% percent
cycle™ ' for D2C). The selected population of 1VC, however,
exhibited no yield advantage at any locatjion.

The yield Qains in the composites tested in (987 were
achieved without increasing the days to bloom. Measurements of
the three yield components, ie. xndiiiducl seed mass, seed number
panicle™ !, and panicle number m %, dig not reveal sny one
component to be responsible for the yield gains observed (Table
3). Several of the selected populations exhibited nonsignificant
(P>0.03) increases of seed mass and a two populations had
significantly (P<0,09%) increased seed number and/or panicle
number relative to their C, populations,

Performance in terminal drought

Mean grain yields were much Jower in the planting without
post-flowering irrigation as compared to the irrigated control,
showing that considerable drought stress was created (Table 6).
Grain yields under terminal drought were higher in the latest
selected populations as compared to their respective C,
populations. The magnitudes of yield increase ranged from 90ns
to 35088 kg ha in the five composites studied. Associated with
these yield increases were increases of harvest index that ranged
from 3ns to 94% percentage points. The total biomass produced by
the latest selected populations, however, was not significantly
increased over that of their C, populations (P>0.03).

Downy mildew susceptibility

The incidence of downy mildew was generally below 3% in the
selected populations, both when tested under field conditions
(Table 7) and when inoculated as seedlings in the glasshouse
(Table B). The level of susceptibility of the selected
populations did not generally difter from the C, populations. In
two instances where germplasm from sources other than the
previous cycle was introduced, hownsver, i{ncidence of downy mildew
was significantly increased (P<0.03).

Discussion _ -1

The range of xin?ar increase in grain yield cycle were
trom 0.2-29.89% cycle * when all data are considered. However,
these extreme values occur when there is either only one location
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considered across years, or there is only one yeasr one location
data (Table 9). 1! we consider the percent gain in grain yjeld
across locations the range is from 1.3 to 4,.9% cyclo". excluding
SRC (Table 9). This range of gain per cycle is satisfactory, and
compares favorably with results reported (n the ljiterature for
mass selection in majze, but §s about the same or less than
results reported for progeny selection in majize (MHallaver and
Miranda, 1981). The gain in the Smut Resistant Composite of
21.47% cyc:lc'wl across five environments is high, but the C, cycle
of this composite is the lowest yielding of the composité in the
trials indicating that the scope for improvement {s grester. As
this gain (s over only the first three cycles of selection, it is
safe to assume that thies population inftially had a low mean but
a very high genetic variance for yield.

In the four composites studied in most detail four to five
cyclew of recurrent selection increased grain yjield by 23ns-94ss
kg he !l (0.9-4.9%) over three years and three locstions (Table
3). The largest increases 0Of Qrain yield otcurred (n the first
cycle of selection, in MC and IVC and EC. However, only 1n EC
was there a quadratic response of grein yield across Cycles., When
this evidence, along with the high gains made in the three cycles
of selection in SRC are considered we conclude that better
progress tan be expected 1n nNewly created composites, However,
the lack of response in NELC indicates that new compOsites must
have sufficient genetic variability, Ot the four composites
studied across three years and three locations NELC had the
smallest numbe of parents, all derived from existing composites,
and unlike VL no new material was i1ntroduced i1nto the composite.

When responses are considered at specific sites aCross years
the results indicate that genetic gains have been achieved across
a broad geographic range in [IVC, MC and EC (Table 4). Patancheru
in south~central India has been the most frequently used location
for rajiny season yield trials (Table 1) and has also been used
for recombination and production of progenies in the dry season.
Since temperatures are lower and drought stress less frequent at
Patancheru than in the main millet Qrowing regions in northern
India, the breeding strategy of relying a Patancheru may not have
jed to genetic gains in the most important millet growing
regions., The greatest increases in yield occurred at Hisar
{(Table 4), the testing site most representative of major millet
regions are therefore most encouraging. We conclude that year to
year and season to season environmental variation in Patancheru,
and the progeny evaluations outside of Patancheru has been
sufficient to achieve Qains across a broad environmental range.

To reduce dependence of Patancheru and the risk of selecting
for specific adaptation to its environment oprogenies are now
produced in northern India. We also have restricted selection in
the off-season to traits which have little season x season
interaction such as downy mildew screening and smut screening
under artificially controlled conditions, or in the case of
selection for flowering the environment is manipulated to mimic
northern Indian conditions by late planting 1i1n March and
artificially extending the daylength.

However, in the EC yield gains over cycles did significently
interact with environment. This may be due to the increases in
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grain yield being associated with an increase in growth duration
in this composite, since it is only in EC that there was a
significent interaction with days to bloom and years of testing.
In the composites other than EC yield gains have been made
without changing phenology. The failure to amprove yield in EC
without i1ncreasing crop duration means that (it is Jess adapted to
regions prone to end of season droughts., It should be possible
Lo 1ncrease yvield an early maturing material as has bDeen done in
other cereals {(De Leon and Pandey, 1989). This result indicates
the need in short duration material of ererting a selection
pressure for earliness before selecting tor yield,

The i1ncreased yield of selected pear]l millet populations
appears to be due to the very large increases in production of
biomass under optimal moisture, and the increased efficiency of
dry matter partitioning, particulaerly under terminal drought
(Table &). Edmeades g{ al, 1989 report that in both wheat and
maire improvement in yield 1n droughted environments in due to
improved biomass partitioning. However, six cycles of selection
i1n maize 1n non-droughted environments did not improve
per formance under drought, progress was only made when there was
selection 1n droughted environments., These results need to be
confirmed with additional teating, however, since they were
obtained 1n a single year in the offseason,

The higher vyaields under terminal drought of our selected
populations, relative to their C, populations, tould reflect 1)
changes ~elating specifically to drought resistance, 2) altered
phenology enabling escape ot drought, or 3) i1ncreased yield
potential per se (Bidinger et al,, 1982).

(DR]) values were computed, as described in the materials
and methods, for each of the populations in Table 6. The DRI
values were less than 1.3 for both selected and Co populations o$
MZ, SRC, and D2C. Gains ftor grain yields under stress 1in these
composites, therefore, are due primarily to increased
productivity per se, since the time to bloom was not changed.
Only the C, population of 1VC had & DRI > 1.3 (1,63), which
suggests a slight i1ncrease of apecific drought resistance,.
However, the earlier maturity under terminal drought of IVC-C,,
relative to IVC-C,, points to drought escape as the reason for
1ts better than expected performance under drought.

The sporadic increases 0f downy mildew susceptibility in the
selected populations of pear! millet show the need of continued
selection pressure for disease resistance 1n a recurrent
selection program. There 1s evidence that pathogenicity ot pearl
millet downy mildew populations varies over space (Ball et al,,
1986) and time (Singh and Singh, 1987). This suggests the need
of conducting screening with i1scolates of downy mildew obtained
from the regilon where the population is intended for use and for
maintaining selection pressure 07" years,

Yield evaluations of the selected populations were conducted
on experiment stations. On-farm testing of these populations to
determine 1f the yield increases of selected material are also
expressed under environmental conditions experienced by typical
millet producers is therefore advisable. Also, further
evaluation of the selected populations under natural drought
conditions 1s needed to confirm that increases in yield potential



are expressed under drought, since only a single test under
terminal drought in the off-season wes conducted in this study.
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Table 1. Recurrent selection sethods used for japroving

pear] sillet populations.

six

No. Selection Location of
Compnsite Cycle Proqqny‘ seleced? (%) progeny tests
Rediun ¢y FS 46 9 PHH B
Cz FS 24 12 PH PL
Cy FS 22 g PH M &
Cq FS 30 19 PH PL #
Cq ¥4 40 19 PH PL
Cy S? 94+37 21 PH B
¢, HS 107+ 4 19 PH H
Cg S1 %4 q PH B
Inter Varietal El 51 9% 9 PH H B
Co S2 2! 8 PH PL H
Cs Fs 25410 11 FHH S
Cq Se q% 21 PH PL
Co S2 44+ % 17 PH B
Cy S1 70+ 11 9 PH B
Early o FS 31 11 H
. Co FS 22 10 PH BS
Cs 1C q9 23 PH PL
Cq HS %4 20 P oL
New Elite Cl HS 40 17 PH H
Cz FS 27 13 PH H
Cy S2 60 20 PH H B
Caq Sl o1 5 PH B
C5 Si 66 4 PH B
Smut Resistant C, S? 53 22 PH H
Co S1 R3] 8 PH H B
Cy S1 40 2 PH H B
Dwart S1 FS 32 19 PH PL B
C, HS 48 18 PH
Cy HS 50 9 PH
Caq S1 44 12 PH B
Cs HS 119 22 PH
& HS, Fs, IC denote half-sib, full-sib, and testcross,

respectively.

b Number of progenies selected from the previous cycle, plus any
lines from other sources

recombination.

¢ PH, PL, H, B, G, S, BS, denote Patancheru

low-fertility (17°N),

Hisar

that

were

(299N),
Ludhiana (319N), and Guntur (18°N) in India and Sasaru
(12°N), and Baebey Senegal (14°N), respectively.

L

4]

introgressed

Bhavanisagar

during

High-fertility, and

(11%),
Nigeria



Table 2.

Environsental data and nuasbder of replications for experisents

testing selecled populations of pearl aillet for four years at three
locations in India.

1982 1984 1983 1987
Hisar
Planting date 20 Jul 13 Jul 8 Jul 19 Jul
Replication ) 4 4 q
Rainfall{ma)® 210 328 349 0(1)
Max. teap.(°C)Y 33 10 40 32 to 40 32 to 40 29 to 41
Min. teap.(°C) 18 to 27 18 to 27 21 to 28 20 to 30
Patancheru
Planting date 29 Jun 4 Jul 17 Jun 26 Jun 12 Jan 20 Jan
Replication ) [ q 4 q q
Rainfall(aa) g8 4918 313 37 a(l) 2t1)
Max. temp.(PC) 28 to 34 27 to 32 28 to 3% 29 to 34 29 to 39 29 to 39
Min. temp.(°C) 22 to 24 21 to 23 22 to 23 22 to 24 13 to 23 13 to 23
Bhavanisagar
Planting date 8 Jun 13 Jun 8 Jun 30 May
Replication b b} 3 q
Rainfall(am) 26(1) 291 1201 119(1)
Max. temp.(%C) 33 to 34 31 to 3% 32 to 3% 34 to 39
Min. teap.(9C) - 23 to 27 24 to 26 2% to 28

1 = also 1rrigated.
a Calculated rainfall during the growing season,

b Teaperature range during the growing season,.



Table 3. Means and linear reqgressions on ¢ycle of selection for

three traits,
average over three locations in three years. in four pearl sillet coaposites.

Flower - Flower-
Grain ing Height Grain ing Height

Cycle (kg ha 1) (day) (ca) Cycle (kg ha !y (day) (ce)
Bedius Coaposite farly Cosposite
Co 2000 48.2 226 Lo 1900 0.0 * 198
Cl 2270 47.0 22y C‘ 2060 q1.8 207
Co 2140 47.0 224 C, 2230 44,1 212
Cy 2300 45,9 222 Cs 2260 43.4 212
Cq 2420 46,8 227 Caq 2270 443 206
Cy 2370 4s.7 224
LSh 0.05 154 0.7 7 LSD 0,05 132 1.9 13
b 72468 ~0.308 0.4 b 948 1.082 2.19
Gain cycle”l 3.6 -0.6 -0.2 Gain cy(lu»'I 4.9 2.6 .
(% Cy) (% Cq)
Inter Varietal Coamposite New Elite Coaposite®
TvC Co 2080 51.1 234 NELC 2520 50.¢9 24%

¢ 2330 a9.¢6 22% C, 2640 50.9 249

Ly 2320 49.7? 227 Cs 2480 51.4 242

Cy 2300 48.8 221 Cs 2390 3.1 23¢9

Cq 2510 48.8 229 Cq 2760 51.0 237
LSD 0.05 193 0.6 b LSD 0.0% 149 0.6 11
b 83 ~0.6%8 -1.4% b 23 0.3¢ ~2.49
Gain cycle™! 4.0 1.1 0.6  Gain cycle’l 0.9 0.5 -1.0
(% Co) (% Cg)
¥,0% Denotes significance a4t the 0,05 and 0.0] level, respectively.

a Data from 1984 and 1985 for grain and flowering and 1985 for height.
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Todle 4. Liseor regressions oe cycle of selection at theve localions for three traits
averaged aver throe yoars ia fowr pear] afllet cospesites.

CBO’OOti:'

Retivs Inter Varietal Early New elfte’

loca-€ 1 gain 1 qain T gatn 1 gain

Trait tion b cycle™ b cycle™ b eyele’! b cycle?
Graan HSA e 3.0 201 1.8 19748 .8 L} 1.0
g m ) At 'STURS 7% S 1T TSR W 3 0.2 11 0.9
[ n 2.1 ('} ] 3.9 nu 4. il 0.4
Flowering NSR -0.1% -0.3 -0.6200 1.} §.1548 2.7 .20 0.3
{days) 4 1 -0.3388 -0.7 -0.8000 -0.0 0.9980 2.9 0.10 0.2
m "0.!7. 'o.’ '0"2.. ‘102 0.',.' 2 ‘ o.l‘. o..
Neight  HSA 0.1 0.0 1.8 -0.6 -3 1.0 -3 -1}
{ca) PAT 1.9 -0.% -2.48 -1.0 J.isg 1.0 1.4 -0.8
[ ] 0.2 0.1 -0.} ~0.2 0.5 0.4 1.7 0.8

& data froa 1984 and 198).

8, 30 dencte significance ot P00l and PL 0,09, respectively.

o Rcross Y cycles in BC, four cycles 1a IVC, and EC and NELL.

b NSE, PAT, and BSR denote Wisar, Patancheru, and Bhavanisager, respectively,



Table 3. Trait seans of C, and C, populations of five prarl eillet cosposites
evaluated at three locations in India in the 1967 rainy season.

Individual

Gragn Bloos Height seed mass  Seeds
Population (t ha”h (days) (ce) (ng) pan;clo'l Panicles a2
Hediua
Co 2.30 %.3 226 8.86 2160 12.8
CB J.lons 5.9 222 .41 2990 12.3
Inter Varietal
CU 2.%% 33.0 24288 9.61% 2730 9.9
Cy 2.66 3.9 229 8.9%2 254¢ 11.18
New Elite
Co Z2.18 54,2 210 8.33 2440 11.4
C5 Z.68%x %4.% 224x%y 8.9% 30309 11.0
Seut Resistant
CO 1.86 59. 300 219 8.%0 2190 2.3
C3 2.88%x $2.3 23908 8,79 2640%% 11.8
Duart
Cg - 2.1 51.0 153 8% 2170 12.2
CS 2.09%% 50.4 160 B8.463 2500 11.3
WC-C7% 2.68 %.8 214 8.74 25920 11.6
L.SD 0.09% 2.79 1.4 10 0.68% 394 1.1

8,88 denote differences between CO and C, that are signitficent at 0,05 and 0.01
levels respectively.
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Table 6. Trait seans of C, and C, populations of five pearl aillet coapasites
evaluated in the 1987 dry season under terainal drought oand fully irrigated

conditions.
Terainal drought Fully terigated

Grain Bloos Biosass Wl Gratn ) 8looa lioncsz Wi
Population (kg M"Yy (day) (kg NH) (%) (kg ha™t) (day) (kg ha”d (%)
Redius
CO 810 62 J020 26 2390 b1 6390 36
CB 1030+ 82 2980 Jin 30208 Y 6400 4558
Inter Varietal
CU 800 448 2880 28 2200 49 YR 43
Cy 115088 41 31%0 I7ss 3l40er 40 49308k 43
New Elite
CO 640 6% 2470 26 2070 63 %470 39
Cy 730 Y 29%0 29 284088 62 720088 39
Saut Resistant
Co 420 b6 1960 21 19%0 43 4130 38
C3 7008 '}) 2430 rai 294000 Y4 67008 444%
Dwart
CU 540 42 1940 28 1810 % 4100 4%
C5 790 62 2130 708 299089 87 4740 44
LSh .05 259 Y] 443 5.9 04 2.3 11%0 4,7

+,5,88 denote differences between Co and Cn that are sagnificant at 0,10, 0,05, and

0.0! levels, respectively.
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Table 7. Mean 3ncidence of downy mildew, averaged over two
years of field testing, in populations of four pearl aillet,
composites, expressed in transformed units® and as
percentages (in parentheses).

Composites

Cycle of  =----==-- mmmmmmemme e et m————— S
selection MC 1vC EC NELC

Cs 1.9 (3.6) 1.4 (1.6) 1.8 (3.1) 1.2 (1.3)

Cy 1.6 (2.4) 1.3 (1.4) 1.9 (3.1)

Cy 1.6 (2.9)

LSD .05 1.3 1.0 1.2 1.2

Resistant check: WC-C7% 1.7 (2.4)

sDenote difterences from C, signitaicant at P<0.05.




Table 8. Mean incidence of plants with downy sildew following
sporangial inoculation in the glasshouse, expressed transforaed
units® and as percentages (in parentheses).

Composite
Cycle of Inter New
selection Medium Varietal Carly Elite
Co 1.7 (3.0) 1.7 (2.7) 2.2 (4.2) 0.7 (0.0)
Cy 1.6 (2.8) 12 3.1 2.4 (5.7) 2.9 (6.4)2
Cs 3.7 (14.%)8as 3.2 (10.8)s
C, L2 (1.3 2.4 (5.2)
Cg 2.0 (4.1)
Cy 1.4 (1.7)
Resi1stant check: 700645]) 1.8 (2.%)
Susceptible checks: BJ 104 7.6 (7.3

HB 3 9.8 (94.3)
LS .05 = 1.4 (transformed date)

8,88 denote drfferences froum the (
P<0.01l, respectively.

- Underline 1ndicates selected populations 1nto which cutside saterial
was Introgressegd.

o (percent infected plants « 0.%).

o thet are significant at P<0.05 and



Table 9. Sussary of linesr gains in grain yield per cycle over 2 range of cosposites

and enviressents.

Testing environseat

L R L T Y A N L L W R L L X T Y

1 lo 1 year
Jyeor oen 000000 seseccscsscsaeee

3 locs e S DL DI 3 locs Tersimal Fully
Coaposite 3 years L PAY BSR | year drought srrigated Ress
Rediue 3.6 72 5.0 114 3.3 &3 2.1 M (7 5.3 1.1 b |
Early €9 % 9% 197 0.2 3 4.6 81 - - - .9
Inter Varietal ¢.0 83 3.0 92 4.6 99 3195 B8 0.7 . 1.12 3.8
New Elite 0.% 23 §.8 &7 0.9 i3 O0.¢ 11 5.9 2.8 1.6 1.3
Seut Resistant - - - - - . - - 18.3 22.2 2989 21.4
Dwarf - - - - - - - - 3.6 §.2 6.0 3.7
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The following figures are graphical
preparations of some of the data
presented in the tables of this appendix
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