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ABSTRACT 

Two hundred reciprocal half sibs (RHS), 200 reciprocal full sib~ (Rt'S) and 200 S, families 
(100 of each kind in each population" derived from two random mating peari millet populations, 
PSB-J and PSB-7, were evaluated at two locations. The S, families of both populations 
generally yielded less than the RHS families for all the characters. Tbe RHS families wen 
poorer than RFS ones. The higher values associated with RHS and Rio'S progenies indicated 
the importance or interpopulation heterosis. The variance among S, families for different 
characters invariably exceeded that amougst the RHS families and tended to be higher than 
that amongst the RFS families. Genetically, more heterogeneous RHS progenies exhibited 
least interaction with location differences, whereas the other two types had more or less equal 
seusitivity to variation of locations. Substantial genetic variation was noted among various 
families for aJmost all the characters studied, suggesting good scope for intra- and interpopulation 
improvement. 
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The population improvement programme has been resorted in recent years 
to develop genetIcally broad-based composites and synthetics of pearl millet (Pennisetum 
americanum L. Leeke). The genetic potential of some populations has been found 
to be quite close to the best available FI hybrids and further improvement of such 
populations is underway [1]. Gili [2] has also emphasised the need for evolution of 
such populations to minimise the risk due to diseases and unfavourable weather as 
well as to reduce limitations in seed production. The progress of population 
improvement depends on appropriate choice of the base material and the recurrent 
selection method, In making these decisions, the plant breeders are largely guided 
by the information on the nature and magnitude of genetic variation in populations. 
Though extensive quantitative genetic information is available about inbred populations 
but not much work has been done to investigate the genetic structure of interpopulation 
crosses in pearl millet. This paper describes the means, intra- and interpopulation 
family variance components and their interactions with locations in the Sio reciprocal 
half sib (RHS) and reciprocal full sib (RFS) families derived from PSB-3 and PSB-7 
random mating populations of pearl millet . 

... 




176 P. P. Zaveri et at. [Vol. 48, No.2 

MATERIALS AND METHODS 

The reference populations were two diverse pearl millet populations, PSB-3 
and PSB-7, developed by intermating of H\.)nbred lines in a diallel fashion for 
PSB-3 and QY intermating 23 inbred lines in a chain crossing sys\em for PSB-7, i.e., 
inbred 1 x inbred 2; inbred 2 x inbred 3; inbred 3 x inbred 4, and so on. Both 
populations were allowed to random mate in isolation for four and two generations, 
respectively, and were in stable equilibrium [1]. 

One hundred plants with at least three tillers each of the PSB-3and PSB-7 
popul~tions were randomly selected and used for the synthesis of the experimental 
mate~als during 1979 in the following manner. 

1. One tiller of each of the 100 plants of PSB-3 was pollinated by bulk pollen 
from PSB-7 and vice versa to produce total 200 RHS families. 

2. The other tiller of each of these 100 plants from PSB-3 was pollinated by 
a single plant frot,tI PSB-7 and vice versa to produce 200 RFS families. 

3. The third Hiler of each of these 100 plants was self-pollinated to produce 
200 Sj families. 

The experimental material consisting of 600 families (tOO each of Sj, RHS and 
RFS types in both PSB-3 and PSB-7) was evaluated during 1980 at two locations, 
viz., Ludhiana and Faridkot.A randomized complete block design with two replications 
as adopted by Eckebil et at [3] was used to evaluate the materiaL Each replication 
was divided into 20 sets to accommodate 30 family progenies and 2 base populations 
as checks in each set. The 30 families appearing in a set consisted of 5 families 
taken at random from each of the 6 subpopulations, Le., three types of families in 
each of the two base populations. All the 32 entries were randomized .in a set, 
except that the Sj families were assigned to adjacent rows and separated from RHS 
and RFS families by a single border row to avoid competition with the SI families. 
Each progeny was grown in a single row plot of 2.5 m length with 60 cm spacing 
between rows. Ten competitive plants were used for recording data for days to 
flower (plot basis), plant height (cm), tiller number, ear length (crri»ear girth (cm), 
ear compactness, seed yield per plant (g),. ear weight (g), and ear index (ratio of 
seed. yield per plant to ear weight, %) at both locations. Plot means were subjected 
to analysis of variance for individual locations as wen as over locations for combined 
analysis. The components of variance for different types of families were estimated 
by equating observed mean squares to the expected. The standard errors for the 
estimates of variance components were computed by following Anderson and Bancroft [4J. 

RESULTS AND DISCUSSION 

The character means in RHS J RFS and SI families derived from PSB-3 and 
PSB-7 are presented in Table L The Sj families in both populations generally had 
lower mean values than RHS and RFS families for all the traits, except days to 
flower. This low performance of SI families over RHS and RFS families was very 
apparent for seed yield. These differences, however, were only marginal for ear 
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compactness, ear girth, tiller number and days to flower. The RHS and RFS families 
also gave quite similar performance. The expression of these characters, therefore, 
appears to be strongly influenced by nonadditive effects which may have expressed 
in the interpopulation crosses of PSB-3 and PSB-7. 

Table I. Mean.~ for various qwmtitative cbaracters in reciprocal half-sibs (RUS), reciprocal full-sibs (RFS), 
and SI families derived from two random mating pearl millet populations 

Location Popu- Family Days Plant Tiller Ear Ear Ear Seed Ear Ear 
lation . type . to height num­ length girth com· yieldl weight index 

Flower ber paclness plant 

Ludhiana PSB-7 RHS I2 * 55.2 164.3 '2.3 26.7 6.6 5.2 22~ 33.9 69.0 
RFS12 55.4 165.6 2.8 28.0 7.3 5.6 26.4 36.3 72.8 
SI(7)" 56.5 153.8 1.9 19.1 4.8 4.7 138 25.8 53,2 

PSB-3 RHS21 , 56.0 163.6 2.1 25.2 6.2 4.9 22.3 34.1 65.5 
RFSz1 55.9 164.9 2.6 28.1 6.6 5.0 24.6 34.4 71.6 
SI(3)** 56.1 156.5 1.8 21.8 6,1 4,7 11.2 25.0 44.8 

Faridkot PSB-7 RHS I2 56,0 151.5 1.7 23.6 6.5 5.3 20.5 28.6 71.8 
RFS12 56.2 151.4 1.5 . 24.7 6.7 5.3 21.8 29.2 74.6 
SI(7) 56.5 142.5 1.4 17.8 4.9 4.9, 12.2 23.5 51.9 

PSB-3 RHS21 56.5' 149.4 1.7 22.9 6.5 5.3 19.7 29.4 67.0 
RFS21 56.5 150.2 1.7 23.9 6.5 5.3 20.4 31.2 65.5 
SI(3) 56.5 145.0 1.5 20.7 5.1 5.3 10.9 23.8 45.1 

*Subscripts 12 and 21 denote population-l (PSB-3) as male and population-2 (PSB·7) all female; and 
population-2 (PSB-7)as male and population-l (PSB-3) as female. respectively. 

**(1) and (3) refer to PSB-1 and. PSB-3. respectively. 

The analysis of variance for the experimental design for inter- and intrapopulation 
progenies displayed significant mean squares for various characters at Ludhiana and 
Faridkot, as well as in combined analysis over locations. The estimates of inter­
and intrapopulation family variance components and their standard errors obtained 
from pooled values over locations for each trait are presented in Table 2. The 
variance among Sl' families was, in general, higher in magnitude than that of RHS 
and RFS families. This difference was most pronounced for seed yield, tiller number, 
ear compactness and ear weight. It may be realised that in both the populations, 
a~ tended to exceed a;HS and aiFS tended to exceed a~HS' This sequence of the 
m~gnitude of these variance components directly corresponds to the relative magnitude 
of additive genetic variance among the three types of families, i.e .., 1:0.5:0.25 for 
SJ, RHS and RFS, respectively. It is thus apparent that substantial additive genetic 
differences are available in these populations which can easily be exploited for 
improving their mean performance. 

The estimates of family x location interaction components of variance are 
presented in Table 3. The reciprocal half sib families exhibited the least interaction 
with locations than reciprocal full sibs and SI families, as is evident from the lower 
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Table 2. Estimates of inter· and Intrafamily varianc:e components obtained from the combined 
analysis over locations 

Population Family 	 Values for different chara~ters 
component 	 days plant tiller ear ear ear seed ear ear 

to height number length girth compact- yield! weight index 
flower ness plant 

'" PSB·7 U2RHSl2 0.48 23.9 0.04 1.07 0.04 0.10 8.77 15.1 12.6 
±0.23 ±11.4 ±0.02 ±0.38 ±O.O2 ±0.05 ±4.04 .t7.5 ±5.2 

0.51 3L7 0.10 1.57 0.17 0.39 24.74 36.1 2S.4 
±0.25 ±12.3 ±0;03 ±0.42 ±O.04 ±O.l1 ±8.09 ±15.9 ±1O.9 

WRFSI2 

uZsP) 0.73 36.6 0.13 1.41 0.17 0.49 28.48 55.3 18.7 
±0.27 ±17.0 ±0.03 ±0.37 ±O.04 ±O.13 ±8.82 ±15.7 ±7.9 

PSB·3 WRHS21 0.56 29.6 0.03 0.88 0.06 0.12 6.86 17.7 13.3 
±0.28 ±14.0 ±O.OI ±O.44 ±O.02 ±O.06 ±4.42 ±S.7 ±6.3 

0.77 31.0 0.08 1.51 O. \() . 0.39 25.08 45.2 21.8 
±0.34 ± 13.1 ±O.02 ±0.43 ±O.04 ±O.12 ±7.60 ±IS.3 ±S.7 

W.RFS21 

uZS1 (3) O.S5 39.3 0.10 2.00 0.13.. 0.52 27.53 63.4 18.4 
±0.37 ±lS.8 ±O.03 ±O.45 ±O.04 ±O.14 ±8.15 ±17.3 ±8.8 

magnitude and mostly nonsignificant values of reciprocal half sib x locations interaction 
«(J"~HSL) variance components .. However,.in case of ear girth in PSB· 7 and ear len$th 
in PSB-3, the (J"!HSL was found to be about more than double the values of (J"SIL' 
On the other hand, the variance due to interaction of reciprocal full sibs with 
locations «(J"~FSL) was almost equal to (J";IL for most'of the traits in the two populations. 
It seemed that both these types of families have reacted more or less equally with 
location differences. It was also noted that in case of ear weight and ear index in 
both the populations and days to flower inPSB·7, the (J"!FSL was higher than (J"~IL' 

Though the breeding behaviour and population structure of pearl millet is 
similar to maize but the recurrent selection procedures have not been extensively 
used for the improvement of pearl millet. In order to draw conclusions regarding 
the choice of breeding materi~,d and the breeding system to be used to improve 
populations, information on the means and magnitude of genetic variation in the i 
'populations is essential. The appreciably higher values associated with RFS and RHS 
families over the SI families indicated that interpopulation heterosis would be 
important in these populations. For efficient interpopulation improvement, the 
selection of breeding populations should be such that population cross mean(s) are 
at the highest level possible accompanied by maximum additive genetic variation 
within each population [1, 5]. This is the key to more effective developmen.t of 
hybrids because the rate of improvement of hybrids will be parallel to the improvement 
in population cross. The half sib families, which are genetically more heterogeneous 
than either full sibs or SI families, exhibited least interaction with locations for all 
traits except ear girth in PSB·7 and ear length in PSB·3. Perhaps greater heterogeneity 
contributes to greater buffering effect Qf greater stability over a range of erivironments. 
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Table 3. Esdmates of inter- aDd intrafamHy X Ioealiuns interaction variance components with tbeir standard 
errunfor various traits in three types of families from two pearl millet populatiOns 

Family,x Days to Plant Tiller Ear Ear Ear Seed Ear Ear 
Popu\ation'· ' loeation, flower height Dumber length ginh comp­ yield! ginh index 

component actness plant 
estimates 

PSB-1 IP.rnSLli 0.36 
±O.ll 

39.0 
±20.9 

0.02 
±0.02 

-0.98 
±O.48 

0.05 
±0.03 

0.12 
±0.01 

13.0' 
±5.6 

20.ZO· 16.1 
±10.2 ±10.4 

, IPRFSLI2 0.43 
±0.33 

38.6 
±24.2 

0.03 
±0.02 

0.21 
±0.32 

0.01 
±0.02 

0.26" 
±o.08 

30.3** 
±6.8 

54.1** 31.9 
±17.1 ±10.6 

crSII..(7) 0.41 
±0.28 

41.2' 
±18.9 

0.03' 
±0.01 

0.35 
±0.27 

0.02 
±0.02 

0.31 .... 32.6" 
±0.09 ±1.0 

52.1" 19:2" 
±lL5 ± 8.3 

PSB-3 crRHSl.:l1 0.80 
±0.42 

41.4 
±ZS.1 

0.01 
±0.01 

1.02 
±0.68 

0.01 
±0.04 

0.13 
±0.08 

10.8 
±5:9 

17.1 
±U.8 

16.9' 
±9:9 

crRFSL21 0.88' 
+0.36 

38.0 
+24.2 

0.02" 
+0.01 

0.54 
+0.34 

O.U· 
+0,('1. 

0.31'" 
+0;()9 

26.8" 
+6;0 

60.2'" 27.]"· 
,+18.3 +,8.7 

crSI(.(3) 1.01** 
±0.33 

45.8" 
±21.2 

O.OS· 
±0.02 

0.58 
±0.25 

0.11' ,,'0.39" 
±0.03 ±0.09 

27.3" 
±6.3 

58'.7·' 18.4 
±12.1 ±l0;2 

", • 'Significant at 5 and 1% probability levels, respectively. 

The results are in a~ement with those reported in com [6] and in sorghum [7]. 
On the other hand, O"~L was almost equal to O"~lL for most of the traits in both 
the populations, which suggests more or 'less equal sensitivity of both these types 
of families to the location differences. Greater homozygosity caused by inbreeding 
in Sl may result in greater genotype x environment interaction. Similarly, narrow 
genetic base of full sibs compared 'to half sibs results in greater reaction to 
environmental variations. Substantial genetIc'variability was found to occur for almost 
all the traits under study through enforced matingandselfinginPSB-3 and PSB.,7 
popt1lat~ons. Results have indicated that reciprocal half sib and full sib selections 
were equally effective in improving interpopulation cross performance. However, the 
RFS scheme might prove more rewarding, as in addition to imprO"ving the base 
populations by selection,it is the most effective method to spin off new hybrids 
from tbe inbredline$ derived from each cycle of selection [8]. Moreover, superior 
Sl lines can be intermated to generate improved version of PSB-3 and PSB-7 for 
effective intrapopulation improvement. 

ACKNOWLEDGEMENT 

The financial help received by the first author in the form of Senior Research 
Fellowship from AspeeAgricultural Research and Development Foundation, Bombay, ' 
is gratefully acknowledged. 



. b'll;!msll, lhdJrlll1l ~tfl;Q{>(jflWJ ;}?flllnSI f1 ...iJ~~fi:~liiflll'tJ.n.mj bits -19\"; }() il91Ilm.iI...3 .f 'JldaT 
.. "i1!).stsluQtl<1 bllim hf>'Jq HHI I1lQ-d ~..i1imlll 10 <!!><J (I ?!mU ai ~Ii!nt moi1fl~ '1I)l no"~ 
--L KSGiJl,p· S Phil! and N S Sjpgh 1978 PopulatiQg impfQ:venumt ~r grain 

i.y!eldj....dadllptatioii . in upearI 1fiiiilet!!iIAbM,t'1 NMiomil Semfrilar on Genetics 
... ::;;!~( PeWNiSetdWt; 127~Marell'~1m~~tlrt1liW1Agfletftturi\l1:fhivefS¥i~oLudhiat'i&~t}.:.W. 
2. 	K,S. GilLHr~1?:)?{avances in the improvement of pea;f~~ill]t~f" In: Trends in 

-0:... Genetic Research in Penn;setum (edi v.. P Gupta and J. L. MiAQQAa). "PyRjab 
, ': ;illAgrlci.i1turc1t.illJni~;sity,r:'lJlIdhmna-: ffJJ-flS. l} ~". {,Ui .\~~HHT) '·H2Q 

gP!]!; F,!f!ekebil~W.\tU~"R6ss~t. ~:(lEia.tdTler aRd£ W,IMbranville. 1977. Heritability 
·('It:estHnllo!es.'~tiq,s.Q!IrrelationSllmd p~jcteQ,:wtins tirom Sf ~1j98bny tests in three 
t},oIgrain\'$QtglH:lm.:r3:D<bn-mating~!pt!Jpulittits.!:@rop SCi.~:t:17: 373-377. 
·~QIR ..J;."r.('An~!f08rt'Wd Ir,cf\·~\Ylcr.q~H 19§1~ Sta\.UcalT0519-U' in Research. 
;:)~ ¥c~I!CJwHilt£':~)lJ:l(;.,s:tN~ ¥.uJ:lL IOO± eel:':: 1l::.,j+ . 

'?(}iG··f"'lSpnl~T app.QS, t)roEb~ohart. !(l~~· ..~V~ bo[5ding',J~~:uCom and r~ 
p.i! Ip1Pf,qy~mep~led~rM:+ FJppg~l .. Arom(:a8~etY-f.qf=:Agronomy., Inc., WISCOn­

sin: 305-362. . 

«~~ri}~ti1!a!iW~~:2~:~9~t~~~~~~}V:;~ ,CoMkton .]PZt· EtIet~l8f mass selection 
and IrradiatIon m corn measured by random SI lines and their test crosses. Crop 

,l,8ISd7r~ 59~S9tr'JU, '[ 10 81:.v· *(0,0 ·'8.U, "itU . ,.U.lI/;n . 

1.. 0II. J ~rtll)rn;-'t! o;.)Gard"tr~~d·OW. K\i~)'Ro~.':; t9169'6oantitative genetic studies 
- ot the NP3R random-matmg gram sorghum populabon.C'rop SCl.. , .,: 4Bl}:::4%. ~. 

8. A. 	R. Hallauer. 1973. Hybrid d~tW~~'fi8~ofiliiWtfr6~nVel1P11¥lftiaize 
by reciprocal full sib selection. Egypt.~: (ienet. Cytol.,2: 84-101. 

Til fflUrlglO? ni bnf.[Oj,HlQ:J ni .bl)lIoq~n5lQfll riJiw 1iI:>m~l)lg.G ni SlS;:llu~~;n ~rlT 
rl!Od meti#ll 5dJ )u:)wm 10rH~lJ 01 I£up:;J Jwmh; 2SW .l?l~T) .Dilsd l~rllO sri; nO 
l!}{l,{! :;,?srlJ tI1OdlO,{1ivili;m""lf' f.sup"" Uell 10 ::110m 21l:;;.ggu2 [bin'll ,2f1oi1sluqoq :}rh 
8nib~~,l1doi yd b52I1E')v:Tiw~'{somod l:;;l&::nD .2:;nn:n::;l1ib noils::.ol ..,dJ 01 25i1im61 10 
WOHSfI ,'(I:t£limi~, C1ojj::l/n~lfTilf1:.'1mtto1i'ln~x ~q'{'ow;g 1~1.GC;l1!l ili Jlm:n '(hID ,2 fli 
oIno/bs!.}! 1:}j:;01~ni ?1[~2~?2dj2. lIsd 01 b:7'!.6qmO?<ldie Hlll 'to !:lu;d :tij::>fl5g 
llomil; '101 lJJ:>:!O ot. tHlilOl2~W'{lUldfli'lJ)'1 Oil!l.IItlg· b;ilos12dllG .zflollsi1fn IEtn:mio01ivfl:;) 
'\~a2qhl1£ t-m~q m ;gnill:>2bnfisnilsm b~Jlo1n~ dguQnh '{butG l~bou 2JislJ 5111 liB 
2I1oib:;1:JG. diG Ihitbo£ dil lI£n !.6bOlqb~n 1sri! b:;J&::ribni5vmi ~1!u2~.H .2floiJl;il:lqoq 
::;;11 :15V~jlfoH ,5?IIflffilOh5Q il1'Ol') 'no(1,Gluqoq1:51ni g.IIfvo1qmi oi ~\fit:J:>lh(lIJ:lup!l '.':115'11 

~?trd ::lfH gOlv01qmi ot flOflit,bs' Hi ·21> ;gniblBw~l ~"om !I'I01Q 1dgim ~m5rl:l? 2iH 
.:bhd'{rl'.'/'jfj no mqz oj borll::lm;:.Jlfito:;Jfbtaom :)ffj 21 li .,noi1::>!l!5? '(d ulOi1sfuqoq 
lOht>qU2 .1!;)'IO!fIOM .[8] noi!'J:]!~ to :}I:>'{:l [bE::! mo,{lbavil:1b l~fliI b:ndrri ~riJ mo'!.} 
101 \' -a.2Q bo£> fAI2q 10 neil'!.:}v. b5lfQlqrni ~1Il1'~n5g oj h~lsml:.)lfIi:)d flli:') 2~nil 12 

.1n~m!)'lOlqdl! . noitflluqoqJnJn.i ~vit:)~n~ 

Tvr3M3.DG3J.WOvDDA 

d::nS!}2eH. loiu5e 10 01101 ~lfti ni lOrbu£ tcl1il ~rlt '-{d bsvi5:;:n qbrf l.Gbnsnil ~rlT 
,,{sdmoH ,Hoitsbnuoql!I!lmqol:lv~Cl bos rf:ns~9.H IcnllHu:)ngA !)~aAmOll qirf2wolI!lQ 

. .b!"lgb!llwomb£ ·{Ul.It!ltfl18 ai 

http:noils::.ol
mailto:t},oIgrain\'$QtglH:lm.:r3:D<bn-mating~!pt!Jpulittits.!:@rop
http:il91Ilm.iI
http:iJ~~fi:~liiflll'tJ.n.mj

