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Breeding strategies for enhancing productivity in ground-
nut in India have mainly becn based on one of the following:

a) Simple re-cclection of alien germplasm in native

environments
b) Pure lines derived from single crosses

c) Mutation breedimg for specific attributes like large
seed size, high o0il content and others.

The success in breedinz for pure line derivatives was,
however, not’commensurate with the efforts in terms of space,
time and labour and also with the rate and nagnitude of improve-—
nent in yield. One of the inferences could be that the poten—
tial of single crosses, whicﬁ riight have Lbeen identified in
any generalion, could not be sustaincd to the logical end of
obtaining a productive homozygous derivative. Yet there are
no specific reports bringing to light the reasons for the'
low success. It may be that groundnut, with possible tetraso-
mic inheritance, may require non-traditional breeding approaches,
based on a right understanding of all the relevamt Tactors
which can be prhysiological, guneticol, biochemical or micro-

biological in nature.

A start was made in 1978 in & national projcct on basic
genelbic studies on greundnut to understand the nature of
agenetic divergence among Spanish, Valencia and Virginia

types and to rclate it to the hetcerobic poteniinl of single

’



crosses. It was felt desirablc to identify any possible
association of the combiningz ability components of parents..
and crosses with realised heterosis. Based on the results it
was felt worthwhile to frame possible short~term approacheé
of broadening the inifial genet ic base so as to enhance the

scopc of breeding for pure lines with greater success.

The results of these studies are discussed in this paper.
MATLPTALS AND MR HODS

160 varieties, consisting of 40 each (20 Exotic and 20
Tndian) of Spanish (8P), Valencia (VL), Virginia Bunch (VB)
and Virginia Runner (VR)
germplasm naintained at ICRISAT were grown durin; Summcr, 1978
in‘a randonised bloclkys design. Onc Spanish variety failed to
goerninate, They were cvaluahéd Tor genetic divergencc qsing
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. < . . , ' N . N
Mahalanobhis' D -statistic on 17 characters spanning the scedl-

ing to harvest phasc of Gthe plant. They were: Days to first
flower:ag (FT); Seedling Height (SH); Number of leaves (HL);
Shoot-root dry weight ratio (S1); Seedling vigour (drf weight

of plant) (SV); Number of primary branches (PB); No.of asrial
“pegs (A£P); Number of nmaturs pode (MP); Number of imrature pods

/Weight of imuatuvre pods(WI); weipht. of kerncls in waturc pods (K1)

(IP); Weight of maturs pods (WM);/Shelling perecent (SP): Mat u—
rity Index (as % of mature pods to total pods) (MI); Recovery
percent (as % of mature pods to total pods and aerial pegs)
(RP); 100-kernel weight () and oil percent (OP). Based on

gsecedlinz characters neasured bufore floweiing, namely, SH, NL,

SR and 8V, cach of thi 20 varictice in sub-groups (like
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Spanish exctic, Spanish Tndian etc.) were allotted a High or

Tow status on a total score over the characters.

Assuning M to be the mean of 20 varietics i1 a sub-group
for @ chardacter and s, the standard error of mean based on the
analysis of variance, .3 classes - I. varietal mean falling

/and M4+S and III., Varictal mean falling below M-g
above M + s, II. varietal mean falling between M - s/viere
ident ifiéd and respective scores cqual to + 1,70 and ~ 1 were
given., The samc proccdure was followed for every character,
thus providing a séore for each variety and character. The
scores were totalled over characters providing a final score
tc each vgriety. The mean of final scores, GM was computed.
Thosc varicties getting a final score gircater than or equal

to G were allotbed & High (H) and the rest a Low (L) status.

A sample of 48 varietics, was chosen from the 160 varie-
ties o contain 12 varicties in each of the SP, VL, VB and VR
groups. DSach of these 12 varieties consist in turn, of 6
exotic .2d 6 Indian ones, cach of which was agzain made up of
3 High and 3 Low varieties. These varieties wers grouped into

cluét

The second experiment was conducted in collaboration
with ICRISA?. It consisted of two full diallels wilh recipro-
cols ~ one based on 15 representative p-rents (15 DL) select~
cd Tor their productivity, in general and she other on 10
parents (10 DIL) represcit ing various land races and degrees
of resistance to rust, lcaf spot elc. They were evalugted in

their F1 generat ion at ICRISAT in a randomised blocks design
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during Sunmcr, 1579, on 15 characters - ¥, SH, Teaf area (IA),
HL, Specific leaf weight (SL), PB, No, ol sucondary branches
(SB), Mean number of seeds in pod (MS), Varionce of the no.,of
sceds in pods muasured in log scale (VS), MI, n»P, SP, TW, PY
and SY. The coabining ability analysis was done hascd on
Griffing (195@).. The pnrenﬁs and crossces were classified as
High or Low on th& basis of %ested general conbining ability
(geca) and specific combining abilﬁty Ysoa) effccts following
the method proposed by Arunachialan «nd Bandyopadhyay (1979).
The cross means were tcested for significaﬁﬁ Aiflecrence from
their respective superior puarcent mcéas. When the difference
was significant at 5% le&el, heterosis was calculated as

h = (C=P) x 100/F where C = éross mean and P = superior
parent mein, taking into accpnnt the desirablce dircection of
each character. When the difference (C-P) was not significant,
heterosis waé tuken to be absent. lMeterosis wag calculated
both feor dircet and reciprocal crosses.

RESUIT S

The
showed no overlapping between bunch and runnar variefies. A
Virginia Bunch und 2 Valancia variet ies Lorred a single cluster
(Olﬁsber:XII). Such overlapping could be obscrved only with
Viﬁgin;a Bunch in 3 ocut of 16 distinct clusters in the
experiment with 160 varieties. No ovoilappina of Virginia
Puneh with Hunn:r varieties was observed in clusters in the
experiment with 48 varieties in conbtrast to 5 overlupping

clustcre noted in the experiment with 160 varict ies.
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No distinction between Exobtic and Indian entries could be made
in terms of genetic divergence as they freely overlapped in

many clusters Loth when 48 or when 160 varieties werce considered.

On the other hand, 2 clusters included only High and 2
only Low genotypes. Taking into account the 4 single variety
clusters (XIII to XVI) also, there was amplc evidence to éupport
the meaning and validity of High-Low classification. However,
the remaining 4 clusters included both High ond Low genotypes
(fable 1). This may not be out of placc since the High-Iow
classification was based only on 4 carly chardcters, being a

diagnostic study (see also discussion).

Yet the extent of divergence anong Spanish and Valencia
groups (taken singly or together) was substantial if one con-
sidered that as high as 6 (of which 2 contained only Spanish
and 1 only Valencia varieties) out of 16 clusters were formed
out of them. Parallel results .werc observed in the divergence

among 160 varietics also.

The utility of early characters in inferring the final
status of a variety was checked by comparing the status given
by thec 4 early characters with the final stabus (fable 2).
The tally was quite good in Spanish and Valencia Tfollowed by
Virginié. An overall tally of 46 and 71% could be obtained

for High and Low respcectively. It could bu speculated fron

would improve with the inclusion of more carly phase characters.
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An examination of the status of bthe parents of the dial-
lels based on an overall'score cf the gea cffects over the 15
characters (Table 3) shcwed that 3 parénts could not obtain
a status im 15-DT, since the jgea effect was nou-significant for
egvery ch&facter in thouse cases. When Lhe final status was
compared with that defined by carly characturs (which were
again four, viz., SH, 0L, LA, 5L, an  cverall tally of 70 and
90% was obtained in the casc of 15-DL and 10-DY, resicctively.
The taily ﬁas equally good when right deltecticn of Hizh. cr
Low status was congidered (Table %). The tally here was better
as compared to the one obtained in the Jdivecigence cxperiment

with 48 varictics.

A good renge of heterosis (Pable 4) was recorded for
various component characters in 15-DL and 19-DL, ecxcept for
nean number of seeds per pod, ILlowering time, percentage of
nature pods arndd shelling percent . Heterosis wag ncjyi; Trequent
in “15-T" ag compared to 10-DL. Only a fow crouscs recorded

heterosis in the upper range.

The divergenée arong the parents of diallels (Lable 5)
provided a clue to the range and magnitude of F1 heterosis.
'"hough it was not  possible, as expected, to establish a one~to~
cne correspondence between magnitude of divergénce amd Lfre-~.
queney and magnitude of heterosis, the relatively lower range
of divergence in 15-DI couldd cxpluin the reiutively inferior

nagnitude and frequency of hebercsis as compared to 10-DL.
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A study of the frequency of heterc*.3 crcsses in relation
to the combining ability status (Table 6) rcvealed that crosses
betweern parents of High and Low gca provided the largest fre-
quency of heterolbic crosses, bdth‘for cne or 2 characters. In
15~DL heterosis was fcund cnly for 2 characters ab the most and
that toc in only 2 cresses while in 10-DL, hebtcrosis was rea-
lised for a waximua of 6 characters (Iable 5).‘It may again be
noted that, even in 10-DL, crosses that were heteroctic for 4
to 6 componeits characters simultaneously were ocnly 8 out of
the 65 heterotic crogssces. Tt was interesting that as many as
15 heterctic cresses o hhe whoele showed helerosis with non-
significant sca for cvery chaructcr.‘

DIGCTISS ION

Ixhaust ive ablteupts liave been made to clussifly groundngt

varieties on the basis of plant habit, branching pattern, kernel

gize, lernel colour and o nunber of pod charocberistics (Bunt-

ing, 1955, 19585 Snarts, 1961; Gibbons, Bunting and Smartt,
1972). Buch clasgsificabicns did nobt attempt to take into acccunt
depepdent cceapenent s related Lo yield. Hdwever, bunclh forms
dif{fer quite digtinctly from runners, which, in turn, is re-
flected in the yisld cumpuneuts as well. This may, perhaps,

be one reﬁﬁom why a majority of groundnut breeders prefler,

gven todaj, to start with Vipginia x Spanish cr Virginia x
Valencid crosses. The clagsification attempted in this

study was quunbibtative in which environmental med ificabion

of the valucs of choapracters could, Lo an extunl, be Laken

cowe of, bhrough proper Tield desipns. [he logic behind
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classifying varieties based on genetic diver .nce neosured
by D2—statistic allows differentiat ion within groups like
Spanish, Valcncia or Virginia which is nct the cbjective of
the earlier classifications. Hence, the divergence analysis
could bring to Ffocus possibilities of gtarting breeding progran--
mes with Spanish x Valencia, Spanish x Spanish or Valencia x
Valencia crosses. The horizon of operational base for breeding
pure lines cén then goet widewed. TFurther, these crosses céan
lead to compact derivatives with a higher number of prodﬁctive
Negs around basal ncdes of primary am secondéry branches, per-
mittingz also a dense populatioﬁ per unit area, and an advan-
tage of reasonably short maturity. IHowever, these advantage s
are to be weighed again
ductive pure lines down the pedigree line when comparced to
Virginia x Spanish, Virginia x Valencia and Virginia x Virginia
crosses. One of the gtudies published in detail involved
a 6~parent diallel consisting 2 parents cach of Spanish, Valencia
and Virginia (Wynne, Emery and Rice, 1970), in which Valencia x
Snanish crosses néb cnly shewed heterosis for a number of cbm—
ponent charécters Buﬁ the magnitude was parallel to that ob-
tained in Virginia x Valeéncia or Virginia x Spanish crosses.
Unlike the only Spenish x Spanish cross, the only Valencia x

Valencia cross shuwed a good degree .of heterosis.

¥hile the heterosis reported in that study was based on
the value of the hybrid expresged as & perceentage of 1mid-

parental value, studies reported here used & stringent and
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practical measure. It is hence likely that many crosses re-
ported te be heterchbic by Wynue, Bnery and Rice (1970) may
turn ouc to Le non-heterotic by the norms of this study. Yel
all the orusses.in 10-DL ‘between a Spanish bunch variety con-
st ituting cluster II shouwed heberosis for 1 to 3 characters.
Of the 1l crosses that showed hetercsis for 1 character in
15-DL, 2 Spanish Bunch variety was invelved in producins the
maxiounm of 5 heterdbic crosses, of which one was a Spanish x

Spanish cross.

The low frequency and maznibude cof liectcrousis regigtered
by 15-DL cwuld be explained by the high magnitude «f error
var iance, among ‘obher causcs. i'his, in turn, would imply the
presence of gfeater degreé of gencetic heterosencity within
varietics over the replicatigns. This cun he cexpected in
groundnut with alleged nen-disonic inheritance as "pelysonic
inheritance exaggeralbes the inflexibility and discontinuity
in variation in cummecticn with autogamy" (Mac Key, 1970).
Uniess a high frequency and magnitude of heterosis can be
obtaincd with single crusses to allow for possibilities of
derivatives beconing inferior or being at par to the check
when wmade genetically homogeneocus, multiple crosses nay be
a botter alternative, cince the broader geneltic base will
have more chénces of locat ing transgressive scegregants in
later gencrations helding high genetic variability, when

conparced to starting with a single cross base.
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One of the sulicnt results of this svuly in this comnce-
tion, is the heterotic potential of High —x“Low crosses (Table 6)
vhich has carlier been upheld in somc othuer cirops as well
Arunachalam, 1980). When varietics or germplasn dccessions are
the starting poipt anl when comj.lete hanczygosity cannct he
ensured within lines, a stratcgy is nceded for making IHigh x
Low crosses. If a plant is identified as [High cr Low, on the
basis of all observations including post-harvest ones, then it
beecocmes necessary to genetically duplicate it to enable the
cross to be made next season. This will nct be possible unless
the plant is a pure homozygobte. Such instiances could be
possible unless the plant is a pure homozygote. Such instances

could not be high in groundnut with pessible inheritance other

than disonic.

A viable alternative was provided by early characters
observed before flowering. The high tally obtained between the
carly 'md final status in both the divergence (Table 2) and gea
(Pable 3) stulies weuld suggest ident ification of a Hizh or’
Low pié%b based on carly chardcters before flowering and using
it the same season tc make H x I crosses. The samc logic

would apply if cne want to uge an ideéntified H x L cross as

female and anothcr H x L cross ag nale parent to praduce a
d=way cross. The methed could then be used successfully for
nalking any level of multiple crosses, whatever be the genetic

nature of the parents, be they hcemcgygctes or heterozygotes.
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eperts are available which suggest that it will be

necessary to use physiological (and for that matter, micro-
biological, biochemical and cther relevant) corponents for
assessing the potential of a parent or variety (Wynne and Emery
1974;-Bhagsari and Bfuwn, 1976). Our studies have included
pPhysiological cemponents measurable in the carly growth phase
which also proved to be potent in predicting final status.
Hewever, early generation testing has been found to be of
limited use in seclcecting for yiuld'though it may be useful
as a breeding procedure fer some pod characters (Wynne, 1976a).
DBreeders would, in general, tend to concur vwith this view.
IIcviever, it remains tu be seen how useful indirect yicld com-
pcnents including physiological cnes will be in selecting for
yield in r, and other segregabting generations. Unless a re-
lationship is foind bebtween F1 hetercsis and advanced genera-
t ion performance, it will be difficult tco programne any fruit-
ful breeding prccedure. The study by YWynne (19762) cuuld not
ﬁro&ide any clue in this regard since genetic relationship
was nubt preserved duewn the generations while carrying forward

the material through bulks (Sce also Wynne, 1976b).

The need is urgent tc coulleclt basic informatien cn all
paraneters covering the entirc growth phase Lfron sceding
t¢ harvest which necessarily should include the influence
of diseases 1insccts, rvot developnent, phobosynthetic
nechanismns and cnergy balance (Young, Cox and Martin, 1976)

in order to conceptualise brceding strategics suited to
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specific conditions. Simultanecus effert in this direction

along with breeding programmes based on genetic divergence and
genet i cempenents goeverning F1 hetercsis wenld go a long way
in synthesising repeatable cencepbs and achieving cormensurate
yield advance in gfuundnut.
SUMTARY

Results of twe ecxperinents — one on evaluation of genetice
divergence in 160 varieties from Spanish, Valencila, Virgirnia
Bunch a&nd Virginia Nunner grcups and the cbher un analysis ol
combining ability and hetercsis of twe full diallels were
evalucted for their applied value. The classification based
an genctic divergence upheld the distinet differecnces between
Spanish and Valencia on the one hand and Vieginia on the other.
The divergence amung Spanish and Valencia varieties was sub-
stant ial enough to suggest Spanish x Spanish or Valencia x
Valencia crougses as possible starting peints of breeding
programmes. Paremts of diallel were classified as High (II)
or Low (L) on the basié of their geca over 15 characters spann
ing the entire grcwth phase of the plant. ™ x L crdsses were
feund to ccntain the highest frequency «f heterobic crosses.
Several crosses were heterctic wilth ncn-signiticant sca for
every character. DBarly characters were fuund to perdict the
status of a parent or a variety based c¢n all the characters
to & geod degree of accuracy. This result was‘uséd to suggest
netheds to bruduce I x L cr multiple crosscs. Parental diver-
gehce conld explain te a gouwd cxtent the frequency and magni-

tude of realisced heterosis. The high range of heterosis was
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not commensurate with the luw number of crosses res]amnsible for
it. Causes fc¢r the lack of heterusis and the need to start
bpeeding Progranmes «n broad rmultiple cross gencelic base were

underlined in the lisght of.rceccent published inlormabion.
(8]

Arunachalam, V., 1980 Strate}ies for pljnt‘innruvembnt Jri hlzfrom

N - —r T ————.

Tndla 1l : (Ln press).

Arunachalam, V. and /A, Bandycpadhyay. 1979. dre multiple cross-
mult iple pollen hybrids an answer fur preductive popu-~
lations in Brassica campestris var. brown sarson? I.
Methods of studying 'mucromphs'. Theor, upﬂl Genet .
54: 203-207

Bhagsari, A.S. and R.H. Brown. 1976. Photesynthesis in peanut
(Arachis) genotypes. Peanut Sci. 3: 1-5.

Bumt ing, A.H.1955. A classification of cultivated groundnuts.,
EHJE’ -_J_OGXJ)- A-SI‘iC. gz H 1 58"'1 700

Bunting, A.H. 1958, i furthcr note on thu class JC»LLUH ol
cultivated groundnuts. Lnp.d.cxp..zric. a@: 254-258.

Gibbons, I'.W., A H. Bunting and J.0martt, 1972. The classifi-
cat ion of varictics ol grwandnul (Lrﬂchiﬂ hypeoaca  L.)
Duphytica, 21 : 78-85.

Griffing, B. 1956. Cencept of general and specific conbining
Ability in relabiuvn to dlallel croossing systoms. Aust.
_J;.BlUl._SCi- ] 2:4»63"‘"1—93.

Mac Key, J.1970. Significance of matbting systens Lor chronosones
and gametes in polypleids. leredibas, 66 : 165-176.

Smartt, J. 1961. Grcundnut varieties of MNurtlborn Rhodesia and
their clasgification. Enp. J._exp. Agric. 29: 153%-158.

Wywne, J.C. 1976a. DIvaluation of early gencrabicn tu ting in
peanuts, Peanut Sci, 3: 62-66.

ynne, J.C. 1976b. Use «f accelerated generaticn incrcase
Programnes in peanut brecding. Prbc. APREA 8 No. 1.
g

basic



14

Wynne, J.C. and D.A. Enery, 1974.- Responee of intersubspecific
peanut hybrids to phetopericd. Crep Sci. 14: 878-880.

Wynne, J.C., D.A. Imery and P.¥., Ricc. 1970. Corbining ability
est inates in Arachis hypogaca T, 11, Fi:ld periormanece
of P, hybrids. Crop Seci., 10: 713-715.

Young, J.H., P.R. Cox and C.K.Marbin, 1979. A peunut growth and
devueloupemtn medel.. DPeanut Sci. 6 @ 27-36. .

et et ot 9t s e



15

Table 1.. Clustering pattern of 48 varieties of groundnut

R R e L e T T e L

VI 1 2 - E
ViT 4 -

W
s

ﬂ;
£.
|

VIII 2
IX 3 - 1 2
X 1 2 - 3 -
XI 2 3 3 2
XII 2 = w2 e e
XIIT : 1 = f -

P e A e s s s T e Y i e B ) Gt et G Tt o S St S B Bt e St B et ot e, S s A Gt e et e S St B B s Bt S G Gy e o i S S S i S S P P S P P

GO0 = Geographic cfigin; SI' = Status; E = Ixobic; I = Indian;
H = High; L = Low. -
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Table 2. Tally of final status with that defined by early
characters in 160 varietics -f groundnut

T Wo.of ___ S ___ Bs pA
Croup _ lines g L H L H L L
S 39 15 24 13 26 47 79 67
VL 40 2 38 13 27 100 T 73
VI 40 35 5 IS 27 37 100 45
VR 10 3 10 22 18 53 40 50
Overall 159 g2 77 61 98 46 71 58

I'S = Pinal status; BS = Status defined by carly characters;
PA = Percentage agreemnent when comparcd to I'S; I = High

L=1TIcw; T =Total; SP = Spanish Bunch; VL = Valencia Bunch;
VB = Virginia Bunch; VI} = Virginia humecr,

Table 3. Pcbential cf Parly characters in detecting final gea
status in grcundnut

s Gt B et et g Bl P o P vt s e e e S oy T At G At At S et Bt P B B A S S Pt Wt Bis et B s St Bt g P it S Bt i, B Bt B P G . St Gt Gt Gt e Bt Bk et P ot

Parents gettinzg a final statbus 13 10 23
Parents getting a status based ocn E 19 10 20
Right dctection of High by B 5/7 4/5 9/12
Right detecticn of Low by I /6 5/% 9/11
dght deteet ion 913 9/10 18/23
Wrong detect iun 1/10  1/170 " 2/20

ot A s At e P e B . P e ot o 4 el 8 Bt e 4 Pt St et e o s st o A Pt e . rat P P s o A 8 B B ok Bt St Bt S g g S s W et i ot 58 G S o A S Skt B e P g

I = Barly characters=



17

Table 1, Rongs. € LWtoresis realised for cumpuncit
cnaracters in groundnut

s A4 881 8 e e v ot At A S 2t P e et e Bt e S a1 et
et s Gt M B G e e B St Bt et e 50 Bome et P b © Pt § 04 Bt e B e v ® e S § Mo s e s 880 et mes o s et o O —

I T

U e S e e e e Pt e e g g B B Pt s S P e s Bt e

Character

- ot B e Pt s et s e e et e s > g B et St T S P B At PSSt St S s B St ks B B St Bd B e P St St S8 s e e e e e § S e

. LA - - 29-70 17
NL ~ ~ 17=30 10

N15] - - 46~-2973 13
bl - - - -

Vs 117 1 49~105

U1

MP - - 29 1
RP 71-151 5 35-13%8 16
ST A 1 - -
TV 89 1 27-113 11
AL 148-163 3 51-320 19
SY 258 1 406 ~7%.14 16

e e e = e e e e e ot s e e e o m i 4 e e e e = s ot 0 e e = e ——— s T A S S e S e e N S e B > s e e s e P’ s S ey e o et

=
Il

15 x 15 diallel; 0 = 10 x 10 diallel; r = rangs uf heter-

- -"h .ﬁ
no. of crosses invelved. rosls.

B
1l
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Table 5. Parental divergence and heterosis in 15 x 15 and
10 x 10 diallel in groundnut

et e S e e et it T B (i S T g (i Fo et S o g TS e gy Py et P et Bt s St S g S P Bt B B Bets WS S S e ) B et St S ekt Pt B St Bt i D S s B B S8 B

I 1T IIT v \Y VI
N 3.3 6.1 5.1 6.3 T T
b
I n - - 2 - - g
D 7'7 9-8 14-.1 9-3 13-7 11.3
T e . ; . :
% 2a3b301£ 4a5b 2a1b1c1d 3a1b 1b201d2e 5a1d
D 6.7 6.0 6.3 8.5 Tar2
F [=]
n - 22 P - o8P 18
= D 4,9 18.5 12:53 17.1 10.4
T X a,b PELAD B C
n o8 1a2L 272 5 & 372
D .2 6.7 6.0 7.0
¥ -
n s - - -
IT
1 D - 13.4 14.8 15.6 -
JL
o _ _ 1€ o8
D - 6.0 3.0
. Ii.‘
TV n — o s
D - 12.4 13,7
UL
n _ 1& ,]u
‘D = 850
13
n — o
v
R
______ n _ 1&1d

Pt e . e e —— e s e ——— e I I oL Tan
———— e e e e e i e e e 0 4 P s e s ot e e 8 e = = g e o o

D = Inter-cluster distonce; n = no. of heterolic crosses;
&, b, ¢, d, &, £ = heterosis for 1, 2, %, 4, 5, 6, characters.
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Table 6. Heterosis in relation to gca and sca in 15 ~ and 10 -DL

et e e e e e o e e s e S et
e et s B Bt ey Bt e e e e B T B P A B 115 s s &S e g Bt s T TS B Bt P 8 e B eh By S P P W08 B Gt b o e e s ——

fh

—— e 4 Vst B e B Bt e P e B s G e e e Ot e Pt
Pt Bt Pt Bt et et St Bt Bt S S g e St e Bt B e St By S o Pt PR s e e Bt B et Pt B e e o et A B S G P -

7
HII I 1 1 - 2 4
2

o g G it S B v St e St ik S 0 2 e St et S A Bkt Bt (e S e St B B ke S e e et B St e et S e S e i At et P8 B P St S g S ) et P P i B e B S g s

LL L 1 i - 5 11

T ) 8 1 4 1

Total 11 32 2 17 62

g = gca status of parents; s = =ca status; ¥ = Mon—-significant
for every character; T =Total; a = 15-DL; b = 10-DIL,; fh =
frequency of hetsrobic crosses; (! = No. of characters.



