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SCAME BASIC RESUIPS OF APPLIED VALUE IN G'YWI\H)NUI
BEEEDING

%fkrunachalam, A Bandyopadhyay, SN, ngam and R.W.Gibbons
~ Breeding strateglesAfor enhan01ng product1v1ty.1n ground-
nit in India have mainly been based on one of the following:

a) Simple re-sclection of alien germplasm in native
environments | o

b) Pure lines derlved from single crosses

c) Mutat ion breedmo for specific attributes llke large
seed size, high oil contemt and others.

The success in breeding for pure line derivatives was,
however, not commensurate with the efforts in terms of space,
T ine and labour and also with the rate and nagnitude of improve-
ment in yield. One of the inferences could be that the poten-
tial of single crosses, which might have been identified :Ln
any generation, could not be sustained to the logical end of
obtaining a pfoductive homozygous derivative., Yet. there are
no specific reports'bringing tb light the reasons for the
low success. It may be that groundnut, with possible tetraso-
nic inheritance, may require non~traditional breeding approaches,
based on a right understanding of all the relevartféctors |
which can be phy31ologlcal, geneticel, biochemical or micro-

biological in nature,

A start was made in 1978 iff & national project on basic
renctic studies on gro\ndnut‘ to understand the nature of
senetle divergence among Spanish, Valencia and Virginia

sypes and to relate it "coz‘iﬁ;;he heterotic potential 'of'singﬁle



crosses. I was felﬂ‘desifablé‘tafidenﬁifyTaﬁy possiblet
socxat:on of “the c@%blnnp abilityécompdnwnts.offpareﬁts'

and CI@SS@& thh reallsed heter081s. Baced on Lh& results 1t

was felt woruhwhllc bO franc poeslble ghortdtern approaches

;of broaaenimg thc lnxtla] genptlc base so as t@ enhancu the.
‘scopo of breedln fqr pure 11neg-W1th:greater SHCC6$Sf‘
ﬂhé-resultsiof.thesestudies-are-discﬂssed.ipithis paper§
- MADT BPIALS _rm MEL HODS - |
160variétié$, con51st1ng of.¢0 eaoh~(ZOEXOti¢-and~20
Indian) of Spanish (sP), Valcncm V1), Virxriﬁia--' 'Bu‘n‘c.h (VB)
'éﬁd Virginia Runnéf (VR) groups from a cross»sectlon of the
.germplasm mamtamed at ICRISAT were. grow:a durln»f Summer, 1978
'1n.a randmmlsed blooks dengne One Spanlsh varlety falled to
germlnaieo~~ hey were evaluated for geﬂetlc dlvcrgence using
,wahalanobls Dzwstatlstlc on 17 characteru spannlng the seedl~
.1ng to harvest phase of the plant, They were Days to flrst
flowerlng (FP), Seedllng Helght (SH 3 Number of leaves (WL),
Shooturoot dry welght rat;’o (Su)y Seedlmg VlbOU.I’ (dry welght
of plant) (SV)s NUmber Gf prlmary bxanches (PB) No of aerlal«
pega (AP): Number of maturu podu (MP)' Humbe?*of 1m#ature pods
Weight of immature Pods(WI); weight, of kernels in mature pods(KM)
(IP)9 Welght of maturu pods (WW’ /Shﬁlllﬂo percent (SP)c Matu~
rlty Index (as % of mature pods 'bo total pods) (MI) Recovery
peroent (as % of mature pods uO total.pods and aezlal pegs)
(RP), ‘IOOwkemel welght (J.W) and Oll percen"b (OP) Based on
seedllnﬁ characters measurcd before Ilawexlmg, namely, SH NL

R and SV each of the 20 varletles in 3ub~groups (llke
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Spanish exotic, Spanish Indian €tc,.) were allotted a High or

Tow status on a Ltotal score over the charactars.

Assuning M‘to.be.tha,mean}of 205varié£i§$ iﬂ§a=subegroap{
forﬂa«oharacter‘andfs,fthegstandard-errd?ﬂ@f‘meanfbaseafon the
analJ31s of variance, 3. classes ~ I. varietal mearxfalllng

/and M+8 nnd.III Varictal -mean falling below M=g
above M + s, II, varietal mean falling between M~ s/were
'laeﬁuliled and ¢ebpbcth€.SCOTeS equal to - 1, 0 and -~ 1 ‘were
given.. The same- procedure was followed for every character,
thug'providlng a-score-for eachjvar1ety,andgcharacner.,!Dhe
‘scores wefe totalledpver chafactersproviding?a.finalgscOre
to eaph;varietygiThe nean of final scores, GM was computed.
‘Those varieties getting“a:final‘Séoreigreater‘than or equal

to G were allotted a High~(H)yaﬁd the[resﬁ’amL0w (LJ?status¢,

A somple of 48 variéties,~was chosen from the 160 varie-
tigs to con+a1n 12 varieties in each of the SP, VL, VB and VR
ZTOouPSs. 'ﬂacn of tneqe 12 varletles consisted; ‘in turn, of 6
exot ic and,6<1ndian'ones,'each”Of+WhiCh was again made -up of
'3 High and 3 Low varieties. These varieties were grouped jnto

clusters based on their genctic divergence,

‘The second expewiment was conducted in collaboration
with ICRISAT ., Tt QOnsisted'ofrtWOffull'di&lléls?withéreCiﬁrQé
cols - one based on 15 represenmtative poremts (15 DL) select=

el for their*ﬁroductiviﬁy5 infgepéralféﬂ&fthe?ﬂfhérﬁdnf10¥

'.

\__.'

arents (10 DL) represeﬁbinggvariousjlaiﬂﬁraéégEandpdegIQES§
¢f resistance to rust, leaf spot ete. They were evaluated in

taeir. F, generaticn -atb ICRIS’\T:Lnarandomlse d blocks design
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durlng Summer, 1979, cn 19 charqcters - FT SH, Ieaf area (LA)
NI, Sp901flc leaf weight (SL),. PB Nog of spcondary brannhes

-(SB), %ean number of seeds in pod (MS), Varlance of the no of
seeds in pods measured in log scal le (VS), MI RP SP,‘“W,.ET
_and,SY; The comblnlnb ablllty analy 1s‘w§$-dqpeub§s§qlon»
4Gr1ff1ng (1956) The parents and crosse° were 010581f1e as
‘High or T@w on thc bd81S of tested general comblnlng ablllty
(gca) and p901f15'comb1n1n ablxxty (Qca) effects follow1ng
the method propesed bv Arunachalam and Bandyopadhyay f1979)
The oross meano Were tested for 51pn1110aﬁt dlfference from
thelr respective superloraparent<means,- When the dlfférence
was SLgnlflC”ﬁt at 5% level thGTOulS was calnulated as

(C~P) X% 100/P‘Where C CrOoS mean and P - superlor
-parcnt meqn . taking 1nto account th@ deSLrable directlon of
each character;' When the dlffercnce (C~P)'Waswnot-31gnlilcamt,.
_heterosmo was taken to be absenta_ Heterosis was calculated
:both for u;rect and r901procal crosses

RESUIL'S
The clustering pattern of the 48 varieties (Table 1)

showed no overlapplng bethen bunch anu runncr varletles. A‘
.Vlrglnla Bunch dﬂd 2 Valan01a varletles formed a 81ng1e cluster

(Cluster' II) Such ovCrlapplng could be observed only: with

Vlr 1n1a Bunoh 1n 3 out of 16 dlstlnct clnsters ine the

expcrlmbnt W1th.160 varletleso Neﬁonrlappﬁjo of ‘Virginia
Euncb'WIthAFunnur varletles wqe ‘observed. in clusters ‘in-the

exverlment with 48 varieties in contrast to 5. @verluppﬁj@

clust ers: roted in the experiment with 160 varistdes,




)
No distinction between Exctic and Indian. entries could be made
in terms of gunetie divergence as they freely overlapped in

many . clusters both when 48 or when 160 varisties were considercd

On the other hand, 2 clusters included only High and 2
only Low génotypes. 'Taking'into accouﬁt the 4 single variety
clusters (XIII to XVI) also, there was amplc evidence to support
the meaning and validity of High-Low classification. However,
the remaining 4 clusters included both High and Low genotypes
(fable 1). This may not be out of place since the High-TLow
clasgification was based only on 4 early characters, belnb'a

diagnostic study (see also discussion).

Yet the extent of divergence among Spaniéh and Valencia
- groups (teken singly or together) was substantial if ome con-
sidered that as high as 6 (ofwhioh 2_confained only Spanish
and 1 only ValenCia varieties) out of 16 clusters were formed
cut of them. Parallel results were observed in the divergence

anong 160 varietics also.

The vtility of early characters in ihferring the final
status of é variety was checked by comparing the status given
by the 4 early characters with the final status Cfable 2);
The tally was quite good in Spanish and Valencia follbwed by
Virginia. An overall tally of 46 and T71% .could be obfained
for High and LowArespectivély It could be speculéted from

carlicr studies on Brassica and Pernisetum that tne tally

would\gmprove witn the inclusion of more early phase characters.
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in exanination of the sbtatus of the parenmts cf the dial-
lels buged on an overall score of the gca effects over the 15
characters (Table 3) showed that 3 parermts could not obtain

cl
a.atatué in 15«DIL since the gea effect was ncen-significant for
cvery character in those cases, When the final status was
compared with that defined by eafly characters (which were
acain four, viz., SH, NL, Li, 5L, &n oﬁerall tally of 70 and
QOﬁ'waa'obtained in the casc of 15-DL and 10-DL, recpectively.
The vally was equally good when right detection of High cr

Tow ebatus was congidered (Pable 3). The tally here was better
i conpared to the one obtained in the divergence experiment

with 48 varietics,

A good range of hetercsis (Table 4) was rccorded for
various component characters in 15-DL and 10-DL, except for

rniean nunber of seeds per pod, flowering time, percentage of

nature pods and shelling percent. Heterosis was not frequent
in 15-T" as cowmpared to 10-DL. Only a few crosses recorded

~heterosis in the upper rarge.

The\divergence anong the parents cf dialléls(Table 5)
pravided a clue to the range and magnitude of Py heterosis.J
Cheugh it was not possible, as cexpected, tc establish a one-fo-
one correspondeénce between magnitude of divergence and fre- |
quency and magnitude of heterosis, the relatively lower range
of divergence in 15-DIL could expl&iﬁ the relatively inferior

nagnitude and frequency of heterosis as compared tc 10-DL.



A study,of-the»frequency of hetérCﬁla'érOSSeé in rela+i¢n
to the combining ablllty status (Table 6) revealed tha’c ‘erosses .
| between pa“ents cf High and Low gca prov:.ded the largest fre- “
quency of heterotic crousses, both for one or 2 characters, In
15~DL heterosis was‘fcund'bhly for.2 characterslaf the most and
that toc inAonly 2 ecrosses while in 1OFDL, heterosis was rea-
1lized for a maximun of 6 characters (Table 5), It may again be
noted that, even in 10-DL, crosses that were heterctic for 4

onmpone s s characters sinultaneously were only 8 out of

N
Q

te
the 65 heterotié crosses., It was interesting tvhat as many as
15 heteroctic crosses on the whole showed heterosis with non=-
significant sca for every~characﬁera |
DISCUSSION

Exhaustive atteupts haVe been nade to classify groundnut
varieties on the basis of plant hablt branching pattern, kernal
sizég kernel coclour and & number of pod characteristics (Bunt-

inz, 1955, 19 8; Smartt , 1961 Gibbons Bunting and Smartt,

1972). Such classificaticns did not attempt to take into acccunt
\tcpnndent compcnents related to yield. However, bunch forms

differ quite distinctly from runners, which, in turn, is re-
flected in the'yield compenents as well. - This may, perhaps,
‘b one reason why = najoerity of groundnut breeders prefer, .
cven today, to start with Virginia x Spanish or Virginia X
Valencia crosses. The classification attempted in this
study was quantltatlve in Whlch env1ronmental mudiflcatlon
cf the valucs of characters could to an extent be taken

CaTC DL, thr cugh proper flela de51pns.. ihe‘loglc behlnd
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classifying varieties based on genetic diver;ecnce neasured

z-etatist ic allows differentiation within groups 1ike

by D
Spanish, Valcneia or Virginia which is nct the cbjective of

the eariier classifications; Hence, the divergence analysis
coculd bring to focus possibiiities of stérting breed ing progran-
mes with Spanish x Valencia, Spanish x Spanish or Valencia x
Valeneis crosseé. The horizon'of operational base for breeding
pure lines cam then get widened. Further, these crosses can
lead to compact derivatives with a higher number of productive
Negs around.basa; ncdes of primary am secondary'branches, per;
nitting also a dense population per unit-_. area, and an advan-
tege of reascnably short maturity. However, these advantages
are to be weighed againct the frequency of defiving such pro-
duct ive pure lines down the pédigree line when compared to
Virginia x Spanish, Viﬁginia x Valencia and Virginia x Virginia
crosses, One of the étudies published in detail involved

8 6~parent diallel consisting 2 parents cach of Spanish, Valenéia
and Virginia (Wynne, Epnery and Rice, 1970), in which Valencia x
Spanish crosses nct conly showed heteroéis for a number of con-
ponent characters but the magnitude was rerallel to‘that Ob~-
tained in Virginia x'Valencia‘or:Virginia x Spanish crosses.-
Unlike the Oﬁly Spanish x Spanish QrOss, the only Valencia x .-

Valencia.crosg éhowed,a good ﬁégfee of heterosis.

While the hetercsis reported in that study was based'on‘

Ve

the value of the hybrid expressed as a percentage of mid=

parental value, studies repotted”here‘uQQd a'stringent and
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practical'measure.l tiS'hence.likelyithatmanyéfCSées fed
pofted te bé'hetérctic by Wynne, Enery and'Rice (1970) may
turn out to be"non-heterctic by.thevnorms of this study. Yet
all the crosses iﬁ~1oeDL between a Spanish bunch variety con~
st itut ing cluster'II'showed heterosis for 1 to 3 characters.,
Of the 11 érosseé that showed hetercsis for ; character in
154DL, a Spanish Bunch variety was involved in producing the
ﬁaximum of 5 heterct ic crosses, Of which one was 8 Spanish x

Spanlish cross.

The low frequency and magnitgde of Heterosis registered
by 15-DL could be explained by the high magnifdde‘cf erréf‘
variancé, amohg.other causes. This, in turn, would imply the
presence of greater degrec of genetic heterogeneity'withih
varieties over the replications. This can be expected in
gréundnut with alleged nbn;disomic inhéritance'as "polySomic
inheritance exaggerates the inflexibility’énd discdntihuity
in varization in ccnnection with éutogamy" (Mac Key, 1970).,'
Unless a high frequency and magnitude of heterosis can be-
obtaincd with single crosses to allow for poss;bilities gf~
derivatives beComing inferior or being at par to the check
when made genetically homogeneous, multiple crosses may bé7
& better alternative, since the broader genetic base will
have more cﬁanées'of‘locating tfansgressiveéegregdhts\iﬁ.
later gencrations hclding high genetic variability,'when f

coripared to starting with a single cross base.



. | o 10
One of the salient results of this study in this connec-

tion, is thé heterotic potential of High -x Low crosses (Table 6
which has earlier been upheld in.somelother crops as well
Arunachaelan, 1980). Vhen variéties cr gernplasm accessions are
the starting point and When complete honozygosity cannot be
ensured within lines, a strategy is nceded for making High x-
Low crosses, If a plant is identified as High c¢r Lowy on the
basis of all observaticns including post-~harvest ones, then it
beecmes necessary to genetilcally duplicate it o enable the
crosg to be made next season., This will nct be possible unless
the plant is a pure homozygote@ Such instunces could be
Lossible unless the plant 1s a pure homozygoteg Such ingtances
could not be high in groundnut with possible inheritance other

than disonic.

- A viable alternative was prcvided by early characters
observed before flowering. The high tally obtained between the
carly -ud final status in both the divergence (Table 2) and gca
Cfablegj) stulies wculd suggest identification of a High or
Low plé;t based on early characters before flowering and using
it the same season to make H X:L crossés. The same logic
would apply if cne wgnt'to use aﬁ identified H x L cross as
female and another H x L-cross as méle parent to produce a
i-way cross, The methed could then be used successfully for

making any level of multiple crosses, whatever be the genetic

nature of the parents, be they homczygctes or heterozygotes.
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Repcrts are available which suggest that it will be
necessary to use physiological (and for that matter, micro-
biclogical , hicchenical and cther relevant ) conpunents for
asseegsing ths pctenticl of a parent cr variety (Wynne and Enmery

19743 Bhagsari and Brown, 1976). Our studies have included

which also proved 1o be petent in predicting final status,
However, early generat lon testing hag been found t¢ be of
limited use in selectinz for yield though it nay be useful

a8 A breeding prosedure for some pod cheracters (Wynne, 1976a
Brezeders would, in general, ftend t¢ concur with this view,
Hoevever, it renaing e be seen how useful indirect yield conm-
pcnents including physiclcosical cnes will be in selecting for
yield in ¥, and cther segregating generations, Unless a re-
ationship iz found between FT hetercsis and edvanced genera~
tilon performance, it will be difficult t¢ progranne any fruit-
ful breeding procedure. The study by “ynne (1976a) cculd not

provide any clue In this regard since genefic relationsnip

o~

o

was net preserved diwn the generations while carrying forward

the paterial through bulks

("J

(See alsc Vynne, 1976b).

The need is urgent tc calleet basic informativn cn all
pareneters covering the entire growth phase from seeding
to harvest Wthd necessarily should include the influence
of &186‘“63 insccts, root development, photosynthebic

nechanisris and cnergy balance (Young, Cox and Martin, 1976)

in order to cdnceptualise breeding strategies suited to
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specific ccnditicnse Simultanecus effcrt in vhis direction

along with breeding pregramnee based on genetic divergence and
zenetil compenente geverning F1 hetercsis weculd go a long way
in synthecising rcpeatable conecepts cnd achieving conmensurete
yield cdvance in gr.undnut.
SUTHI~RY

Results c¢f twe exverinents - ~ne on zvaluation of genetic
. divergence in 160 varieties from Spanish, Valencia, Virginia .
Bunch 2nd Virginia Eunner'graups and the c¢bher un analysis ci
cenbining abiliby and hetercsis of twe full diallels were
evalucted fcr their aurlied value., The clussification based
on genetic divergence upheld the Jdistinct differences betvecen
Spanish and Valencia on the cne hand and Virginia cn the <ther.
Mhe divergence anmcng Spanish and Velencia verieties was sub-
.stant ial encugh t¢ suggest Spanish x Spanish o2r Valencia x
Valencia crosses as possible starting peints of breeding
progranmes. lParems of diallel were classified as High (H)
or Law (L) on the basis of their gea over 1% characters spann
ing the entire growth phase of.the nlant., 3 x L crcsses were
fcund to centain the highest frequency (f heterctic crésses.
Scveral crosses were heterctic with nen-significant sca for
every character. Zarly charzcters were fcund to perdict the
svatus of a parent cr a veriety basec cn all the characters
to a gccd degree-of accuracy. This result was used t¢ suggest
netheds te pftduce dx L cr multiple crosses. Parental diver-
sence could explain tc 2 goud extenmt the frequency and ﬁagni~

tude of rcaliscd hetercesis., The high rance of hetercsis was



nct commensurate with the low number <f criosses reglwnsibls for
it. Causes fcr the lack of heterusis and the need to start
breeding  progranmes cn brcad nultiple crcess genetic base were

underlined ~in thé light of recent published infcrmaticn.,

ST RRENCES
Arunachalen, V., 1980. Strategies for plant 1inprovenment arisin-
genetic studies on sone crop plamts. Annals Agril, Lei,
India, 1 : (in press).

Arunachalam, V. and A, Bandycpadhyay. 1979. Are multiple cro:s:
nult iple pcllen hybrids an answer for preductive popL:
lations in Brassica campestris var. bruwn sarscn? I.
Methods cf studying ‘'nucrcophs'e. Theor. Appl.Genet,
54: 203=20T7

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

Bunt ing, A.H.1955, A ClaSQlflCatlun of cultivated grvunanuts.
Eng .J.exp. Agric. 23 : 158-=170.

Bunting, A.H. 1958, 4 furthcr ncte on the classificiticn of
cult ivated groundnuts. Enp.d.exp.AZric. 26: 254-258,

Gibbons, R.W., A.H. Bunting and J.Snartt, 197<. The classifi-
cation of varicties of graundnut (irachis hypizaca L.)
Euphytica, 21 : 78-85. |

Griffing, B. 1956, Concept of general and specific combining
ability in relaticn tc¢ diallel crossing systems. aust.
JeBiol.Sci., 9:463=493,

Mac Key, J.1970. Significance of mating systenms for chrimosonc
and ganetes in poclyploids. Hereditas, 66 : 165=176.

Smartt, J. 1961. Grcundnut varieties cf lTortiecrn Rhodesia and
their classificaticn. Enp. J._exp. agric. 29: 153~15C.

“ynne, J.C. 1976a. BEvaluation cf earl: sencraticn testing in
peaggts. Peanut Sci., 3: 62-°0.

Yynne, J.C. 1976b. Use ¢f accelerat..c r=ticn imcrease
Frogrammes in pecanut breedii.c. o _c. o_is S Nc,1.

.



14

Vivime, J.C. and D.A. Dnery, 1974, Response of intersubspecific
peanut hybrids to¢ photopericd. Crep Sci. 14: 378-880.

.9 Deode Emery and P.7, Ricc. 1j70, Combining ability
est inctes in arachis hypogaca L. 11, Ficld perfcrmance
P, hybrids. Crop Sci., 10: T13-T715.

Yourng, d.H.y FeRe Cox and C.K.Martin, 1979. A peanut growth and
developemtn nedel. Peanut Sci. 6 ¢ 27-36,

Rl D G A ey



15
Table 1. Clusterihg pattern of 48 varieties of groundnut

SP VL VB . VR B
Cluster GO ST TGO T TGO ST TGO 5T

Ve PP reiiiwwers

FE I 12 I ¥ LEI H.LE I HI

Los

<J

F-“&"M Vot GING ST apen VI oy  MUS B WO guey NN KNP BN qurd-apgy (B s B WS C0ed CIAR Vs WITD Bsies BENS Chay Ancrt GNP SRt Wit NP TPl Ses Wad wa-n-»..;..a--.mﬂ-“-wnu-a—.mmum -
- . .

I 1 - =1 ~ 3 =~ 73
II 2~ = 2 17T -« 1 =

IIT 2 1 o

\HM

v 1 4 5 <
v = 1
VI 1 2 - 3

AN
z .
AN

\N
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VI1 4 -
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et
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N

i

(AN
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i
—

i

DD B wins HIW S auti AP, AR NI U S ST DOUD ANS S DA VP28 NS AN B ETHD TP AV COB s MelP iy e ENS B Peip WAL DS BulP Wy Wt el PSS VD oW TP DB MiNe SN G e Soae WY Ve ST ANE N S GNN wVS S Siiy Muny Gy -

GO = Gecgrapnic crigin; ST = Status; E = Bxotic; I = Indiang
H = Highy L = Low.
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Table 2. Tally <f final status with that defined by early
| characters in 160 varietics =f greundnut ;

Suw wens Sae s S e SHE G e G TP BuD FS AuS CSN SNW we SN GUP G SUD SO AHD WD SNP SED NIIPTRE A D WS WD DI GRS GRS (BN St Tulb AEE WED D TR Wi SR Mt SN Gup Guw WS GED CuD Wias EES CED wnge HNE WED NN Gum SEN SRy

- NcJ.of B3 _ ES .___PA
Greup | lines  j{ L H L H L T
SP 39 15 24 13 26 47 79 6T
VL 40 2 38 1327 100 71 73
s 40 35 5 13 27 37 100 45
R 10 30 10 22 18 5. 40 50

Overall | 159 82 77 61 98 46 71 58

A0 Swep G AP SND WS- Gy SuSpier TS SR NS SNIP Ghb -G WP ARY ShS GEA Mo P SUPAD S0 P SUD LD AN MED GNP WP QI SRS SN ERT SN S SRS GNP SR SIS S g TS D IR GNP SND GNP QN CUES GUE SN SN Sy T ENS SOl QI NP Sas O

¥S = Final status; ES = Status defined by early chcracters;
PL = Percentage agreenent when ccmpared to FS; H = High

L =1TLw; T =Tctal; SP = Spanish Bunch; VI = Valencia Bunch;
VB = Virginia Bunch; VR = Virginia Runner.

Table 3., Pctential cf I'arly characters in detecctings final gea
status in grcundnut

ez x r tr -2 -2 -~ r y ‘¥ ¥ r ¥ F ¥ ¥ » 1 1 X -2 12 ¥ _§ L X ¥t -"§ 2 __J I 2 % 2 L 2 2 I___ 2 _Z "}]

15-DL 10-DL  Overall
Parents gettins a final status | 13 10 23 -
Parents getting a status based cn E 12 10 20
Right dctecticn of High by E 5/ 4/5 9/12
Right dctecticn of Low by E 4/6 5/5 . 9/11
Right detection ¥13  9/10 18/23
Wrong detection 1/10  1/10 2/20. .

L = Early characters-
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Table :, Ran~c £ hctcorosis realised for componcrt
cnaracters in groundnut

Ay s e SN WY Gxeg A0 BT QITI TANS PSS Thrd grigs HES TBE Gay) Oy SERD GARE GRS et WS quuy SUaUED Tl SIS SNt e Guer TS BEP NP oy NS gy S Tt aygy N DD EANy Setk WO Coug NS DD, TR S¢S0 B TGS WD SURS SN ng Shd OB Ay WES Gun B0 g

F T

Character r n r . n

S SN CU G IS a1:mey O1D CUD QeEd PUS ST TITY A THED 0w, T PAIT ST QAP (OFI SOL OB 23 KMY EBE Lans OB O3 Sag gunp PV Sug DK SN Soun A3 mmmumwmm“““~~~'“--~~~p

a0 - - 12273 2
SH 24 ] 25106 7
L - - 29-70 17
NI o - 17=30 10
S, 50 1 3139 3
PB 58 1 5%-118 7
- . . 46-293 13
M - - - -
VS - 11 1 49-105 5
= : - 29 :
RP 71151 5 38138 16
57 * 71 1 - -
o 59 1 27-113 11
Py 148-163 3 51-320 19
Qv 258 1 46-344 16

F =15 x 15 diallel; T = 10 x 10 diallel; r = range of heter-
| : osis,
n = nce <f crosses involvede. r

Qe
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Table 5. Paremtal divergence and heterosis in 15 x 15 and
‘ 10 x 10 diallel in groundnut T

G ke T M B P AT L 0 Guis SIS Al SIS BN SR Sy Bec Sy gy S mnmum&w.m«qm St Mol delip. MW SR RO TN gis S AR TENGGs s V0NN QMNEY

I II IIr W v VI
D 3.3 6.1 5.1 6.3 7.7 7.1
I | - | .
T n - - 17 | - ~ 2&
| D 707 908 1401 905 1307 11'3
T, 233b301f 4a5b 2a1b1c1d 'Ba1b 10,C d e 5a1d
D 6.7 6.0 8,3 8.5 7.2
F
n . 84D - %4 12
.
1] D 449 18,5 12.3 17.1 10.4
T : a. b a.b 8..C
7 -8 18ob 272 372 372
D 4’02 6.7 600 7.0
F ' . a ‘ -
| n | 1 - - -
ML - 15.4 14.8  15.6
g
n | | - - 1e Za
D i 600 800
Bt
TV = - - -
D - 12.4 13,7
T N .
n - 1 the
¥ a
n e 2
\7
D &= 1906
‘I\ )
n - 1a1d

PRI gyapy PN g op TG wmnm‘mmmﬂ.‘—mﬂw~“~‘“-~mu-~ﬂ0“~“~wm~.~ . - B S S Ve B St g oo S T oy Brn e o @ -

D = Inter-cluster distance; n = no. of heterotic crosses;
&y by ¢y, d, €, £ = heterosis for 1, 2, 3, 4, 5, 6,.characters.



19
mable 6. Heterosis in relation to geca and sca in 15 -_&ndj10 -ILL
fh |
| 2 SR \

g ) - a _ _‘_-b | a “._“.b.

E0an Bivt Rt TUED s TED SND Wb S R e NP s GRS Mol grag NS PO gy Vgt KLe SRS sy SPVES SN (N CUmS WD RS GNED AR G NGE SN SIS S S PN SN ugs WG SEER W (5RD Gen TP TBND Gun SIS AINP Bras AUl TS S S <N BN
[ ¥ N .

H -~ 2 - 5 T

m{o

HH L 1 1 - 2 4

N 3 6 - - 9
(YD Wt et DD Wstt BT ey B WS St S ey LOWD Mot TR RBel IS WA G PO S0 KU GHOT SN (D RS B e AL T Sl Ssted Wit W DA QRN W SN sy SO VEP Cnpy BES AN SO

T S 21 1 4 32

L 2 1 X ¥ 7 ¥ 1 9
ENR LI gy Matauy SRR SIIDY SEIS Twd VIS U Ul ) THD e S PUR (res. TS resn Tk 0k BN (e g WA Th i ap B e TS B et gy WP Tt Su s GNT AU SN MB B B IR WEN SAR wengan TS Nk gne SING BN s Set

H 1 1 - 1 b
LL L 1 ! - 3 11
N 2 - | 1. - 3

LTI Gnan TI GIE3 @rny R SOV o g s SUP AT OV it ity Sows TRIN GNP Sat pmey- TIVE QAP AN T NS CLIP PRE Sedy WD sy TN CES N Wit b svon TP cogs WEB SN WIS ArR-Gal b SAP Es en TP g ~'~.~
L ‘ 4 8 ! 4 1 f

ottt BA% RS Tnap W0 ST FED Buw AP Bl AT WIS O CHD SOt W g O gy, ToS FGD Beits RIS BUIR Getny SIS Surs) Bt GRS Soruss RIS TEVD IS NP TSI S SO S st Lo TR ey TBD B WD Vs WUS TR g TVt ae NRSMeR TNE-Gr.s Qi TS SND Mo e OERGy

Total 11 32 2 17 62

FEI Al e s v s GRS W MO uas an TR gy A St S W S SED Ms St P Gy CI U Dy WU gy N TS i BEND Bt Wi D Dot WD, CRTY Vrseics P AP, WAEP SIS ot WU s Dorwr S gy el ANP-Cat SO WD MG NAE O2P TE sy BWE PS Gu-

£ = gea stztus of parents; s = sca statusy N = Non-significart
for every character; T = Total; a = 15-DL; b = 10-DL; fh =
frequency of heterotic crosses; C = No. of characters.,



