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My dear Dr.Murty,

T have carefully gone through the naper "Genetics of yield
and fibre cuality in an inter-varietal cross in Gossypium hirsutum L.
by Dre. S.S.Bains, A.R.Jorhi and yourself cent with your D.0.No.9574
of 25th November, 1971.

I feel that the paper is rather lengthy and could be condenced,
For instance, you may perhaps delete the results obtained using Mather (1949)
model as this is known to be less satisfactory and more satisfartory models
have been used in this study. The paper also needs to he better organised,
see for instance p. 11 of the manuscript. ¥indly check the caphons of the
tables. For instance, Table 5 & 6.

Another point which needs clarification is the statement of p. 10
(last para) regarding the superiority of design II in obtaining desirable
combination. Ik this superiority, a function of the desien, cr the larger number
of crosses involved in design II in the present study as opposed to the
fewer crosses in design I. Perhaps by having a larger numbar of half sub
sets, design I could also givera number of desirable segregate, If it is
the advantage of the greater number of genotyres used in design TI, cannot
this be reached in design T by reducing the number of female to which each
male is mated. : .

While there is ne doubt that design TT is superior to design T for
genetic analysis, is it equally superior for breeding programme algo?

I shall he grateful if you can ¥kindly condence the paper in the 1épht .
of the ahove suggestion and return it as early as convenient.

With ¥ind regards,

Youre sincerely,

/Efaa MW"

(S RAMANTT TAM )

1
Dr.B.R-Murty’ -
Project Coordinator (Mijffets),
Cummings Laboratery, &
I.A.R.I., New De.lhi%' .
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GENETICS OF YIELD AND FIBRE QUALITY IN AN INTER-VARIETAL
CROSS IN GOSSYPIUM HIRSUTUM L.

By

S.5.Bains, #.B.Joshi and B.R.Murty

Indian Agricultural Research Institute
New Delhi-12,

A major cause limiting advance under selection in
allogamous and partially allogamous populations is the
presence of linkage'disequilibrium and the mimicing of
overdominance by repulsion-phase linkages (Moll 1nd
Hobinson, 1967). The role of th®sephenomenon, can be

o Such

estimates skewld alsoAbe related to changes in the asso-

examined only in generaticns subsequent to F
ek WS

ciation of characters from Fo to the subsequent generations,
where intermating is practised to dissipate the effects of
linkage disecuilibrium, Limited information is available
prove > o, GroADY | um
on quality characters in interspecific crosseshwith such
A i
matings in biparental progenies (Ramey and Miller, 1966) ;

ut no information is available on intra- specific materials.
Mol o (Taa alstnre Cowhiducaboons |,

Zthe present study ‘£s undertaken te—ena;-yase-th-e:asge#e—gtmm.-‘s'@
neme—fYr yield of seed cotton, boll weight, number of bolls

per plant, ginning percentage, seed index, lint index, fibre

length, fibre fineness, fibre shape and fibre strength, s

: (6] W 53 ’ ’
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Iopersies on the follewing—timesi-

alr S of the nature of gene action uQiSi;Qs:i?ts,
1, d F2 by e meth 1og f Ha




(1958) and vary5;:; coponent analysis of

(2) variance due
> dominance and inter ction from
of mating
/ \v/
(3) /To compare thei efficiency and to asgéés the
: changes in associ fion between yie;d’and fibre
//ﬁ quality due to diffeyences in thevmating syste

as compared to their base popuiations and also
to investiééte the change /in the means of
derived populations, :

MATERIAL AND METHODS -9 g}w

The two varieties CL 20 (P;) and H 14 (Pg) as

well as the Fo seeds of the cross between them formed
the initial material, grown in kharif 1968, H.,14 is a
Lo codhy ad aphd ol
standard variety of American cotton recommended for
L
cultivation 1n Northem region of India. It has a good

yielding ability. This has a mean fibre length of 24,5 mm, ,

é’@@zdﬁ a ginning=-out-turn of 34.4 per cent, has8+36
p;ggﬁigg.strength indeaﬁgfiglds about 300 kg7/ha.of lint
and has wide adaptability. CL.2O is a Sudanese cotton
variety introduced into this country in 1960. It is a

strongvfibred 10.18/Pressley strength 155339 long linted

£
co tton (26,48 mm) , having 36,2 ﬁb:-ee&t—ginning-out-turn

but poor in lint yield (about 180 kg/ha). The biparental
crosses, using all the three methods of Comstock and
Robinson (1952), were made in the Fo population of this
Cross comprising/éf 800 plants.
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The design I progenies were formed by designating
a random sample of twelve Fo plants as male parents and
Aug/y,Jr‘ crossing each of these to four randomly chosen Fo plants
\m“/cﬁ/{‘ used as females. The plants used in the crossing
/// ;\ (e programme were also selfed,
fﬂ In design II, eight Fo plants were assigned to a
set at réndom, four being designated as male parents and
\(/;(/dxg four as female parents. All the sixteen possible inter-
/;\;/W ‘“’"pm cTosSses were made among these Fo plants and at the same
B time each was selfed to give an F3 progeny. Ten of these
&3‘;} l' sets were made by the use of different random samples of
{ J eight Fo plants in each set.
In design III, fifteen Fo plants were randomly chosen
as male parents. Each male parent was backcrossed to each
H’“"’J " parental line to producé a pair of backeross prog_enies. The
(W\M Fo plants were selfed to give the corresponding Fg progenies,
LS P M%u’rcbds,&k
o The material sown in kharif 1969 ,consisted of the
MHrtpiined o R Cwvespen
® two parents, Fp, ng,v‘\i%, Bo, F3s of—design I(F3DI), F3S of

TMWWMM \:'Q,b”“w‘a NICR T e WL Way T e STL AT .,
el semt, o5 Tt Y Gemimn T (Palll) and the ™
. ; 5 z 7 aa IA‘, 0

/
EMNQW“’“‘-”"“J b, 240l Fen T, N e mO%—rwzF;'o g

t LY 3 )
?vumx w% pro | I1I). 2 et o e B L
(, mraldlv%. RESULTS ~CH : (2398 Fy DUTWH‘—"MW"V

S @;“; As mentioned earlier, in Materials and Methods,
wueﬂ—“aﬁ—%ﬂ—tn—m_yepl}eeﬁms. e gﬁalysis

y & ‘ :
of variance (Tablesi%ealed highly significant differences

between the generation means for all the characters studies.



The mean performance of the twelve different generations
studied for characters like yield per plant, boll weight,
number of bolls per plant, ginning percentage, seed index,
lint index, fibre length, fibre fineness, fibre shapé and
fibre strength wis shown in Table 1. The F; was interme- .
diate between the parents for all the characters. However,

it was closer to the superior parent.

There was significant decrease in the F2 mean as
compared with the F; for yield, seed index and fibre shape,
The decrease was very large for boll weight, fibre length
and fibre strength. The Fo was at par with the F, amd for
boll number, ginning percentage, lint index and fibre

fineness, .

EThe means of backcrosses were intermediate between

the F; and the corresponding recurrent parent, for all

characterse

¥ Crev-25 po e
The F, means were compared with the composite meanyof F3DI,

FqDII and F3DIII. The F3 mean values were s

oA SIS Boge- Tra AL Hero R
lower Fo means for fibre

St endny |y PN Lot € 2 2D kg 2 §J~’42§k

than the Fg means for-all characters.

e WM [Ba] Dﬂcu.%
The composite mean of iniexcxnssas;ire. destgn—L,

(DI), desiga—H (DII) and—design_lll.(DIII), ﬂbowed signi-



cantk_‘%neanease«ger F, meany for boll weight and fibre !

e
strength. Limited-and Aoagignificant increasg w#s= ’L"“‘gg

"observed<fer yield, boll number, ginning percentage
Lrene &cﬁ#&/gwd{w It ~ C s feca s ,

and fibre shape‘: —A S ncrea

L (u-./bm'lt. kﬁ
for yield, bo /wei ght, ginning percentage, seed index,
fibre shape and fibre strength m—ih-é'composi:e_srﬁeans

i 3 N S—
~oF & €5 2

= Ll Coge Voa e onegm iy 7:5 i

The means of‘ 1ntep%a;sgjed~pcvu1‘a*ti%n, -i:n:ﬂﬁl‘i‘et

—

thrree—designs, shywcd significant&d‘negg’@-eﬁgr\ their
corresponding Fg means for yield, boll weight, ginning.
percentage and fibre strength, In DI, there was also
significant increase over F3DI mean for boll number, seed
index and fibre shape. Also, characters like seed index,
lint index, fibre length and fibre shape showed significant

increase in DII means as compared to the F3DII meanse

AR
The sﬁ:ent featu,bes/ n Table 1 may

be - summarised a oll/ Pt ¢
e M(M W gres Tt | 3

The i were, in general, better

155 1',_13 A0 Aand &
than ¥!; {i correspondizg F3's and had-—resched the level .

A W'\"e‘ o~
ofzFy, i some casesy MMWW—SWI

) F‘LM ““'""""“'b
inm%wm Nvlfan\_ ?’MW\":W %t:% e
A";‘W"Q m o g erglie vm-«lwz, i pornes

A e o (?)5" fnbreeding jepression was no‘twa-s largs a6l e

Wy e

Wallea® " considerable additive genetic variation availahie for
o UAe Pguy SAThy , -
practically all the charactersz wn%mm
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m@' , ;3) aAmong the three mating systems, design II U
‘p'g

i /
wa$ better than the other ton~—-b——59ﬂP’%‘aégp

P s 5ol b L A e e o WW&“\””’?‘&;
Eg\f{ima;mngﬁm ffrects and Interggtlgns M A
Using the means of Py, Poy, Fy, Fo, B; and By
generations, six genetic parameterssw m, g, h, i, J and

CTete .
L were estimate The the methodology of Hayman
(1988), K&K%ﬁé4§”%7 The estimate m is the Fy mean, g
the additive and h the dominance components. The
other three estimates are of the digenic epistatic
interactionf i (additive x additive), j (additive x

dominance), and 1L (dominance x dominance),

( Jabt 3)

The additive effect wefe significant[for all the

characters .white The dominance effect% wdkd significant
UnOron it

for all o¢ha?s except yield, lint index and fibre fine-
neff Seme—of Jhe interactions were significant for o ropy ity
eight of the ten characters %3% nsxzfor vield and lint
1ndex.

The additive effect was the most predominant for
yield, lint index and fibre fineness,while the additive x

additive interaction was also equally important for boll

~ weight, boll number, seed index, fibre shape and fibre

strength. Dominance effects were predominant for boll
weight, boll number, fibre length, fibre strength, ginning
percentage, seed index and fibre shape. The additive

and dominance components were in the same direction for

boll weight, ginning percentage, seed index, fibre length,

fibre shape and fibre strength, indicating the scope for

exploiting the additive and non-additive components, Among
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foove
the fouquuality characters, the dominance component
Fhef gk |, Aivasnsth ard
4 was higher than the additive component for three—of-

themy indicating the need for maintaining heterozygosity

for these characters.. The role of additive x dominance
and dominance x dominance effects for practically all

Mot and bihre Qualidy A BUpPAL e Comitionin
the characters.was limited. These results weaelin
support-of—the—differences in the generation means (Tubi‘iv'

given—in—Table =,
Estimation of Variance Components on the Basis of Geperation
~ Variances
Qovr T :
Q;/’ ) Using the error variances, separately from the

non-segregating generations, Fo, B; and Bs generaticns,
least square estimates of additive (D), dominance (H)

/J and environmental (E) components were obtained for all the
f ten characters based on the methodology of Mather (1949)
(@ablel). The additive component (D) was highly signi-

‘ : : CTalt. o)
! ficant for all the characters except fibre shape while the

; estimate ofraggiégggwtggbonent (H) was significant for only
six characters, three of them being quality characters.
‘ The additive component (D) was much larger than dominance
componentﬁf(H) for yield, boll weight, boll umber, ginning
percéntage, seed index, fibre length and fibre fineness.
Among the‘four guality characters the dominance component
| was larger than the additive component for fibre shape
and fibre strength, However, there is scope for improve-

ment by selection for these chiIiEEEfEZEISO due to the

/”évailability of sufficient additive genetic variation,,

exce ibre shap lhe predominance of additive

variance for yield and yield components is encouraging.

\ Since the dominance variance is confounded with
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the interaction variances also,/xﬁ% estimates of
additive and dominance variances from the biparental
matings may throw more information qn the average of

dominance,

Biparental Progenies
A ¢ & &

Nilon SR AL G (DT DI oA DT ok

MAthe three approaches of Comsggpk and Robinson (1952)

e

P o’i’)
( S
P g

Ve/
we
e »

- ;
SR ST
S

b’dv:yfp

i

vl RN 0n kol ) ploinl Copn i By v AP
were applied imtire=F5 populatian, Wﬂh{r‘m
ord U5 Car~porass o) oo [ L ansilne (-,‘_M-nﬁr)-
c as designated: ign 1, (DI), Design I

@ifferences between progenies were pronounced
e D T o
for almost akd me characters in Mesign I (Fabte2ey and

lv_d,afv PVPW oo
Qesign II (LableZd) ang reL&%&ueLQ::ELh lesskin Pesign

III GQ&b%e%&{. The estimates of error variance were

also different in all the three designs for the same
character, However, none of the designs was consistently

better than the other in the size of error variance, _
Tine keehk AOuenr opH~aBA 6 (T gunqekgg_ﬁw““‘
%(d.vﬂd%*Mg*) on Lo  Podarel. A oala (sydms—toe—
fhe V%

C

- ATEPRY e sUbniaa o RS B TRl ch HalTon (1a44) FA ana
WM%TMS'AWJ'M s it
and average degree of dominance L <
en_eensraﬁrﬁd‘ﬁrcng“wtthw¢hewmoanéf”€§e* elative-stze o
A
additive variance ( 024 ) as compared to dominance variance

Ihu\.g,da4uydgjaqzlp
( 62D ) was higher in design II for all the characters
e e

= W ORI Py !
-except”fiﬁtrindex.‘ This difference, can only be explained
y Y pRVV NN
on the basis of dissipation-of- : yminance. There-
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fore,.design II appeared to proviﬁgvfxqgre Zzal?ﬁfic oF
estimate of the fixable variation. IR this case; the
results indicated predominant additive gene action

for yield, boll weight, boll number, ginning percentage,
seed index, fibre length and fibre fineness. However,
the dominance component was higher for lint index, fibre
shape and fibre strength, These results were comparable -
with-the additive variance component (D) and dominance

variance-component (H) from Table 3,

anfurther analysis of the progenies in-desien~1I

bed permitted the estimation of additive x additive

ot U\A—W\v\.v-e.) h weilo, G
variance.-.-(o-u AA) @mﬁg

; ¢ el _S)

aqgitive X additive variance (o" AA) was significant for
boll number and lint index for which the additive component
was not significant. Since, additive x additive variance
(o—gAA) is also available for gelection, there is scope
for improvement in boll number and lint index by selection.
These results had also indicated the availability of consi-
derable additive variance (0—2A) for fibre length and fibre

e e paass = SV B NP
fineness.wkli@b’m;ﬁmm—vthwm

i el o e s e
e

The design Iz proved to be superior to the other two,

\
both in the Nimation of genetic parameters and releasing
e

X —_————

additive genetic v:'ﬁra.tiﬂ whihéh was previousiy not available

i

characters in thé« design II (Tabl \%\Tnis was co?mborated

due to linkage as was( b'iident the mean performance of the

| by changes in associatioﬁ\“b&tyf\gen charactq;'js; in the biparental
=l’;,prcagenies (Table -and-~~), as compared to the corresnonding
“segregating generations(Tables - -a'ﬁ&“-oé)k.

b e Y

From a-comparison of Tables and- ', 1t was found
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that in the biparental progenies of design I there was

a change in the additive genetic association in the
. it

favourable direction between seed index and fibre shape

and between seed index and fibre strength. Genotypic

correlatioh between seed index and fibre length was also

highly significant and positive., In the biparental

progenies there was also possibility of simultaneous

increase in yield and fibre finenessj; boll weight and

boll number; boll weight and fibre shape ; and ginning

percentage and seed index.

In design II (Ea?&e ) a remarkable change was
observed in the association of characters as compared to
the straight F; generation (Table - -), Improvement in
yield alone would lead to improvement in ginning percen-
tage, lint index, fibre length and fibre shape. Boll
weight and fibre shape can be inereased together, Other
useful additive genetic correlations were found between
boll number and ginning percentage, boll number and lint
index, boll number and fibre shape, Also, along with
increase in boli number and ginning percentage there wasg
increase in fibre strength. Ginning percentage and fibre
fineness were also positively correlated. Increase in
1int index would result in increased fibre length, fibre

shape and finer fibre,

While comparing the efficiency of biparental design I
and design II it was seen that design II was undoubtedly

better than design I in obtaining several desirable combina-

tions and changing unfavourable associations to favourable

associations.
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4nalysis of Variance of F3 _Progenies

The F2 plants used in -the crossing programme in
different designs were selfed and their F3 progenies were
grown separately.. The analysis was presented in Tables
12, 13 and-14: Except boll weight and fibre finenmess in
F3DI and yield and boll number in F3DII, F3 progenies
showed highly significant variation between themselves
in all the three designs for all the characters,

P13 C U)'Ijo_ﬂ/

S

\ The present study,using different designs of

,\\\.’ % ti wii-eh-—was—undertaken for the first ti
. ‘ 2 L
2 mating, or the fir me jin this
¥ \f? countryy on the genetics of a set of quality characters,
L

viz., fibre length, fineness, shape and strength and yield
components such as boll number and boll weight had brought

out the following interesting resultss

Considerable genetic variation was observed

within this material for all the quality characters -

i el . fibre length, fineness, shape and strength - and yield
VV; i f and its components - boll weight, boll number, ginning
: ; oo hRe s Ltlaea U oo o
ﬂ”fjbf/ | percentage, seed index and lint indexy The magni tude Sh &
z'-"“.J u')?" : N IS
ADHE e - of additive variation was large inspite of the predomi- %Eﬁfgks
£ ) Vol Tata Can)
% ' nance of dominance components, for both the yield and l;ﬁ?“:
i %
I quality characters, indicating possibility of improvement éi?ﬁ?

¥

for both yield and fibre properties,

.Secondly, the role of non-allelic interactions
mimiqghg dominanée was brought out for boll weight, boll
number, ginning percentage, seed index, fibre length,
fibre shape, fineness and fibre strength (Tabled§€6 ).

Thus, the biparental mutings revealed the presence of
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additive x additive interactions which would also be
available for selection (TabBlé” ). The bias due to
the over-estimation of dominance was brought out by
changes in the average degree of dominance in the bi-

parentals as compared to the straight F3's.

Thirdly, the unfavourable associations between
yield and quality components and among the quality
components were found to be due to linkage which could
be broken in BIPs. The changes in association between
these characte;s in the BIPs as compared to F3's have

confirmed the above conclusion., The role of linkage “ Bty

A‘.,M

in limiting advance under selection was brought out for

the first time in this study.

Fourthly, the improvement of a population would
depend upon the precision of estimates ef the estimates
of the fixable component of genetic variation, the
release of such variation in appropriate matings and a
éhange of the association to the better by breaking the
unfavourable linkages (Moll and Robinson, 1967). This
was found to be true for all the quality characters and
yield components. Among the different designs adOpted;
design II was found to be the most efficient in the
estimation of parameters and in the.}elease of Variation

for selection.

Fifthly, a comparison of different methods of
analysis for estimating the genetic parametérs revealed
that the bi-parental matings gave a more realistic picture
than the-estimates-ef-varteneceecomponentsusing Mather's
(1949) methodology involving Fo, Bj, Bo along with the

5%
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nonsegregating generations.,

Finally, the analysis of generation means clearly
brought out the predominant role of additive effects being
cancelled by the interaction components or the dominance
effects, thus, limiting beterosis. However, the magnitude
of fixable effects was found to be reasonable to warrant

selection.

Estimates of Heritability

The heritability estimates in narrow sense were
calculated in all the three designs following the metho-
dology of Hanson (1963), The present study indicated low
estimates of heritability for yield, boll wéight, boll
number, ginning percentage, seed index and lint index
and quality characters ;ike fibre length, fineness, shape
and strength., Earlier reports and the present estimates
were as gziven belows

Heritability estimates of some characters in
Upland cotton

I___Present study [
Characters ) B DIIT —{ Previous reports

Yield per - 0.08 0.24 0.10 to 0.15 (Manning,1956)

plant 0.64 (Al-Rawi and Kohel,1969f
Boll Weight 0.12 0.11 0.68 0,73 (Al-Rawi and Kohel, 1969)
Boll Number - 0.03 0.89 0,36 (AJtRawi and Kohel, 1969)
Ginning 0.49  0.25 0.83 0.77 (Ferrer-Monge,1959)
percentage 0.45 (Al=Rawl and Kohel,1969)
Seed index 020 0.21 0.85 0.59 (Ferrer-Monge, 1959)

0.48 (Al-Rawi and Kohel,1969)
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Lint index

Fibre

Fibre

Fibre
Fibre

length

finkness

shape
strength

0.27

0.89

0.44

0.18

0.058

0.24
0.18

0.72

0.06

0.61
0,79

0.73 (Ferrer-Monge, 1959)
O0e«45(Murray and Verhalen
1969)

0.39 to 0.49 (Kamel and
Ismail,1966) ;
0.00 to 0.20(Murray and
Verhalen, 1969)
0.61 in F; and 0.49 in Fs
(Verfialen and Murray,
1969)
«23 (Al-Rawi and Kohel, 1970

0
0,30 (Niles, 1950), 0.60 to
77 (Kamel and Ismail,1966)
0.00 to 0.46 (Murray and
Verhalen, 1969), 0.25 in Fq
and 0,19 in Fo(Verhalen and
Murray, 1969), 0.08 (Al-
Rawi and Kohel, 1970)

S

0.00 to 0.19 (Murray and
Verhalen, 1969), 0.57 in Fy
and 0,52 in Fo zVerhalen
and Murray,1969), 0,86
(Al-Rawi and Kohel, 1970).

It might be considered that the present estimates

A» design II represented a more realistic picture since the

estimates of o 2D in design III were negative and when

considered zlong with error variance, contributed to the

inflated values of heritability.

The estimates in design

II were ;iqb lower or equal to the estimates in design 1.

Thus the amount of additive variation in this cross was not

very high inspite of the diverse origin of the parents.

Regarding quality characters, theﬁneritability

estimates appeared to be slightly higher as compared to u&Wbob

the vield components.

The estimates of Verhalen and

Murray (1962) were higher for fibre strength in F; (0.57)

and F, (0.52) population of a 10x10 diallel in Upland

" g
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cotton. But Murray and Verhalen (1969) in their
experiment I reported heritability of 0.19 in narrow
sense for fibre strength in one of the seasons. The
later estimate was closer to the estimate obtained in
the present study in design II. In experiment I, the
heritability estimates obtained by Murray and‘Verhalen
(1969) for fibre length in the year 1962 and for fine-
ness in 1961 were comparable to the estimates obtained

in the present investigation in design II.



£

The high proportion of additive to non-additive
genetic variance for fibre length and fibre fineness as
compared to the corresponding values for yield components
and a reasonable size of additive variance for shape and

P C’D.’)A,z) Ly Y
strength were indicatiye OQ simul taneous improvement for

these characters in the present cross.

Comparison of Systems of Mating

Among the three designs employed in the present
study the estimates of additive variance in design II,
were intermediate between that of design I and design III,
On the other hand, the magnitude of dominance and error
variances in design I and design III were responsible for
higher heritability estimates than those nbtained in
design II. The mean performance of the progenies indica-
ted that the estimates from design II were more realistic
for all the characters, As mentioned by Moll and Robinson
(1967) and Miller and Rawlings (1967) the estimates of
additive component from advanced generations would be
more reliable than those from the corresponding Fo
generations. Linkage disequilibrium and repulsion-phase
linkages which mimic overdominance could result in biased
estimates in the Fo generation. These effects causing

Varos™ | :

bias could be dissipated in BIPs and random mating. The
consistency of the estimates of additive components for
all the characters in design 11 confirmed thea _findings
ofF—=atoPe—anthars that design II was the most effective

mode for estimation of the components of genetic varia-

tion and to create populations of utility in breedinges

The real test of the utility of design II in



breaking the undesirable linkages should be the
improvement of the mean performance of the progeny
and changes in the association between characters

to the better as compared to the F3. This was found
to be true for both yield and quality characters *

e
§i=hleé , F

Changes in Association between Characters in Different
Systems of Mating

Contrary to the previous reports of Miller and
Rawlings (1967b) of adverse correlated response 5etween
vyield and quality, it was found that considerable impro-
vement in association between characters had taken place
in progenies from design II. The same authors (1967a)
had reported reduction in the unfavourable correlation
between yield and fibre strength by nearly half after
six genérations of intermating. Thts must have.taken
place due to breaking of the initial linkages and
thereby overcoming the adverse correlated response in
the absence of intermating. Feaster and Turcotte (1968)
found that yield was not corrélated with ginning percen-
tage or its components and was positively associated with
fibre length. In design II of the present study, along
with the improvement of yield, there was increase in
ginning percentage., fibre shape and fibre length. Simul-
taneous improvement in fibre strength aﬁd boll number and
ginning percentage and fibre strength was also observed.
Therefore, it could be concluded that the earlier reports

of unfavourable associations between quality and quantity

in cotton might be due to intense selection for uniformi ty
‘ Fi>



without changes in the initial undesirable linkages.,

The small sample size which was associated with intense
selection must have further narrowed the response. The
intermating in the early segregating generations by
simulating random mating was essential in the improvement

of any population of Upland cotton or interspecific hybrids
involving hirsutum.

In design I also, some'undesirable linkages
7ere broken and new combinations formed but the extent
was much more enhanced in design II, for example, as
compared to design I the major desirable changes in
association between characters in design II were between
yield and ginning percentage; yield and lint index; yield
and fibre shape; boll number and fibre strength and ginn-
ing percentage and fibre strength. Advantage of design II
would also lie in the greater range of genotypes involved
in the mating as compared to design I and design III,
thereby preserving genetic variation in the population and
reducing the chances of genetic drift and unfavourable
correlated response., The additive x additive interaction
was also partitioned in design II (Tables5®. The confound-
ing of these fixable types of interactions with o 2D
could not permit their detection in designs other than
design II., Such an analysis of separating o A4 had not
been done so far in cotton. The large size of o 244 for
yield, boll, weight, boll number, seed index and lint index
indicated that improvement in these traits was feasible by
utilizing the additive x additive interaction also. The
high value of o 244 as compared to o 24 for fibre strength
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as also aging although such interactions were

negligible for other guality characters. The predomi-
nance of additive variation for fibre fineness and the
useful role of o 24A in fibre strength along with the
above information on the nature of gene action for yield
and its components confirmed the utility of this design
of mating in creating populations for the simultaneous
improvement of yield and quality, not possible in straight

F3'é or backcrosses conventionally used in cotton breedinge.

Another system of mating which may be of ﬁoten—
tial use for breaking linkages and dissipating the effects
of linkage dis-equilibrium is disruptive selection. A
comparison of this method with that of design II in the
same population will be of interests Finally, it may be
mentioned that the existing cotton breeding procedures
based on single plant selection instead of population
performance need to be modified for the improvement of
quality coupled with yield even in the highly domesticated
species like Upland cottons. The predicted estimates of
gain should be related to the realised gain particularly
for quality characters to avoid genetic slippage due to
unfavourable inter-environmental correlations in successive

generations of selection.
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‘Table 1 3

for all characters studied

Mean performance of different generations of material

X Mean performance of geénerations X Cel,
Characters t

Y. By Py F1 Fo By Bz 5% 1%
Yield per plant (gm) 35,56 51,52 46,34 42,05 40,10 48,03 3,35 4,72
Boll weight (gm) 4,99 3603 4468 3,98 4,88 3,80 0.15 0.22
N‘Mber Of bOlls 18003 30060 26.63 9,4.08 23.90 28.20 3.24 4057
per plant
Ginning percentage 38.15. 33,83 36.75 85,81 37.84 ..34,55 - 0.99 1.0
Seed index (gm) 10.00 830 -~ 941 9,18 9,69 8,92 ::0,207:0,28
Lint index (gm) 5,66 74,80 5,01 4,88 ' 5,29 =4,67 0,18 ;0,25
Fibre length (mm) 26,66 24,13 25,47 25,00 25,96 24,62 0,31 0.44
Fibre fineness 3.73 4.44 4,00 4,10 4,01 4.292 0,11 0.16
(micronajre units)
Fibre shape (D) .13 le44 1,90 1,72 1,95 1,64 0,13, 0,19
Fibre strength 10.04 8,00 8,86 B0 9,88  Byb3 0411 0516
(Pressley strength
index)

F3DI F3DII F3DIII DI DII DIII

Yield per plant(Gm) 40,05 39.55 39.5 45.05 46.75( 43,00 3,35 4,72
Boll weight (gm) 3,85 3,70 356 4,63 4,55 4,40 0.15 0.2
Number of bolls 22,50 23,00 22,15 25,78 26,00- 25,05 3;24 4,87
per plant -
Ginning percentage 35,01 34,85 34,75 36,30 36.,41° 36,10  0.99 1,30
Seed index (gm) 8.98 8.80 8.95 9.25 9.10 9,08 0,20 0428
Lint index (gm) 4,75 4.68 4,70 4,90 4,95 4,78 0.18 0.25
Fibre length (mm) 24.886 24,70 24.73 24.98 25,10° 24.80 0,31 0.44
Fibre fineness 4,20 4.?5 4,15 4.18 4.29 4.05 0011 0016
(micronaire units) :
Fibre shape (D) 1,62 IaBB . 1,65 1,98 1,85 1,68 0,48 V.19
Fibre strength 8,40 8,35 8,38 8,75 8,68 8,55 0.11 0.16

(pressley strength
indéx) ‘
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Igplggghs' Estimates of genetic components of variance and average
degree of dominance f§:$~Design I v LA b

! 3 ANALYSIS OF VARLANCE 2
X X Yield/ { Boll 1 Boll { Ginning Seed
Source f D.F.X Plant { Weight I Numbers { percent-{ index
i X { § [ age i
b { Mean sum of sguares
Sets 2 1057.425 0.234 76.886 36.125 0.881
Replications
in sets 3 214,090 0,099 124270 34400 0.983

Males in sets 9 *¥*1063.681 *0,289 **106,369 **16,908 **],588
Females in

sets 36  *¥177 ,103. 0,215 *%23,445  *%G.688  +%0.979
67.627 0.128 11.823 1,906 0.436
438,288 0,026 41,464 S5.112 0.308
224, 20.068 182,868 +3.688  +0.356
-219, 336 \b}lgg; ~18.220. 44452 04764
3240,732 10,128 95,740 #.864  40.600
S N

S Shpom Sl 0.933 1.574

Lint Fibre Fibre Fibre Fibre

~dndex - length fineness shape _Strength
Sets 2 0,372 8.207 0.328 0.173 0.884
Replications
in sets 3 0031 0.682 0,024 0,031 04163
Males in sets 9 *%0,854 **]12,939 **0.319 **0,160 0.282
Females in ;
sets 36 **),445 **3,096 *¥0,139 **0,095 *0.410
Error 45 0.13% Q. 712 0.0865 0.014 0.139
ﬁ?b

10,188 32,780 X0.068 0,036 30,032
AS
0~2D 0.412 -0.152 0.052 *0,.128 **0,604

H0.284 +3.136 H0.096 0,052 30.196

| Jb“‘gw&-;w 1,420 % 0.751 .00 =

"", * % &Www ad S o~i 1Y, Q‘b"“'q—

3ignificant 5% el of+significance
Si ica a » le of ‘signi ce
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Table 2 b s Estimates of genetic components of variance and average
degree of dominance from Design I1
X B ___ANALYSIS OF VARIANCE
X ] Yield 1 Boll Lk “Bell X Ginning I Seed
Source { D.F. I /plant X weight X number percent- [ index
{ I { i L_age ol
i i Mean sum of squares
Sets 9 936.674 0.847 116,743 47,975 3.266
Replications
in sets 10 313,237 0.238 24,882 5.385 24 170
Males in sets 30 136,780 *%0,801 16.381 **12,304 **1.086
Females in sets 30 192,140 0.384 *36. 302 .- *%10, 962 **].393
Males x females
in sets 20 122,439 04307 23 .129 **G, 237 **0,687
Error 150 139.217 0.268 23.290 2.934 0.471
0CA 10,501 0.034 0.804 1,338 0.138
*17.832  #0,046 +2,898 +1.2318 +0.130
A
02D g -13,639  0.002 -0.481 1,000 0.038
+14,999 #0.036 32,808 30,780 +0.087
Y52 0/62A - 0.244 - 0.863 0.524
Lint Fibre Fibre Fibre Fibre
index length fineness shape strength
Sets 9 1.041 1257 0.704 0,119 8.937
Replications
in sets 10 0.208 2.477 Ol 0.039 0.229
Males in sets 30 **0, 596 %3, 732 . 20 981 **0,081 **0,974
Females in sets 30 **Q.529 *%3,420 **¥0,271 ¥%0,279 **%0.713
Males x females
in sets *%0,483 1.268 0,075 **¥0,.108 **0,574
Error 0.120 1.158 0.059 0,029 0.096
24 0.018 0.294 0.046 0,018 0.068
#0.060 +0.246 30.026 10.018 $0.086
52D *%0,172  -0,092  -9,015 0,029 *#0,203
10.047 +.168 F0.015 30,012 30.061
v 62D/6%A 3,00 - & 1,269 1,745

* Significant at 5% level of significance
**3ignificant at 1% level of significance
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Table 2¢ s Estimates of genetic components of variance and average
: degree of dominance from Design III

T T ANALYSIS OF VARLANCE
Source i D.F. X Yield 1 Boll { Boll X Ginning 1 Seed
I /plant { weight X number § percentage I index
{ 1 8 Meannsum of squares
Sets 2 16.381 0.099 99,300 11380 0349
Replications
in sets 3 148.332 0.663 17.282 0.080 0.006
Inbred lines
in sets 3 2337.480 3.535 610,748 49,150 9. 594
Fo parents in
sets 12 138,939 *0,151 **85,444 *x*4 8792 *%*Q, 897
Fo parents x
fnbred lines 12 111.058 0.031 6.880 0800 *%0 , 237
Error 27 104,983 0.058 10.603 0.824 0,055
24 33,956 0.092 *74, 840 4,048 0. 840
+59,311 #0.059 +32,414 +1,854 +04339
2D 3,038 -0.014 =1,366 ~0.013 *0,091
+25,110 +0.009 +1.904 10,186 10.045
Y220/ %A 0.423 - » - 0.465
Lint Fibre Fibre Fibre Fibre
index length fineness shape strength
Sets P2 0.929 4,600 0.032 0.042 1,242
Replications
in sets . 3 0.205 0.649 0.027 0,039 0.039
Inbred lines
in sets 3 7037 " 28,781 1.186 0,965 Gel4l
Foparents
in sets 12 %0, 377 **2,432 0.033 **0 ,050 **0, 523
Fo parents x
inbred lines 12 0.127 04553 0.030 0.029 0.105
Error o7 0.062  0.771 0.032 0.015 0.107
24 o.aler . 1.686 0.002 0,034 0,408
0,283  #04941 40,015 +0.019 30,200
o 2D 0.033 i=0:.112 =0.001 0.007 0.001
40,025 +0.146 +0.,007 +0,0086 10.024
LoD/ %A 0.457 - - 0.661 -

*Significant at 5% level of significance
*¥3ignificant at 1% level of significance



Table a H

Estimates of genetic pargmeters from the generation
means on the basis of six parameter model

X CHARACTERS
Genetic { Yield I Boll I Boll 1 Ginning 1 Seed
parameters f per ! weight ! number f percent- { index
" plant & '} age i
n 42,05 3.98 24,08 35,81 9.18
31.90 30.08 30,86 30.19 30.07
d =7,93%* 1,28*%*  .4,30** 3429 %% 0. 77%*
32,09 X0.08 30.88 .24 30,08
h 10.86 deTLT® 10, 19%** PedS** 0,88*%*
38,75 30.37 33.90 30,91 30.32
i 8.06 1,04%%* 7.88% 1.54 0.62%
8,68 30.37 33,86 10.89 + 0,31
d 0.058 0.,30%* 1,97%* 0.98%* -0.07
F1.07 13.04 10,46 .12 X0.04
- G -4, 56 -0,62 =10, 19O * -1, 14 =5 T2%*
1,73 30.48 +5.09 *1.25 30.43
Lint Fibre Fibre Fibre Fibre
index length fineness shape strength
m 4,88 25,00 4,10 1.72 8.5
¥0.09 20,16 30.05 30,03 30.11
d 0.42%* 1.34%*  .0,28%* Qe31%* 1,05%*
30.11 30,17 840,056 ¥.04 30.14
h 0.38 Ge43** 0.19 Oe41** 2406%*%
30,43 H0.72 H0.22 ¥0,.15 30,52
. 4 0.40 ;18 0«20 0:30%* D¢ 20%*
30.43 .71 *0.22 10,15 20,52
3 -0. 10 Q. 27%* 0.07* -0.03 0.03
+0,06 .09 30.03 - 30,02 .07
X -0,25 -10.,99%* 027 -0.11 2,68%*
0,61 10,96 0.29 #0.21 10.75

*Significant at 5% level of significance

**Significant at 1% level of significance
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Table & H /Components of variation and average degree of

dominance on the basis of generation variances

1 CHARACTERS _
Y. Yeld T Beil- )1 Beir I Ginning Seed
Components I /Plant{ weight I number percent- index
I )| 1 age
N
D 396,214** (,000%*x 100.010** 3,164%%* 0.356%*%*
7,569 304113 4,304 318 10.110
A 5
H 126, 570 ~0,229 =22,260**% ]1,753%x 0261
164,999 20,155 +5.881 40,430 01850
A
E 23.748%* (,076** 7.680** (Q,508%** 0.073%%
36,141 H0.018 30,555 10,041 H.014
vE/D O+ 566 - - 0,744 0.839
Lint Fibre Fibre Fibre Fibre
index length fineness shape strength
A
D 0622 ** 26 770 %% 0,280 ** 0,034 04490 **
*0.065 10.129 HH.029 H.024 30.047
A
H 0,912 %% 0.676%* 0.039 0.132%% D.168%%*
10.087 20,177 10.040 30.032 10.064
/\, F
E 0.073*% Oe 170 %* 0.,018%* 0.,017** 0, 570 %%
30.008 #0.017 10.004 X0.003 +0.0086
vH/D S5 A 0.499 0.373 1,270 2.103

*Significant at 5/ level of significance

**Significant at 1%

level of significance
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Igblg=§:s Estimates of genetie components-of wvariance and average degree of dominance from _ .
A least sguare analysis—ofe==t ikaf1¥ﬁﬂnyk?bdbvJszh-pngFtt“ﬁzzrmnxgcc,TDD PP
G,m\w Qodz LAV Te ., vern _TL A — A
' 2, - na 6 signll), yzﬂ#fmeMﬁmﬂ]

and Cov. DIIE§DEI~

Characters % o 24 § & 2D % & 24a § m
i £ { i 5,

Yield per plant 10.279 + 20,9920 4,686 + 34.874 1,893 + 29,170 0.675
Boll weight =0.030 * 0,067 -0.004 + 0.109 0,206 * 0,093 -
Boll number 1,630 + 2,657 -3.813 + 4,412 *7+471 + - 3,699 -
Ginning percentage 1,661 ¥ 8,808 7.209 + 4,166 -0,343 + 3,486 2.083
Seed index 0.107 + 0.175 0.376 + 0,290 0.218 + 0.243 1,874
Lint index 0.017 x 0,063 ¥*0.699 ¢ 0,063 **0.073 * 03027 6.412
Fibre length *¥¥0,948 + 0.340 0.429 + 0,565 =-0,226 +_ 0,473 0.672
Fibre fineness T*0.0790 * 0,027 04045 + 0.045 -0.041 + 0,038 0.754
Fibre shape 0.025 * 0,042 *%0,182 +_ 0,070 -0,025 + 0,059 2,699
Fibre strength 0.028 + 0,101 **0,877 . 0.189 0.189 + 0,141 5. 599

*Significant at 5% level of significance
**Significant at 1% level of significance



/ W “~w "‘ig&
\), . A ) @ m % -
Table . s CgFBarattOGV3¢ady of estimates of acditive variance ( ), dominanoesvariance * b
i (6 “D) and average degree of dominance in the E%aaf/designsdzI¢7—4311 S ;§?1t~ . -
» e .
i A X : { Averagevdegree N
2 )
Characters By A . i 7 of dominange |
i DI e+ G 1% 5 S DI DII DIII DI DII DITI
Yield/plant 438,288 10,851 33,256 -219,336 -13.639 3.038 - - 0.423
Boll weight 0.036 0.034 0.092 0.140 0.002. -0.,014 1.9222 0.244 -
Boll number 41,464 0.804 74.840* -18,220 -0.,481 -1,366 - - -
Ginning percentage $.112 1.338 4,048%* 4,452 1,000 -0,013 0,933 0.863 -
Seed index 0+308 0.138 0.840%* 0.764 0,038 0.091 1,574 0.524 0,465
Lint index 04204 0.018 0.316 0.4]:2 0.172** (0,033 1,420 3.000 0.457
Fibre length 4,920 0.294 1.656 -0,152 -0,022 -0.112 - - -
Fibre fineness 0.092 0,046 0,002 0.052 -0,015 =0,001 0.761 - -
Fibre shape 0.032 0.018 0.034 0.128* 0,029%* 0.007 2,000 1.269 0.661
Fibre strength -0,064 0.068 0.408%* 0,604**%0,203** (0,001 - 1,745 -

*gignificant at 5% level of significance
**3ignificant at 1% level of significance



