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Absiract

Eighieen hybrids obtained by pollinating two cytoplasmic male-sterile (CMS) lines viz.,

" Tamcot-778 and Des-hams 16 with nine hirsutum pollinators were evaluated for heterosis estimates

of hybrids and general combining ability valnes of pollinator pyarehts with respect to days to maturity,

- weight of seedcotton, lintcotton and seeds per boll, number of seeds and motes per holl and ginning
~outurn percent.

Heterosis was considered as the percent increase or decrease in performance of a particular
hybrid, with respect to a particular character, as estimated against the check variety. All the hybrids
exhibited negative heterosis for all the characters except days to maturify and number of motes per
boll. The positive heterosis for days to maturity and number of motes per boll was also considered

~ as an undesirable attribute.

All the pollinators scored negative geueral combining ability values for all the characters
considered and therefore it was concluded that these hirsutum pollinators used in this study are not
suitable to be utilized further to produce our own desired CMS lines. The use of fertility restorer
pollinators onto CMS lines has been suggested in continuing hybrid cotton breeding programme.

. Introduction

‘In cotton, four methods of producing F, hybrid seed have been recognized, viz,.

hand pollination, natural cross pollination, chemical malegametocides and the vse of
cytoplasmic male-sterile lines. Hand pollination is tedious, time consuming and expensive
to be adapted commercially. Natural cross pollination is only possible where honey
bee pollinators are abundant. It has been reported 2% in Pakistan, 35% in Egypt, 50%
in Tennessee and 81% in Alabama, USA {Baluch, 1981), Sodium alpha-dichloro-isobuty-
rate (FW-450} as male-gametocide to induce male-sterility in cotton was first reported

*Part of the thesis submitted by A.H. Scomro to the Sind Agriculture University, Tandojam,
in partial fulfilment for the requirements of M.Sc. {Agric.} Honours in Plant Breeding.
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by Eaton (1957) bcsn es other chemicals like Dalapon, maleic hydrazide (Meyer, et a,
1958) and TD-1123 (Olvey, Fisher & Patte erson, 1981). Cytoplasmic controlled male-
sterility in cotton was reported by Meyer & Meyer (1965). Virtually complete male-
sterility’ resulted in plants with homozygous partially recessive gene in anomalum cyto-
plasm. Reciprocal crosses of these plants with hirsutum (variety M8) produced highly
fertile progenies if the cytoplasm was from hirsutum, and partially sterile progenies

if the cytoplasm was from enomalum.

The findings of cytoplasmic-genetic male-sterility have paved a way to produce
commercial hybrid cotton seed, and the biggest incentive for attempting production of
hybrid cotton is, to take the advantage of the considerable heterosis which is already
known to exist in the crop. Thus the selection of best combinations in terms of yield and
- quality, from cytoplasmic male-sterile lines in an open pollinated field or by manual
crossing, depends upon the amount of hybrid vigour or heterosis by which the combina-

tion excell their best yielding parent. Therefore, it is worthwhile ‘to increase the
yield per hectare by exploiting the hybrid vigour which is defined as percentage increase
in yield of the hybxid over the better parent or over the mean of two parents. Utilization
of hybud v1gour in cotton by growing first g g,meratlon hybnds has ]ong been reported by

' Iume& Txlley (1947), Loden & Richmond (1951), Simpson ( 1954), Baluch (1961) Miller
.\& Lee (1964), Meredith & Bridge (1972), Thompson (1973), Davis (1974), Baker &

| Verhalen (1975), Choudhry, Khan & Khan (1978), Weaver (1979), Khan & Ali (1980),
Ahmad & Channa (1981), Ahmad, Channa & Soomro (1981) and Soomro, Ahmad &
Soomro (1982). | ’ o

_'Exploi!‘tatidn of hybrid vigour and heterosis through the use of 'cytoplas»mic
male-sterile lines has been suggested by Meyer & Meyer (1965), Weaver (1968, 1969,
1971, 1978, 1979), El-Kadi & Weaver (1972), Davis (1979), Sheeiz & Weaver (1980),
‘ Davw & P 0mo (1980) and Palomo & l)ms (1981), '

‘ lhe smdm rcported in this paper deal with the performance of E' hybnds
obtamed from cymplasmlu male-sterile lines of cotton when manually polhnated with
non-restorer Airsutum pollinators with respect to seven quantitative characters. The
object of the present investigation was to assess the general combining ability of the
pollinator parents on one hand, tn order to look into the possibility of producing our

- own desired A-lines through recurrent backcrossing and to estimate the amount of
heterosis -of different combinations obtained from cytoplasmic male-sterile lines in

~terms of yield and quality on the other hand and to isolate the outstanding ones.

: Ménterial and Methods

- The material used in the present studies comprised of two cytoplasmic male-
sterile (CMS) lines [hirsutim genome in harknessii cytoplasm) Tamcot-778 and Des-
hams-16 and nine Afrsutum pollinator varieties including local standard Qalandri. The
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CMS§ parents were obtained through the courtesy of Prof. Dr, I, B. Weaver, Department
of Agronomy, Unive; sity of Georgia, Ammw, (mng a, USA, }ﬁrsumm pollinumra were
selected from the gone pool belng nmimmmi at the Cotton Resesrch Institute Sak ‘d 5
since its inception, Weaver (1981) has suggested skip plariting technique to sow th 50
CMS lines alongwith Afrsutum pollinators/fertility restorers for open pollination uuypmm
But since the quantity of seed of these CM$ lines was quite limited and also due to very
low bee activity at Tandojam, the CMS lines were hand-dibbled each in two lines, f"lankéaci.
by nine pollinatc)rs in order to manually pollinat e the CMS parents. Sowing was dc)rm on
20th May 1981 kee:&pmg I5 cms plant-to-plant and 75 cms row-torow distance in a.
- plot of 80 "'x 20" at. Botanical Garden of Doepartment of Plant Breeding and Q}eneﬂ(‘ag ‘
Sind- Agr aulture Umversity, flmadomm Raommmmlwi dose of fmt lizer in the form Qf o
DAP (4 1bs per plot) during soaking dose ond urea (6 1bs per plot) in two split doses
viz., 2 1bs at the time of first ir@rigm n (22-6-1 982) and remalning 4 1bs at the Mma mf;
ﬂowering (24-7-1981), was also anphec to the crop.

Hz’rmmm pollmatm nndmemm 18 W10 hami brushed anto newly rwe:pt Vo f( MS;
' mgmas and then bagged. At the time 01 full boll opening, days to mamrity were ﬁ;ount@d;
"(fmm the c,roasing dat@) for each bc)ll sot obtained after hybridization. Other. warvatiﬂnsﬁ
recmdad for each boll set thus harvested were: welght of seedeotton per boll (in gms),
welght of lintcotton per boll (in gms), weight of seeds per boll (in gwm) number of
seeds per boll, number of motes por boll and ginning outturn percentage. -

Avaraga }2)61 wmnm of sach entry (hybrid and palm } w1 h msp% m abwva »
meutioned metrienl traits was represented In the form of arm metic mean, F‘opulmion,
'variancas and coefficlents of varlability were calculated after Sokal & Rohlf (19811 on
the basis of number of bolls harvested per entry, Simple analysls of variance of the data
to establish significant differenices between the parents and the hybrids for all the quanti-
tative charauer& was performed after Sokal & Rohlf (1981), Heterosts estimates of the
'hybrids were estimated as the percentage increase or decrease of a pin tieular hybrid, for a
particular charac:tm as against the check varlety (Qalandri In the present case) as sugges-
“ted by Mewd th & Bridge (1972). General combining abilit ty values of the poilinator,
'parents were calculated after Simmonds (1 '”?9) 8 mple cmwlatum coofficients were also

calculated between yleld of seedcotton per ball and days to nmmuty weight of linteot-
' lon per holl weight of seeds per aoll number of seeds per hw]l number of mofes pvi boll ;
and girming outturu pemutage e ;pmive]y ‘

R&aults and Discusslon

The average performance of hybrids together with  thei pwllmui(u pmmi‘% fm
wven quantiative characters considered in this study has been given in Table 1. The
range. of variatlm of each hybrld, {ts population variance and percent w&fﬂci@m of
var ability for each of the quantitative character are given in Tahles 2 and 3, On the bmiq
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of the m&an perfommm hybrid Des-hams-16 x M-106 took 49. 8 days to mature while
‘I)es hams-16 x 47/1-28/1 was the earliest. lfybnd Des-hams-16 x 9134 10CC yielded
highest and Idmcut /78 x M-106 pmduwd the lowest yield of seedcotton per boll.
Highest it per boll was produced by hybrid Des-iams-16 x W-1107 and hybrid Tamcot-

778 x 47/1 -28/1 produced the lowest lintcotton per boll. Theoretically highest seedcotton

' prodmmg hybnd should have produced highest lintcotton but this depends upon the
numbcr of sound seeds and motes present in the boll and since the number of seeds were
less in hybrld Des-hams-16 XWM-1107 its lint welg} t was hl;,her than the hybrid Des-
hams-16 x 9L 34 iC CC and uqul,wmly moics per boll were also less. In case of weight
of seeds per boll, Dea hmm 16 x 91. 34 IC e ranked hl@,hest while Tamecot- 778 x W- 1107
wis the lowest, Por nuiber of seeds per buﬂ 30. 33 seeds per boll were pmduced by
‘ hybrid Des- harm 16 x 9L 34 10CC while the lowest number bt,longed to Des-ham-16 x
~ M-106. Highcm mutes per boll were obtaed fiom hybnd Des- -hams-16 x 47/1- 28/1 whﬂe
~ Tamocot-778 X Qalandri produced lowest. Finally for ginning outtum percentage (g.0.t),
Tamcot-778 x CRIS-13/80 exhibited higliest g.o.t. while Tamcot-778 x ST-3 was the
lowest If we compmc the performance of these hybnds with their Ieapectwe pollmators
all the hyl‘mds proved to be late maimmg, low yleldmg, with lower seed welg,ht lower
‘ rmmbex of swds per boll and with less | gmnmg outturn perwntage Thls mlpllcd there-
' fme tmt thc hybnd& showed hnghex pert mnmnm for undmrablc oharactcrs Whl e ]owu
perfummm,e for deamd atmbum

‘ Tables 2 and 3 wwal the mngu of v.smbﬂny, population variance and ooethments
of vanabthty of these hybrids for all the characters under mzdy rhesc estimates ascertain
t}w magmtude of variation within populmmn The !ngghw range of vaxmblitv fox days
o matunty was n,;dnmwd by hybrid Emumt 778 x 47/1 ’8/3 where 32 bolls set spent
~ from 27 to 5‘) daya m maium with 38. 19 popu[‘niun vatiance and 14.77% coefficient of
Vdnablhty But the m@w (V of 23 02% was shown by hybrid Des-hams- 16% X w. 1107
 with range of only 36 to 50 days de mpu}dtmn variance of 98.01 mlplying that the
‘ coefihiont ()f vambihty is not u)nclawd with the range but it is Ppositively wnelated,
wnh the variance of pc»pulamm Lower magnitude of range pmdmed high CV because
the tWQ bolls set for this. wmbinatwn carried larger amount of deviation fr om the mean.
Thexefme it may be wmluded tlwt the hybrid with highest wefficlent of varxabﬂxty
and ccquumﬂly vwih high pupu]w{mn varigice may be xegmdod as the unstable or‘
, inwnsmwnt i its pufommnw Siy mlmly zybud l‘)w lmm 16 x W-1107 showed the
‘highest u(}tﬁfﬁciﬂlll of variability and consequent Ly the population variance for yield
of nwdmtwn per boll, yisld of linteotton per boll, seed weight per boll and g.o.t.,
wlm hybrid Des-hams-16 x M-106 was the most unstable for number of seeds per boll
and 1anmut 788 X 8T-3 for motes per boll due to their | high population variance and
‘ wetfi{,iem of variability.

The anm]y&ia of vartance of the data In Table | was performed after Sokal &

~ Rohif (1981) in mder Lo establish the differences between the parents and the hybrids
md the rfmﬂm are presented in Table 4. In the analysis of variance, only mean-squares
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for among groups, among sub-groups and within sub-groups have been shown. Variance
components for groups and subgroups have also been calculated and presented in Table4.
Among groups source of variation represents the differences between parents and hybrids
while among subgroups refer to differences between the hybrids of one CMS line as
compared to the other. Within subgroups portion of means squares is the error term.
Variance components for groups and subgroups, calculated following Sokal & Rohlf
(1981), substantiate the additivity of variances between parents and hybrids and among
hybrids.

The results of Table 4 indicate highly singificant differences between parents
and hybrids for all the characters under study. This is expected because the hirsutum
pollinators, the CMS lines and the hybrids derived from them came from different origin
and hence they are ought to perform significantly different from one another. Two
hybrld groups when compared between themselves did not differ in their pertormance
for all the characters except number of motes per boll. The trend performance of indi-
vidual hybrid was more or less the same. The difference in producing number of motes
per boll with respect to individual hybrid was due to the compatibility of individual CMS
line to bear successful fertilization with respective pollinator. Different number of motes
per boll for different hybrids also reflect the behaviour of pollinators with respect to
heteromorphic incompatibility. The variance components for among groups were singi-
ficant for days to maturity, weight of seedcotton per boll which imply that there was
added variance (in additon to error variance) for these characters due to variability
accounting for the differences between parents and hybrids. Subgroups variance compo-
nents were nonsignificiant and hence no added variance could be interpreted due to
differences within the hybrids.

Heterosis estimates:- The estimates of heterosis were considered as the percen tage increase
of a particular hybrid for a particular character as calculated against the check variety
(Qalandri in the pre_sem case) as considered and defined by Meredith & Bridge (1972).
Accordingly, the heterotic values for seven quantitative characters considered in this
study have been given in Table 5. The highest heterosis for days to maturity was cal-
culated for hybrid Des-hams-16 » M-106. All the hybrids showed positive heterosis
ranging from 5.85 to 33.88% against the common check variety Qalandri which secured
only 37.24 days from the date of boll set to the date of maturity. This implied that the
hybrids matured from 5.85 to 33.88% late as compared to the check variety. Thus posi-
“tive heterosis in case of days to maturity may be regarded as an undesirable attribute as
every breeder expects his variety to be early maturing.

In case of yield of seedcotton per boll, all the hybrids showed negative heterosis
ranging from 28.06% to -68.38%, the maximum being -28.06% for hybrid Des-hams-16 x
IL.-34 and minimum (-68.38%) for Tamcot-778 x M-106. It may also be mentioned that
negative heterosis obtained in the present studies, for yield of seedcotton is also undesir-
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able in the breeding programmes as no breeder would like that this variety should be
less yielding when the prime object of every breeding programme is for high yield, Hence
positive heterosis should be taken as criterion while selecting the hybrids with high
heterosis because they are expected to produce high yielding cultivars. Same is the case
with lintcotton yield per boll, weight of seeds per boll and number of seeds per boll as
these components are directly proportional to yield of seedcotton. Hence negative
heterosis for yield and yield components is not desirable and progenies with negative
or low hybrid vigour may be discarded during selection procedures. Ginning outturn per-
centage also holds good as yield of seedcotton because high ginning outturn is desired
in every cotton breeding programme. In the present study, negative heterosis values have
been obtained for lintcotton yield, weight of seeds per boll, number of seeds per boll
and ginning outurn for all the hybrids and therefore these combinations are not suitable
for further utilization. Unlike yield and yield componerits, the hybrids scored high
positive heterosis for number of motes pér boll but since the presence of larger number
of immature seeds per boll is not desired, high hetercsis for this character is also un-
desirable and hybrids with maximum negaiive heierosis may be selected if only this
character is incorpdrated in the progenies.

Combining ability of pollinator parents:- Combining ability per se may be defined as the
capability of two parents to combine in such a way that the desireable characters are
transmitted to their progeny. The term general combining ability applies to the mean
performance of a particular variety in a series of crosses with respect to a particular
character and specific combining ability is the deviation of the performance of a parti-
cular cross from the mean of general combining abilities of parental lines. The object of
estimating general combining ability of pollinator lines in this case was to select the
best combiner pollinator and then to produce our own desired cytoplasmic male-sterile
line of cotton for the hybrid cotton breeding programme. The estimates of general
combining abilities of the pollinator lines are given in Table 6. The results of Table 6
reveal negative values of general combining abilities for all the characters and for all
the pollinators. This gives an idea that the hirsutum pollinators used onto these cyto-
plasmic male-sterile lines are not suitable in the present case and therefore our own
CMS ‘A’ lines if developed from these pollinators will not be desirable in further breeding
programme. Such early generation testing for combining ability haslargely been advocated
as it saves time on one hand, and provides adequate information to discard the undesis-
able material in the initial stages on the other hand, rather than to realize after four or
five crossing generations that these lines were not suitable and may be réplacmi by another
ones. ‘

The correlations between the yield of seedcotton per boll (treating it as dependent
varigble) and rest of the characters (treating them as independent variables) were also
calculated from the data in Table 1 and the correlation coefficients are given in Table 7.
The purpose of estimating the correlation values was to study the extent by which the
yield is being affected with the change in independent variables like days to maturity,
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Table 7. Correlation coefficients between yield of seedcotton per boll and other quantitative characters

, 1 Pollinator H ybrid‘s from
Combination | Parents CMS lines
' 1 DF =8 DF =17
Seeddotton yield and days to maturity 0.11 0.24
Seédcotton yield and liptcOtton vield - 0.82%* o 0.78%*
Seédcdtton Yield and w'eight’ of seeds/voll ' 0.87+* R 0.90**
- Seedcotton yield and number of seeds/boll 0.72%* _ 0.58*
: Seédcbftoﬁ yiéldiand number of motes/boll o1 0.08
‘Seedcotton yield and ginning outturn %age 035 o 026

*Significant at 5% level; **Significant at 1% level.

~ lintcotton yield, weight of seeds per boll, number of seeds per boll, number of motes per

‘boll and ginning outturn percentage. The results of Table 7 reveal that the yield of

~ seedcotton per boll was positively correlated with lintcotton per boll welght of seeds

'per boll and the number of seeds per boll. Ginning outturn percentage did not carry singi-

ﬁcsz assoaatlon with yield of seedcotton. Same was the position with number of
motes per boll ‘
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