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ABSTRACT

Agronom ¢ and genetic aspects of early maturity in
cotton were investigated using seven varieties of cotton
originating fromdiverse backgrounds. The varieties used
are: 2421 - K 4489 (V ), Striper 61-15: 62-7 (Vy), Arkansas
52-21 (V§), Samaru 71 (V4)1 Samaru 72 (%?), Sanatu 26J (\@)
and UK66 (V7).

The agronomic trials were conducted in 1975 and 1977.
Three sowing dates and three |evels of nitrogen were enpl oyed
in 1975 whereas three sowing dates and two nitrogen |evels
were used in 1977. 1In the genetic trials, two series of
experinments were conducted in 1976 and in 1977. Firstly, a
diallel cross series involving all the seven varieties, their
Fl's, and F2's were put into trials under two contrasting con-
ditions of June and July plantings in each year. Secondly, a
series of selected specific crosses involving parents of
different maturity dates, their F1's, F2 's and backcrosses
were tried under June sown conditions only in the tw years.
In each case, observations were nade on several earliness and
yield characters.

When the two-year results of the agronomic trials were

combi ned, none of the characters was influenced by planting

XVi



dates or nitrogen levels. There were, however, significant

i nteractions between the year and each of these two main factors
for days to first flower (DFF), and between the year and the
dates for seed wei ght and nunber of seed. |In this respect, both
the node of the first fruiting branch (NFB) and DFF can be
regarded as reliable measures of earliness. The individual

anal yses showed that early sow ng date had favourable influence
on nost of the earliness and yield characters in both years,
whil e higher nitrogen levels favourably influenced yield and
related characters nore than those of earliness in 1975. Conbi ned
first and second picks as a percentage of the total pick (E2%
was also found to be a good nmeasure of earliness as it showed a
nost di stinguishing effect between the early and the late types.
However, there was a considerable change of ranking between the
early and the internediate varieties for various characters.

Nevertheless, V and V were consistently early maturing.

In the diallel studies, there was no significant diffe-
rence in maturity between crop sown in June and that sown in
July, but on the average, the 1976 crop took longer to mature
than the 1977 crop. The general conmbining ability (gca) nean
squares were very large while the specific conbining ability
(sea) mean squares were very snall (or even zero) for all charac-

ters in both the F and the F analyses. This would seemto

XVi i



indicate that the varieties were heterogeneous and probaly

het erozygous al so. F1 hybrids of early maturing parents were
found to be earlier than hybrids of late maturing parents, and
sone of the hybrids, especially those involving V1 V2 and
possibly V , conbined earliness with high productivity. Posi-
tive and negative gca effects for the different characters

al so indicate that some of the varieties had comnbinations of
characters favourable for the expression of earliness. Hence
their initial inmprovenent through breeding seened prom sing.
The significant year x gca and year x sea interaction would
necessitate nmeasuring these effects over years. Wen the two
planting conditions were considered separately, it was noticed
that NFB and DFF were reliable neasures of earliness for the

June planting and E2%for the July planting conditions.

In the specific cross studies, there was an indication
of domi nance for earliness in both the early x late and the
early x intermedi ate crosses, but the nature of the variances
woul d not permit a reliable estimation of the genetic paranmeters.
There were a few cases of heterotic effect when neasured as the
di fference between the F1 and the nid-parent value, but in
general heterosis was not frequent in these studies. |n addi-
tion, the total nunber of synpodial branches on the main stem

(MSB) per meter of plant height was al so nmeasured. Considering

XViii



this as sonme neasure of relative productivity, it was noticed
that, the early maturing varieties had higher NSB/ neter of PHT
than the late ones, despite the fact that the former wore
shorter plants and had fewer NSB. Narrow sense heritability
(h2) estimates showed high values for nost earliness characters
in both the early x late and the early x internediate crosses,
thus indicating that these characters would respond favourably

to sel ecti ons.

In the genetic studies, it was generally noticed that
the vari ances of the non-segregati ng generations were | arger
than those of the segregating generations for sonme characters.
This was largely due to the bul king of selfed seed fromdifferent
rent individual plants which presumably increased the vari abi -
lity of the parental generation. Nevertheless, it is possible
to breed for earliness in these varieties at least initially

wi t hout the conplications of dom nance and epi stasis.
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INTRODUCTION .- | |

The broad-ai; sf.the cotton breeding programme in
Nigeria is lo develop high yielding, early maturing varieties
wi th imﬁfd;ed ginning percentages, resistance to pests and &oI 
discascs and of acceptable lint gquality from the point of
view of tlie Nigerian textile industry. Hitherto, the empha-
sis has béen on standard quality {short staple), high yielding
and bacterial blight resistant varleties, but the quality
aspect came into prominence with the decision teo develop medium
staple cotton. Since 1970, breeding for early maturity has
assumed Ilncreasing importance. R
| The history of the improved varieties of cotton in
Nigeria started with the intreduction of an American uplaﬁd .
type, the Allen Long Staple, from Uganda in 1912, From this
steck improvements were made through selection, leading to sule
sequent development of the Nigerian Allen and later the Samatu
~ Allen {Choyce, 1968). Satisfactory levels of yield, resistance
to bacterial blight and lint quality characteristics have been
achieved in the S5amaru Allen campafed to its ancestors. Seve-
ral commercial varieties (Samaru 26J, Samaru 68, Samaru &9,
Samaru 70 and Samaru 71) have been developed from Samaru Allen

which thus forms the basic stock of Nigeria's cotton breeding



programme, However, since the early nineteen sixties many cul.-
tivars, some with very disfinctive characteristics have been
introduced into Nigeria from different parts of the world and
tested at Samaru, Among these, 2421-K448% from the U.S3.5.Ra.,
Stripper 61-15:62-7 and Arkansas 52~21 from the U.S.A., and
GCel0B,4,65R from Australia were found to be conslderably earlier
maturing than the Samaru varieties, while UK66, a Tanzanian type
was much later maturing. Four of these and three of the Samaru
varieties were included in this study. =

The buik of the Nigerian cotten crop which is rainfed ié
almost entirely grown in the northern states of Nigeria (an
area approximately 700,000 km2) extending from latitude 7°30N
to 13°N and from longitude 4°E to 13°E with very little in Bendel
and Oyo States, This region of major ceotton productiop is
characterised by pronounced fluctuations in local and seASOnal
climatic conditions. Of all the climatic factors which influence
the pattern and productivity of rainfed agriculture in Nigeria,
éfailability of moisture is by far the most important. Pronoun-—
ced differences exist in the length of growing season due to
the differences in the distribution and amount of annual rainfall,
ranging from the extreme south where crops may be grown through-
out the vear to the extreme north where the growing season is

only about 100 days (Kowal and Kassam, 1973, and Walter 1967)},



The iatfer.éégion forms a large proportion of thé area.of”
major cotton producticn, These climatic extremes have become
rather more pronounced since 1970. Meteorological sbservatlons
at Samaru (latitude 11° 11'N, longitude 70°35'E and altitude
685m) over the past few vears showed that in 1970 rainfall was
below expectation in April, June and early July as well as at
the end of the season in late September and early October.
Similar observations were reported for 1971 {(Faulkner, 1973}
- and 1972 (Kowal and Adeoye, 1973, and Faulkner, 1974) and also
 for 1973 (Hayward, 1975). This indicated a below average rain-
fall for four consecutive years (i.e. drought years) in this
relotively dry region which seriocusly affected the establishe
ment and the performance of crops. In some cases it might alsc
have affected the past complex of the laée sown cobtton crop.
The rainfall data for 1975, 1976 and 1977 is given in Table A1,
The factors enumerated above are compounded by a diversity
of bushandry practices which provide no buffer for the crop
against its environment. In most areas, the majority of farmels
sow late, usually in late July or in early August, and hardly
gver apply the appropriate doses of fertilizers or proper pest
control measures despite the recommendations. All these add up
to affect seriously the total production of cotton., Hence, the

restricted wet season and the practice of soﬁing cotton late
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following the planﬁing é;d establishment of food crops in the
cotton growing region, necessitate the development of early
maturing cotton varieties. This will be facllitated by én.
understanding of the factors contributing to earliness which -
is the obigct of this study. Accordingly, preliminary observa—
tions were made during 1972/73 and 1973/74 seasons on the |
flowering pattern and other earliness traits of many local and
introduced varietles which eventually led to the selection of
those involved in the present study.

The work reported here was carried out under two broad

“aspects! agronomic and genetic, resulting in a series of experi-

ments belng conducted betwean 1975 and 1977 for those purposes.
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LITERATURE REVIEW
- g

1+ Measures of Larliness

Sariiness of maturity in cotton is measured in a number
of ways including harvest data (seedcotton and lint yield) and
morpholeogical features of the plant. Ludwig {1931) used the
period of squaring {(number qf days from square initiation to
anthesis) and of bolling (Aﬁmger of days from anthesis to boll
split), and Brown (1951) used the period from sowing to first
flower opening and date of peak flowering. Various measures,
such as the first pick as percentage of the total, date of
flowering, days from sowing to the ripening of 50% of the bolls,
squaring and belling pericds and mean maturity date (MMD) were
given by Christidis and Harrison (1955). They reparted that
carliness was more of a result of early flowering and/or og a
short bolling period, and concluded that MMD when secured over

a number of years might provide an accurate determination of

"~ f)

HEhe relative earliness of cotteon varieties,

Richmond and Radwan (1962) compared seven methods of
measuring earliness, three of which dealt with time, namely,
number of days from planting to first square (Ei)’ to first
flower (En) and to first boll split (E;) while the remaining

four dealt with various proportions of the crop harvest data
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expressed as percentage of the total harvest. The ratio of the
nunber of open bolls at the first pick (54}, ratio of the number
of open bolls at the combined first and second picks (E_.), per-
centage weight of the first pick {BB) and percentage weight of
the combincd first and second picks (Eq). They considered 27
as the most practical measure of earliness, Richmond and Ray
(1965) used the amount of crop harvested at a specified date
(ACH), percentage of crop harvested in a specified harvest (PCH),
and MMD, and found that MiMD was the most useful criterion. They
however pointed out that no single measure could be considered
completely acceptable in all breeding situations or under all
conditions, but reasonably reliable measures for estimating
earliness are available for application to specific objectives,
Using morphological features such as node of the first fruiting
branch (lIFB), number of vegetative branches (NVB) and percentage
of bolls on monopodial branches (PBV) as measures of earliness
in cotton, Ray and Richmond (1966) considered NFB as the most
reliable and most practical measure. They concluded that NFBD
and MMD when used together form a reliable basis for estimating
earliness in genetic studies as well as in breeding programmes.

lHooseberg (1969) measured earliness in terms of the rate
of flower production, bolling period and PCH at first harvest

in the variety Arkansas 52«21 and concluded that earliness was
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the summation of a reduced number of days to first flower, an
advance in fruiting rate and a reduced helling period. Munro
and Parbrother (1969) gave a detailed description of the com-
posite plant diagrams which can be used for estimating the
flowering and fruiting behaviour of cotton. Munro (19271} study-
ing earliness iIn cotton gave the vertical flowering interval
{vFI, the peried in days between the opening of flowers of
similar nede number on successive fruiting branches up the main--
stem), horizontal flowering interval {(HFI, the period in days

~ between the orening of flowers at successive nodes along each
fruiting branch), date of the first flower (LIF) from which he
estimateod the date of standard flowsr (DSF) and NFR as factors
of earliness, Bllbro and Quisenberry (1973} proposed a produc-
tion rate index (PRI) as a measure of earliness and indicated
that the values were generally more suitable than MMD values as

they ulso relate to yield.

Z2s Effects of environmental factors on earliness

A number of environmental factors are known to influence .
earliness in cotton. These Include moisture stress, atmosphe-
ric temperature, fertility levels, sowing dates and many others.
Speconer, Caviness and Spurgeon (1958) reported that bolling
period (BP) in cotton was delayed by irrigation while severe

molsture stress led to earlier boll opening. ©On the contrary,
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Morris (1964) found that excessive dry conditions at flowering
and at »olling do not shorten, but may lengthen the period of
boll maturation. He also observed that in Uganda higher tem-
peratures shorten the mean maturity period. In a dry season
experiment at Samaru, Nigeria, Mustafa (1976) reported that
low temperature greatly delayed the period from sowing to first
square but did not affect NFB in the varieties studied. Yfoulis
and Fasoulas (1978) indicated that there was a "minimum limit"
of night temperature (16°C) below which boll maturation was
adversely affected, and a "maximum limit" of day temperature
(32°C) above which boll maturation was delayed in Greece,

rom the fertility standpoint, the effect of nitrogen
fertilization on earliness in cotton has received a consider-
able attention. Wadleigh (1944) indicated that fruiting period
(presumably the peried during which the plants remain reproduc-
tive) was consistently lengthened by the higher nitrogen levels.
He also reported that the growth of the main axis, the number
of fruiting branches and the number of nodes on the fruiting
branchnes were determined by the levels of nitrogen applied but
vertical and horizontal flowering intervals were not. Both
rates of flower and boll production per day were greatly increa-
sed by high levels of nitrogen. Perkins and Douglas (1965) have

shown that percent first pick (EG) was not affected by nitrogen.
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Apparently, the most suitable time to take the first pick varies
with different situations. However, deficiency of nitrogen
aspecially at the early growth stages adversely affected frult-
ing in cotton (Gardener and Tucker, 1967). Ashley et al (1974)
reported that addition of nitrogen resulted in enhanced rate
of flowering. Thompson et al (1976) also found that cotton
plants groun under low nitrogen flowered later, produced fewer
fruits and fewer mainstem nodes and had increased number of NFB
than those grown under higher levels of nitrogen. They however
noticed that delayed fruiting was associated with the higher
nitrogen levels.

The effect of sowing dates on earliness in cotton seemed
to have reccived less attention than did some of the other
environmental factors. MNonetheless, Christidis and Harrison

‘(1955) working in Greece reported that date of sowing had a con~
siderable effect on the date of maturi*v since both flowering

and bolling periods were lengthened by late planting. Morris
(1964) on the other hand, showed that the mean maturation periods
of bolls sot on corresponding days in relation to the time of

the first flower, do not differ for the early and the late sow
ing dates, Bilbro and Ray (1973) testing cotton cultivars under
five sowing dates reported that, the earlier the maturity of a

cultivar, the less adversely were its yield and fibre properties
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affected by late plantings. They calculated the MMD and PRI
for tlie three cultivars from their 1963 data, averaged over
sawing dates, and showed that the cultivars differed aﬁdnél
themselves for these measures of earliness, Planting dates
affected yield and quality characteristics more than MMD and
PRI, Howcver, the MMD and PRI were observed in three of the
five planting dates.. |

The effects of other environméﬁtal”factors such as row
Iwidth and plant spacing on earliness have been reported in the
literature. Tugwell and Waddle (1964) showad that more seed-
cotton was harvested at the first pick (E.) when there were
two to five plants per hole than when there was only one, thus
indicating a delay in fruit development due to the single plant
per hole. Kirk, et al (1969) at Lubbock, Texas, reported that
ﬂighér.perccntage of the crop had opened on wider row-width and
wider plant spacing than on the narro ~ow-width and narrow
spacing. They alsc reported that NFB was not influenced by

either row width or plant spacing.

3. The genetic aspect of earlingss

Harland (193%9) in a study of crosses between low NFB and
high NFB plants in cotton, found the F1 to be intermediate

between their two parents and the majority of the F_ plants had

2
low NFDs Tn a backcross te the high NFB parent, he obtained a
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segregation ratic which suggested a three factor genetic con--
trol of this character, Studying characters in crosses of
upland cotton over a period of 3 years, Kime and Tilley (1947}
found that the F1 rroduced significantly more flowers and open

bolls {total number of open bolls just before the first pick!

than the earlier parent. Both the F, and the F, means were con-

1
siderably higher in these paramters than the higher parental
mean and they concluded that hybrid vigour-was expressed for
these characters. Jones and Loden (1951) reported that the Fq
- generation mean for ﬁs.wés significantly higher than that of
the parental generation. They however found ne such heterosis
for NFB or the height of NFB from the ground level. In both of
these characters the Fq4's were approximately intermediate
between their two parents. Miller and Marani (1963) measuring
percent heterosis by using the deviation of the F, from the

mid parental value ZTF1«MP)/M£? repor~d significant heterosis
for Lg and for lint yield and lint guality characters,

In a study of the genetics of bolling period in three
varieties of cotton, Hintz and Green (1954) indicated the
presence of additive genetic effects. Althodgh they conducted
their experiments over two years, they did not draw any inferen-

ces on the genotype x environment interactions because of the

presence of heterozygosity in the parental materials studied.



12
White nnd Richmond (1963) reported significant general com-
bining abllity effacts for this trait, thus showing additive
effects to be more important. White and Kohel (1964) stulied
several earliness traits including LB, days to anthesis,
relative fruitfulness (number of bolls per 100g aerial vegeta-
tive welght), frulting index {(ratio of the weight of fruiting
to ﬁEQGtatiVQ parts), Es and number of bolls per plant. They
conducted Bartlett's test for homogeneity of variances computed
over replications and found significant chi-square values for
gll chakacters except Eq, thus suggesting hetevogeneity of
variances thereby rendering the validity of their analysis
questionanle. However, they conducted the Wr~Vr analysis of
variance and the analysis for the components of the diallel in
which significant additive effects for NFB and fruiting index
and significont dominance effects for bolls per plant were
noticed, They alseo indicated the ~- -ence of maternal
influence on days to anthesis and reciprocal <ifferences for
Eg. V¥hite (1966) reported that multiple allelism controlled
e W
For the character PCH, Richmond and Ray (1966) found
evidénCe for dominance of earliness in two early x late crosses

and Tor dominance of lateness Iin a late x late cross. They

raeportaed large environmental variances for ACH, PCH and MMD

B
T,
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wlth very low heritabilities only after a certain number of
harvests have been made for the first two characters. Hence
they concluded that all three can be reasonably utilized in
a breeding programme, although the selection of the critical

harvest date could be extremely important in the genetic analy-
g3is of ACH, In another study involving the same three crossaes
as above; Ray and Richmond (1966} gave broad sense heritability
estimates of 0,60 and 0,43 for NFB in the ftwo early x late
crospos with average degree of dominance of 0,54 and 1,18 for
NFB and lMD respectively. These observations suggested that
genes with incomplete or paffial dominance control NFBE but
those associated with MMD have complete dominance, _-

Studying earliness and other traits in OK-66 (an e;fly
parent) and Acala 44 (a late parent), thelr F,'s, Fy's and back-
crosses, Murray and Verhalen {(1969) showed that the genetic
cantreo) of Eg was primarily additive with narrow sense herita-
pility estimates of 0.55 in 1961 and of zero in 1962 for this
trait, This indicated a differential effect of the environ-
ment on the non-segregating generations. Mooseberg (1969)
indicated that earliness which was a summation of reduced period
to first flower, advanced fruiting rate and reduced bolliing
period was heritable in combination with other desirable
characters. |

e
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Al-Rawi and Kohel (196%9) in a 9-parent diallel cross

study in cotton reported significant heterotic effects for all
the characters studied. The cause of the heterosis for total
nunber of nodes and DPF was the presence of dominance only,
but For Eg it was due to epistatic gene action only while for
plant height (PHT) it was due to both dominance and epistatic
effects, There was no reciprocal difference for total number
of nodez, PHT, Eg and NFE thus agreeing with White and Kohel
(1964), Thus Al-Rawi and Kohel (1969) tested the various
agsunptions for the Jinks-Hayman (1953} diallel analysis and
found indications of epistasis in PHT and Eg and of interaction
and multiple allelism in DFF, However, aAl-Rawi (1970) using the
samc materials failed to obtain evidence for epistasis in Eg in
1966, Differences in the additive effects for this trait among
parents were significant and did not interact with the environ-
ment (i.e. were constant over years), but the dominance effects
did interact., Dominance was in the direction of earliness and
over-dominance appeared to be involved. The effective gene
number and narrow-sense heritability for Eg were both low and
hence concluded that mass selection would be ineffective as a
breeding method for Bs.
Using the joint scaling test method of analysis of Mather

and Jinks (1971), Quisenkerry (1975) in a cross between
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Lubbock Dwarf ahd Tﬁ;ihshﬁwed that PHT, number of nodes on the
mainstem, NFB, and other characters, adequately fitted the
additive doninance model. There were significant additive but
not Jdominance effects for all characters indicating that
dominance was not a major factor in inheritance of these
characters., €Quisenberry (1975) also found significant corre-
lation hetwaen NFB and PHT and.also between NFB and number of
nodes on the mainstem. In ancother study of plant height and
crop maturity characteristics in diallel crosses involving six
rgamidwarf strains of cotton, Quisenberry (1977) found genetic
.variation among these strains to be primarily additive with
small but significant dominance components for both trait
groups. There was small but significant heterosis for PHT,
internode length, and NFE, and heritability was relatively low
for PHT, intermediate for NFB, and high for MMD, There were
no genotype x environment interactic.s. He tested the general
assumptions underlying the Jinks-~Hayman diallel analysis and
found that those assumptions were generally valid for these
tralts although some resldual heterozygosity that still remained

in the parents influenced the estimation of certain parameters.
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MATERIALS AND METHODS

T .

1e Lxperimental Materials

3even varieties of uplahd cotton (Gossypium hirsutum L)

differing in garliness characteristics and originating from

diverse backgrounds were selected for this study (Table 1),

They wore chosen on the baslis of”pfe§icus observations made on

their flowering patterns and several other traits of interest,
2427 was introduced into Nigeria from Azerbaijan, U.5.5.1.,

in Jamuary 1970, The history of its development has been

.referred to by Veliev (1969}, Both Stripper and Arkansas wole

reccived from the University of Arkansas, Fayetteville, U,S5.A,,

in May 1971 and June 1970, respectively (see Mooseberg (1569)

| for their developmeptal history). All the three varieties are

short-statured, shartQStaple, smooth-leaved with very poor

levels of resistance o bacterial :light (causcd by Xanthomonas
QELXESEEFHE.L) but early maturing. Samaru 71 is a high yielding
and a high ginning vékiety with a staple length of 25.4 mm (1
ipch). It is a derivative of Samaru Allen and is so far the
highést vielding of all Samaru varieties., Samaru 72 has a
satisfactory yield level and ginning percentage with a medium
staple length of 27.0mm (1%6 inchl). It was selected from the

derivatives of a cross SA(55)44 x Albar 51/474, the latter parent
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Table 1: Origin #nd maturity grades of the
. varieties studied S

Code Variety = . % gg‘:g;‘iy of Matupity ')
' 2421-K4489 U.S.S5.R. Barly

v, Stripper 61-15:62-7 U.5.A, Early

\ Arkansas 52-21 U.S.A. _.”T__ ~ Early

'v",L Samaru 71 .:‘ . | . Nigerié R iﬁfermediate
vy Samaru 71 | - Nigeria Intermediate
Vg Samaru 264 ; o Nigeria Late

Vo UK6E EOEE Tanzania Very late

{1} Grade scores based con combined first and secoﬁd picks as

percentages of the total.

L .t

having been introduced from Uganda on the basislﬁf good resis-—
tance to bacterial blight. Of all the varieties developed at
Samaru up to 1977, Samaru 72 had the highest lint quality
characteristicses Both Samaru 71 and Samaru 72 are of medium
helght, hairynlgaved with satisfactory levels of resistance to
bacterial blight and of medium maturity. Samaru 26J used to be
the main commercial variety grown all over the cotton growing

zones of Nlgeria from 1959 when it was first released until

fairly recently when it was completely replaced by Samaru 71 and
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Samaru 72. It is a tall, short-staple, hairy-leaved variety
with a fair resistance to bacterial blight but late maturing.
It is a derivative of Allen Longstaple, UK66 was introduced
from Tanzania in June 1970. It is a derivative of Ukiriguru
1/686 which was itself selected from the derivatives of a cross

involving Sea Island cotton (Gossypium barbadense L). It is

medium in height, short-staple, and has very hairy-~-leaves with
good blight resistance but very late maturing.

The selection of these seven varieties followed a
series of observation trials conducted between 1970/71 and
1973/74 seasons at Samaru in which these and several other
introduced as well as locally developed types were grown. From
their flowering and fruiting habits, morphological features and
several other traits, the varieties showed a cluster pattern
into early, intermediate and late maturing types, hence the
selection of these three early, two intermediate and two late
types for this study. In each season, flowers were selfed to
produce pure seed for the next season's trials, and by 1974/75
season, each variety had at least two seasons of selfing. In
that season the first set of diallel crosses were made and the
work continued in the following season, 1975/76, thus producing
Fz's, backcrosses, additional F4's and selfed parents for more

elaborate genetic studies in 1976/77 and 1977/78 seasons.
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The work to be reported here consisted of agronomic and
geneltic studies. Most of the descriptions of the methods
given below are general and apply to almost all the experiments
in the two aspects of the investigation. Departure frem, or
additional details of the experimental procedure for each
experiment og_set of experiments will be given under the appro-

e

priate heading. o
o

2e Culiural practices for early-sown, sprayed crop

Six treated seeds per hole were planted in mid June on
ridges 91 cm (36 in) apart at 45 em (18 in) spacing bektween
"holes along the ridges. The seedlings were thinned to two
plants ner hole after 3 weeks. Weeding started early and was
regular. Boronated single superphosphate {(with 5% borax as
source of boron)wwas applied at the rate of 250 kg hai before
ridging, followed by 250 kq hil of calcium ammonium nitrate
{nitrochalk!} at thinning. Eight wcekly sérays of inse¢ticide
Qofe applied starting 9 to 10 weeks after sowing. For each of
the first four sprays, 1.68B kg hHi of DDT plus 0.17 kg hgl of
gamna BHC (Vetox 20) were applied, and for sach of the last
f&ur, 1.68 kg hEi of carbaryl (85% carbayl as Vetox 85) wasg
applicd. . R

Jo Cultural practices for late-sown, unsprayed crop

Sowlng was done in mid July using the same specifications
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for seed and spacing as for the June sown crop. No nitro-
genous fertilizer or insecticide applications but 62.5 kg hal
of boronated single superphosphate were applled.

4, Characters studied

In all the agronomic and the genetic studies the follow-
ing variables were observed on a number of randomly selected
individual plants within each plot:

41 i'irst pick of seedcotton as a percentage of the total

(151%)

4,2 Cumulative first and second picks of seedcctton as a
percentage of the total (E2%)

4,3 Mean maturity date (MMD), from the formula
n n
MMD (in days) = Eiwidi/ Ea“'x

where

wi(i=1,...,nl are actual weiqghts of seedcotton at picks
1,2,++,n, respectively.

di(ini,...,n) are number of days from a specified date to
the dates of pick 1, pick 2,.«spick n.

444 Production rate index (PRI) in cg, g, or kg of seedcotton
per plant or per ha per day, given by the formula
n

n n
PRI = Ewi/MMD or {Ewi }z/ Ewidi
i=1 i=1 i=1
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where

w, and d, are as in MMD above.

i i

Node of the first fruiting branch on the mainstem (NPB);
the cotyledonary node was regarded as zero node, and
counts started from the one immediately above it up the
malnstems - j

Number of days from planting to first flowef”opening (DFF) .

Dates of subsequent flower opening;
this would enable the estimation of vertical flowering
intcrval (VFI) and horizontal flowering interval (HFI),

Number of days from first flower tq first boll cpening:
iecse the bolling period (BF} of thé first boll.

Dates of subseguent boll opening;
this would enable the estimation of average bolling
perlod i.e. the pericd from flowering to boll epening
of each boll (ABF}.

Seedcotton yield in kg h§1 for the agronomic experiments
an§ in g/plant for the genetic experiments (yield),

Seédcotton in g/boll (boll weightl. LR e

Weight of 100 seed in cqg or g (seed index).

Number of seed/bokl {(number of seed).
Total number of fruiting peints on a plant (TFP): i.,e. the

potential fruiting capacity of the plants. (It was
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originally intended to study total number of actual
open bolls as a measure of yileld potential, but was not
possible).

4.15 Total number of primary sympodial branches on the main-
stem (NSB),
4,16 Plant height in cm (PHT).

Some of the observations listed above were made during
the growing period while others were made at harvest or after.
Vlhen the crop was ready for harvesting a minimum of three
harvests were taken usually at two-week intervals from the
selected plants and/or the entire plot. All produce were
weighed and ginned in the laboratory where their ginning per-
centages were also determined and in some cases quality tests
were conducted on random samples of lint. In the June sown
diallel experiment of 1976, lint samples were randomly drawn
from the bulked plots for each jenotype, while in all the
remaining genetic experiments in both 1976 and 1977 lint sam-
ples were taken from only two randomly selected plants within
ecach plot of a replication. The small number of samples was
due to physical limitations. This provided additional traits
like ginning percentage (GP), effective length (EL), bundle
strength (BS) and micronaire {(Mic.) for further analysis if

need be. Ginning was done on a 40-saw gin, while EL, BS and
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Mlc were determined by the photoelectric stapler, pressley
stelometer at‘% in gauge and micronalre, respectively. Ten
_ bolls werc also randomly taken from each plot just before the
”;écond pick for the analysis of yield components such as boll
welgiit, sced weight and qumber of seed in the agronomic
__9§?griments. stand counts were also made at harvest Lime,
aﬁduwére used to effect necessary adjustments for plots which
nad less than the maxiﬁum qumber of standse

Individual plants destined for the earliness studies were
o sclectéd at the time of thinning or shortly afterwards, taking
care to avoid extreﬁéé; and were conspicuously labelled. At
floworing, a paper tag was used to record the date of flower
opening on one gside and subsequently the date of boll openingd
on the other side 1+ and when the flower matures into a seed-=
cotton boll. The tags were hung on the fruiting pranches just
pelow the base of the peduncle such that even if the flower was
shed the tags remained on the plants and could be recorded.

h In all, nine separate experiments were conducted during
tﬁe“3~year study period. The first being agrononic was carried
out in 19757763 gxperiments 2,3,4 and 5 (all genetic) were in
\1976/7? while in 1977/178, experiments © (agronomic), 7,8 and 9

{all genektic) were conducted. In the remaining portion of

this report, the seasons will be referred to by the first year

4
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Cee 1975 for 1975/76 season, etc., unless there is reason to

refer to the season specifically.

5« DLxperimental detsails

5.4 Agronomic studies

Syt

Two trilals, one in 1978 ;nd thé othér in 1977, involving
the scven varioties were conducted at Samaru under differing
sowing dates and Qitroéen levels. Bach triazl wasz a split-plot
in a randomised complete~block design with two replications.
The small number of replications was due to the physical liml.
tations imposed by the volume of work to he inyqlved with more
roplications, 1In each case the different coﬁbiﬁétions of sow--
ing date and nitrogen formed the main treatments while the

varieties constituted the suh=-treatments,

o

AT

S.As1 The 1975 Experiment: 3 x 3 factorial (Experinment 1)

In this experiment the following treatments were used;
three zowing dates (Di' Dz, and D3) corresponding to 31 May,
25 June and 22 July, respectively, and three levels of nitrogen
(N,, N,, and N,) equivalent to 0, 32.5 and 65 kg hal of nitro--
gen applied as calcium ammonium nitrate at 4 weeks after
planting. The experiment also received 0.6 kg hgl of boron
applied as boronated single superphosphate at the :gte of
250 kg h31 Just before sowing in order to ensure.éﬁat boron and

phosphate were not limiting, especially at the highest level of

I
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N. In anattempt to control pest carly enough to enable obser-
vations to be made oﬁISquare formation, insecticide spraying
began with half the recommended dose of Vetox 20 {0.84 kg 3t
DBT plus 0.08 kg h§1 gamma BHC) at 4 weeks after sowing in
the Ffirst sowing date. After three weekly sprayings, adverse
effects (widespread leaf scorching) were noticed on the young

Qeediings; Consequently, only one quarter of the recommended

“ . dosage was used starting at 6 weeks (instead of 4 weeks) after

sowing in the sccond and third sowing dates. Full dosa was
used on all sowing dates from the ninth week and thereafter,

"~The plot size was 14.4 rn2

{3 ridges of 5.25m x 0,%2m)
with a maximum of 12 stands or hills per ridge or 36 stands

or hills p;r plot. Three to four weeks after sowing, two
plants were selected for the observations enumerated above.

At 4 weaks alfter the filrst boll split, five harvests were taken

per plot at weekly intervals in each sowing date. Lint quality

tests were not made in this trial. w N '.'“égﬁ"'

Befla? The 1977 experimenkt: 3 x 2 factorial {(Experiment 6)

Three sowing dates, 10 June, 8 July, and 3 August, and
two levels of nitrogen, equivalent to 0 and 65 kg h31 of mitro-
gen applied as 0 and 250 kg hEi of nitrochalk, were the treat-
ment combinations in this experiment. As in experiment 1, a

 dose of 250 ky ha! of boronated single superphosphate was
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applied before sﬁwiﬁgl The weekly pest control method was
one quarter concentration at 6 weeks until full dose at 9
weeks after sowing in all the three sowing dates.

Plot size was 19.2 m2 (2 ridges of 10,5 m x 0.91 m)
glving a maximum of 24 stands or hills per ridge cor 48 stands
per plot. Two Plants were randomly chosen and labelled for

. single plant obsecrvations and at 3 weeks after the first boll

split, three harvests were taken at fortnightly intervals in

each sowing date. Lint quality tests were not conducted.

v

5a4A.3 Statistical analyses

A separate analysis of variance was made for each experi..
ment amed a combined analysis over years following the models
of Steel and Torrie (1960} which were slightly modified to

accommodate the various factors as follows: , R

(a) Individual analyses

Xijkl = o+ Bi + Dj N+ DNjk + a(ijk? +.v1

+ ?le * NV, + DNVj’.‘l + b{iikl}
where ) o

xijkl = observation of any variable in the ith block for

the jth sowing date, kth nitrogen level and the

1 th war iety - LN

u = overall population mean,

B, = effect of the ith

*

block {(fixed), i =~ 1, 2.
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Dj = effect of the jth sowing date (fixed) j = 1,2,3.
I = effect of the k™ 1evel of nitrogen (fixed),
k = 1,2,3 {year 1) and k = 1,2 (year 2).
a(ijk) = random error effect of the 1jkth whole unit,
V, = effect of the 1*0 variety (fixed), 1 = 1,000, 7o

th
b(ijkl) = random error effect of the ijkl sub-unit.

Interactions are denoted by multiple symbols; thus DNjk is the

contribution of the date x nitrogen interaction, DNV is the

ikl
date x nitrogen x variety interaction in these experiments,

{b) Combined analysis over years (model modified from (a)

above to include the year effect).

xijklm = u + Y.l + B(i)j - Dk + Ynik + Nl
¥ ANy # DNy 2 YDNG 3Gk * Vn
+ Yvim + kam + anikm B Nvlm + YNVilm

v
* DNVt PNy * Py kim)

where
v th
1" effect of the i year (random), i = 1,2,
The other terms are as in the model for the individual analyses,
as well as the various two-factor, three-factor, and four-
factor interaction terms involving years. In the combined

analysis, each main effect or its interaction was tested by its
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ar which in turn was tested

corresponding interaction with ye
by error (a) or error (p) accordinglye. see expected mean
tes the variance

squares given in Table 2. Note that 02 deno

om effect and K2 denotes the variance of a fixed

of a rand

effecte
In the case of a significant interaction of varieties

with elither date or nitrogen, the two-way jnteraction table
was further examined for linear and quadratic effects accord-
and Cochran (1974). In nearly all cases

ing to Snedecor
t was conducted on the means

puncan's new multiple range tes

according to Steel and Torrie (1960) »
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5.B Genetic studles

This aspect of the investigation was in”twé seriés,'the
flrst series (series I below) dealt with the diallel cross of
the seven varieties conducted under contrasting conditions of
June (early’ and July (late) sowing., The second series (Series Jil
8 below) dealt with specific crosses conducted under early sown
conditions only. Both series were run for two years 1976 and

1977.

Series I: Diallel cross studies - June and July.sowﬁ, 1976
and 1977 (Experiments 2,3,7 and 8)

ALl possible crosses were made between the seven varieties

in 1974, In 1975, all the 42 F, crosses were grown from which

1
F2 seped were produced by selfing and similarly parental seed
were produced by bulking selfed seed from many indiﬁidual plants
in each of the seven parents. Additional F1'5 were also produced
using the same parents. All <~1.fing and crossing were made by
hand, Selfed and crossed bolls were differently taggeq. Flots
selected for crassing work were thinned teo one plant per heole

in order to ensure zase of handling and production of enough

seed on each plant. At the end of the 1975 season, seed from

all the seven varietles, all the Fi's and all the F2's were

avallable for elaborate genetic trials in 1976 and 1977 seasonse.

However, only the 7 parents, the 21 P, 's and their 21 F,'s (no

1 2
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“:__:feciprocals) were included in each season's trial. A randomised

complete block design with three replications was uded. But for
reasons of physical limitations a higher number of replications
T ¢otld have been used.

Experiments 2 and 3 were conduchted in 1976 while 7 and B

. were conducted in 1977, Experiments 2 and 7 were sown on 17

Hine 1976 and 16 June 1977, respectively, hence the recommended
cultural practices for early sown cotton applled to koth.

Three harvests were taken from experiment 2 on a plot basis only
and three harvests from experiment 7 on the basis of both the
selected single plants and the pleots. Experiments 3 and 2 were
sown on 15 July 1976 and 15 July 1977, respectively, in accor-
dance wlth the cultural practices for July sown ¢rop and hence
neither nitrogencus fertiliger nSr insecticide sprays were
applied, In experiment 3 it was possible to take three harvests
from the selected plants but only one final harvest from the
remaining plants in the plot, while in experiment 8 it was
possible ko take three harvests from both the selected plants

a3 well as the pleots. In all these 4 experiments, harvestis
were taken at fortnightly intervals beginning 4 to 5 weeks after
the first boll split was seen in each experiment. The plot

size of experiments 2 and 7 was 19.2 m (2 ridges of 10.5 m x

2

D9 m) and that of experiments 3 and B was 9.6 m~ (1 ridge of

10.5 m X 0!9 m}.
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In all genetic experiments in the first series énd also
in the second series (mentioned below), wharever there was a
shprtage of seed for any of the cnhtries or where there were
missing stands at the time of thinning, seed of red leaf |
cotion was used to fill up the gaps. Red leaf cotton was s0
congpicuously different from the rest of the plants in the plot,
that no mistakes could have been made at observations and at
the same time the problems of unnecessary gaps were consider-

ably reduced,

5¢B.I+1 Statistical analyses

The analyses of this series of triasls ihvolving experi-

ments 2,3,7 and 8 were done in stages:

Stage 1

An analysis of variance was conducted for each experiment
separately using Steel and Torrie's (1960) model for subsampl-
ing:

Rige =8 By By eyt Sk

where

Xijk = observation of any variable in the ith block for

the jth genotype on the kth plant.

u = overall population mean.

th

Bi = effect of the i block (fixed), i = 1,2,3.
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effect of the jﬁh genotype (fixed), j = 1,2,..+49,

E

G5

MERY

s(ijk) = random sampling error.

random plot error.

The mean square expectations are given in column 3 of Table 3.

Stage 2

L Since the experiments were conducted under two sowing
dates within each of two years, and since year 1s & random
factor, an analysis of varlance was conducted for each sowing
date combined over years using the model:

Aijkl = U o+ Yi + B(.) + G, + ¥YG + 8

1)3 % ik ¥ ®ui {11k1)

where ' | C

Eh : .

Y. = effect of the 17 year {random), i = 1,23 w

the other factors are the same as those of the model in stage 1,
plus the two~factor interaction term involving yeafs. The

expectations of mean squares are given in column 4 of Table 3.

Stage 3

A overall combined analysis of variance involving all
the four experiments (2 sowing dates x 2 years) was carried

out uszing the model:

Xijklm = g 4+ Yi + Dj +* YDij + B(ij)k + G1 + YGi1
* DGy YBGyy * Ciay t SGipkamy
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vhore
D, = effect of the 3 date (fixed), § = 1, 23

regarded as fixed because June and July plantlings

are the recommended planting dates for cotton in

northern Nigeriaj;
all toe other Ffactors are essentially the same as tﬁoée in thé
model for stages 1 and 2, plus the two and three~factor inter=
action terms involiving sowing dates. The mean sguare expecta-
tions are given in column 5 of Table 3. The models used for
the analyses in both stage 2 and stage 3 were essentially the
sane as that used for stage 1 but modified to accommodate the
additional factorsa. ' ' ' ¥

The 48 degrees of freedom for the genotype: were parti~

tioned into 6 for the parents, 20 each for the 1‘-‘,1 and the F2
and 2 for among generations. 1In the separate individual
analyses the experimental error term with 96 degrees of free-
dom was used to test the effects of blocks and genotypes and
the partitioned sources of the latter. However, preceding this,
Bartleti's test for homogeneity of variance of the different
sources making up the experimental error term was made. For
those characters in which the different error sources were

homogeneous, the pooled experimental error was used for testing;

otherwise the experimental error term corresponding to the
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particular source was used to teétzif; : S
Having performed tgé analysis of variance and especially
since there were significant differences between the.genotypes
generally, or more specifically among the Fi's and among the
Fz's, further analysis was done for the general combining
| ability (geca) and specific combining ability (sca) on the F1
and F2. The 20 degrees of freedom for each was partitioned
into 6 for gea and 14 for sca using Griffing's (1956) method
4 model I. This method was chosen for its simplicity and also
cﬁnsidered the most appropriate for the present purpose. How-
ever, method 2 which involves the parents and one set of Fi's,
could have been used, except that since the parents were a
selected set for carliness, it was felt that using method 2
would prokably not add much information. The calculations for
the sums of sguares, mean squares, the gca effects and the sca
effects weréﬂhade with a computer program for the analysis of
diallels by Littlewood, Carmer, and Hittle (1964). For the
three levels of analyses of variance enumerated above, the mean
squaraes for the gca and sca and those of their interaction
wlth years were obtained in the manner enumerated below. These

interactions are part of the overall year x genotype lnter-

action which was used as the error to test the gca and sca

Lo
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source while their interactions with years were tested by the
plot error.

(1) Analysis of the individual experiments for combining
ability

The P

1 generation from each experiment was analysed
separately for gca and sca with 3 replications. This then
formed the basis for the higher order calculations. The P2

generation was analysed similarly.

(ii) Combined analysis over years

For each sowing date this analysis was carried out for
both the F1 and the F2 combining together data from date 1 in
year 1 with those from date 1 in year 2 as if they were from

the same experiment with 6 (y x r) replications.

(1ii1) Combined analysis over dates

Within each year the two sowing dates were combined and
analysed together with 6 (d x r) replications in a similar
fashion to (ii) above.

(iv) Overall combined analysis, over years and dates

Data from all the four experiments were analysed together
as if they were from one big experiment with 12 (y x d x r)
replications for both the F1 and the F2.

The above four steps enabled the estimation of the appro-

priate gca and sca sums of squares (55) together with the
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VI

respective year x gca and yeaf X sca.inﬁeraction terms as :
follows: C o Y

Fof thé‘ye&rﬂx éombining abiiity interaction within each
sowing date: R _ |

S8 year x gca {within date 1) = SSgca (year 1/date 1) +

SSgeca (year 2/date 1) ~

o . 3Sgca {combined/date 1}.

55 year x sca (within date 1) was obtained by substitu-
ting sca in above and similarly for within date 2.
For the year x combining ability interaction over years and

dates:

= S5S year x gca {overall combined) = SSgca (year 1) +

S3gca (yecar 2} =

SSgca (overall combined).

g

- 88 vear X sca (overall combined) was obtained by substitu-

ting sca in above.

‘o

The énaiysis of the date x gca or date x s¢a has not been
presented because the date factor aﬁd its interaction terms
were not significant for all the characters except plant
helght and also for the limited nature their interpretation
may have. “ B »
Series 1T, Individual crosses between varieties of differenf
maturities, 1976 and 1977 (Experiments 4,5 and 2)

The experiments in this series were also conducted over

L Al .
Loewe E
8
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twoﬁseasona, 1976 and 1977 at the asame time as thogse in the
first series. The experimental materials ;ere taken from the
diallel cross. In 1975 when the crosses were being made, each
of the 21 Fi's was backcrossed to its two parents so that at
the end of that season enough seeds were avallable for trials
involving specific crosses in the following seasons. Iwo
- erosses were involved in this series. o

{i) Stripper x UX66: an early by 1é£e ckoss.grown in
ko years, designated ss experiment 4 in 1976 and
as experiment 9 in 1977. | -
(11) 2421 x Samaru 71: an early bf 1ntermediateycfb§s
designated as experiment 5 and conducted in 1976,
But for the shortage of seed, Stripper x Samaru 71 could have
been used for the early x intermediate cross for the sake of
consistency. There were six entries in a randomised complete

bBlock design in each experiment in 1976 made up of a total of

13 rows (rows of BC,, F. and BC. non-randomised) per block as

1’ T2 2
follows: | | |
(12 Pérent r S ¥ (Pi} 1 row,
(2) Backcross to parent 1 (Bcl) 3 rows,
(3) F, o . (F,) 1 row,
(1) Py - ' (F,) 4 rows, ;

(5) Backcross to parent 2 (BC.) 3 rows,
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(€) Parent 2 (Pz) 1 row.

In 1%76, single plots measuring 9.6 m2 (1 row, X 10,5 m
long} were alloted to the non-segregating generations, Pi' Pi'

and P2. Both backeross generations had plots measuring

28.8 m2 (3 rows}io.s m long) and the F2 plots were 38.4 mz {4

rows,%10.5 m long). Ten plants were randomly selected in eéch

plot having P F, ox P

1* 1 27

plants 1ln each F2 plot for the single plant observations.,

A0 plants in each BC plot and 44

In 1977 the layout for experiment 9 was modified making
each plot of the same size of 19.2 m® (2 rows,X10.5 m long)
and ten plants per piét selectéd f;r.the single plant abserva-
tions but this time the number of plots per replication difer-

red for the different generations. Pl' P2 and F1 each had 1

Plot, each BC had 4 plots while the F_ had 6 plats, making a

2
total of 17 plets of the same size for the 6 entries per bleck

instead of 1 plot of different size per block for the entries

as in the previous year. However, bacause additional F, and

1

BC seceds were not produced in 1976, the remalnder of the F1

_séed from the 1975 crosses {used 1p experiment 4 in 1976) was
used Tor the 1977 trial; while the BC seed wére cbtained from
selfed BC plants of the 1976 trial. This modification would
necessitate the use of different coefficients for the additive

(D) and the dominance (H) components of variance of the BC
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generation. Both the selfed parental and the F, seads were

2
freshly produced in 1976. '
The harvests from the selected plants in each blot for
each treatmenE wére handled in the laboratory separately from
the rest of the plants in the plot, but the weights of the
seedcotion from them were added ko the rest to obtain a total
plot weights. The Qéights of all subsequent hgrvests after
the first, were cumulative; which was easier'ﬁguhandle than to

have separatce bags for each harvest, The weight of the final

harvest thus included those of all the previous harvests.

5.B.,1X,1 Statistical énalyses

As in the case of the dialiel, fh; aﬁalyses.were again
.carried out in stages:
Stage 1 e i"u$ "' =

Analysis of variance was made involvingfthe tﬁd parents,
their Fi' FE' and the two.pgckcrosses as if each row or plot
within a block was a separate entry. Subseguently the sums
of squares for the among generations with 5 degrees of freedom
for the 1976 experiments and with 4 degrees of freedom for the

1977 experiment (the F, was eliminated from the analysis

1
because it was mlssing in 3 of the 4 replications) were
obtained by subtraction. The error term representing varia-

tion among repeated plots within different generations was
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calculated accordingly. However, these mean squares for the

variation among repeated plots within different generations

were tested by Bartlett's test for homogeneify. When varian-

ces were homogeneous or only occasionally heterogeneous (,05)

the pooled variance was used as the error; otherwise each

source was used as the error term accordingly. A combined

analysis over

Years was not done since the entries ocr the

generations were not gquite the same, and only individual analy-

ges were made

X5k ©
whatre

Kijkl

using the model:

u + BL 4+ G, + HG + e +

€ ) 13 (1j)k

S(iyx)1

observation of any varlable in the ith block for

the jth generation of the kth repeated plot and

the lth plant,

overall population méan o

effect of the i block (fixed), i = 1,2,3,4.
effect of the jth generation (fixed), j = 1,2,446

{parent 1 and parent 2 regarded as different

' generations}.

“(13)x

block x generation interaction,

random effect of the ko repeated plot in the

jth generation in the ith block, k>1 for back-

cross and F2 generations.



- th . th
s = . t £h
s(iJk)I random cffect of the 1 plant in ¢k

repeated plat in the jth generation in the ith

block. i
This analvsis was made using Snedecor and Cochran's (1974)
analysis of wvarilance with unequal but proportionate subsample
numbers,

Table 4 gives the breakdown of factors and their expec-
ted mean squares. This analysis differs slightly from the
diallel analysis as it involved different numbers of plots per
generation within each block. The 19??\gxperiment was analy-

sed in the same way as those of 1976 except that the F, was

1
eliminated, and had more number cf plots for the segregating

generations,

stage 2

Secondly the scaling test of Mather and Jdinks {1971)
invelving A, B and C scales was used to tast for epistatic
effects, In =some cases the data were transformed to log scale.

The A, B, and C scales are as follows:

A = 2BC, - Fi - P,
B = 2§Eé - P1 - 52
C = A4F -2F B, - F
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wlth variances O R L

V(A = 4VIBC1) + V(Fi) + ’ V(Pi)
VIB) “ff 4YEFC2) f V(F1} | + V(lej‘
?(C} = 16V(F2) + 4ch1) + v(Pl} + V(PE)

and thé standard errors are the respective square roots of the
above variances. A t-test was used to test the hypothesis that
the true value of each was equal to zero. . |

No scaling test was made for the 1977 experiment because

of the aelimination of the Fj.

The additive (L), dominance (ﬁ}, and environmental (E)
'éomponents of variance for the 1976 experiments were estimated
o . according to Mather's (1949} method: _
” VF,) =2X%D +3 + B - [_ {Q)a:
V(BC13'+ VGBRC,) = 3D+ MH o+ 2B NSS!

e V{Pi) + V(Fi) + V(P

(E) = 2’ wefc)allard, 1960)

3

and for the 1977 experiment the following methods were used for

estinating the variances of the selfed backcrosses V(BC, ),

1s

Ak

V(Bcos) and those of the environments V{E):
1
V(Bcis) +

V(BCZS) = kb 4

+ E (e} .~ ' v
S _ (Mather and Jinks, 1971).
+ E (F)

’ aif.agr

E= /VIP Y+ V(P) i ; - ig)
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The (E) in equation (c) and (q) were differently calculated
because in 1977, the Fl generation was eliminated from the
analysis, and furthermore because of the additional restrictions
due to using selfed backcross generations, the entire 1977 trial
could not be further analysed using the above calculations.
The degree of dominance \ﬁﬁﬁr' and the narrow sense heritabli-

lity (hz = bEH+E ) were also estimated where possible.



CHAPTER FOUR

PESULTS AND DISCUSSION
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RESULTS AND DISCUSSION

1. PRELIMINARY STUDIES

The results of the preliminary observations made between
1970 and 1973 are presented in Table 5. Observations in 1970,
1971 and 1972(1) were made from replicated plots while those
in 1972(ii) and 1973 were from non-replicated plotse. These
results indicated that 2421 (Vii, Stripper 61-15:62~7 (vzn,
Arkansas 52-21 (Va) and G.105.4.6.5R were early maturing;
Samaru 71 (V4) and Samaru 72 (Vs) were medium, while Samaru
26J (VG} and UK66 (V7) were late maturing, pased on the sum
total of the various earliness characters 1ike E2%, NFB, SP,
pDFF, BP, VFI and HFI, The Australian variety, G.105.4.645R
was not included in the studies.

It should be pointed out that data from non-replicated
trials might not be reliable enough for the purpose of identi-
fying the parents in the present study. However, the choice
was made largely because the trends were similar in the data

from the replicated and the non-replicated trials.



50

1972(1) and mean

Table 5: Means and standard errors for nmﬂwwnmﬂma plots in 1970, 1971 and s of :onshmvvwnwﬂma plots
in 1972(i1) and 1973 for many variables
men Variety mmmﬂi1 |MWM}tt.ltmwm1| SP DFF 8P VFI HFL ABY rlhmummm1. MNF
1970 samaru 71 76 ,0+3 51
Samaru 72 78,0+3451
samaru 26J 66434351
UK6E6 58424351
1971 2421 60.9+175
OpOm.h.m.mm mm.pHv.um
samaru 71 33.6+175
Samaru 72 m@.uhﬁ.qm
Samaru 26J 15.0+1.75
UK66 8.5+1475
| ) | b |
GSC;ENP | 56,0 £.040410{31-10+40 30.0+0.42} | p.ph».meLho.oW 8.0+0.12} a.»uo.pp_ m.»u.o.:_ 12,6404
mﬂomr».m.mmw 67.0 mw.mho.ﬁwwm.m.ﬁo.pmm mq.o.wo.nL Mum.phe.wwwm.mho.om m.oho.gu_w u.mho.pL m..,,u.o..n.4 13.9+0.:
gamaru 71 | 43.0 Mp-mub.poﬂwp.anb.ppﬂmm.oﬂb.ph~ ia.bhg.pmwu.pnb.om m.onb.ewd 3,840.1% 674013 14,9404
samaru 26J m 30.0 "p.ono.p.w”um.».+.o.bmm 30.0+0.45 144.8+1.23{ 3+420.05 m.pn.o.uJ w.mu.o.pL 6.6+0.13| 15.120-
# ” ! , ﬂ | {1 |

i A Sl

PR
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2. THE MAIN STUDIES

2.A Agronomic Studies

2+Ae1 The combined analysis for 1975 and 1977

A combined analysis of variance for two earliness and
three vield characters over the 2 years is presented in Table 6.
In this combined analysis, differences due to years, sowing
dates or nitrogen were not significant for NFB. The varieties
however differed at the 0.01 level of probability and did not
interact with dates and/or nitrogen. For DFF, the year and the
year x date interaction were significant at 0.01 level of
probapbility. The linear as well as the quadratic components
of the year x date interaction were significant (0.01). The
varieties showed significant (0.01) differences but no inter-
action with any of the other factors for DFF. When the results
are considercd over years, the agronomic factors studied did
not affect NF'B and DFF in these varieties. This does not seenm
to agree with the findings of other workers who reported that
delayed sowing date lengthens the maturity of cotton by delay-
ing the period to flowering (Christidis and Harrison, 1955).

The mean squares for date and its linear component for
both HFB and DFF appeared to be large, but were nonsignificant,
probably because of the smaller number of degrees of freedom

involved in their tests. However, since the year x nitrogen and
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thé.yeﬁr x date x nitrogen interaction terms for NfB.ﬁere not
significant at the 25 percent level of probability, the mean
sguares Lor these interaction terms were pooled with the mean
sguare fok error {a) for this character. When this pooled
mean sguarae was used as the errof, the nitrogen main effect,
but not the date X nitrogen intcraction, became significant
at the 0,01 level for NFB. The justification for such a test,
using the pooled error, is that these interaction terms were
not significantly different from the error (a) itself at 0425
probability level. |

The means given in Table 7 indicate clearly that Vl (zee
Table 1 for varietal codes) and V2 had the lowest NFB while VG
and V7 had the highest. Similarly Vz and V3 had the shortest
DFF while V7 had the longest with a difference of about 10 days
. T+ is interesting +o note the positions of
V3 for NFB and of \f,l for DPF among the carly groub. It
appeared that these two varieties attained earliness in slight-
1y different waySs For example v1 had lower NFB than V3 while
the latter had shorter DFF. Except for Vi which showed inter-
nediate value far DFF, the ranking of the varieties in order of
earliness has been consistent for the earliness characters. ;

Final yield data were not available but jits three compo—

'“,nents, weight of seedcotton per boll (voll weight), welght of



Table 73 Varietal mcans(1>
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from a combined analysis of

variance over two years, threc sowing dates, and

two nitrog

en lecvels (1975 and 1977)

-.-‘-—-—l'-“-_—_-—l—'- S i

Varie- Larliness characters Yield components

tios NFB DFF boll seed No. Of
weight(g) weight(g) seed

V1 4,1 a 64.3 D 4.5 a 7.9 34 a

V2 "5.1 a 61.4 a 4.3 ab 9.4 28 b

v, 448 © 64.4 b 4,1 bc 8.8 28 b

v5 4,9 € 66.1 b 4.0 bc 9.1 28 b

VG 53 @ 69.6 ¢ 3.8 ¢ 8.5 27 b

V7 503 d 71.4 4 3.3d 8.0 26 b

(1) HMeans followed by the same 1etter (s) within each charac=

ter are not significantly different at the 0.05 level of

probability.
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100 seed (seed index), and the number of seed per boll (number
of seed) were included in the combined analysis and their mean
squares are also given in Table 6.

lDatc or nitrogen did not significantly affect any of the
three characterse However, the year X date interaction was
significant (0,01) for seed index and. the quadratic component
of date was also significant (0.05) for number of seed. The
varietics differed significantly for boll weight and number of
seed, but not for seed index. Even when the interaction terms
of the date and nitrogen with years was pooled with error (a)
as in the case of NFB, no significant effect of the main
factors was detected for number of seede

Averaged over all other factors, V1 had significantly
the highest value (4.5 g) for boll weight, while Vg had the
1east (3.3 g)e AS for number of seed, vy again had the greatest
number and was significantly different from the rest which did
not differ significantly among themselves but showed a range
of 26 to 20 seeds per boll.

The failure to observe significant effects of the main
factors in the combined analysis might partly pe due to the
differences in the corresponding sowing dates pooled together
for the purnose of the combined analysis. For instance, in

1975, the sowing dates were May 31, June 25 and July 22 while



Figure 1. Groph showing the raimnfall pattern at 10—day intervais at Samaru
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in 1977 they were June 10, July 8, and August 3. The waather
pattern at Samaru is such that a 10-day perioa; évén though
in different years, might have some effect. This is obvious
from Figure 1 that the rainfall patterns for 1975Wand_1977
were markedly different and almost opposite in tré;é, espe-
cially from nid--June to late August, the peried of active crop
growing. It could have been safer therefore, to refer to the
sowing dates as May/June (D1), June/July (D2), and July/August
{D3) when discussing the combined analysis. In additicn,
therc might also be stability factors specific to the varie?
ties which would tend to cancel out when the data fromrfhese
two years with almost opposite trends in rainfall were pooled
together in the combined analysis. |

Although the combined analysis in the presént stﬁ:yudid
not show significant offects of either dates or nitrogen, it
js important to peint out that Faulkner et. al (1975) have
reported a highly significant effect of nitrogen rates from

an analysis combining 3 sites and 2 yecars.



2.,As2 The individual.fear anélfses

o 15, each of the 2 years, 41975 and 197?; data weré.collec— -
ted on a number of characters most of which were not common to
both years, and so a combined analysis over years was not
possible. Nevertheless, 3o0me of these characters are importaﬂt
enough to merit the individual analyses. It should however be
pointed out that the interpretation from such analyses will be
of a limited value.

The mean squares of the characters observed in 1975 are
given in Table 8, Dates had a highly significant {(0.01) effect
on all earliness characters and also on yleld, but significant
only at 005 1ovel for boll weight, seed index and ginning
percentage (GP)., Number of seed was not affected by sowing
date. The linear component of date was significant for all
characters except £2% while the quadratic effect was signifi-
cant for all the earliness characters except PRI, and for noneé
of the yield characters. Nitrogen and its linear component
showed a significant effect for three earliness characters,
PRI, NFB and DFF, as well as for all yield characters; ginning
percentage was not affected. It is however worth noting that
PRT is partly a function of yield. There was no significant
- date x nitrogen interaction for any character. The varieties

Jdiffered significantly (0.01) for all characterse Date X
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w

Table 8: Mean square from the analysis of an experiment involving 3 sowing dates, 3 nitrogen levels and 7 varieties
conducted in 1975
Earliness characters ~ Yield characters
Sources d.f. SEsa EReE = - e €
PRI boll |(seed | number |
six'® | zn | w0'® lo/nasaal nes ) pee Yaghs  lwt (@) |index lof seed!
= rfrrllﬁ _ ( mmm|4 —
Blocks 1 375.48 3604.94 123.59 0.13 0.097 ¢ 0.51 29442.0 0.63 | 0,58 23.98 0.01
L as -] L LY L3 - b = L
Dates 2 14305.61 110032476 1 1757447 430.70 3.121 3140.24 11650371.4 1.52 1.44 44,26 4.26
o9 e e a0 L LR ' L -] ]
linear 1 17584.81 £21.41) 3152.17 | 854,03 3.241 | 5099,65 23175964.2 2469 2415 14.82 3.50
L] (=R~ L= LA LR 3
quadratic 1 ppomm.pm 19544,10 1 442,76 7.38 | 3,001 1183.83 124779.8 0.34 0.72 73.68 5.03
o9 (] @ L] L3 L ] L]
Nitrogen 2 482.33 2312480 79,45 178.67 1.341 95.98 4180265.5 3,37 1 3.99 78.47 2.63
aw e L ] -3 4] K- -
linear 1 212.04 £50.97 {19 354.20 2.679 161.57 8198776.0 6,07 7«91 117.15 0.01
L
gquadratic g 752.62 3774480 154.71 3.14 0.004 30.38 161755.3 0.66 0,03 39.92 0.04
px N4 4 575.23 | 1331446 66,72 | 11.17' 0.100 21.55 385817.8 | 0.30 | 0.29 | 7.12 | 175
= e L]
1l x1 1 1499.82 | 5135465 238,76 m 22.91 | 0.362 69.75 904580.9 0.53 _
b u “ ._ 1 ‘
1xq {1 519.31 165.851 24496 m 17.32 | 0,134 | 1.25 514544.6 | 04,00 |
1 h 1 . 4 4 .
g x1 1 129.13 | 1433 2,05 | 4.38] 0.134 ]  4.18 119896.9 | 04,02 | | :
1 . n * L]
/ )
g xq { 1 152.65 23,03 1,12 | 0.05] 0,012 11.01 4248.7 0e64 M ! ,m
_ » . H ' kW '
= LS w ]
Error (a) 8 303.45 561.68 32.24 “ 12.38 0.204 11.69 311661.7 0.31 | 0,21 aq.oq_ 0.51
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Table 8 (cont'd)

_ _ zarliness characters Yjield characters
GP
Sources d.f. s et =
(1) (2) PRI zmwawv Yield boll seed w number
E1% E2% MMD kg/ha/d DFF kg/ha wt (g) index 'of sced
LN ca -3 LR L LA L] R [ ] m [ B f
varieties 66 1169.60 4502457 196,93 10.30 5,909 279.16 258684.8 2.02 582 86.97 24.
Aﬁv o ¢S C 20 s e e %2 LR
DxV 12 293.24 902420 39.03 3.39 1.063 12.66 66538.2 0,73 0.91 56.45 1.
e (-3 4] [ LA a8 LR L] . e
p(1) x V 6 2828.19 1020799 404,99 37.94 8,460 108.78 4.67 L= Lo i
e - L e LR (- [
D(g) x V 6 690.49 1580470 6336 2.89 4,200 42.97 4,10 261.85 1
NxV 12 57.48 93,59 Ball 2.04 0.325 6.51 55971.0 0.28 0446 13.53 0.
L] L]
DxNxV 24 65.49 123.40 5«94 3.01 0,223 6.61 80844.1 0,20 028 Tald 0.
Error (b) 54 51.65 10032 54,09 1.70 0.202 3.66 46685.9 0427 0.46 9,02 0

. W significant at the 0.05, 0«01 levels of probability, respectively.

(1) E1% = first pick of seedcotton as a percent of total pick, E2% = first 2 picks as a percent of total pick,
MMD = mean maturity date calculated from a point 28 days before the first pick, PRI = production rate index in

kg/ha/day, NFB = node of the first fruiting pranch, DFF = days from planting to first flower, GP = ginning

percentage.

(2) wMMbD (and hence PRI) calculated srom the date the first boll split was noticed in each case

(3) mean sguare for NFB is multiplied bY pcm

(4) 1linear and gquadratic components of some jnteraction terms are not worked oute.
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variety interaction was highly significant for eight of the
11 characters. Both the linear and the quadratic components
of this interaction were significant (0.01) except for GP.

There was no significant nitrogen x variety interaction for any
of the characters.

Since the date x variety interaction was significant and
especially since both are fixed factors, the interaction means
for the earliness characters were further examined (Table 9),
The mean nitrogen effects are given at the foot of the table
for those characters in which nitrogen showed significant
effects. Estimates of the linear and quadratic contrasts for
the date x variety interaction for the earliness characters are
also given in Table Ala.

The second planting date reduced both E1% and E2% most in
all the varieties. The third sowing date also reduced E1% in
all varieties but affected E2% differentially, with increase in
some and reduction in others. One possible explanation for this
could be that more seedcotton opened during the 2-week period
between the first pick and the second pick in the early varie-
ties than in the late ones. This can be shown for the third
date in which 53.8% (86.8% - 23.0%) of the crop ¢_cned in V

2

compared to V_ or V7 in which only 21.2% (21.8 - 0.6%) opened

6
during this 2-week period. This suggests that where late
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planting of cotton is a common practi%e, E2% would be a better
measure of earliness since it showed a greater differentiation

between the early and the late varieties. Except for V_ which

3
was intermediate for botli E1% and E2%, the ranking of the
varieties remained consistent for these two characters when
averaged over dates. |

Mean maturity date (MMD) measured ffom the date of plant:
ing was considerably reduced by the third sowing date, but
this reduction was not uniform for all the varieties. It |
sppeared that the earlier maturing varieties were more sensitive
to lata planting than the late varieties. In that respect, the °
third sowing date (D3) showed the most distinguishing effect
with more than 12 days between the sarliest and the latest
variety, but about 8 days in the first (D1) or the second (D2)
sowing date, Later plantings alsc decreased the production
rate index (PRI) of all the varieties linearly. While the
difference between V

the least producer, and V_, the highest

3? 51
producer, was 4.0 kg/ha/day of seedcotton in D1, this diffe-
rence was reduced to 1.5 kg/ha/day in D3. Under all the three
sowing dates, V4 and V5 had the highest production rate and

when averaged over dates, the order of carliness in the varie-

ties appeared to be reversed, This may be due to the fact
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that PRI, as a measure of earliness, takes yleld into con;i@era—
tion also, hence the higher yielding Samaru varietiéé;'vz.éga. h
V5, which also had a history of selection for E1% and E2% came
out with higher values of PRI than the remaining varieties,.

Node of the first fruiting branch (NFB) and DFF were both
increased by late planting. Although averaged over all varie-
tles, D2 and D3 did not differ significantly for either NFB or
DFF, yet as in the case of E1% there was an indication, at
least in szome varietles, of a more severe effect of D2 on NFB,
Thus, later planting would produce late crop based on NFBE and
DFF* as criteria for measuring earliness. However, averaged over
dates, the varieties showed consistency of ranking for NFB but
not for DI'F, Nevertheless, the late varieties came out late and
V2 came out the earliest.

The highest level of nitrogen increased PRI but decreased
NFB and DFP which indicates that an early maturjing crop cen be
produced at high rather than at low levels of nitrogen if PRI,
NFB and PDPF gave a good measure of earliness.

It is interesting to point out an apparent contradiction
between MMD and DPF both of which measure earliness in number of
days from planting up to a certain physielegical stage in the
develcpment of the plant. MMD as presented in Table 9 was

greatly reduced or shortened in D3 than in D1 or D2, while DFF



68

was Jgreatly increased.ofllengfgéned in DZ and P3 than in I,
Since MilD is a function of the individual picks and would also
include the DFF, it was possible that the late planting influenw
ced the period of holl development (tﬁé'ﬁeriod from anthesis to
boll opening) more than the preceding periocd. The rainy season
in thls area of Nigeria is normally short, and any delay in -
planting tends to restrict the growing period of the plants
especially toward the end of the season when the bolls are
developing. Thus, there would be more physiolegical pressure
ot the plants te mature in a shorter period of time than they
would normally do under earlier planting date.

The date x variety interaction means for the yileld charac--
ters and for ginning percentage (GP) are gifen in Table 10,
The mean nitrogen effects are alsc given at the foot of this
table; while the linearland the quadratic contrasts are presen-
ted in Table AZb. In the case of yield and seed index, this
interaction was not significant. Averaged over the sowlng
dates, V4 and VS together with the two late typses, Vé and V?’
had higher secedgotton yields while the early maturing varie-
hties,.except Vi, were low yielding. Means for dates clearly
showed that the later the planting date, the less was the
'yield of saedcotton., The overall trend for boll weight was a

linear decreasec with later plantings in all varieties except
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V1 and V3. For boll weight, Vu and Ve appeared to be the ﬁoét

sensitive to D2 and D3 while V2 and v, were not so affected,

Por sced index, the verietal means averaged over dates, differed,
with V2 having the heavlest seed and V1 and V? the lightest.

The varieties showed differential response to the sowlng dates
for number of seed., All the yield characters were significantly
increased by higher levels of nitrogen,

Dates of planting and higher levels of nitrogen influenced
most of the characters studied in 19753, This agreed with ear-
lier findings, that, highest yields of seedcotton were oktalned
from early to mid June sowing (Choyce and Reed, 1961; Faulkner,
Hayward, Mustafa and Smithson, 1974). Similarly boll weight N
and seed weigiit were increased by higher levels of nitrogen
(Wadlelgh, 1914).

In 1975, the studied varieties attained thelr wvarious
degrees of earliness by a combination of different characters
favourable to earliness. If for instance the welght of the
first two picks as a percent of the total pick (E2%} wés uséd
as the oversll measure of earliness {as is often the case at
Samarul,, it could be seen that V1 combined the lowest values
for MMD and NFB; moderate values for DFF and the greatest

values for bholl welght and number of seed. It however had low

PRI, V, combined the lowest values for PRI, NFB and DFF but
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onrly low MMD; moderate values for.number of seed and the greatest
values for boll welght and seed index. V3 had moderate to low

values for all but number of seed. V4 and V5 combined moderate
values for all characters except PRI for which these two variew
ties had the highest. Except for PRI, V6 and V7 combine§ the
lateness aspects of each eparliness character with moderate to
high values for yield charactersa | |

The mean sguares from the analysis of the 1977 trial are
presented in Table 11, Date was significant for DFF, BP, and
seed index only, with significant linear and quadratic effects.
Nitrogen did not significantly influence any character, but there
' was a significant date x nitrogen interaction for DFF, The
varieties differed significantly for all characters studied, with
a significant date x variety interaction for BP.

The means of dates and varieties which are given in Table
12 show that V_ and V_, had the lowest NFB while V. and V7 had"

1 2 6

the highest. V2 and V3 had the shortest DFF, but as in 1975 the

later plantings increased DFF, Bolling period (BP) was shortest

in 32, As for the yield characters, Vis Vyr Voo and Vg had heavier

seods than the other varieties. Again as in 1975, V1 had the
greatest number of seed but the least seed index. Plant height
- {PHT) was not influenced by any of the factors except that the

‘varietics differed significantly. Two of the early varieties
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were the shortest while VG was the tallest.

In 1977, V1 combined the lowest values for NFB and BPj;
low DFF and the greatest values for boll weight and number of
seed. V2 had the lowest values for NFB and DFF, but only low
BP, the highest boll weight and seed index.

As mentioned earlier, the meaningfulness of any inference
from the individual year analysis is questionable. It is felt
that the obscrvations reported for the second sowing date of
1975 might have been exaggerated. From previous experience in
trials at Samaru, mid June planting (though slightly later in
this case) was considered to be the best especially for high
yields (Choyce and Reed, 1961). Even for the earliness charac--
ters some of the observations especially on E1%, E2%, and NFB
might not be quite realistic. Part of the reason for the obser--
ved behavicur of the June planting in 1975 could be toxicity due
to insecticide. When the plants of the first sowing date were
being sprayed at 5 and & weeks after planting, the seedlings of
the sccond sowing date were just emerging and/or establishing,
Although no visible injury was noticed at that time, it is feared
that somec latent adverse effect might have been caused to them by
the insecticide which was relatively too concentrated at their
tender ages 1In addition to this factor, there was also a dry
spell during the squaring stage of the plants sown under the

second sowing date (see Figure 1).
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The significant effects reported for the individual years,

e ftan MM réz
might be duc to the fact that the varlance of the main effects

Ml g S '
contained the variance inveolving their interaction with the

respective year in which the trial was carried out.

it G :
-

2eAa3 Conclusion

When the results were combined over years, the characters
NFB and DI'T were found to ke straongly varietai, ag they were
little affected by the agronomic factors studied. These charac-
géké céahbé ﬁééd reliably as morphological criteria for identi-
fying early maturing plant types. Two of the varieties, V, and

1

Vv appearcd to be the most consistent for earliness in splte

2!
of the diffefent.agronmmic factors under which they were tested,
They were also found to combine low NFB, short DFF with higher
values of some yield characters.

Taking.éhe individual years separately, the results of the
1975 trial indicated that Vl would have been th. best cheoilce

followed by V, and VS for planting under D1, assuming other

4
things being equal. Under D2 and D3, especially when all the
six earliness characters, {(E1%, E2%, MMD, PRI, NFB and DFF) are

considered, V or V., would be the choice. It alzo seems

g1 Voo 3
that an early crop can be produced under early planting date

based on NFE and DFF; and also from higher level of nitrogen

......
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a good measure of earliness.

Although correlation studies were not done, the interme-—
diate and the late maturing varieties were higher yielding than
the early maturing ones, and that later sowing linearly
decrcased yields, - o

Censidering éil the feé;lté o}\éhe agronomic trials, v2
was the most consistent variety for earliness, though when
averaged over the main factors, the early and the late types
were distinctly different. However, bhecause of low yields,
very poor resistance to bacterial blight, low ginning percenta-
ges and poor lint quality of the early maturing var;eties, their

direct utilisation for cultivation is not possible.
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Be Genetic Studies

Scries I: The diallel cross analysis

2eBeIe1l Combined analysis over years and dates

The overall combined analysis of variance over 2 years
and 2 sowing dates involving all the 49 entries (7 parents,

21 F_'s and 21 Fa's) is presented in Table 13. The three

1
separate picks were not made on the single plants in the June
sown trial of 1976, therefore, only five of the ten characters
were included in this combined analysis.

All five characters showed highly significant (0.01)
effect of years. The average values of 1976 and 1977 for NFB
were 4495 and 4,70 nodes, and for DFF were 68.90 and 66.19 days,
respectively; thus, crop grown in 1976 took longer to mature on
the average. There were more fruiting points (TFP) in 1976
(28,9) than in 1977 (21.1) and more sympodial branches (NSB) in
the first year (15.73) than in the second (12.42), while plants
were, on thce average, taller in the first year. The different
rainfall patterns of 1976 and 1977 might have influenced the
expression of these characters,

Sowing dates did not significantly influence any of the
five characters, but it can be seen in Table 13 that the mean
square for date was fairly large in three of the five charac-

ters, compared with that of the year x date interaction against
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Ls

which 1t was tested. For NﬁB it.waé 2.8 times as lafﬁe; for
DI, it was over 9 times and for TFP, it was 63 times as
large. Since there was only 1 degree of freedom for cach of
the two sources mentioned, the test for date was not sensitive
enough to detect significant effects, The year x date inter.
action itscli’ was highly significant (0.01) for all characters
except TFP in which the significance level was 0.05, indica~
ting that the effect of the dates was not consistent over the
years. However, no further examination of this interaction
was nade, but combined analyses over years were carried out
for each sowing date.

Genotypes wera highif significantly different for all
characters except TFP. The sums of squares for genctypes were
. partitioned inte four components (i.e. between generations,
Lamong parcents, among Fi's and among Fz's}. The between genera--

tions source was highly significant for DFF and TFP. The
grand parental, Fi’ and F_, means for DPFF were 68,38, 66.78,

2
and 68,03 days, respectively, indicating that the F1'S floweroed
about 1.5 days earlier than the average of the parcnts. The
parents differed significantly at the 0.01 level or lower for
HFDB, BFP and PHT but only at the 0.05 level for NSBE., This is

net surprising, since there had not been any conscious or

direct selection for N5SRBR nor far TFP in these varietices. The
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different crosses within the F_, and within the F2 generations

1
showed highly significant differences for all characters
except TIFP.

The year x genotype interaction was also significant at
the 0,01 level of probability for all characters except NSB
(0405 level) indicating a differential performance of the
genotypes over the years. A further partitioning of this
interaction indicated that, for NFB it was the differential

response of the F_ to years that constituted the major portion

2
of this interaction; while for DFF, it was that of the parents

as well as of the F_; and still for NSB, it was the differen-

17

tial response of the parents and the F For PHT, all the

>°
four components of the year x genotype interaction were signi-
ficant.

The analysis for combining ability using only the F1 and
the Fz but excluding the parents was conducted according to
Griffing's (1956) method 4 model 1. The results of the combin-
ing ability analysis are presented in Table 14. The general
combining ability (gca) was significant at the 0.01 level for
NFB, DFF, NSB and PHT, the four characters for which the F1
crosses were significantly different., The specific combining

ability (sca) was not significant for any of the characters,

In fact the mean square for sca was smaller than that of the
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L year x genotype interaction for each character except NSB.
The I, also showed a similar trend,

The'yéar X gcé interaction in the F, analysis was highly

1
significant foxr NFB, DFF, TFP (0.05) and PHT, and the year x
sca interaction was alsq highly significant for DFF, TFP and
¥HT, In the F2 analysigzﬁoth tha year x gca and the year X

sca interactions were highly significant for NFB and PHT only.
It is however interesting to note that TFP which showed
virtually no significance for the main factors, did so for the
year » genotype interaction and its components while the
pattern for i18D wag the opposite,.

Although all the trials were conducted at only one loca--
tion, the results of the combined analysis over years will
allow a meaningful inference to be drawn about these varieties
and their hybrid crosses., It is of interest from a plant
breeding point of view to examine further, the gca and the sca
effects from the above analysis. Hence the gca effgcts are
presented in Table 15 and thosc of the sca effects.in Tables
A3 and M.
| An examination of the top half of Table 15 shows that Vi’
V2.and V3 each had negative gca effects for eac% chéracteﬁ,

while each of the remaining varietics showed a positive effect

for the four characters that showed significance. Again in
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Table 15: General combining ability effects in the F, and
['5 generations of a seven-parent diallel cross in
an overall combined analysis over 2 ycars and 2
suvwing dates
Paranibs Earliness characters Productivity characters PHT
PP gt DFF TFP" T P S
| 2r , ; !
E 1 i ~2423 E ~0455 ~1.48 E -0,71 " 4,30
' 2 $ ~1413 bo=1,78 -0.28 b =0,73 ~10,81
b3} -0.6  } -1.84  } -1.04 | -0.76  ~14.53
i 4 ‘ 0407 . 0.11 E 0.24 f 0.28 P §.74
i 5 E 0,02 0.15 | 0.81 I 0.84 7,01
6 : 0.09 2.03 ~0.78 ' 0.52 12,04
7 | 0,20 1.86 2.54 b o.54 4.83
| —_ 0.066 0.503 1.150 | 0.436 3.390
orle
1 -0,22 0.08 ~1.17 -0.94 - 3.64
2 -C.13 -2.25 -0.67 ~0.82 -10.13
3 ~-0.18 -1,52 -0.22 ~0.25 11,63
4 0.07 0.23 ~0.61 G.41 5.46
5 0,02 -0.19 1.20 0.88 712
6 0.10 | 1.25 0.01 ! 0.58 10.35
7 0.22 2.40 1.02 i 0.124 2447
sece’t | 0.066 0.503 1.150 E 0.436 34390
fsse o —_— } e

- TP not significant but presented here for the sake of comple--

tenesse.

s

S.e. Of

the difference between twoe effects.

T i R ——

———e w w -
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the Fz (lower half of Table 15), Vl, Vz and V3 showed negative
effects for each character except V1 for DFF (which was positive
but fairly low). Vs also showed negative effects for NFB and
DFF, while Vd, VG and V7 showed positive effects.

If NFB, DFF and NSB can be used together to determine
earliness in these varieties, then a combination of negative
gca effects for the first two characters and positive effects
for the third character would be desirable. In doing so, any
variety that combines these effects would have lower NFB, shorter
OFF and more fruit bearing branches. This did not appear to be
so in the F1 analysis (see the top half of Table 15), but in

he F2 analysis, V5

desired combination of the effects for these three characters.

(though small values) seemed tc have the

This would indicate that Vs was the earliest maturing by this
standard. This apparent contradiction to previous observations
may be due to the fact that in terms of absolute numbers, the
early maturing varieties had less NSB and were shorter plants
than the late types. However, when the NSBE per meter of plant
height is considered (as some measure of relative productivity
of sympodial branches) it can be seen that the early maturing
varieties had higher NSB for their given height (Table AS).

The means of all the genotypes for NFB and DFF are presen-

ted in Table A6, and for NSB and PHT in Table A7 for the overall

combined analysis. A multiple range test on the parental means



. B6

shows that V, and V, had significantly (0.05) the lowest NFB,

2

while V, and V¥, had the shortest DF? and were the shortest in

3

terms of PI'T, with V, having the least NSB. V, had the highest

and V? had the longest DFF, and VS and V7 had the grea-

test NGB, Hybrids with the lowest NPB were found among the

NFB, V.

arrays of V,l and V2 while those with the highest NFB were found

among the arrays of VG and an The hybrid with the lowest NFB

was that of the V1 x V2 cross oand that with Lh~ highest NFB

involved V, x V_. Smaller values for DFF were found among the

7

. hybrids of V V2 and V3 with the ciress V., x V. having the shor.-

2 * Y3
.- test DFF although this might not differ significantly from the

1!

5 " : o F '
hybrids of Vi X V2 and V2 X V4 or even VS X Vs The 1 of all

the threc crosses had DFF values shorter than their earlicr
parents. The highest NSB per meter of PHT were chtained in the

Vv, x V

1 59 Vi X V, crosses.

3 ; S m

The estimate of sca variances assoclated with each parent
in the F1 analysis were very low, in fact theyEnere negative faor
all characters except N3B for which Vi’ Vz, Vﬁ and V7 had posi--
tive mean squares which were relatively high. The low wvalues of
the gca mean sguares for all the characters per parent indicates
thaot hybrids invelving the particular varicties have performed
as would be expected on the basis of theilr gca (Sprague and

Tatum, 1942}, and that these varieties uniformly transmitted

NFB, DFF and PHT to all their Fi's (Griffing, 1956).
RS L



87

2eBals2 Combined analysis over two years for June
sowing (D1)

The results of the analysis of variance are presented
in Table 16. The years had highly significant (0.01} effects
for all characters and showed higher values in 1876 than in
1977. The genotypes differed at the 0.01 level of preobability
for MR, D", W3B and PHT. The among generations source was
significant only for DFF, and the grand means for the parental,
', and F. generations were 64.98, 63,35 and 64.35 days, respec-

1 2

tively, showing the Fi to have flowered 1.63 days earlier than

the parents on the average. The F2 nean was between the paren-
tal and the F,l generation means. Thore were highly significant
(Q.OS for NSB) differences among the parents and among the
Fi'é'for the four characters, while the F2 diffgréd.(0.01) for
NI'B, D" and PHT Lut not for NOSE, |

The year x genotype interaction together with its compo-
nents:were highly significant for TFP, NS5SB and1 PHT but not for
NFPE and DFFf, The year x parents and the year X Fi interactions
were significant for these three characters while the year x .
F2 was signilicant for PHT only, and the year x generations for
TFP onlye

In bqth the F1 and the F2 analyses, the gca was highly

significant for each of the four characters for which these

generations showed significance, but the sca was not (Table 17).
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In fact the mean syuares of the sca were considerably smaller
than the year x genotype interaction mean square for each
character excapt NFB., This was an indlcation that gca was more
important than sca for these characters in these yarieties under
the June-sown conditicns. e o

The year x gea interaction in the F1 was significant fér
TrP (0,05} and for PHT (0.01)}, while the year x sca interaction
was significent (0.01) for TFP, NSB and PHT. In the F2 both

the year x gca and the year x sca interactions werce highly signi--

ficant for PHT.

N

The gea effects are presented iIn Table 18, Both F and

1
F2 showed very similar patterns with Vi' V2 and V3 showing nega-
tive effects for all four characters; and V4 and VS showing

negative or relatively low values for DFF, This indicates that

v V., and VY, combined low NFB and NSB with short DFF and short

1? 3

plant stature, but V2 and V, had higher NSB per meter of PHT

3

(zee bottom half of Table A8), V4 and Vs combined fairly low

values of some characters with high wvalues of others. The sca
effects were fairly uniformly low for all charactcrs. See Table
A9 (for UrB and DFF) and A10 (for NSB and PHT),

The means for NFB and DFF are presented in Table A1l and

those for NSD and PHT in Table Al12. V V., and V. had the

' R 3

lowest NI'B, with V2 and V3 having the shortest DFF also, while
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Tableo 13:

General combining ability effects in the Fi

91

and F

2

generations of a seven=-parent diallel cross in a

combined analysis over 2 years for June-sown trials

— 1
Earliness charactersz Productivity characters

Parent PHT

__NFB DFF TFP NSB .
For P4

, Ty ~0421 ~0,13 -1.40 ~1.35 -~ 6438
E 2 0,10 ~2.01 -1.84 -0.94 ~14.17 |
é 3 ~0.12 ~2.03 -2.65 | -1.33 | 17415 }

A 0.87 ~0.08 1.76 1402 ' 5.89
5 0.17 ~0.07 3.66 | 1.07 3.47 |

6 0.63 1.83 ~1.04 0.74 13,53

7 0,26 2.47 1450 0.77 6aB82
SeCa _‘0.077 0.587 1.611 0.628 51951“
For Fz' ] i

1 ~0a2% ~0.19 ~0,26 ~1,10 - 4,66

2 ~0414 —2.27 0.40 0,74 -10,85

3 ~0.04 ~1.53 -1.44 -0,75 -15 .65

4 0405 ~0423 ~2.67 0425 4.63

5 0,01 0e17 1.83 0.95 7.09

6 0,14 1.71 0.13" 0.83 12.58

7 Oe22 2.36 2.02 0.56 €436
SeCa 0.077 0.587 1.611 0.628 3.724J

+ Getta 0f the difference between two effects.
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Z2aBate3 Combined analysis over years for July sowiné (D2)

Three picks were taken from the July-sown trials in both

1976 and 1977, and this enabled a combined analysis of varlance

as well as gca and sca analysis to be carried cut for all the
ten characters, The analysis of variance is given in Table 19,
The first slx columns of the Table are various measures of
earliness, the next threg are vield and other characters rela-~-

ted to productivity.

N ' g
o Years had highly significant effect on ail characters
except UFF, Higher values were recorded for eight and lower
values fof two (MMD and NIFB) of the ten characterc in the .
U first year than in the second. This might be due to the rain- i
- fall which was adequate in 1976 but poor in 1977. The genotypes
differed significantly for all characters except NSB., There
were significant differences between the"generations for E1%,
13  MMD, PRT, DPFI', yield and TFP; with the F1 generation having
higher values for E1¥%, PRI, yield and TFP, but equal or
slightly lower values for MMD and DFF than the pé;éntal gene--
ration. This indicates that the F1 generation was carlier.
maturing on the average. The parcnts showed significant diffe-
rences fur five of the six earliness charactefs éné%also for
PHT Lut not for yield, TFP or NSB. Both the F1 and the F2

showed dAlfferences for most of the characters for which the

1 S S s
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parents were significantly different. The year x genotype
interaction was significant for E1%, PRI, NFB, DFF, yield and
PHT, However, no particular partition of that interaction was
uniformly significant.

In the l-‘,1 analysis, the gca was highly significant for
£1%, L2¢%, MMO, NFB, DFF, TFP and PHT, but the sca was not
significant for all characters except TFP (Table 20). Similarly
in the Pz, the gca was significant for these same characters
as well as NSD, while the sca was not significant for any of
the characters, As in the case of the June-sown trial, the
mean squares for the sca source were considerably smaller than
the year x genotype interaction mean square. There was a
signiJicant year x gca interaction for PRI, DFF, yield and

PIIT; and also a significant year x sca interaction for PRI and

D in the ¥, analysis, The year x gca in the F

1 was signifi-

2
cant for ©1%, NFB and PHT, but the year x sca interaction was
nonsignificant for any character. This indicates that it
would be necessary to measure gca and sca over years for some
of these churacters in these varietices.

The gca effects are given in Table 21. The positive and
necative gca effects in each line in both F1 and 92 suggests

that there were some favourable combinations of these charac-

tors for earlinegs in these varieties. For instance, in a
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Table 20: Mean squares for general and specific combining ability of a seven-parent diallel cross from a combined
analysis over 2 years for July-sown trials

Earliness characters Productivity characters
Sources d.fe. t.ﬁ e e _ ) ﬁ i ——— PHT
¢ (1) ‘PRI (2) Yield !
- or m
N w s m .mwz “ - mn\UH\mmM dadii il g/plant 4 AW6 3 ol
T = — ¥ - . 2 1
) ﬂ P cu 1 ve |} ® "e M se e ! ec * w '
G \ 48 5801.44 | 3141,87 | 344.02 | 85.51 | 277.64 ; 347.41 1009.31 | 346491 | 66.15 , 71204¢
" { LR " 2 LR w L4 te ” ot ! h ]
wp l 20 ) 5466428 | 3035.43 | 331.41 | 20.27 | 225.60 |} 231.41 | 748481 ! 466452 | 59.98 6033 .,.¢
* ! PO cu o9 m e | on { b s |
gca ! 6 }13779.64 7636.,48 |} 866,07 ! 73.81 555,38 641455 } 600.15 ; 535.66 54.63 17953.
1 ve
sca 14 1903.46 1049.09 105.36 70425 B4.27 54435 812.52 | 408,32 | 62.28 924.
& L » *e
mm 20 4335.40 2457.31 253.85 38.11 | 218,10 | 245.73 470.81 2013 71.27 6135.
L] L e e L G »
gca 6 | 11656.10 5999,25 706.31 30493 | 544.65 | 731.42 285,39 379.47 | 131.09 15685.
sca 14 | 1198.46 936,19 59.80 39.32 78,22 37.57 550,28 180442 | 45.63 2042,
© LR aw € v e
Y xG 48 1984.85 1313.92 113.09 49,29 | 107.67 53.53 572.36 150,09 { 43.13 2149,
cs LR e
¥rx mu 20 1425.69 1297453 93.95 67.66 78.19 72.48 763.67 134,40 | 41.63 1384,
® 6 L na
Y x gca 6 1005.21 1364440 121.25 105,79 133.86 87.01 1790.23 137.94 40,59 2632
LR ]
Y x sca 14 1606.99 1268492 82.22 51.32 54,33 66.26 323.72 132.68 42.07 849
LR
Y x MN 20 mwam.wm 1341,.52 131.94 24,51 | 160.83 36.65 331.09 145,16 | 41.94 2014
LR
Y x gca 6 qum.om 1453,40 149.90 16.75 | 277.00 20.36 309.73 152,22 | 10.90 3936
Y x sca 14 2027.24 1293 .34 124,20 27.82 111,05 43.63 340.25 142414 55.24 119C
Ir'r'l?.b - - ..
Error (p) 192 ! 1372.97 931.22 84.13 } 23,22 m 61.90 33440 322.80 | 178,00 ) 45.38 87¢
I e A PR RPN S - ? - P N
*, *+ gignificant at the 0,05, 0,01 levels of probability, respectively.
(1) MMD (and consequently PRI) are cilculated from the date the first boll split was noticed (zlbout 23 davs before the

- . L3
Fivet pick) .
(7Y pan sevaree For PRT ond NPR ar mulel lird b AN=
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situation where both earliness and yield can be taken into

consideration together, then a balancing or combination of

N

negative values for MMD, NFB and DFY with positive values Ffor :

the remalning earliness and yield or prbductivity characters
would have been ideal. Except for TFP and N5B, two varietiés,
V1 anc Vz, came close to this ideal situation in the Fi analy-

siz, while V2 and VS ¢id so in the F2. Ag previously peinted

out, there had not been any selection for TFP and NSB in these

varigties. Although the gca effects for NSB werce negative in
the early maturing varleties, the N3IB per meter of PHT glven

in Table A8 (top right half) showed relatively high values for

' . ¥, and V3. This is very much similar to the situation under
F9

the June sowing. R O )

g

%, . The sca effects for the ten characters are mresented in
Tables Al3, Al4d, Al5, A1l6 and A17. For most characters the
sea effccts were generally low, indicating the relative -

importance of the gca for these characters in the varicties

Studieﬂ - T "v'_.-; . f'__‘-. ™

Lo

The wneans of the ten characters are presented in Tables
A18, A19, A2y, A21 and A22. Higher values of E1% and E2% and
lower values of MMD, NFB and DIPF were found among the hybrids

of Vi’ v, and V,, with the F, hybrid of V

1 1
highest EZ3, E2% and PRI, as well as the lowest values of MM,

W # e

S g

win Al

x V_ having the .0



+ values for certain characters. ... . - e

- studicds This might have been due to the different ralnfall

W

e T .~ 100 .

Ay

NFZ and Df¥. The I', of V, x V, had the highest mean ylelds %

1 2

Hybrids involving V. also appeared teo have favourable mean

5

e o

The different combined analyses of the diallel revealed ™. ..
a highly significant effect of years for all the characters
B T
pafterns in the two years. 1In 1976, the railns in Samaru had

an earlicr start (mid to late May) and ended later (late

- Qctober) than in 1977. This would tend to influence the pro-

e

dﬁééivity of the crops as well as the growing period, and
might have contributed to the significant year x date intex-

action and might alsc have masked the effects of sbwing dates

as observed in the overalllgqmbined analysis.

The nonsignificant year x genotype interaction for
certain characters, when averaged over all environmentalﬁ §v_
factors or ;ﬁ;ﬁ the June~sown and the July-sown conditioné
are considered separately, would indicate the reliability of
using such characters as measures of earliness in these
varictics over the years. : ..  ' ;7 ’ ' W._@@:'

"« The mean squares associated with the qgea for each!; 
character were large and more important than the mean squéres?

assoclated with sca which were considerably smaller, irrespec-

tlive of the cultural conditions under which the crop was growr.




BT,

L

I Heterosis, measured as the difference between the F

':_ Millcr and Marani (1963) have reported large and ulgnlflcant gca

varianccs in cotton for E1% and lint yield relative to the very

small sca varliances. They also reported that the variances of

e

the lntcractions of the geca and the sca with locatliong were

'geherally small and nonsignificant. White and Richmond (1963)
also reported highly significant gca variances for E2%, REFF,

total vield of lint and PHT. The observations relating to the

~ gca and sca mean squares reported in this study agreed with those

g

" of other workers cited above.  '”gQ% ':55ﬂ”- no

e

' There was a very close agreement between the estimates of

' gca effects from the F, and F, generations, as well as a marked

1 2

tendency For ranking of these varieties for gea effects based on

T, \"j'

, parental performance for earliness characters as reported else-

' where in this thesis. ..;: s,

1 and

the parent with the higher ox lower attribute depending on the

particular character under consideration, was observed only

infrequently in these hybrids, IOnly very few crosses showed
heterosis for some characters on this scale; for ekémple B2%

(Table A18), PRI (Table A19), LFF (Table A6, A1l and A20} and

* e
oL

PHT (Table A12). . ... . . %

o

il
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2.B.T.4 Anulyses of the ipdividual experiments

Bach of the four experiments (2, 3, 7 and 8) was analysed

separately and the results are presented in Tables 22, 23, 24

and 25, respectively. The mean squares due to the various com.-

ponents of the error mean square (replication x genotype) are

given in the Tables. In addition, mean squares due to plant to

plant variation within the parental, F, and F. plotslwere'aisoy

1 2

given at the bottom of these Tables., It is not intended to dis.-

cuss the results of these analyées since the results of the

. combined analyses have already been dlscussed and are the most

3

meaningful. However, the results of the 1977 June~sown trial

(Table 24) in which E1%, E2%, MMD, PRI and yield were analysed

but not included in the overall combined analysis or the com- TR

bined analysis for the June-sown, will be briefly considered.

The genotypes differed significantly for all the five

characters but the parents differed for only E1% and MMD. The

F1 source was also significant for all five characters and the

P, for B1%, L2% and MMD. The geca was significant for five

2

choracters in the F1 and for three in the F2,

signlfleant for FRI in the F1,

while the

and E1% and MMD Iin the F2

«

ECa was

Again,

in the imlividual analyses the gca was relatively more important

than the sca., The gca effects and the means of the individual

L

experiments are given in Tables A23 to Add.




Table 223 lean squares

gca and sca of a seve

from

an analysis of
n-parent dia

103

variance and of
1lel cross for

June—sown trial in 1976
Barliness char. productivity chare
Sources defe (1) PHT
NFB DFF TFP NSB
.,...--—-—-—’-v..——--. ‘-4—.-‘--——1'—&‘ rarea———_—
oe
plocks(®) 2 23.33 92 .06 606.69 328.41 1215.22
o L .e L LR
G | a3 |283.94 | 203.48 130.63 | 80.72{11530.81
: : : oo THR. se '
gche 1 2 \ 60.66 b 170.61 i A1539.46 112.42 ¢ 66465
. . 1] -
{ . - : T .o o0 e ;
pare ' 6 ;534.13 ' 437.93 } 872.81 140,55 2691578
: S ITR T wel set
P ! 20 }211.00 | 168.21 b 729.76 ?4.27%1’1‘108.0'? !
{ .b LR ‘ LR ' - e i et 98
gca ! 6 |581.08 }498.77 | 1085.76 | 183.18 N33061.01
! l * ® G
sca 14 52.67 26,54 577.19 27.74 1699.06
L L o0 L
20 303.97 17171 307.95 65.96 B484,40
e LR L LR [-5-3
gca 6 600.86 | 448.00 633.30 182.80 10935.93
LA @
sca 14 176,73 53.00 168.52 15.89 | 1185.75
B x 6 (err) 96 75.07 1179 263.68 15.13 630.75
B x gen A 58.41 35.28 46 .17 2.01 137.69
B x par 12 77 .46 18.03 209.02 16,40 76728
B X F1 40 63.67 23.94 381.00 16 .61 731.02
B x £'\., _'.__20 8?'42 43043 18‘1.51 14..5.-?---..-5-3-84..08-2- |
plants/plots 1323 51.59 8,44 69 .44 S22 344473
plnnt:s/parL 189i 31.91 5.98 61.42 4,94 145452
pl:.u'xts/s”1 ] 567‘ 46.42 7.66 75497 i 4,33 186453 k
plants/F., ' se’;i 63'322 9.83 \ 65059 ! G.211 569437}
—— --4—‘-:‘--4- - 1 : - :
o e significant at the 0.05, 0.01 levels of probability, respec-

tivul"' -

(1)

mean square for NFB multiplied by 102
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2.B.L.5 Analysis of the lint quality test data '

The mean squares for the three lint guality characters,
mlcronaire (Mic), effective length (EL) and bundle strength (B3)
For three of the four experiments are presented in Table 26.

The genotypes showed a consistently significant difference only

. for EL in the three trials analysed, Thoy were significantly ;gj'

SRt

dif{crent for Miq. in July 1976 and for BS in July 1977. No
further analyseé WEré carried out along the lines of the earliness
.and yield characters, but the genotypic means for the June and
July experiments in each of the twe years are given in Tables A45
o ms. o S ; ﬁ  , I .

The Mic. mean of the parents ranged from 2,90 for Ve to

to 3.73 for V1 in

3.50 for V1 in June 19763 from 3.02 for V7 %

July 1976: from 2.63 for V2 Lo 3.48 for V? in June 19773 and from

3,50 for V2 to 4,00 for VG in July 1877. The highest Mic. wvalue

of 3,60 was recorded for the F1 of V1 * V3 in June 1976 while the

F1 of both V1 b Vz and V1 X V3 crozses showed high values in

e
R

July 1970. The F1 hybrid of crosses invelving VS and V6 also

showed high Mic. values in July 1977. It seemed that the deriva.-

tives of the crosses involving V, {and probably VS) have consis-—

1

tently high Mic. values.

The longest EL among the parents was recorded for V. under

5

all the four environmental conditions. BDerivatives of crosses



Table 2G% HMean squares from the separate analyses of

108

variance(i) for lint gquality tests of the diallel
crosg . ' 3
| . Micronaire Effective Length Bundle strength
Sources = [-me- -
IIIII ‘d..f. (MiC) daf. ‘EL} d.f. (BS)
- Yuly 1976 :
~ . Blocks 2 0.551 2 10.311 2 3,236
W oF » 'Y
Genotynes 40 0.521 48 15.268 48 3,765
B x G (arr) 96 0.266 36 4.217 96 2e528
Error (33(2} 142 0.198 142 3.180 142 1.649
June 1977 SRR 2
- ] .
Blocks 2 4.431 a 0,228 2 T.798
Genhotyyes 433 0,398 48 16.674 48 57471
B x 6 {err) 96 | 0,377 96 3.578 96 4,176
Brror (s)'%) 1 142 1 0.370 147 | 2.760 147 2.890
ot il - -;—
July 1977 ' :
. t o
Blocks 2 G380 z 2.973 } 2 23,905
* 1
Genotypas a8 1.523 48 18.868 48 74689
B x G {(erx) 96 1.211 94 1,383 86 4,620
Error (s)(h) 130 0,282 147 3.550 147 3,190

*y *%, slgnificant at the 0,05, 0.01 levels of probability,
respectively, . . :

{1) the June 1976 trial was not analysed.

(2) there were missing values for some of the plants.




lnvolving V5 and VG had longer EL than most of the remaining

hylbrids. As for BS, V. and V7 and their hybrid derivatives

showed high values.
It was not possible to carry out geﬁeral and specific

combining ability analyses nor combined analyses over years

for thuse traits, as such it is difficult to discuss results

© . of these separate,analyses as had been done for the earlinass

and yield characters. However, a trend was noticeable in whichm._fﬁ

some of the varieties and their hybrids showed high wvalues fox

thase lint quality characteristics.

4
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e

~ The results of the combined analyses showed a considerable
T

degree of reliability of using certain characters as measures of

earliness over a period of yearé. For the June-sown crop, NFB and
DFF, while for the July-sown crop, E2% and MMD, offered reliable
measures of earliness in these varieties. The varieties showed

consistency of ranking {(even though broadly} for earliness scorcs

-

irrespective of the different cultural or environmental factors

involved. One or more of the three early varieties, Vi’ )

V3 came out to be significantly earlier than the medium or late
maturing varleties for different characters under the different

conditions of growth. These three and probably also V5 combined

more Ffavourable earliness as well as yield characters, but V2 was

and V_ behaved similar to

the most consistent of them, while V1 3

1’ V2 and V3 and

a"f more especially of V, and also of V. appeared to have the most

desirable combinations of characters for the expression of earliness.

’ V4 and VS for certain characters. The hybrids of V

-4

The gca mean squares'were large compared with the sca mean
squares which were fairly uniformly low for all characters. This

shows that these varieties are genetically heterogenecus for earli-

ness and method of breedinélwhich utilises gca would be more appro-— -

priate for their improvement at least initially. However, the gca

will have to be measured over years since there was a significant

year x gca interaction. SR

-y CE—-

ey

V. and  .ay e
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Series II: Genctic component analysis

In the two 1976 trials, only two (the second and the
third but not the first) picks were made, and as a result El1%
could not he estimated, and the estimates for MMD and PRI were
thus based on fewer parameters., In 1977, all the three picks

ware madeo,

2eBeIl,1 Stripper (early) x UK66 (late) cross grown
in 1976 (Experiment 4)

The analysis of variance and the mean squares for the six
generations are presented in Table 27. The generations differed
significantly for all characters. There was a significant
replication x generation interaction for E2%, MMD, PRI, DFF,
yield, TFP and NSB, which might have been due to the non-random-
ness of the rows of the segregating generations within each block
(replication),

The means, standard errors, together with the A, B, and C
scalecs, &s well as the D, H, and E components of variation are

given in Table 28, The meansshowed that P, was significantly

1
earlier than P2 for all earliness characters except PRI; and
the Pi mean was in the direction of the earlier parent for these

characters, while for PRI the F. had a higher mean (though not

1

significantly) than P_, the higher parent, For yield, TFP, and

2!

NSBy, P, had significantly lower values than P_, but had higher

1 2
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NSB por meter of PHT than P The P, mean was higher than that

2° 1

of Pz for yield and TFP (significantly) but similar for NSB. For
E2%, MMD, NFB, DFF, and BP, the backcross generations had means
which lav between the F1 and the respective backcross parent.

The generations were tested for conformity to the additive-
dominance model of Mather and Jinks (1971), The scales and their
standard errors given in Table 28 indicate that this model may
only hold for BDfF, BP, and probably NFB; since the A, B, and C
scales of the remaining characters had values significantly
differont from zero. The data were reanalysed using a log trans-—
formation and the results are presented in Table A49. The means,
standard errors and the scales from the transformed analysis are
also presented in Table AS50. The results were similar to those
in Tables 27 and 28, respectively. In this trial then, changing
to the log scale had no effect in making the data conform tc the
additive.<ominance model.

Hext, an attempt was made to estimate the D (additive),

H (dominance), and E (environmental) components of phenotypic
variances The estimates obtained are given at the bottom of
Table 28« The nature of the variances of the generations as
given in Table 27 was such that the estimation of the H compo-

nent was non-negative for only PRI, BP, yield, and PHT, for which

the degree of dominance /~/TH/D)/ were 0.372, 0.497, 0.293 and
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3,420, respectively. ©Narrow sense heritability (h?) was estima-
ted for all the characters (except NSB/PHT) andi given at the
bottom of Table 28. Where the H component was negative, it was
ignored in the estimation of hz. From the estimates obtained E2%,
MHD, NFB, DFF and NSB had high values and would respond to
selection favourably.

Although the mean squares of the non-segregating genera:-
tions were small compared to those of the segregating generations
for most characters, estimation of the H component produced nega--
tive values in most cases, This was because the mean square of
the ', generation was relatively so large that large estimates

of the D component resulted when the formula (2V= « V= + Vo= = XD)
P BC BC
2 1 2
was usede In addition, there were cases in which the mean squarecs
of the non-segregating generations were larger than those of the
seqgregating generations especially for MMD, TFP, and N5B. This
suggests that, the parents were themselves heterogeneous and
probably hecterozygous to start with. It is believed that they
were not homozygous pure lines since each parent was composited
from selfed seed of different single plants each yearj and these
selfed single nlants were not specifically selected for any of

the traits but just randomly chosen from the varizties which

were broadlv classified as early, intermediate and late.
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For the cross Stripper x UKE6, it would seem that thcre
were other genetic factors Involved besides the additive and
dominance factors in thc inheritence of most of the characters
studied, 1t is tempting to speculate the dominance of carli-
ness and oi higher productivity as well as the presence of epis-
tatic factors although no test was conducted in that respect.
The interpretation is further complicated by the heterogeneous
and/or hetecrozygous nature of the parents themselves. Neverthe-
less, a very clear picture of the rclative importance of additive
factors compared to the dominance, environmental or other factors

has emerged.
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2eBoIX,2 2421 (early) x Samaru 71 (intermediate) cross
grown in 1976 (Experiment 5)

Table 29 gives the results of the analysis of variance
for this cross., The generations showed significant differences
for all characters and there was no significant replication x
generation interaction. The means, their standard errors and
the 4, B, and C scales, as well as the D, H, and E components
are given in Table 30. P1 was significantly earlier than P,

for all the earliness characters except PRI, for which it had

a lower value, For yield, TFP, NSB and PHT, P, had signifi..

1

cantly lower values than P The F1 was significantly diffe-

P
rent from the mid-parent value and towards the earlier parent
for 2%, MIID and PRI, but similar to the mid=-parent value for
NFB, DFP' and BP. For yield and NSB, the Fi means were similar
to the mid--parent value but significantly lower than those of
the higher parent (Pz); and for TFP it was significantly higher
than the mid-parent value but similar to the higher parent. For
PHT, the Fi mean was in the direction of the shorter parent
(P,.

The A, B, and C scales showed that the additive-dominance
model was adeguate for only BP and NSB in this cross on the
basis of the untransformed data. The i, H, and E components as

well as the degree of dominance were calculated for all but

four choracters (NFB, DFF, TFP, and NSB) for which the estimate
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Zarliness characters

- -

—a

- e

Mean squares from an analysis of variance of untransformed data of individual plants for the cross

Productivity characters

amo__ fere‘Y | wesV| prr | me Yield
5467 | 14.96 | 33.59 | 4.63 ! 110.67 3558.96

40447 | 40,19 }295.40 156.80 ; 317.58 mgmmow.mm
5416 w 3,46 m 30,13 m 7.73 W 21,09 | 832.90
2471 m .35 w 26.70 M 5467 w 13.56 W 1051.47
3.44 W 1.50 m 11.67 | 5.95 w 6.90 W 355,94
3416 | 5410 | 50.21 | 4.61} 11.50 1251.96
1630 | 6.06 | 51.67 | €.97 | 23.32 1446.27
2.54 | 1.92 | 43.64 | 5.95| 8.40 470.97
0e63 | 0.16 | 29.17 | 3.06 | 5.04 35.80
1481 | 1.02 | 31.30 | 5.35 | 5.98 239.86
1,05 | 1.02 | 37.33 | 4.21| 4.06 247,18
3.58 | 2.76 | 64.38 | 8.56 | 11.31 686,00
3,29 | 2.96 | 40.56 | 5.34 ! 10.45 723.29
2,02 | 0.80 | 27.78 | 3.73| s5.61 206,17

- emea e e w B R -

L T

TrP

e e -

uuwu-mN
pomﬁ.mm
109,67
133456
139,36
184468
276.60
76,20
36424
62,90
108,11

39,03

Table 29:
2421 x Samaru 71 grown in 1976
Sources d.f. e
E2% ...
Replications 3 269400
Generations m 5 : mOmm.um
Rx G m 15 m 263,13
Error M 28 W 138,10
mwonm\hmﬂu\mnpw 8 m 175485
Plots/reps/F, P 12 161462
vHOnm\nmvm\mnm 8 66,12
Plants/plots 468 129455
Plants within mw 36 32.00
L " mnw 108 92,30
w " ﬁa 36 53031
" B wm 144 182,77
w L mhm 108 162,70
" " e, 36 102.81

R

¢, *¢ gignificant at the 0.05, 0.0l levels of probability respectively.

(1) Mean squares for PRI and lIF3 are wultiplied by Hom

NSB

)

.
.
.

————— W & e W E - -

116.68
165422
13.84
10.38
11.38
7.42
13.83
6.99
4.61
5.20
5.69
7.85
8.32

8.63
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of H gave ncgative values due to the same reasons mentioned for
the Stripper x UK&6 cross. In this early x intermediate cross
too, 1t was noticed that the mean squares of the non-segregating
generations were equal to or larger than those of the segregating
gencrations for PRI, NFB, vyield, TFP, NS5SB, and PHT.

Further analysis was made using a log transformation and
the results are presented in Table AS1, These results were siml--
lar to those in Toble 29, There was a significant replication
% generation interaction for MMD and PRI. The means, scales and
the componcnts for the transformed data are given in Table A52,
In the log transformatlon, the additive-dominance model was
adegquate for NFB, BP, TFP, NSB and NSB/meter of PHT. In this
cross, changing to the log scale had more effect than in the
early x late cross. Positive H values were obtained for conly
E2% and MMD, hence the degree of dominance for these characters
were 0.400 and 0.333, respectively. The narrow sense heritabi.-
lity in this cross given at the bottom of Table 30 indicated high
h2 Lfor NFB and DFF, moderately high values for E2%, MMD, BP and
PHT, It is worth noting that E2%, MMD, NFB and DFF had high
values of h2 in this cross also but NSB which had high h2 in the

Stripper it UK66 cross had low value in the 2421 x Samaru 71 cress

while PHT with extremely low value in the first cross had modera~ -

tely high values in the second cross.
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There was an indication in this cross of dominance of
eariiness for E2%, MMD and PRI; while there was dominance for
highet productivity for TFP. Howevéf, as in the case of the
early x late cross, the additive component was relatively.
larger than the dominance or the envirconmental compeonents for

all characters except NSB, in which the E component was larger,
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2.BeITIa3  Stripper (early) x UK66 (late) cross grown
in 1977 (Experiment 9)

The results of the analysis of.varianca and the mean
squares of the generations are given in Table 31. As in the
twe previous trials, the mean squares of the qenerations were
similarly disorderly in this casge. Whatever might have been
the cause of the inflation of the mean squares of some of the
generations, a further complication has been brought about
in the 1977 trial because the backcrosses were selfed back-
crosses from 19764

The means and standard errors arc presented in Table 32.
The elimination of the F1 in the analysis coupled with the
selfed nature of the backcross generations made the estimation
of the A, B, and C scales as well as the estimation of the D,
H, and E components imposaible. For tnis trial, an analysis
based on trunsformed data was unnecessary and further discusw
sion and interpretation thus becomes unreallstic,

The lint cquality test data were not analysed for this

saries,
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2.B,IL,4 Conclusion

| The initial objectiﬁe of running the genetic component
analysis was to be able to estimate the components of genetic
varlation in order to enable a reasonable and meaningful
interpretation of the results, and alss to learn more about

the genetic control of earliness and other characters in these
varlieties, But the data as they were in these trials would

not permit the fulfilment of such an objective. It iz felt
that one of the most critical causes of this might be the
heterogenelty and/or heterozygosity of the samples which was
brought about by the bulking of seed from selfed single plants
throughout the study period. Small sample size, especially of
the segregating generations might also have some influence in
the trends observed. 1t was also noticed that the mean squares
of the replication were conslderably large for most characters,
indieating that the blocks had differential effects., Neverthe-
less, in these {rials, it was noticed that the additive factoxs
were relatively more important than the deminance factors for
most characters. Any future attempt at similar studies invol~
ving these varieties should take into consideration tha prob}ems

enumerated above.
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GENERAL DYSCUSSION AND CONCLUSIONS
Generally, earliness in the cotton varieties studied

wug little influenced by the environmental or agronomic
factors under which this study was conducted, especiallg wheh
results of different years were combined. The reason for this
lack of effact was primarily in the nature of the statistical
test wmade., In the combined analysis of the agronomic trials,
the date and the nitrogen main effects were tested by the
respective interaction of these factors with years, since the
inference was to be made over years. These interactions had
very small degrees of freedom that the test became insensitive.
In addition, there was the heterogeneity of the varieties
invelved as well as a fair degree of stability especially in
tha Samaru varieties. Faulkner (1274) has reported the stabi-
~ lity of performance of Samaru 26J over different en;ironmental
condlitions in éeveral yearsa.

| There was also the marked difference in the rainfall
patierns of the 1975 and 1977 (for the agronomic trials) and
thie 1976 and 1977 (for the genetic trials) seasons; 1977 being
the poorer in each set of seasons., 1In this respect, 1t con be

concluded that an early maturing variety would mature relatively
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éaﬁly irrespectiVE of the planting date or the levels of ‘gﬁaw
fertilisation. However, yield and related characters were
Influenced more by both factors especially in 1975.

In the diallel studies, it was noticed that there were
considerably large general combining abllity mean squares for
both earliness and productivity characters with very low and
nonwsignificant specific combining ability mean squares. In
the genetic component studies, it was found that the D {addi-
tive) conponent of genetic variation was cansiderably larger
for most characters than the H {(dominance) c¢omponent which in
mest cases was negative or zero. This supports the observa-
tions made from the diallel analyses about the importance of
gca relative to sca in these varieties for the characters
studled. Jimilar observations in other varietics have been
raported by Quisenberry (1975). “

There was an indication of dominance of earliness in
. the two specific crosses studlied. Similar observaticons on
crosses invelving other varleties of cotton were made by
Richmond and Ray (1966)., Observations in the gonetic compo-
nent study, showad that the within parental variance was
cécasionally as large as the F? phenotypic variance, indicat-

ing that the vorieties were heterogeneous and possibly also

heterozygous, If heterozmygosity existed, the procedure of
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selfing and bulking the selfed seed for two years would only
increase the heterogeneity within these varieties. Although
the selfed individual plants would tend to be honmozygous, they
may be so for only different alleles (genes) such that when
secd from different plants are bulked together they became
more heterogencous than the original population from which
they were derived. In this respect, these varieties can be
regarded as similar to unimproved genetic stocks with tremen-
dous potential for initial improvement through breeding. The
moderate to high heritabilities of some of the characters
supports this view.

It appears from this that bulking was the major problem,
hence, any future study of this nature should consider selfed
single plants and their progenies from the start rather than
the progenles of several selfed plants bulked together. The
sample size, given the limitations of space, labour, funds,
time and other related factors, should also be large enough to
make meaningful observations possible.

These studies have shown that earliness as measured by
the various characters can be bred for, at least initially, by
breeding methods which utilize additive or general combining

ability effects, since most of the F, hybrids involving the

1

early parents showed considerable earliness over their late
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parent or over the ﬁid;parental value. It is also possible -
to combine earliness with yield, and related characters in
; the hybrids since these parents showed a good general CQmﬁinm
" ing ahility for the traits. Mooseberg (1969) made similar
éonclusicns on the possibility of combining earliness with rl
other desirable characteristics. fThis was even more consis;

tent where Vz and V. were involved, and it 15 hoped that

5
future improvements in the breeding for earliness will make
usa of V2 and those that showed promise as reported in this.
thesis.

Correlation studies between the characters were not

done in this work primarily because the seven varieties were

a selectod set for maturity.

Future Considerations

All the varieties invoelved in the present.study and
their hybrid progenies are known to have very poor level of
resistince to bacterial blight and in order tv improve their
level of resistance, a blight resistant line RASA (76) 23
developed at Samaru Qas crossed onte a sample from each of
the <49 gonotypes in 1977. The send from these crpsses were
harvested and replanted in 1978 for further backcross using

the same RASA (76) 23. The intention was that during the time
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whoen this study is being written up, tﬁe level of rasistance
to bacterial blight in these genotypes would he improved by
backeressing this resistant line onto them, so that breeding
for eanrliness would go hand in hand with that for rezistance
to bacterilal blight. It is also heped that some good combina-
tions will be found among the progenies for use in the deve..
lopment of early maturing, bhacterial blight resistant types
wlth good or satisfactory levels of any other desirable

characteristics.
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10-day interv
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1976, and 1977

Year D
ear e
Month Interval 1975 L———i 76 19717
e —_— ;. A=
1 - 10
April 11 - 20
o l 21 - 30 |
E L - 10 b 38.9 t 0.0 r 0,0 !
May 'o11 - 20 bo38.9 ' 4.5 | 0.0 |
P N i sou0 l,
2 1 - 10 E 6.4 t 82.1 E 54 40 ]
June ‘ 41 - 20} 39.4 L 5547 3543
21 - 30 89.7  69.1 __--.}Rﬂi.
1 - 10 77.6 911 746
July 11 - 20 94.5 86.1 2244
21 = 31 131.4 49.2 | 29,0
1 - 10 26.7 91.5 651
August 11 - 20 26.4 60.0 11643
21 - 31 60.3 36.6 W”EEE:?L---
1 - 10 97.3 94.0 123.3
Scptember 11 - 20 763 35.5 1842
R 21 - 30 38.6 61.5 | .. 580 ..
1 - 10 0.5 13.4 040
october 11 - 20 7.8 126.8 443
21 - 31 0.0 22.0 040
fEPUAL TOTAL 903.0 l 1073.5 ;_.,33?:?..-J
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for earliness characters in 1975 and 1977 (only BP in 1977)

. e

-—— . o.iH

Estimates of the lincar (1) and quadratic (q) contrasts of the sowing date x variety interaction

R
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E 18 |8
' w ce
.l“wﬂON "ﬁO.m- “_.u.miw
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oe
'WW.Q mlb Wolm
e
‘Nﬁlm .H.N wmlm
aoe
-42.6 |11.4[151.2
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~42.,6) 6.6)151.2
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=45,6§ 3.6} 173,:
L
~45.6¢ 6,0}173.

1
Variety w - E1% [ ."-.rbnl..,n“..i.. | mmm ! szw r.ﬁiii..sia
U y g } M5,  MS } 1 g i Ms A MS 1 i g 4 M3 Ms_ |
: : ; L . I . i 1 g ! S S TR 9
T ¥ 1] ' * b ’ !
b ' . b ! ' . - ’ ) . '
v b T ce | ] L v c0 e
1 ! -205.8 |302.4 | 352005 2560021 15.6 [202.8 | 20.3 {12424 | -75.6 |-40.8 } 476.3 | 46,2 |
] b ] A
oo el .s oo co m o |
<m - B9,9 }258.7 67345 11859401 169.2 1379,2 |} 2385.7 }3994.2 |~113.6 ~59.4 11071.6 } 90.0
ou L e ae ce 0
<w - 87,8 | 238,0 642.4 | 157344 15544 {333.0 | 2012.4 | 308043 |-111.0 -49,.8 | 1026.8 68,9
ew -1 L LA ve L L
<n -291,6 | 299.8 7085.9 | 2496.7]-145.8 |412,2 | 1771.5 | 4719.7 |- 40.8 -65.6 13847 | 13446
ov GO o se 6o 6o
dm -235.2 } 266.8 4609,9 {19773 1=117.0 |435.0 | 1140.8 | 5256.3 |~ 52.8 -68.4 23243 | 130,0
ce ¢ en .o ve
Qm -150.2 | 148.4 1880,.0 61147 |=143,4 [245.4 | 1713.6 | 167248 |- 6046 ~24 .6 306,0 1648
(3] -] L LE ] U )
<q -154.6 | 152.8 ~ 1991.8 64846 |~14242 ]211.8 | 1685,1 | 124641 |~ 60.6 ~21.0 30€.0 12,3
. s

significant at the 0.05, 0401 levels of probability respectively.

1, q, linear and quadratic contrasts, respectively.

MS

10 MS

q

mean squarcs for linear and quadratic contrasts, respectively.

Table A2(a) cont'd next pac
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4 » v »GG
<N H QCN “ - L.m W i
» b L]
’ ? t v G
X ! 60 | =640 | 3.0
<b lOlm - le Clu-
<m H.N - H.IN O.H
<m w.o Ht@ Olf
q ..lb_.N - o.m Hlm
! _
. LR

!

significant at the 0,05, 0,01 levels of probability, respectively.
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Table A2(a) (cont'd)

e

— s e e et

BP

q

SRS TES—

DFF
DU -
Ms 1 NS MS
mb...m..~ h 1 B 9 .
" ¢ ~ b e e
{ 5.8 101.4 |} -107.4 ! 856.8 | 320.4 | ~8.4
! [ , '
" ' ; : ve s "
D 0.6 | 94.8 | - 73.2 | 74B.9 | 148.8 | -24.4
m : m b e b s
. H.O Homom g - qmlm » Wlem Hﬂutm “ INWON
“ 1 "
' LR ve
0.1 91.2 - 72.0 | 693.1 | 144.0 | - 7.6
e e
Olﬂ mm.N - mﬁbo mOhl@ Hmmto - QIM
L e
0ol 108.0 - 66.0 | 972.0 | 121.0 | - 2.0
0ol 64.8 - 66.0 | 345.9 | 121.0 20.4

b

- e e -

1e2

34.8

30.8

3648

64e4

th&

-

1, q, linear and quadratic contrasts, respectively.

MS

s MS

q

mean squares for linear and gquadratic contrasts, respectively.
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:my xmn
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v 74e4 i 50,
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79.4 39
Te2 243
€Ea5 56
0.5 172
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Table A23: General combining ability effects in the Fq and
P, generations of a seven-parent diallel cross
for June scwn trial in 1976

Pasaik NFB DFF TFP NSB PHT
P s — . . b e - s m e - .
For F1q ’
1 -0427 -0.30 -4.12 -1,56 -8.14
2 —0.09 "2.09 -1.32 -0.8? "1.7. 10
b4 b 0e20 | 0,73 ! 2.40 1.34 ' 13.18 !
‘v v ’ ' ' t
' } i ]
bos b 0405 1 0405 .26 |} 0.35 ) 9.76
" 13 b
! 6 0408 1.74 -0.25 b 0.97 } 14.46
] 4 4 !
. ] ] '
! 7 ' Qe24 2.38 4,14 0467 8.28
: L.-.—‘-H.A-J-ﬁ‘
Se€e. 0.100 0.651 1.875 0.449 2.900
e ———. A B B o mow s s om oW }A
For F2 T
1 -003'1 -0.83 ""3021 -1056 -9.00
2 -0.20 -2.64 "0.82 0&52 '11.46
3 0601 ~1.16 «1.05 ~1.31 | =19.62
4 0404 ~0416 3.42 1.02 9.58
5 0e10 De?4 0.86 0.72 8.19
6 0e17 1,84 0.92 0.82 13.92
7 0.21 2-22 -0. 10 0.82 8.40
e 0,100 0.651 1.875 0.449 2,900
A ..‘_JL .......... S——

+ s.e, of the differcnce between two effects within Pi or F2
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