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Early generation testing for fast development of new cotton varieties in Uganda

ABSTRACT
Fast development of new cotton (G. hirsutum L)
varieties became more necessary in 1994 with the
liberalization of the cotton industry in Uganda. The
private operators on production, processing and
local and export marketing of lint and textile manufacturing came up with new demands. These were
for particular agronomic and lint characteristics for
running the enterprises profitably. These demands
coupled with increasing prevalence of Fusarium
and Verticillium spp. associated with root-knot
nematodes (Meloidogyne spp.) necessitated quick
turn out of varieties with new trait combinations.
In 1994 a crossing cycle was initiated between
high quality and bacterial blight resistant Uganda
Albar and high ginning – out turn (GOT) material
from West Africa. The crosses were advanced
through early generation testing (EGT) technique
under the main pedigree line (PL) selection system. The use of F3, F2-derived progenies as a starting point for testing has enabled derivation of new
varieties in 9 years in comparison to 14 years in
previous breeding programs. Genetic gain has
been realized for boll weights rising from <5.0 to
>6.0g boll –1 and GOT from 34% to 40% in BPA
89 and BPA 2002 varieties respectively. Seed cotton yields of over 1500kg ha –1 have been recorded
on-station and on farmers’ fields under good management. The varieties have strong fibers (30g
tex –1) with staple lengths at 30mm and micronaire
values approximately 3.5 – 4.0. The testing procedures, merits and successes of the use of EGT
technique and the attributes of the new varieties
are discussed.

Introduction
Changes were made in the cotton breeding strategy in Uganda for meeting demands of the private
operators in a cotton industry, which was liberalized in
1994 (Anonymous, 1994). Among these changes were
the decision made in 1997 to concentrate on improvement of the “Bukalasa Pedigree Albar” (BPA) cotton
type leaving the “Serere Albar Type Uganda” (SATU) at
maintenance level (Serunjogi et al., 2000a). This decision was necessary to minimize mixing of the two cotton types in the seed multiplication scheme under liberalized seed cotton marketing and ginning. The two
cotton types differ in plant characteristics, in yield and
fiber quality components and in resistance to bacterial
blight caused by Xanthomonas campestris pv.
malvacearum (E.F. Smith) Dowson (Arnold et al., 1968,
Innes and Jones, 1972 and Serunjogi et al., 2001).
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New demands to the breeders by the cotton operators included inter alia; The ginners required an increase in the ginning out turn (GOT) above the average of 34% offered by Albar cotton types. This was for
exploitation of the increased ginning capacity acquired
through structural adjustments in the cotton industry
under the Uganda’s Economic Recovery Programme
initiated in 1987. The lint exporters and the local textile industries had preference to higher fiber and spinning quality and the farmers called for high yielding
varieties for exploiting increased farm gate prices created by the competition for raw cotton under increased
ginning capacity in the industry (Anonymous, 2001).
Efforts were made by breeders to incorporate
combinations of desired traits into particular varieties.
The traits included inter alia; yield components such as
large bolls, prolific fruiting and high GOT in addition
to fiber quality parameters; early maturity as a requirement for fitting cotton along side food crops in the farming systems. Early maturing varieties were crucial since
the cotton and the food crops competed for labor and
other input resources for their proper management in
a given season (Serunjogi, 1996). Additionally, incorporation of host plant resistance to diseases, to insect
pests and to nematodes was deemed as an essential
component in the Integrated Pest Management (IPM)
program. The IPM approach was in attempt to reduce
on production costs incurred when using pesticides. Use
of host plant resistance was appropriate for preservation of environments including protection of useful bio
fauna for example predators and parasitoids to the
cotton pests (Serunjogi, 2001). The pace of turning
out new varieties was however, hindered by genetic factors. These included undesirable genetic linkages
among traits and possible adverse pleiotropic effects
governing desired traits. These set backs required cycles
of crosses and backcrossing among the potential cotton stocks, which were sources of the traits. Additionally the pedigree selection system, which was in use in
the program for acquiring the desired genetic combinations, testing and selection among segregating populations, was time consuming.
In 1995, an attempt was made to use an early
generation testing (EGT) technique where single plant
selections were made at F2 stage in the segregating
populations. This was with the aim of accelerating
genetic gains for combining high GOT from introduced
material into the high fiber, spinning quality and resistance to bacterial blight of the BPA genetic background.
The objective was to find whether the technique would
be suitable for derivation in shorter time, than before,
of new varieties with performance combinations desired by a cross range of stakeholders in the cotton
industry. The EGT technique had been described by
Fehr (1987).
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Experimental procedure
Nomenclature of breeding stocks
and varieties
In the Uganda cotton breeding program, the
breeding stocks were allotted a prefix code letter depicting the basic derived genetic background. This was
followed by a numeric index in (parentheses) indicating the year the stock was selected as a progeny of a
given cross. A numeric suffix, which followed the parentheses, was the number of a particular selection in
series. For example, the selection A (75) 78 was a
derivation from Albar stocks selected as a progeny in
1975 as single plant selection number 78. At the last
stage of testing before deciding on a new variety, some
lines were bulked for testing potential line-mixture or
“multiline varieties”. The advantages of line-mixture
varieties were described by Walker (1963). Line-mixtures were named by a letter prefix for the genetic origin of the material. This was followed in (parentheses)
by the year in which the mixture was made. Next to the
parenthesis was a letter M denoting “Mixture” followed
by a numeric index indicating how many generations
the mixture had been grown. This was followed by a
period (.), which was in turn followed by a numeric
index being a serial number of that mixture in case
more than one line mixture from related genetic stocks
were simultaneously included for testing. For example
A (97)MO.1 was an Albar line-mixture made in 1997
and not grown or tested before. It was mixture number
one. The new varieties derived names from the cotton
type Bukalasa Pedigree Albar (BPA) as an alphabetical
prefix. This was followed by the year in which the variety was multiplied out on the research station main farm
for the first time as foundation seed. As an example,
variety BPA 68 variety was first multiplied out in year
1968 and variety BPA 2002 was first multiplied out in
year 2002.

Field and laboratory methodology
In 1994 crosses were made between two groups
of parents at Namulonge Agricultural and Animal Production Research Institute (NAARI). The female parents comprised lines from the Uganda Albar population. These were selected for the following traits: resistance to bacterial blight, resistance to Jassid
(Empoasca spp.) attack conferred by plant hairiness and
high fiber quality. The Albar group had low ginning
percentage of approximately 35%. The lines were; A
(75) 78, A (76) 11, A (79) 4, A (79) 68, A (82) 8, A (82)
9, A (82) 28 and BPA 89. Their selections were based
on their performance in the 1993 line trials (Table 1).
The male parents comprised four selections out of
crosses made between Uganda BPA Albar group (designated in the crosses by letter B) and introductions from
West Africa. The crosses were referred to as “Wide
range Crosses” (WRC) made earlier for tapping the
high ginning percentage and large boll sizes from the
West African material. The ginning out-turns for WRC
were near 40%. The lines were; BHG (87) 12, BPAN

(87) 43, BPAN (88) 2, and BSRIF (88) 18. Their selection was based on their performance in 1993 line trials
(Table 1). The crossing was non-reciprocal giving rise
to 32 groups of crosses. In 1995 the F1 generation
was selfed and the seed cotton bulked at picking by
cross. In 1996 season, 436 single plant selections (SPS)
were made from the F2 selfed plants. One lot comprising 87 SPS was handled for generation advancement,
stepwise testing and selection by the EGT technique.
The second lot of 54 SPS was handled by the conventional pace (CP) of selection technique. The difference
between the two techniques was that in the EGT lot,
testing of single plants in replicated yield trials started
at F3 using pedigree line procedures. The single plants
from the crosses had been selected at F2. In the CP
approach, the testing of progenies in replicated yield
trials would start at F8 that was the pace followed in the
Uganda programmes in the past. The sequence of
activities under the EGT and CP are summarised in Table
8. From F2 stage onwards all single plants in reselection
plots under both approaches (EGT and CP) were subjected to field screening for bacterial blight resistance.
This was through artificial leaf inoculation with suspensions of bacterial blight cultures. Inoculation was done
when plants were four weeks old and scored two weeks
later based on an agreed scale of the lesions on the
leaves. The susceptible plants were rougued before
flowering. Details on procedures for screening cotton
genotypes resistant to bacterial blight were described
by Takan et al. (1997) and Akello (1999). For the EGT
cohort, the F3, F2–derived materials were tested in two
replicated progeny trials in 1997 at Serere Agricultural
and Animal Production Research Institute (SAARI). This
is to where the cotton research program had been relocated from Namulonge. The testing was in two
trials for 87 progenies. The progenies were compared
with five varieties as controls. Each entry had a counterpart single-row selfing, plot for further selection and
evaluation. In 1998, 44 strains selected out of the 87
progenies were tested in two trials at Serere. In 1999
season, 13 selections out of the 44 strains were tested
as lines at Serere and at four other sites referred to as
“Technology Verification Centres” (TVCs). The selection
at this stage had 30% selection intensity. The testing at
TVCs offered multi-locational evaluation for enabling
identification of lines with stable performance across
wide ranges of production environments (Serunjogi et
al., 2001). In the year 2000, selected lines were constituted into line-mixtures, which were tested at five TVC
sites. In the three stages of replicated trials, balanced
lattice (b.l) designs were used. This was in 7 x 7 b.l with
49 entries in 8 replications for the progeny trials. It
was in a 5 x 5 b.l with 25 entries in six replications for
the strain trials and in a 4 x 4 b.l with 16 entries in five
replications for the line and line mixture trials. A spacing of 75 cm between rows and 30 cm within the row
leaving two plants per stand were used. This gave an
optimal plant population of 89,000 plants per hectare.
Data analysis was accomplished using the Genstat
Computer Statistical Program. Pests were controled with
two to four insecticide sprays based on attainment of
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pest threshold levels for bollworms Erias spp.
Pectiniphora spp. and Helicoverpa spp. and lygus,
Taylorilygus spp. Field data were taken on plant habits
for branching types, leaf and stem hairiness which confer
resistance to Jassid pests Empoasca spp., yield components for boll sizes, number and boll shape, as well as
on maturity periods basing on days to 50% flowering
and 50% boll opening per plot. At maturity, samples of
10 bolls were picked followed by bulk plot picks. In the
laboratory, seed cotton was weighed by plot. Two representative samples were taken from each entry. One
was for fiber quality testing and another for determining the GOT and other yield components for a given
entry. Ginning was done on 40-inch double roller gins.
The yield components derived included inter alia; GOT
calculated as the percentage of the weight of lint in a
given sample over the sum of lint and seed weights
after ginning. The boll sizes were derived from the seed
cotton weights of the 10 boll samples taken before bulk
plot picking. The seed weight or seed index were derived from 100 seed weights. The fiber quality properties were tested by High Volume Instrument (HVI) at the
classification room belonging to the Cotton Development Organisation (CDO).

Seed multiplication
For ensuring concurrent seed multiplication with
the testing, each entry in the strain and line trials had a
counterpart breeder’s plot. The breeders plots were
open-pollinated but under isolation. The breeder’s plots
offered sources of pure seed for use in the constitution
of a new variety. When a line mixture BPAN (2000)
MO.03 proved satisfactory as a new variety candidate,
the three component lines, i.e. BPAN (97) 25, BPAN
(97) 32 and BPAN (97) 49 mixed in a 1:1:1 ratio by
weight were re-mixed in the 2001 season and planted
on one ha as “nucleus” seed plot with fresh seeds from
the breeders plot. In 2002, seeds from the nucleus
plot were planted in foundation seed plot on 20 ha at
a rate of 20 kg of seed ha -1. The variety became to be
BPA 2002. Both the nucleus and foundation seed plots
were planted in isolated but open-pollinated fields.

Results and Discussions
The eight female parents used in the crosses had
a mean ginning GOT of 34.9% (Table 1), which is typical of the Albar cotton populations. They were higher
yielding for lint and seed cotton than the single line
variety BPA 68 used as a control in the 1993/94 season trials. The four male parents exhibited mean GOT
of 37%, which were two units over that of the Albar
parents. They all significantly out yielded (P=0.05) the
control variety for lint yield (Table 1). The male parents
though exhibited less hairiness on leaves, and stems
than the female group. Performance of selected strains
in the two trials at Serere in 1998/99 season is shown
in Table 2. The strains were out of the 87 progenies
tested in 1997/98 season giving a selection intensity of
50% between the two stages. Comparison was made
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with varieties BPA 95 and BPA 97. These were linemixture varieties constituted from Albar lines from A(75),
A(76) and A(79) populations for BPA 95 and from A(82)
lines for BPA 97. The A(97) MO.1 was a line mixture
constituted from six A(83) lines each contributing 12.5%
of seed by weight while the 25% was contributed by
variety BPA 97. The A(97)MO.1 line-mixture went on
to form the variety BPA 99 (Serunjogi et al., 2000b).
The above three varieties had been developed through
conventional pace as the EGT procedure was being
perfected on the new stocks in this study.
Table 2 shows the eight BPAN (97) strains with
larger bolls, (6.0 gm boll-1) compared to variety BPA
89 (5.7g boll-1). The mean GOT for the BPAN strains
was at 39.2% compared to 33% for BPA89. The BPAN
entries also had higher mean lint and seed cotton yields
of 430 and 1079 kg ha-1 respectively compared to 269
kg ha-1 of lint and 821 kg ha-1 of seed cotton for BPA
89. In Table 2 it is also noted that there improvements
in boll sizes and GOT in varieties BPA 95, BPA 97 and
A(97)MO.I (BPA 99) over the control BPA 89. The fiber
quality of the strains in 1998/99 season is shown in
Table 3. The BPAN strains had similar micronaire values (mean 4.3) to that of the control varieties. They
also had similar uniformity and short fiber indices to
those of the control varieties. With the exception of
BPAN (97) 44 strain, the strains had slightly shorter
staple than the controls. The BPAN strains however
exhibited stronger fibers than the varieties with BPAN
(97)43 at 33.g tex-1. In the 1999/2000, the 13 lines
selected out of the 44 strains for further testing, gave
30% selection intensity. Table 4 shows the performance
of selected BPAN lines at Serere. The boll sizes for
BPAN lines were on the average 6.0g boll-1. The mean
GOT for the 7 lines was 39.2% compared to 37.2% of
BPA 95. Six and four BPA lines significantly (P=0.05)
out yielded BPA 95 for seed cotton and lint yields respectively. Out of the 13 lines, eight lines-mixtures were
constituted for testing in 2000/2001 season together
with three lines.
Table 5 shows performance of selected BPAN line
mixtures at five sites. There were significant differences
(P=0.05) among sites for seed cotton yields. There
were also significant differences (P=0.05) for particular entries across locations indicating presence of genotype x environmental interactions. Serere exhibited the
highest site performance significantly (P=0.05) out yielding the other four sites. The selected line-mixtures had
similar seed cotton yields like the control varieties but
with higher GOT which were over 40% compared to
36.3% for BPA 95. Table 6 shows the fiber quality performance of the line-mixtures in comparison to four
varieties. The micronaire values were similar for the
mixtures and the varieties. The mixtures exhibited strong
fibers being 30.1g tex-1 for BPAN (2000)MO.3. The
staple lengths of the line-mixtures were at par with the
varieties. Table 7 shows the comparative advantage of
the line mixtures and new varieties against the variety
BPA 95. The genetic gains were calculated as percent-
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age of the line-mixture or varieties over the mean of
the control BPA 95.
Taking into consideration performance of linemixture and that of the component lines and the associated pedigree, line mixture BPAN (2000) MO.3 was
selected as new variety BPA 2002 based on field traits,
yield components and fiber quality. Data from large
samples out of the seed multiplication plots have shown
boll weights of 6.0gm boll-1 and over and GOT at 40%
with strong fibers at >30g tex-1. The micronaire values
at 4.0 puts it as a suitable entry on Uganda varieties
list where a range of 3.8-4.2 is a requirement for premium prices of Uganda’s cotton at international markets. That coupled with good uniformity ratios of its
fibers and the elongation factor of 4.9% made this linemixture most suitable for a new variety.
The EGT technique enabled development of a
new variety in a shorter time than the conventional pace.
Use of EGT saved five years in arriving at a new variety
(Table 8). This led to savings on labor costs and researcher time. The technique ensured quicker turnouts
to operators a variety BPA 2002 with increased GOT,
large bolls and strong fibers. The new variety had more
hairiness on stem and leaves than the WRC male parents did in the original crosses. This made it potentially
tolerant to jassid pest attack at same levels as preceding Albar varieties. It is worth noting that the varieties
developed earlier through the conventional pace took
long periods for derivation since the single plant selection (SPS) stages; Development of BPA 95 starting with
A(75) sps, took 20 years, BPA 97 starting with A(82)
sps, took 15 years and BPA 99 starting with A(83) sps,
took 16 years. The long derivation periods are mainly
attributed to prolonged selfing and inbreeding stages
and partly on stagnation in the research program during the insecurity periods of late 1970/1980s in
Uganda.
The use of EGT was discussed by Fehr (1987).
The EGT was usable in self and cross-pollinated species to estimate the genetic potential of an individual,
line or population, at an early stage of inbreeding. This
allowed elimination of lines or populations that did not
merit consideration for further in breeding and selection. Immer (1941) described the EGT concept for identifying bulk hybrid populations of barley crosses which
contained superior in bred lines. Replicated tests of
segregating populations in F2 or F3 generation provided
the average yield performance of the different crosses.
Jenkins (1935) proposed the EGT concept for determining general combining ability (gca) in maize. In
his study the relative combining ability of the lines were
established early in SO.1 lines. It required no need of
undergoing generations of selfing before test crosses
for assessing gca. Inbreds with poor gca could thus be
discarded in early generation. In this study on cotton
in Uganda, EGT enabled identification of F2 plants with
superior progenies through replicated testing at F3 stage.

Other successful uses of EGT were reported by
Singh et al. (1990) in beans Phaseolus vulgaris L where
superior yielding populations were identified in early
generations. Sharma (1990) found EGT technique suitable for selecting for grain-filling periods in wheat. This
resulted in positive improvements in yield components.
Haley and Quick (1993) used EGT to identify tolerance
to chemical desiccation in winter wheat. This enabled
selection for drought stress in early generations prior
to extensive line extraction and evaluation. St Martin
and Xie (2000) found EGT effective in increasing genetic gains for yield, earliness to maturity and for lodging resistance in soy beans, Glycine max. L. They reported varying genetic gains at various stages of selection as percentages based on the mean of the common check genotypes.
In our study, the genetic gains (Table 7) were
based on the variety BPA 95 as control. More information could have been derived if selections done at various generations for advancement of lines had been
simultaneously tested in yield trials. This would have
given light at what stage the starting of progeny testing
would have been more effective for higher magnitudes
of genetic gains. Additionally the realised genetic gains
in this study (Table 7) could have been higher if the
computation had been based on the BPA 68 variety as
a control.
The parents for the crosses were selected in comparison to BPA 68 as a control in 1994. It was however
difficult to keep BPA 68 as a control or check during the
entire stages of the study. New varieties had come on
board through the conventional pace, which needed
to be compared with the stocks being developed under
EGT. Further, even under isolation, it is difficult to keep
for long a pure cotton variety for use as a reliable check
with no cold storage facilities for seed preservation. With
out-crossing in cotton at 10% and above at times in
Uganda, the chances are high that the control genetic
composition would keep changing. The study however
indicated that EGT was effective for the cotton population used in generating selectable genetic variability
among and within the crosses at F2. In this study, the
female and male parents had a common Albar (B)
background. It will be interesting to investigate whether
the EGT would be effective for identifying the suitable
lines if the parental populations had wide divergence
in some traits. The generation at which to make the
derivative selections could have to be delayed. This
would be to enable attainment of homozygosity, for
example, for plant height and other agronomic traits,
which should be uniform in a given variety.
The EGT is now underway for development of
varieties resistant to wilt diseases. The wilts caused by
Fusarium and Verticillium spp. have since 1995, in association with root-knot nematodes, Meloidogyne spp.,
become of economic importance in Uganda cotton.
Crosses have been made between Uganda Albar and
the Multiple Adversity Resistance (MAR) germplasm ac-
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quired from University of Texas A&M (Thaxton and ElZik, 1994, 2000; El-Zik and Thaxton, 2000).
•
In conclusion, the EGT was useful in eliminating
poor cotton crosses early. This enabled adequate efforts to be placed on the promising ones. It was economical and produced a new variety BPA 2002 in eight
generations in comparison to 13 generations under the
conventional pace. Half a ton (500 kg) of nucleus seed
was obtained in the 2001-2002 season. Ten tons of
foundations seed were available to go to farmers in the
2003-2004 season where 150 metric tones of pure seed
were obtained for further production purposes. It is
expected that use of EGT will enable quick turnouts of
new varieties in Uganda. This will enable timely meeting of demands from the various stakeholders in a growing industry, which rose from 6,000 to 24,000 metric
tons of lint in the 1994 and 2002 seasons, respectively.
Three million people out of a population of 13 million
are now earning incomes from the cotton industry.
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Table 1. Performance in 1993/94 line trials of parental lines for the crosses made in 1994.

Table 2. Performance of selected F2.4 Albar x WRC in two strain trials at Serere (1998/99 season).
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Table 3. Quality performance of selected F2.4 Albar x WRC strains at Serere (1998/99 season).

Table 4. Performance of selected F2.5 Albar x WRC lines at Serere (1999/2000 season).
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Table 5. Seed cotton yields (kg. ha-1 ) and GOT (%) for Albar x WRC line-mixtures (2000 - 2001
season).

Table 6. Means of fiber properties for Albar x WRC line mixtures 2000/ 2001 season at four sites
(Serere, Ngetta, Namulonge and Butemba).
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Table 7. Genetic gains (%) of new line-mixtures and varieties against earlier variety BPA 95 as
gauged in 2000/2001.

Table 8. Comparison of EGT and convectional pace approaches on time for variety development.

192

