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Abstract 


Controlled crosses were carried out to determine crossability among five selected cassava varieties in terms of seed set per cross and influence
of maternal inheritance on seed set in cassava. The experiment was carried out at the Teaching and Research Farm of the Department of Agronomy,
University of Ibadan Oyo State, Nigeria. Three yellow root varieties (IITA-TMS-I011412, IITA-TMS-I011368 and IITA-TMS-I070539) selected for their
high β-carotene content and two white root varieties (IITA-TMS-I30752 and COB-7-25) selected for their high dry matter content and acceptable plant
architecture among subsistence farmers were crossed in a reciprocal diallel design with no selfing. Fourteen hybrid populations were developed and
data obtained were analyzed using T-Test and simple linear correlation. The result showed that genotype and maternal inheritance influenced seed
setting in cassava. The cross IITA-TMS-I011368 x IITA-TMS-I011412 gave the highest seed set percentage (57.1) and the two parents were the best
female and male parents, respectively. This was followed by IITA-TMS-I30752 x IITA-TMS-I011412 (39.8%), IITA-TMS-I011368 x IITA-TMS-I070539
(26.5%), IITA-TMS-I070539 x IITA-TMS-I011412 (24.9%) and IITA-TMS-I30752 x IITA-TMS-I011368 (24.1%). Reciprocal differences were observed for
crosses between IITA-TMS-I30752 and IITA-TMS-I011412; IITA-TMS-I011412 and IITA-TMS-I011368; IITA-TMS-I011412 and COB-7-25 which suggests
that seed setting in cassava is influenced by cytoplasmic genes which are transmitted exclusively by the maternal parent. The best female and male
parents (IITA-TMS-I011368 and IITA-TMS-I011412) in terms of percentage seed set in this study are good candidates as parents to generate large
populationsin breeding for high carotene content in cassava.
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Introduction


Cassava (Manihot esculentaCrantz) is a short-lived perennial
shrub which is grown globally in areas where average annual
temperature exceeds 18°-C[1]. It is widely cultivated with annual
global production of about 276.7 million metric tons [2]. Nigeria is
the largest producer with annual production of about 54.8 million
metric tons [3]. This wide cultivation is favoured by its ability to
thrive in degraded soils and produce acceptable yields even when
grown in unfavorable environmental conditions [4]. Commercial
propagation is done by means of vegetative stem cuttings while
botanical seeds are mostly used in breeding programmers to
generate new genetic variation [5].


Cassava ranks fourth as the most important basic food after
rice, wheat and maize [6]. It is a fundamental component in the
diet of millions of people [6], which is evident in the per capita
consumption of over 200kg/year in North central and Southern
Nigeria [7]. The starchy roots are very rich in calories, supplying
over 100kcal to about 570 million people [8], but are lacking in
other major food elements such as proteins, fats and important
micronutrients like pro-vitamin A, iron and zinc [9]. A great
majority of people who depend on cassava as their major staple
food are therefore deficient in vitamin [10]. Encouragingly,
carotenoids which are the precursors of vitamin A have been found
in substantial amount in yellow-root cassava varieties and have
been reported to be responsible for the yellow to orange coloration
of the storage root flesh of some varieties [11].

Hybridization is a major tool in combining diverged genomes
into one nucleus [12] and has been the major source of genetic
recombination in cassava species. Successful pollination in cassava
depends on pollen maturity, quality or freshness and timing of
pollination among other factors [13]. However, embarking on
cassava breeding program without prior information on the degree
of crossability among selected genotypes could result in cross
incompatibility, high fruit abortion rate, wastage of resources and
loss of valuable time and efforts. Therefore, success of a cassava
breeding programmer depends on the compatibility of selected
parents to generate new populations. This study was carried out to
determine crossability among some yellow- and white-root cassava
varieties in terms of seed set per cross and find out the influence of
maternal inheritance on seed set in cassava.


Materials and Methods

Evaluation site and parent materials


The experiment was carried out at the Teaching and Research
Farm (longitude 3°-45'E and latitude 7°27'N) of Department
of Agronomy, University of Ibadan, Oyo State, Nigeria. Parent
materials consisted of three improved yellow-root cassava varieties
(IITA-TMS-I011412, IITA-TMS-I011368 and IITA-TMS-I070539)
selected for their high β-carotene content and two white-root
cassava varieties (IITA-TMS-I30572 and COB-7-25) selected for
their high dry matter content and acceptable plant architecture
among subsistence farmers. Stem cuttings measuring 25cm each
were obtained from mature stems and were dipped in a bowl
containing a solution of 10ml AFCOT (an emulsifiable concentrate
insecticide containing 20% chlorpyriphos) mixed with 10 litres of
water for five minutes to prevent attack by termites. The land was
ploughed twice and ridged manually at 1m apart across the slope to
minimize erosion problem. The stem cuttings were planted in plots
arranged using Randomized Complete Block Design (RCBD) and
the experiment was replicated three times. Twenty stem cuttings
were planted in each plot measuring 20m2at a spacing of 1m x 1m.
Manual weeding was carried out one month after planting (MAP)
using hoe. Subsequently, post-emergence herbicide (glyphosate)
was used to control the weeds after the crops have been firmly
established.


Pollination

Controlled pollination was carried out using a reciprocal diallel
design following Griffing-s procedure (Model I, Method III) of 1958
(Table 1). On each day pollination was carried out, mature female
flowers were covered with cloth bags measuring 17cm x 21cm
in the early hours of the morning between 8:00 and 10:00am to
prevent stray pollination. Female flowers that were already open
on each raceme at the time of covering were carefully emasculated.
Immature female flowers that were yet to open at the time of
pollination were also emasculated so as to ensure that all the fruits
resulting from such raceme are from controlled pollination. Mature
male flowers were collected between the hours of 10:00 and 11:00
am shortly before opening and kept in cloth bags under shade until
the time of pollination.



Table 1:Cross combinations among five cassava varieties used as parents in hybridization study
 at Ibadan in 2015.
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UIC = University of Ibadan Cassava.

Pollination was carried out between 1 and 5pm daily using
one male flower to pollinate between 1 and 3 female flowers and
the flowers were left open afterwards. Each pollinated raceme
was labelled with a tag indicating the cross combination, number
of flowers pollinated and the date of pollination. The number
of flowers pollinated per cross combination was recorded daily.
Due to the explosive nature of fruit dehiscence in cassava species,
developing young fruits were enclosed in cloth bags one month
after pollination so as to retain dropped mature fruits and dehisced
seeds. There were no losses from insect infestation as the fruits
were protected by the bag. The seeds were collected about three
months after pollination, sorted, dried and bulked for each cross
combination. The scheme used in the development of the hybrid
populations is shown in(Figure 1).
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Figure 1:  Schematic representation of the steps employed in the development of the hybrid populations.
(a) Matured female flowers (b) Covering of mature female flowers (c) Opened female flower (d) Matured male flower (e) Developing young fruits
after pollination (f) Covered fruits 1 month after pollination (g) Botanical seeds.




Statistical analysis

Data collected on number of flowers pollinated and number
of seeds collected per cross combination was used to estimate the
expected number of seeds and percentage seed set as shown below:

Expected number of seeds = number of flowers pollinated x 3

(Cassava fruit is trilocular; hence, three seeds are expected per
fruit).
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Data collected in this study were analyzed for significance using
T-test and simple linear correlation.


Results and Discussion

Variation in days to flowering and opening of mature
flowers


There was variation in the number of days to flowering across
the five genotypes. IITA-TMS-I011412 was the earliest, producing
the first set of flowers at about 2 MAP while the first set of flowers
were observed in varieties IITA-TMS-I011368, IITA-TMS-I070539
and IITA-TMS-I30572 after three months of growth. Genotype
COB-7-25 did not flower until 4 months and 10 days after planting
( Table 2). The variation in the number of days to initiation of first
set of flowers suggests that the trait is genotype dependent, an
understanding of which is important in the planning of a flowering
synchronization schedule. Shortly after flower initiation in COB-
7-25, both flower production and branching ceased abruptly and
could be attributed to the long periods of drought suffered between
September, 2015 and February, 2016 which coincided with the
flowering period of the variety. Reduction in branching rate and
flowering in cassava as a consequence of water stress has been
reported in the past [14].



Table 2:Days to initiation of first flower among the five cassava
varieties used as parents in hybridization study at Ibadan in 2015.
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It was observed across the five genotypes studied that plants
occupying the border rows flowered earlier than others within the
same plot which is an indication that flowering in cassava is strongly
affected by environmental factors such as temperature, moisture
and nutrients, as the border row plants had less competition for
sunlight and nutrients relative to plants within the plots. This is
in corroboration with the submission of [15] who suggested that
flowering in cassava may be strongly influenced by environmental
factors; as well as the recommendation by [16]that a spacing of
more than 1 x 2m2should be used in establishing crossing blocks
to ensure easy hand pollination and give the plants better chance
to flower.

The time of the day matured flowers opened also varied
among the five varieties re-emphasizing the influence of genotype
on flowering in cassava species with flowers on varieties IITATMS-
I011368 and IITA-TMS-I070539 opening first followed by IITATMS-
I011412, COB-7-25 and IITA-TMS-I30572 in that order( Table 3).
 This further corroborates earlier submission that information
on the time of the day mature flowers open for selected genotypes
in a breeding programme is vital for the successful planning of a
pollination schedule program in the order of earliness of opening
of the flowers [5].



Table 3:Seed set and abortion rates among twenty cassava F1 crosses.
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UIC = University of Ibadan Cassava; NOFP = Number of flowers pollinated; ENOS = Expected number of seeds; NOFS = Number of fruits
set; NOSC = Number of seeds collected.

Populations 11 - 20 are reciprocals of populations 1-10 respectively.


Seed set and abortion rate among the F1 hybrids and
their reciprocals

 Table 3 shows the percentage seed set among the hybrid
populations (UIC1-UIC10) and their reciprocals (UIC11-UIC20)
respectively. Out of the 5,670 seeds expected from a total of 1,890
pollinated flowers with 3 possible seeds in each triocular fruit,
only 866 seeds were collected, representing 15.3% of the total
which was less than one seed per pollination on the average.

This is in agreement with [5] and [17] who recorded low seed
set in the populations developed. In this study, the cross IITATMS-
I011368 x IITA-TMS-I011412 with the best female and male
parents, respectively gave the highest seed set of 57.1% (Figure 2).
 This was followed by IITA-TMS-I30572 x IITA-TMS-I011412
(39.8%), IITA-TMS-I011368 x IITA-TMS-I070539 (26.5%), IITATMS-
I070539 x IITA-TMS-I011412 (24.9%) and IITA-TMS-I30572
x IITA-TMS-I011368 (24.1%)( Table 4).



Table 4:Variability in Seed set among populations developed from each cassava parent.
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CV (%) = Coefficient of variation; NC = Not crossed.
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Figure 2: Percentage seed set among populations developed from each parent.




The relatively high percentage seed set obtained from these
populations in respect to other populations developed in this
study suggests that the varieties used as parents in developing the
populations are more cross compatible and could ensure relatively
higher success in generation of recombinant seeds in cassava
breeding programmes. In contrast, 0% seed set was recorded for
population TMS-I01/1412 x COB-7-25 in this study, an indication
of cross incompatibility between the two genotypes. However,
conclusions could not be drawn for crosses COB-7-25 x IITATMS-
I011368, IITA-TMS-I30572 x COB-7-25 and COB-7-25 x IITATMS-
I011412 due to the fact that very few numbers of flowers were
pollinated for each of the crosses.

Coefficient of variation was found to be lowest among crosses
involving IITA-TMS-I070539 which suggests that seed set is
relatively more stable in the parent. However, the wide variation in
CV observed across the clones is an indication of genetic differences
among the genotypes for seed set. There was positive (r = 0.65, p
= 0.17, n = 18) but non-significant correlation between number of
flowers pollinated (NOFP) and number of seeds collected (NOSC)
among the crosses. This implies that seed set in crosses involving
the varieties used in this study cannot be adequately predicted
from the number of flowers pollinated. This is in corroboration with
submissions of [5] and [17]. 
Highly significant difference (p = 0.004)
was observed for percentage seed set between the F1 crosses and
their reciprocals emphasizing that seed set in cassava is influenced
to a large extent by cytoplasmic genes which are transmitted
exclusively by the maternal parents. Therefore, an understanding
of the maternal attributes of varieties selected as female parents is
vital for the success of a cassava breeding program.


Conclusion

In conclusion, genotype and maternal inheritance influence
seed set to a large extent in cassava, hence, plant breeders should
thoroughly investigate the crossability of male and female parents
to be used for generation of recombinant seeds in cassava breeding
programmes to ensure generation of large populations within the
shortest possible time, thereby maximizing resources in terms of
time, labour and funds.
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