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ABSTRACT A field experiment was conducted to adopt different pollination methods to evaluate the -

efficiency of a exserted stigma line (female parent) for h

ybrid seed production in tomato (Solanum lycopersicum

L.). There were significant differences for hybrid seed recovery among the .treatmc?nts. Highly significant
and maximum values were recorded in hand-pollination without emasculation during two years of stud.y.
Among natural cross-pollination treatments, maximum per cent hybrid seed recovciry 'vtlas ob§erved in
alternate row planting of parental lines in a 1:1 ratio. With regard to seed quality, non-significant differences

were observed among treatments for germination, seedling length and vigour index.
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Tomato (Solanum lycopersicum L.) is an important
vegetable crop grown all over the world. There is
huge demand for hybrid seed of tomato for getting
higher crop yield, uniformity and disease
resistance. Although many hybrids are available
in the market, commercial production of hybrid
seed is totally dependent on hand emasculation
and pollination which is labour-intensive and
cumbersome. Emasculation alone contributes to 40%
of the total cost of production of hybrid seeds in
tomato [1]. These could be major impeding factors
for popularization of hybrid seed production.
Investigations on efficient hybrid seed production
in tomato and use of male sterility to reduce the
cost of hybrid have been reported earlier [2-8].
However, each male sterility mechanism has its
own merits and demerits which should be taken
into consideration for efficient and large-scale
hybrid seed production.

Tikoo and Anand [9] reported that Ex-3 tomato
line possessed positional sterility and bred true
for exsertion of stigma, with the extent of natural
fruit setting under open-pollination as low as 3%
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out of which 99.05% were selfs. This line was
taken for the present study. Tikoo and Pal [10]
reported up to 94% crossing when an exserted line
Ex-1 was crossed with certain hybrid combinations
(Paternal line). The use of long style-short anther
seed parents crossed with short style-long anther
pollinators is also suggested to obtain non-exserted
hybrids [11, 12]. Similar reports of advantages of
exserted style for tomato hybrid seed production
were reported [5, 7, 13 and 14]. However, no
systematic study has been carried out on the use
of exserted stigma line for seed yield, genetic purity
and seed quality for large-scale hybrid seed
production.

Although tomato is a self-pollinated crop,
natural crossing of up to 5% has been reported
under Indian conditions [15]. Hence present study
was aimed at evaluating usefulness of exserted
stigma line for hybrid seed production. Besides,
study included identifying pollination methods for
higher seed yield, recovery of genetically pure
hybrid seeds and to study the influence of
pollination methods on seed quality attributes.
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MATERIALS AND METHODS

The field experiment was conducted at IIHR,
Bangalore, during two consecutive Rabi seasons.
The parental line used were Ex-3 exserted stigma
line linked with recessive potato leaf marker in
seedlings (seed parent) and cv. Arka Alok having
normal stigma and dominant cut leaf type (Pollen
parent). The plot size in each treatment was 36.46
m’ (13.50 m x 2.7 m) consisting of a compact lock
of rows consisting of five replications. The
experiment consisted of four treatments (Fig. 1): T,
natural cross-pollination with alternate row
planting of parental lines (1:1 parental ratio) with
a spacing of 75 x 30 cm; T,-natural cross-
pollination with alternate and adjacent planting
of parental lines (1:1 parental ratio) with a spacing
of 75 x 30 cm; T,-natural cross-pollination with
pollen parent in centre surrounded by female line
on all sides with a 1:1 parental ratio and T,-hand-
pollination without emasculation of exserted line
with parental lines in a 5:1 ratio of seed and pollen
parent with a spacing of 150 x 60 cm. An isolation
distance of 2 m and border rows of seed parent
were maintained as barriers at periphery of each
treatment plot. The data were recorded on four
plants from each replication of seed parent selected
randomly. Hand-pollination without emasculation
was done in the exserted stigma seed parent in
morning hours (10 AM to 12 PM) using freshly
extracted pollen-grains of fresh flowers. Unopened
flower buds, which were about to open the next
day, having cream coloured petals, were used for
crossing in the seed parent. The crop was raised
with the recommended package of cultural practices
for growing seed crop. The data were recorded on
per cent fruit setting, seed weight fruit, number of
seeds, fruit and hybrid seed recovery (%). For seed
quality-attributing characters viz. 100-seed weight,
germination (%) [16] and vigour index were
calculated.

For calculating genetic purity of hybrid seed
produced, the seeds extracted from ripe fruits of
seed parent, in each treatment, were subjected to
progeny grow-out tests in the nursery. The
percentage of plants with dominant cut leaf to
total plants tested (400 plants) was calculated as
hybrid seed recovery. Seedling vigour index was
calculated by multiplying germination (%) with
total seedling length [17]. The data were

statistically analysed using analysis of variance
(ANOVA) in a randomized complete block design
for seed yield and a completely randomized design
for seed quality. The percentage data on fruit
setting, hybrid seed recovery, selfing and
germination were subjected to angular
transformation and used for statistical analysis.
The details on the meteorological data have been
presented (Table 3). The days to first flowering
was 30 days from date of planting in pollen parent
and 36 days in female line. Peak flowering of EX-
3 and pollen parent remained for 12 days and
effective synchronization of flowering was observed
on 37 days.

RESULTS AND DISCUSSION

For fruit setting, total seed weight/fruit and
number of seeds/fruit, there was no significant
difference between the treatments of hand-
pollination and natural cross-pollination (Table 1).
However, pooled mean per cent fruit setting was
highest in T, - (Hand-pollination without
emasculation) (49.61). This could be due to
availability of adequate quantity of fresh pollen on
stigma through hand-pollination. The pooled total
seed weight fruit was superior in T, — alternate
and adjacent planting of parental lines in a 1:1
ratio (0.57 g), followed by T, — hand-pollination
without emasculation (0.55 g). The superiority of
total seed weight/fruit could be due to better
dispersal of pollen in alternate and adjacent
planting design of parental lines with natural
cross-pollination throughout the entire period of
receptivity of stigma of five days [18] against
pollination on the day of anthesis in T,.

There were significant differences between
treatments for hybrid seed recovery (Table 1). Hand-
pollination without emasculation (T,) recorded
significant and highest hybrid seed recovery during
both the years (80 and 72.01%). The extent of hybrid
seed recovery in hand-pollination without
emasculation could further be improved by
choosing the right stage of flower and avoiding
contamination during handling. Among natural
cross-pollination treatments, alternate row close
planting of parental lines in a 1:1 ratio recorded
highest hybrid seed recovery (40.67 and 24.83%)
during first and second years, respectively. The
differences for percentage of hybrid seed recovery
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Table 1. Effect of pollination methods on hybrid seed yield components and

Fruit setting
(%)

Treatment

Seed weighht/

fruit ()

1* year 2™ year 1% year g Y‘“ &

Alternate row (T,) 39.46 51.28

(38.44) (47.32)
Alternate and adjacent (T,) 2531, 58.85

(29.97) (45.72)
Pollen parent in the centre 37.33" 1 53:6/
surrounded by seed parent (T,) (37.13) (47.10)
Hand pollination without 48.99  50.23
emasculation (T,) (47.36) (45.12)

CD(P=0.05) NS NS

Values in parentheses are angular transformed values

in different treatments were mainly due to adequate
supply of fresh pollen-grains load on seed parent
in hand-pollination, at peak stigma receptivity,
compared to pollen dispersal in natural cross-
pollination treatments. In the present study, up to
40.67% crossing has been observed under natural
cross-pollination (T;-alternate row planting of
parental lines) on exserted stigma line during 1%
year, compared to only 24.83% during 2™ year.
This could be attributed to lower relative humidity
and higher wind speed during 1% year compared

to 2" year which would have favoured higher
outcrossing.

Among natural cross-pollination treatments,
higher crossing was observed in T, of alternate
row planting of parental lines against T, of
alternate and adjacent planting of parental lines
(Inspite of availability of pollen parent on all sides

of seed parent) and T;. This could be due to the

effect of direction of wind and overlapping of
branches which could have improved the
availability of pollen-grains. In the present study,
relatively higher rates of natural crossing of up to
40.67% was observed by modifying the planting
patterns, closer spacing and most favourable ratio
of parental lines (1:1). Soost and Rick [19] reported
that a large variation existed for outcrossing in
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tomato, ranging from Oi to 9
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outcrossing should be nrﬁﬁgggr d
in tomato for large-scale
[20]. Since rate of outc
50% even in a 1:1
crossing was found not
hybrid seed production
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appropriate choice of
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However, in natural pol
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Table 2. Effect of pollination methods on seed quality

e—

Treatment Fruit setting Seed weigfht/ No. of seeds/ Hybrid seed
(%) fruit (g) fruit recovery (%)
1" year 2" year 1% year 2™ year 1% year 2" year 1" year 2" year
Alternate row (T)) 0.25 0.20 51.33 75.60 17.88 19.70 1197.1 1632.8
(52.70) (62.31)
Alternate and adjacent (T,) 0.24 0.22 57.44  83.20 17.03 18.68 1079.9 1417.8
(49.53) (68.53)
Pollen parent in the centre surr- 0.25 0.19 5317 " 7320 17.68 18.60 1220.5 -1358.1
ounded by seed parent (T,) (47.08) (59.75)
Hand-pollination without 027 0.20 56.89  91.60 16.86 16.18 1383.5 1470.2
emasculation (T,) (49.20) (74.58)
CD (P=0.05) NS NS NS NS NS NS NS NS

Values in parentheses are angular transformed values

since hand-pollination was made without
emasculation on the exserted seed parent having
recessive potato leaf seedling marker, the selfs
could be rogued out in order to maintain the genetic
purity of hybrid seedlings. In natural cross
pollination, all the treatments were at par with
each other for selfing during both the years.

There were non-significant variation between
treatments of hand-pollination and natural cross-
pollination for 100-seed weight, germination (%)
and vigour index (Table 2). However, higher values
for germination (74.25%) and vigour index
(1426.85) were recorded in hand-pollination and
natural cross-pollination (Alternate row close
planting arrangement), respectively. This gives
ample scope to exploit natural cross-pollination as

an alternative to hand-pollination without any
compromise in seed quality.

Undesirable selfing and necessity of
emasculation are discussed as the two main
disadvantages that limit the use of Ps 2-sterile seed
parents in tomato hybrid seed production [7]. The
following advantages in the performance of
exserted stigma line (Ex-3) linked with seedling
markers enhance the efficiency of hybrid seed
producitonn over other methods. The time and cost
associated with emasculation were completely
avoided in the exserted stigma male sterility, as
this system eliminates the need for emasculation
because of seedling markers. The selfed seed was
significantly lower in hand-pollination without
emasculation when using an exserted stigma line

Table 3. Meteorological data during the flowering of tomato in the two crop years

~ Year

Mean Maximum Mean Minimum Wind Wind Mean RH range
maximum temperature minimum temperature speed speed RH (%)
temperature range temperature range (km/hr) range (%)
oC °C 2 °C (km/hr)
:'_71“ year  29.15 27.00-32.00 13.47 9.00-18.00 4.98 2.50-9.00 66.34 50.00-89.00
- 2year 2766  24.00-31.50 13.65  9.00-17.00  4.86 9.00-8.50  76.06 50.00-89.00
Mean 28.41 13.56 4.92 71.20
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T, - NCP alternate row planting of parental lines
(X = exserted stigma line, O = pollen parent)
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T, - NCP alternate and adjacent planting of
parents (X = exserted stigma line, O = pollen
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T,- NCP pollen parent in the centre surrounded
by seed parent (X = exserted stigma line, O =
pollen parent)

X X X X
X X X X
X X X X
X X X X
X X X X
O (6} 0} (0)

T, - Hand pollination without emasculation
(X =exserted stigma line, O = pollen parent)

Fig. 1. Planting pattern in experimental treatments

as seed parent in producing hybrid seed which
could easily be rogued out using potato leaf
seedling marker, to maintain the genetic purity,
Thus, this male sterility is superior to conventional
method of hybrid seed production in tomato where
chance selfs cannot be detected easily. In male
sterility system, maintenance of the parental lines
is again a tedious process. Unlike these male
sterility systems, the exserted stigma type of male
sterility with potato leaf seedling marker is easier
to maintain by artificial selfing because of the
functional pollen of exserted stigma line.

To improve fruit setting in resultant F; hybrids
by suitable selection of pollen parent with standard
stigma positions, the results on usefulness of
exserted stigma line linked with seedling marker
for hybrid seed production in tomato would be
quite relevant and useful. The present study would
form a basis for better understanding of the use of
exserted stigma line for advances in hybrid seed
production of tomato. The results of hand-
pollination without emasculation were more
encouraging than natural cross-pollination for
commercial hybrid seed production in tomato.
Natural crossing as such was not that encouraging
for commercial hybrid seed production purposes
under the experimental conditions tests and require
further standardization by appropriate choice of
pollen parent.
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