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HIGHLIGHTS

e Male sterility is utilized in the production of commercial F1 hybrid seeds of some vegetables.
e  Tiirkiye seed market has not a native F1 hybrid lettuce variety.

e Procedures are not required to the detecting sterile and restorer lines and ensure the
continuity of these lines in gametocyte-originated sterility.

Abstract

Male sterility is a unique application in the production of F1 hybrid seeds of some important species. Today,
while F1 hybrid lettuce varieties of abroad origin take their place in the Tiirkiye seed market, unfortunately, we
do not have a native F1 hybrid variety. Besides, F1 hybrid seed production has become a prestige for multi-
national companies regardless of the type of vegetable. Within this perspective, the effects of some chemical
hybridizing agents (CHAs) such as Ethyl 2-(4-fluoroanilino)-2-oxoacetate E4FO, 2-chloroethyl phosphonic acid
(Ethrel) and GAs on male sterilizing activity in lettuce cultivars (Maylight352 F1, Presidential and Yedikule) were
evaluated. Therefore, pollen presence in the early bud stage, seed formation and seed viability (germination) were
examined. The applications had different effects on pollen presence, seed formation and seed germination, and
thus male sterility. Ethrel was not effective at low doses, but at high doses, it caused flower bud deformation and
growth retardation. E4FO is partially effective, but the application doses are low. Therefore, E4FO should be used
at higher than 1500 ppm and 2000 ppm. GAs applications produced the best results in stimulating male sterility,
and full sterility (% 100) was achieved from 200, 250 and 300 ppm in all cultivars. As a result, 200 ppm GAs3 was
determined as the recommendable dose in the production of F1 hybrid lettuce.

Key Words: Male Sterility, Gametocytes (CHAs), Lettuce

1. Introduction

Lettuce (Lactuca sativa L.) is at the forefront of the vegetable species (Esiyok 2012) and its origin is
considered to be Anatolia, Caucasus, Iran and Turkistan (Balkaya and Ozgen 2019). They are grouped
as curly leaves (L. sativa var. crispa), head (L. sativa var. capitata) and cos lettuce (L. sativa var.
longifolia) concerning the leaf characteristics (Salk et al. 2008). Curly lettuces show great diversity in
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terms of leaf size, shape, leaf color and texture (Karaagag¢ and Balkaya 2019). Lettuce can be grown all
over the world due to its short vegetation period and the continuity of the lettuce's presence in the
market is ensured by planting more than once a year.

Lettuce product shares vary considerably according to regions and segment groups. Availability of
genetic material with variation is needed to achieve success in breeding efforts. Successful lettuce
breeding requires observation, evaluation, selection and seeding stages by adjusting the conditions
suitable for the plant's growing demands in a limited time. Breeding studies in salad group species are
carried out in the world with classical methods (Prohens and Nuez 2008). In lettuce, inflorescences
shoot bear 12-20 flowers and hermaphrodite flowering lettuces are obligate self-pollinated (Ferakova
1977).

Due to the flower structure, the style is covered with pollen during elongation between the anthers
and the external pollination rate remains very low (1%) (Thompson 1958). Lettuce pollen is heavy and
sticky, making it difficult to transport by wind; the use of insects is unsuccessful and hand pollination
is not feasible in large quantities. Thus, F1 hybrid seed production needs the support of some
applications (Ryder 1999). The emasculation process for classical hybridization is based on the
principle of washing the pollen by spraying water when the stigma of the female flower reaches the
“V” shape (Nagata 1992).

Male sterility can be of cytoplasmic, genetic, and cytoplasmic-genetic origin, and sources are
showing their use in lettuce breeding (Curtis et al. 1996; Goubara and Takasaki 2004; Takada et al.
2007; Hayashi et al. 2011; Ananthi et al. 2013; Michel and Soussin 2014). However, the materials
containing the inducer ms genes are patented, and gametocyte applications are preferred for breeders
who cannot obtain these materials (Eenink and Vereijken 1978). In addition, in gametocyte-originated
sterility, procedures are not required to the detecting sterile and restorer lines and ensure the
continuity of these lines.

Gametocytes are generally known as chemicals that cause deformations in pollen formation (in the
meiosis), leading to the formation of pollen with lost germination ability and therefore inability to
fertilize, and have been used successfully in F1 hybrid breeding in many species (Collantes et al. 1999;
Colombo and Galmarini 2017; Hussain et al. 2018; Tinna 2019). A suitable gametocyte should not be
mutagenic and non-toxic, does not limit the application dose and time, is environmentally friendly,
has no negative effects on F1 hybrid seed, does not cause problems in seed setting, and is also applied
cheaply and easily. In particular, some chemical hybridizing agents (CHAs) such as maleic hydrazide,
gibberellins, dalapon, mendok, ethephone and ethyl oxanylates are used as male sterility-stimulating
chemicals in vegetables. The first gametocyte applications to stimulate male sterility in lettuce were
carried out by Eenink (1977) obtained male sterile lettuce plants with GAs applications in the early
bud period in lettuce.

Most of the varieties cultivated are open-pollinated (OP) varieties in current lettuce production.
Because F1 hybrid seed production is not possible with classical methods due to the flower structure,
and it is imperative to benefit from the male sterility method used in species such as onion, carrot,
cabbage and maize (Billore 2015). Although GMS (Genetically Male Sterility) in lettuce has been
known since the 1960s, with the development of gene transfer techniques, GMS-derived F1 hybrid
lettuce varieties have been put in the world seed market since 2002.

In this study, it was aimed to determine the effective chemical substance and dose, which reveals
high male sterility (> 95%) and does not adversely affect plant and flower development (does not
reduce seed setting and seed viability) by applying gametocytes at the beginning of flowering and
early bud period. The objectives of the study were to find the appropriate concentration of E4FO,
Ethrel and GAsto (1) the presence of pollen, (2) the seed setting, (3) the germination rate of the seeds
(4) induce male sterility in lettuce.
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2. Materials and Methods

The study was carried out in the Department of Horticulture, Faculty of Agriculture, Selcuk
University, between April — August 2021. Field studies of the research were carried out in the
greenhouse of Selcuk University.

2.1. Material

Mylight352 F1, Presidential and Yedikule cultivars with cos lettuce types were used in terms of leaf
types (Figure 1).

Vo i A / Y \ i B

Figure 1. The cultivars (Original)

2.2. Methods
2.2.1. Cultivation of Plants

Seeds of the cultivars were sown in plastic containers containing peat moss in the growth chamber,
and the seedlings, which reached a certain size, were staggered into 45-mesh vials filled with peat
moss-perlite (1:1 volume). Seedlings at the 3-4 leaves stage were planted at 0.7 x 0.4 m spacing and
distances in the greenhouse, and then sap water was applied with the drip irrigation system.
According to the soil analysis, the plants were fertilized by a drip irrigation system using Ammonium
Sulphate (10.5 kg da') and Potassium Sulphate (8.5 kg da') fertilizers twice a week during their
development period. Cultural practices such as weeding, hoeing, disease and pest management were
implemented regularly. "Movento SC 100" was used against whitefly periodically, and "Flo-Captan 50
WP" was applied against mildew (Bremia lactucae). The plants were covered with a shade net to
prevent early bolting of the lettuce at high light intensity and temperatures.

43



Arict and Kurtar / Selcuk ] Agr Food Sci, (2024) 38 (1): 41-52

2.2.2. Determination of application time of gametocytes

For male sterility in lettuce, gametocytes must be applied in the early bud period. The optimum
bud size was determined as 3-4 mm. Because this period is the first stage of meiosis and microspore
mother cell formation and is accepted as the stage in which transformation into mature pollen can be
prevented (Eenink and Vereijken 1978).

The buds in the blue and red areas are unsuitable and they were removed from the plants before
gametocyte application. The buds in the yellow area are the most convenient size (Figure 2).

Figure 2. Flower buds (cv. Presidential) at different developmental stages

2.2.3. Gametocytes and applications

GAs (Gibberellic acid) was used in the commercial Berelex form, Ethrel (Ethephon) was applied in
the commercial Maysal form, and E4FO [Ethyl 2-(4-fluoroanilino)-2-oxoacetate] was purchased from
the ChemCruz company (Table 1).

Table 1. Gametocytes, chemical formulas and application doses.

Gametocyte Formula Dose (ppm)

GAs (Gibberellic acid) C19H220s 50, 100, 150, 200, 250, 300
Ethyl 2-(4-fluoroanilino)-2-oxoacetate CioH10FNOs 1500, 2000

Ethrel (Ethephon) C2HesClOsP 1000, 1500, 2000, 3000, 4000

Before the application, stock solutions of the chemicals were prepared and the final concentrations
were created by taking appropriate amounts of these stock solutions before each application. Stock
solutions were stored in the refrigerator at -18 °C.

Gametocyte applications to flower buds were made in the early morning at daylight or just after
light. Applications were started in the cool and early times, as applied during the noon or hot hours
would reduce the activity of the gametocyte. Before the application, inappropriate buds were
discarded, and then gametocytes were applied to inflorescences.
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To be able to apply in equal doses, each inflorescence was sprayed 3 times from the prepared
gametocytes, and the inflorescences were closed from the back so that the applications would not
reach other buds. After the first application, other applications were carried out 3 times at 3 days
intervals to transmit the chemical to the flowers that may occur later in the inflorescence. After the
first application, the buds were isolated with net sacs to avoid external pollen contamination, then
labeled and recorded (Figure 3). Distilled water was only sprayed in control lots.

Figure 3. Gametocyte applications

2.2.4. Pollen and Seed Formation

After the applications, 5 flowers were gently removed from the inflorescences that bloomed 4 or 5
days after application. Then the flowers were cut longitudinally and the presence of pollen in the
anthers was visualized under a light microscope at 10 x 10 magnifications. For the seed formation in
inflorescences, 5 flower capsules were gently collected for each application, and the presence of seeds
was examined under a light microscope at 10 x 10 magnifications.

Mature flower buds were carefully removed with the isolation sacs, and dried at room temperature
for 2 weeks. The seeds were gently collected from dried capsules, cleaned from all other plant parts
and 100 seed weight (g) was determined in randomly selected seeds for each genotype and each
application

2.2.5. Germination tests

The seeds were subjected to a germination test in petri dishes with a diameter of 90 x 15 mm at 20 +
1 °C. A double layer of Whatman No.1 filter paper had placed on the surface of Petri dishes, and filter
papers had been moistened with a 5 ml carbendazole mixture (0.75 g It') to avoid fungal
contamination. The germination tests were carried out in 3 replications and 100 seeds in each
replication except for the Ethephon 1000 ppm treatment, due to the limited number of seeds could be
obtained. The germination test was realized for 14 days and percentage germination were calculated
at the end of the 14" day (ISTA 2009).

2.2.6. Data evaluation

The study was carried out with 3 replications for each application. However, in some applications,
as no data could be obtained (at high doses of Ethephon), statistical analysis was not performed, and
only standard deviations were presented.
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3. Results and Discussion

3.1. Pollen Formation

Flower deformations were determined and pollen formation could not be examined at doses of
1500 ppm and above in Ethephon (Table 1). The plant growth inhibitory effect of Ethephon was
reported in a male sterility study, and a shortening of the plant length was observed in 3 barley
cultivars (Ma and Smith 1992). At the 1000 ppm Ethephon, a small number of flowers were obtained,
but all of the flowers produced the pollen grains. These flowers then produced mature buds and
seeds. The results revealed that Ethephon doses between 1000-1500 ppm should be examined or the
range of applications should be arranged in further studies.

Table 1. Rate of pollen-containing flower (%).

Application Dose (ppm) Cultivar PR (%) Average

p 100
100 100

CONTROL -

100
100 100
100

Y
M 100
P
Y

1000

ETHEPHON

<

1500 - 4000 Could not evaluate due to floral deformation

100
100 100
100

50

100
100 100
100

100

93.3
86.7 91.1
93.3

150

A
Ghs 93.3

93.3 91.1
86.7

200

20.0
26.7 24.5
26.7

250

0
0 0
0

300

100
100 100
100

1500

E4FO 6.7

73.3 71.1
73.3

2000

ZI=|TIEI=xIFIZIR[TIZIRITIEIR|ITIZEI®|IFIZ|=I"|IZ|=R|T

P: Presidential; Y: Yedikule; M: Maylight352
PR: Pollen-Containing Flower Rate
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While pollen formation was observed in all the flowers of the cultivars at 50 and 100 ppm GA;3,
pollen formation was in 91% of the flowers at 150 and 200 ppm, 24% at 250 ppm, and all the flowers
were found to be sterile in the 300 ppm (Figure 4). Eenink and Vereijken (1978) stated that high doses
of GAs did not produce pollen grains.

Figure 4. Sterile flower (A), and fertile flower with pollen grains (B).

Pollen was detected at 1500 ppm E4FO, and it was 71% in the 2000 ppm application. The results
revealed that the doses of E4FO are also low and higher doses should be examined in further studies.
Conversely, 1500 ppm E4FO induced 99.7% or 100% male sterility in rice (Ali et al. 1999) and wheat
(Devakumar 2006). 2 mg 11 E4FO provided complete pollen sterility (97% - 100%) and it had no
adverse effects on female activity in sorghum (Amelework et al. 2016). In a study investigating the
effects of Ethrel, acetic acid, E4FO and promaline (1.8% GA 47 — gibberellins A 4 +A 7 and 1.8% 6-BA-
benzyl adenine) on male sterility in Eragrostis, 99.50% pollen sterility was achieved in the 1500 to 3000
ppm E4FO and 5000 ppm Ethrel (Ghebrehiwot et al. 2015).

All cultivars had similar responses to the applications, and no genotype differences were observed.
This situation revealed that the recommended chemicals and doses for the induction of male sterility
in lettuce will reveal sterility at a similar rate in all genotypes and it can be used safely.

3.2. Seed Formation

The number of seeds and 100 seed weight (g) were differentiated with CHAs and application doses
(Table 2). Due to the deformation of the buds caused by Ethephon applications, either no seeds or very
few seeds were detected. Only a limited number of buds were harvested in 1000 ppm Ethephon and a
limited number of seeds were harvested compared to the control. While Ethrel was an effective
gametocyte for wheat (Dotlacil and Apltauerova 1978), it also induced very high female sterility at the
rates required for male sterility (Chakraborty and Devakumar 2006).

1500 and 2000 ppm E4FO and GAs up to 150 ppm produced similar results with the control lots
and there was no negative effect on seed formation. Conversely, there was a noticeable decrease in
seed weight at higher doses. It is suggested that even if seed formation occurs at 200 ppm and above
GAs doses, these seeds may be relatively empty and nonviable (Figure 5). Treated once with 0.15%
E4FO provided 99.8% male sterility without a significant reduction in total yield in wheat
(Chakraborty and Devakumar 2006).

Although there is no statistical data, 200 ppm and above GAs applications cause elongation in
flower stems. Likewise, GAs increased stem elongation in lettuce (Yilmaz et al. 2002) and transgenic
tobacco plants treated with GAs had male sterility but developed undersized (Huang et al. 2003).

Since chemically induced male sterility was first introduced by Nelson and Rossman (1958) in
maize, gibberellins have been successfully used in safflower (Baydar 2000), tobacco (Huang et al.
2003), sunflower (Duca et al. 2008; Yilmaz 2010) in barley (Altindal 2019).
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Table 2. Number of seeds per 100 buds and 100 seeds weight (g)

Application Dose (ppm) Cultivar SN 100 SW (g)
P 1238.0 £ 51.0 0.094 + 0.008
CONTROL - Y 1989.4 +57.6 0.076 + 0.019
M 1830.0 +45.2 0.050 + 0.015
P 142.0 + 64.9 0.065 + 0.009
1000 Y 642.4 +122.5 0.056 + 0.044
ETHEPHON M 121.4 +98.0 0.042 + 0.006
1500 - 4000 Could not evaluate due to floral deformation
P 1348.6 + 82.7 0.060 + 0.018
50 Y 1292.6 +76.3 0.054 + 0.024
M 1011.6 £ 61.1 0.049 +0.033
P 1271.6 + 80,0 0.037 +0.012
100 Y 1198.2 + 65,7 0.056 + 0.023
M 1003,5 + 83,4 0.051 + 0.029
P 1102.4 +58.7 0.069 + 0.047
150 Y 1073.2 76,3 0.071 + 0.034
GA; M 971,9+ 82,5 0.050 + 0.042
P 1189.4 +72.1 0.035 + 0.014
200 Y 1201.7 + 86.6 0.039 + 0.022
M 1061.1 +49.4 0.032 + 0.034
P 1067.0 + 61.1 0.031 + 0.039
250 Y 1101.6 = 63.3 0.033 + 0.031
M 989.5+42.2 0.027 + 0.019
P 1115.8 + 54.8 0.034 +0.011
300 Y 1001.1 = 88.3 0.031 +0.027
M 865.4 +55.5 0.029 + 0.051
P 961.4 +79.7 0.078 + 0.036
1500 Y 1014.1 +48.3 0.079 + 0.025
M 909.4 +75.3 0.064 + 0.030
E4FO P 953.3 +30.7 0.070 + 0.029
2000 Y 869.0 +72.9 0.065 + 0.022
M 963.0 + 38.5 0.077 + 0.034

P: Presidential; Y: Yedikule; M: Maylight352; SN: Seed Number; SW: Seed Weight

>

Figure 5. The budé with full seeds (A) and empty seeds (B).
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3.3. Seed Germination

Due to excessive bud deformations, the seeds could not be obtained and therefore germination
tests could not be evaluated at Ethephon doses higher than 1000 ppm (Table 3). 1000 ppm Ethephon
had not any effect on sterility and the seeds produced similar germination with the control lots.
Similar effects were also determined at 1500 and 2000 ppm E4FO. This revealed that between 1000-
1500 ppm of Ethephon should be examined or the range of applications should be arranged and doses
of E4FO above 2000 ppm should be evaluated in lettuce.

Seed germination decreased below 50% in 50 ppm, and it was 10% and 3% in 100 ppm and 150
ppm GAs, respectively. The germinating seeds could not be detected and complete sterility was
achieved in 200, 250 and 300 ppm applications. Our results are similar to the Khatib et al. (2016)
findings and the 200 ppm GAs was the recommendable dose.

Table 3. Effects of CHAs on seed germination (%) of lettuce cultivars

Treatments Dose (ppm) Cultivar G (%)

95.7+1.2

CONTROL - 97.4+0.6

98.0+£2.0

96.0+2.1

1000 95.4+1.2

ETHEPHON

ZI=|I=IZ|I=|

97.2+2.7

1500 - 4000 Could not evaluate due to floral deformation

GAs 48.3+15.2

50 441+ 11.7

46.9+9.6

13.0+4.2

100 15.5+6.7

12.0+4.2

27+04

150 35+1.1

2.3+0.9

0.0

200 0.0

0.0

0.0

250 0.0

0.0

0.0

300 0.0

0.0

E4FO 95.7 £2.6

1500 95.0 +£3.0

96.0 £2.0

95.4+24

2000 947 +7.7

ZI=I9IZIR|IFIZIRIFIZI=RIFIZIRIFIZI=IFIZI®|IT|IZ =]~

96.0+1.0

P: Presidential; Y: Yedikule; M: Maylight352
G: Germination
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4. Conclusion

It is imperative to produce male sterile lines, especially in species where emasculation is
impractical due to their flower structure and morphology and it is imperative to utilize the male
sterility mechanism to develop new F1 hybrid varieties. Our findings indicated that;

1) Gibberellic acid did not show any effect at low doses, and the most effective dose was 200 ppm.
All cultivars produced similar results.

2) Flower and bud formation was occurred at 1000 ppm Ethephon, while 1500 ppm and upper
doses caused deformations in the inflorescences. Thus, Ethephon dosses between 1000-1500 ppm
should be examined.

3) The 1500 and 2000 ppm E4FO were also not effective on male sterility and produced similar
results with the control. It would be beneficial to study higher E4FO doses in further lettuce breeding
programs.
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