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ABSTRACT

Frequency of cytoplasmic and genetic factors controlling male sterility in
the Egyptian onion ( Allium cepa L. ) cv. Behairy Red was studied during 2001-
05 . In the first season (2001/02), 8 male—sterile plants were found out of 5240
plants examined at El-Gemmiza Research Station.

These male sterile plants were left for open pollination. In the follwing
season (2002/03), seeds of open pollinated male sterile plants were sowed in
commercial fields, Giza Governorate for bulb production. Bulbs obtained were
planted in the 2003/04 season for seed production of these progenies.The
progenies of male sterile plants were inspected in April 2004. Out of 102
progenies examined, only 31 were found to be male sterile plants. Inspection of
‘Behairy Red’ population was repeated at El-Gemmiza Station during the
2002/03 season. Out of 7560 plants inspected, 48 plants were found to be male
sterile, and they were left for open pollination. In the follwing season (2003/04),
seeds of open pollinated male sterile plants were sowed in commercial fields,
Giza Governorate for bulbs production . Bulbs were planted in the 2004/05
season for seed production of these progenies. The progenies of male sterile
plants were inspected in April 2005. Out of 979 progenies examined, only 426
were found to be male sterile plants . Average frequency of male sterile plants
was 0.0034, while average frequency of the ms locus was estimated as 0.3695.
Therefore, average frequency of the Ms locus was estimated as 0.6305. Average
frequency of the sterile S cytoplasm was estimated as 0.0222, while that of the N
cytoplasm was 0.9778. The frequency of the N ms nis genotype was estimated as
0.13745.

Key words: Onion, Allium cepa L. , Cytoplasmic male sterility, Cytoplasmic-
genetic male sterility.

INTRODUCTION

Male sterility is an important character in onion as it contributes
greatly to production of hybrid onion. The frequency of male sterility had
been studied in local Egyptian onion cvs., viz., Giza 6 Mohassan, Behairy,
Shandaweell, and Giza 20. (El-Shafie and Ahmed 1976, El-Shafie and El-
Kafoury 1977, Ahmed and Hanna 1987, Ahmed and El-Shafie 1988 and
Yaso 2002) and was found to range from 0.0017 to 0.009. Similar studies
have been also conducted on foreign cvs.e.g., Scott County Globe, Primeur,
Wijbo, Rijnsburger, Brigham Yellow Globe, Mountain Danvers, Sapporo-



Ki, B2215C, and Texas Granol015Y (Peterson and Foskett 1953, Banga and
Petiet 1958, Van der Meer and Van Bennekom 1971 and Havey 1993, 1993).

The present investigation was conducted to determine the frequency
of male sterility factors in the Egyptian onion cv. Behairy Red as a
prerequisite for the detection and establishment of B-Line in this cv..

MATERIALS AND METHODS

Selection and multiplication of male sterile ‘Behairy Red’ plants
were conducted at El-Gemmiza research Station, Field Crops Research
Institute, Agriculture research Center during the 2001/02 and 2002/03
seasons. Consequently surveys of progenies of male sterile plants were
conducted in commercial fields, Giza Governorate during 2002/05.

In April 2001, when at full bloom, 5240 plants were examined
visually for male sterility. Pollen grain from flower samples of each
detected male sterile plant were examined in the laboratory for aceto
carmine stainability. Non-stainable pollen grains were considerd sterile.
Plants, which proved male sterile, were tagged in the field and left for open
pollination. The seeds of open-pollinated male sterile plants were
individually harvested in June 2001.

Seeds of each male sterile plant were sown in the seed bed in
commercial fields, Giza Governorate in September 2002 and seedlings were
transplanted in the permanent field in December 2002 for the production of
the S; bulbs (progeny of the open- pollinated male sterile plants), which
were harvested in June 2003. In December 2003 bulbs obtained were
planted for seed production .In April 2004 all progenies were visually
examined for male sterility. This was confirmed by the laboratory test, i.e.,
non- stainability with aceto carmine.

Similar measures were taken during the second selection and
multiplication season (2002/03) and its subsequent surveys (2004/05).

In April 2003, when at full bloom, 7560 plants were examined
visually for male sterility. Flower samples of each detected male sterile
plant were examined in the laboratory for aceto carmine-non stainability.
Plants, which proved male sterile, were tagged in the field and left for open
pollination. The seeds of open- pollinated male sterile plants were
individually harvested in June 2003.

Sceds of each male sterile plant were sown in the seed bed in
commercial field , Giza Governorate in September 2003 and seedlings were
transplanted in the permanent field in December 2003 for the production of
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the & bulbs (progony of the open pollinaied raale sieril: plants), which were
narvested in June 2004, In December 2004 bulbs obiained were planted for
seed production .In April 2005 all progenies were visuaily examined for
rasle sterility. This was confirmed by the laboratory iest, 1e., ron-
stainability with aceto carmine.

The number of male sterile plants in the natural populations and in
the progeny of detected male sterile plants was recorded and the frequency
of each in the population examined was calculated. The frequency of each
of the possible male sterile and male fertile genotypes, viz, N Ms Ms, N Ms
ms, N ms ms, S Ms Ms, S Ms ms, and S ms ms, was calculated using the
formula: a = (8 frequency) x {q 2} or the frequency of S cytoplasm = afq2
which was used by R.DE. Pienaar (1958) as cited after Van Der Meer and
Van Bennekom (1971), EL-Shafie and Ahmed (1976), Ahmed and EL-
Shafie (1988) and Yaso (2002); where :

a = The frequency of male—sterile plants in the natural population, and

g = The frequency of male—sterile plants in the progeny of the male
sterile plant which were left for open pollination.

The frequency of the ms locus was q and the frequency of plants
with S cytoplasm was a/q”, The frequency of the Ms locus was 1- frequency
of ms. Frequency of the N cytoplasm was calculated from the formula: N=1-
(a) q % or (1- 8) (p+q=1) after Falconer (1981). Therefore, frequencies of
the 6 possible fertility and sterility genotypes were calculated.

RESULTS AND DISCUSSION
Frequencies of male sterile plants

Data presented in Table (1) showed that the natural occurrence of
male sterile plants in the c¢v. Behairy Red was 0.0015 and 0.0053 in the first
and second seasons, respectively with an average off 0.0034. Similar results
were obtained by other investigators as the frequencyof male sterle plant
was estimated as 0.57% to 1.32% in cv. Giza 6 Mohassan (Ahmed 1963),
0.0023 in the same cultivar (El-Shafie and Ahmed 1976), 0.0016 in cv.
Behairy (El-Shafie and El-Kafory 1977), 0.0013 in cv. Shandaweel 1
(Ahmed and Hanna 1987), 0.0017 in cv. Shandaweel 1{(Ahmed and El-
Shafie 1988), 0.0958 in cv. Giza 20 (Yaso 2002), 0.002 to 0.005 in Leading
Dutch variety Rijnsburger (Meer and Van Bennekom 1971). .Meanwhile,
Peterson and Foskett (1953) found that the percentage of male sterile plants
varied from 0.84% to 0.96 % in cv. Scott Count Globe in two seasons.
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Table 1. Frequency of male-sterile plants naturally occurring in populations of cv.
Behairy Red during 2001/02 and 2002/03 seasons.

Male Sterile plants

No. of
Season .
Examined plants
No. Frequency
2001-02 5240 8 0.0015
2002-03 7560 40 0.0053
Taotal 12800 48 0.0034

Frequency of nuclear factors ms and Ms

Data obtained on the frequency of male sterile and male fertile plants
in the progenies of the detected male sterile plants of cv. Behairy Red, left
for open pollination, and evaluated in 2003/04 and 2004/05 scasons are
presented in Table (2). The frequency of ms (q) was 0.3039 and 0.4351 in
the first and second seasons, respectively with an average of 0.3695. The
frequency of Ms (p) was 0.6961 and 0.5649 in the first and second seasons,
respectively, with an average of 0.6305. Similar results were obtained by
Ahmed and El-Shafie (1988) who found that ms and Ms frequency was
0.2117 and 0.7833, respectively, in cv. Shandaweel 1, Havey (1995)
reported that the frequency of ms allele was 0.35, 0.35 and 0.4] in cvs
B2215C, Mountain Danvers and Sapporo-Ki, respectively. Meanwhile; El-
Shafie and Ahmed (1976 ) found a low frequency of 0.0013 for ms and high
frequency of 0.987 for Ms in cv. Giza 6 Mohassan. Yaso (2002) found the
average frequencies for ms and Ms were 0.031 and 0.69, respectively in cv.
Giza 20. Meanwhile, El-Shafie and El-Kafory (1977) found a high
frequency of 0.95 for ms and a low frequency of 0.27 for Ms in ¢v. Behairy.
Havey (1995) reported that the frequency of ms was 0.59 in cv. Brigham
Yellow Globe, but he detected a low frequency in cv.Texas Grano 1015Y.

Table 2. Frequency of male—sterile and male-fertile plants in the progenies of the
detected male—sterile ‘Behairy Red’ plants, left for open pollination in
2001/02 and 2002/03 and evaluated in 2003/04 and 2004/05 seasons.

Seasons Sterile plants Fertile plants
No. Frequency of ms (q) No. Frequency of Ms (p)
2003/04 31 0.3039 71 0.6961
2004/05 426 0.4351 553 0.5649
Average 0.3695 ¢.630%
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Frequency of S and N cytoplasm

Data presented in Table (3) showed that the frequency of S
cytoplasm was 0.0165 and 0.0279 in the two seasons, respectively with an
average of 0.0222.These results are in agreement with those obtained by E!-
Shafie and El-Kafory (1977) who found that the frequency of S cytoplasm
was 0.0003 in cv. Beahiry and Ahmed and El-Shafie (1988) who indicated 2
low frequency (0.003) of S-cytoplasm in cv. Shandaweel 1. Also, van der
Meer and van Bennkom (1971) obtained a frequency of less than 0.01 of S
cytoplasm in the leading Dutch variety Rijnsburger. Meanwhile, Havey
(1993) reported that the frequency of S cytoplasm was 0.2, 0.02, 0.40 in the
cvs. Brigham Ye:llow Globe, Mountain Danvers, and Sapporo-Xi ,
respectively. However, El-Shafie and Ahmed (1976) found a high frequency
of 1.000 for S cytoplasm in cv. Giza 6 Mohassan. Yaso (2002) found a high
frequency of 0.985 for S cytoplasm in cv. Giza 20. Also, Sato (1998) found
20 plants with S Cytoplasm and zero with N cytoplasm in Hayashi strains of
onion.

Table 3. Calculations of the frequency of ‘Behairy Red’ plants with S and N-
cytoplasm in 2001/02 and 2002/03 seasons.

Season Frequency of § Frequency of N
Selection Evaluation cytoplasm® cytoplasm”
2001/02 2003/04 ‘ 0.0165 0.9835
2002/03 2004/05 0.027% 0.9721
Total 0.0444 1.9556
Average 0.0222 0.9778

* : Frequency of S cytoplasm = Frequency of male sterile plant (a) /
(frequency of ms %) = a/q2
®: Frequency of N cytoplasm = 1— Frequency of § cytoplasm.

The frequency of of N cytoplasm was 0.9835 and 0.9721 in both
seasons, respectively with an average of 0.9778. Similar results were
obtained for the frequency of N cytoplasm by El-Shafie and El-Kafory
(1977) who reported a frequency of 0.997 in cv. Behairy , Ahmed and El-
Shafie (1988) indicated a frequency of 0.9665 in cv. Shandaweel 1 and
Gokce and Havey (2002) reported frequency of 0.77, 0.76, 0.76,
respectively, in cvs. Brigham Yellow Globe, Mountain Danvers, Sapporo-
Ki. On the contrary, El-Shafie and Ahmed (1976) found that the frequency
of N Cytoplasm was Zero in cv. Giza 6 Mohassan, and Yasso (2002) found
that the average frequency of N cytoplasm was 0.015 in ¢v. Giza 20.



Frequency of the 6 possible fertile and sterile onion gerotypes

Data obtained on the frequency of the 6 possible fertile and sterile
onion genotypes are presented in Table (4). The average frequencies of the
genotypes N Ms Ms, N Ms ms, N ms ms (B-Line), S Ms Ms, S Ms ms, and
S ms ms (A-Line) were 0.3933, 0.4470, 0.1374, 0.0085, 0.0104, 0.0034,
respectively.

Table 4. Calculated frequency of the six possible fertile and sterile ‘Behairy Red’
genotypes evaluated in 2003/04 and 2004/05 seasons.

Czlculated frequency

Genotypes | Frequency 2003/04 1req 200405 Average
NMs Ms | Np’ 0.4765 0.316% 0.3933
NMsms |N2pg 0.4161 0.4778 0.4470
Nms ms [N¢ 0.0908 0.1841 0.1374
SMs Ms | Sp’ 0.0081 0.0089 0.0085
SMsms [S2pgq 0.0070 0.0137 0.0104
Smsms |Sq 0.0015 0.0053 0.0034

Total 1.00000 1.00000 1.00000

These results indicated that for every 100 tests crosses, 14 plants
may be detected as B-Line. This situation in cv. Behairy Red is favorable
- for establishing a hybrid program .Similar results were obtained by Ahmed
and El-Shafie (1988)who indicated that the frequency of the B-Line was
0.0433 ,while the frequency of A-line (S ms ms) was 0.0015 in cv.
Shandaweel 1. Yasso (2002) found a low average frequency of 0.0015 for N
ms ms genotype (B-Line) and a high average frequency of 0.0958 for S ms
ms genotype (A-Line) in cv. Giza 20 .Additionally, Havey (1995) reported
that the frequencies of maintainer lines were 0.219, 0.097, 0.098, 0.101 in
cvs. Brigham Yellow Globe, B2215 C, Mountain Danvers, and Sapporo-Ki,
respectively. Also, Cho et al (2005) found that the frequencies of maintainer
lines were 024 and 0.10 in cvs. Manchuhwang and Sapporo-Ki,
respectively, while the frequency of the male sterile line was 0.05 and 0.16
in both cultivars, respectively. However El-Shafie and El-Kafory (1977)
obtained a high frequency of 0.531 for N ms ms genotype (B-Line) and a
low frequency of 0.0016 for S ms ms genotype (A-line) in cv. Behairy.
Also, Meer and Van Bennekom (1971) reported that in Leading Dutch
variety Rijnsburger and Noordhollandse nearly all plants (95% or more)
were of the B-line (N msms).
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