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ABSTRACT

The aim of this investigation consisted in detecting the
presence of dominant alleles of Rf genes in more than
600 inbred lines provided from the inbreds collection of
the Maize Breeding Laboratory, at the Agricultural Re-
search and Development Station Turda. They were
crossed with different types of cytoplasmic male steril-
ity: cms-C, cms-ES, cms-M and cms-T. During 1995-2001,
at he Agricultural Research and Development Station
Turda, the observations of pollen restoration reactions
were scored. The fertility restoration data clearly showed
the relationship ketween the two representative C and
ES of the group-C. Thirty-four % of the inbreds main-
tained the male sterility induced by cms-C and cms-ES,
55% proved to be restorers and 7% gave partially fertile
plants. Many genotypes (27%) were imperfectly sterile
and 33% were partially fertile plants, in cms-M, meaning
that for these genotypes, the fertility was easily affected
by environment. In the case of restoration reactions of
the inbreds in interaction with cms-T, only 16% of these,
were fully fertile. Generally, the pollen fertility restoration
reactions of the inbred lines were in connection with
cms-source, cmsversions, of several inbred back-
grounds, nuclear x cytoplasmic interaction and environ-
mental conditions. In order to use the cytoplasmic male
sterility of different types, in maize hybrid seed produc-
tion, it is necessary to continue the research for finaliz-
ing the cms-analogues, breeding by backcrossing and
selection.

Key words: inbreds, cytoplasmic male sterility, pollen
fertility restorers.

INTRODUCTION

he utilization of cytoplasmic mde dHerility

(cms) in maize hybrid seed production has
represented an increasing source of economicd
effidency and of improvement of seed genetical
purity.

The hybrid seed production on the bass of
cytoplasmic mae sterility imposes to the breeders
the task of transformation of naternd forms into
male serile analogues and the @terna ones into
pollen fertility restorers. This transformation could
be achieved only having genotypes with well-

known reaction versus certain g/toplasmic mde
Serility types.

The complex festure of male serility cyto-
plasms and pollen fertility restorer genes interec-
tion imposes the necessity to identify the dldes
Rfrf compostion & maize inbreds, with a view to
ther utilization ether as materna genitors or [@&-
ternal forms (Sarca and Barbu, 1982; Cabulea et
a., 1987; Ciobanu and Partas, 1998; Has et dl.,
2002).

Nowadays, the most utilized mae Herility
sources for hybrid seed production are the cms-C
and cms- Stypes. In spite of the resisance advan-
tages of the cytoplasmic sources C and S to the
bacterid lesf blight incited by the race T of
Helminthosporium maydis certain authors as
Duvick and Noble (1978), Gracen et d. (1979)
and Wise et d. (1999), have drawn the attention
to the danger that in few years, if only the two C
and S sources will be utilized, it may be possble
to arive again a the narrowing and vulnerability
of the genetic base,

For preventing this risk, Duvick and Noble
(1978), Nemeth (1981), Zeng et al. (1999) sy
gest the utilization in maize hybrid seed production
of a,,multiplasm” which, by the geneticaly diversi-
fication of cytoplasm, would prevent the unilatera
evolution of pest specialized races.

After Josephson et d. (1978), Darrah and
Zuber (1986), some USA companies produce
hybrid seeds on the basis of cytoplasmic male ste-
rility, of different types, on about 40% from the
seed production plot area.

The pollen fertility retoration is ensured by
the action and interaction of a set of dominant
genes. In order to restore the cms-T cytoplaan
type, the presence of two dominant genes with
Rf;Rf, complementary action as well as the pres-
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ence of some modifying genes for achieving a
complete fertility, is necessary (Duvick, 1965;
Wiseet d., 1999).

A sngle Rfz dominant gene is necessary for
the cms-S cytoplasm restoration. The Rf; domi-
nant gene expression is srongly influenced by the
environmenta conditions, concluson expressed in
the papers of the following authors: Duvick and
Noble (1978), Kheyr- Pour et d. (1981), Laugh
nan and Gabay- Laughnan (1983).

As regards the genetic control of fertility res
toration for the C cytoplasm type, severa opin
ions have been advanced. Josephson et 4.
(1978), Kheyr-Pour et d. (1979), Kheyr-Pour
and Gracen (1980), Laughnan and Gabay-
Laughnan (1983) sudtain that for the cmsC fertil-
ity resoretion type, at least two genes, Rf, and
Rfs genes, would be necessary.

Having in view the praectica importance of
cytoplasmic mde serility and pollen fertility resto-
ration in maize hybrid seed production and the
necessity of cytoplasm sources diversficaion, the
am of this pgper was the identification in inbreds
genotypes of the recessve or dominant dldes
R R, and Rf4Rfs gene conplexes aswell as Rf;
gene with a view to ther utilization in genetica
trandformation programme of parenta forms a
Turda Agricutural Research and Development
Sation.

MATERIALS AND METHODS

As biologica materia, more than 600 inbred
lines and cytoplasmic mde-sterile arelogues,
types cms-C, cms-ES, cms-T, cms-M of seven
lines, from the maze inbred lines collection of
Maize Breeding Laboratory as part of Turda Ag
ricultural Research Development Station, were
utilized. During 1995—2001, for the identification
of the dominant or recessve dldes, of R R,
Rf4Rfs, Rf; genes at some inbred lines, the F; hy-
brid progenies, obtained by topcross in single
crosses nursery, have been assessed (by degree
of pollen-fertility restoration).

As tedes, the mde derile-andogues of
some inbreds with identified dlelic composition,
were utilized; they are dso utilized as maternd
forms of some perspective hybrids. The F, hybrid

generations were grown in the observeion nurs
ey, on plots of onerow of 5 m per each hy-
brid.

According to pollen fertility retoration de
greethe inbreds were classified in six groups (&-
ter Josephson et a., 1978):

—group |: no anthers extended;

—group Il A: less than hdf of the anthers ex-
tended and al were smdl, dry and hard, without
pollen;

—group Il B: most of anthers extended but
al were smdl, dry and hard without pdlen;

— group llI: partidly fertile anthers extended
with some pollen shed; the proportion of anthers
extended was highly variable;

— group IV (fertility restorers): dightly d-
norma antherswith 75 to 100% extengon;

— group V ( fertility restorers): norma ar
thers, fully fertile.

In the case in which some inbreds marifested
an ungable behaviour depending on the environ
mental conditions or cms-tedter, their experimen
tation was repeated during still two-three years.

RESULTS AND DISCUSSION

In the process of cytoplasmic mae geri-lity
utilization in maize breeding programmes, it is as
necessary as difficult to identify the inbred lines by
the compostion of the Rf gene dldes.

The identification of the pollen fetility re-
storer genes at some inbreds consisted of the de-
termination of their reection to the crossings with
made serile tesers cms-C, cms-ES, cms T, cms
M (Table 1).

In interaction with the C and ES cytoplasms,
the pollen fertility restorers identificaion is more
complicated, due to the implication of &t least two
- three Rf; Rfs, Rfg complementary genes and
some modification factors, probably quantitative
ones, which under certain environmental condi-
tions, would act in the absence of Rf gene, influ-
encing the reaction of lines by the gppearance of
the ,late-break” phenomenon (Kheyr-Pour et d.,
1981).

Due to the presence of these factors, the ob-
servations on lines reaction in C and ES gto-
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plasms must be performed in a period of two-
three weeks since the emergence of silking. This
phenomenon has been recorded in 8% of the in
bred lines tested to cms-C, respectively 9% in
cms-ES (Tables2 and 3).

Partas (1998). The 24 lines which have proved to
be restorers (Table 4) contain in their genotype
the Rf; dominant dlele and they are recommended
as genitors in crossng sysems or as parenta
forms. The lineswhich patidly restore the fertil-

Table 1. Distribution of lines according to their reaction to different types
of cytoplasmic male sterility: C, ES, M, T.

% lines
No. of cms No. of With
Cytoplasm tester-lines tested Non- Restorers different
lines restorers partially complete reaction
(rfrd) (PRY) (Rf)
1 5 40 0 60 0
1 27 52 0 48 0
cms-C 1 33 21 9 61 9
1 95 28 5 60 7
1 38 48 0 39 13
Total 5 198 - - - -
Average - - 34 4 55 7
1 22 41 4 55 -
cms-ES 1 29 17 7 66 10
1 43 47 6 47 -
Total 3 94 35 5 51 9
M 1 32 16 9 19 56
1 89 21 42 20 17
Total 2 121 - - - -
Average - - 47 33 20 33
1 5 60 0 20 20
1 37 84 3 13 0
1 4 0 0 0 100
cms-T 1 93 85 0 10 5
1 29 79 0 21 0
1 39 61 0 21 18
1 16 37 6 13 44
Total 7 223 - - - -
Average - - 83 1 16 24
Total tested lines 636

The proportion of nonrestorer genotypes
(rf4, rfs, rfe) was of 41% in cms-C, respectivdy
44%in cms-ES. As aresult of andysing the ted-
crossings, 56% and 54% o the lines were indent-
fied for completely restoring pollen fertility, which
certifies the presence of R4, Rfs, homozygous-
dominant dldes in thelr genotypes (Tables 2 and
3). The other lines (4, respectively 6%) with pa-
tid restoration, nclude probably, dominant dlees
for a least one Rf gene.

A number of 121 lines have been tested with
the cms-M cytoplasm, out of which only 20%
were identified as pollen fertility resto-rers, which
agrees with the results published by Ciobanu and

ity or they have a variablereaction depending
on the environ- mental conditions, represent 27%
of the lines tested on cms-M. This indahility is
aso mentioned in the pecid literature by Duvick
and Noble (1978), Kheyr-Pour et d. (1981),
Laughnan and Gabay- Laughnan (1983). Thelines
which partidly restore the fertility or have an uv
stable behaviour, are not recommended as pare+
ta forms, in reproducing hybrids with improved
formulaon the bassof cms-M.

Concerning the reection to cms-T, 223 in-
breds were tested, of which 74% have proved to
be non-restorer (rfy, rf,). This fact cartifies thet
the tested lines include only a restorer gene,
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probably Rf2 gene, more frequent at origind i+ Helminthosporium maydis T-race, the re
breds of the Corn Belt (Duvick, 1966). Because searches on the use of this cms type are limited
the cms-T is only used in aress less favourable to (Teble 5).
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Table 2. Testing of restoration ability of cms-C type at some inbred lines at
A.R.D.S. Turda, during 1995-2001

Tester-lines Non-restorer inbred lines (rfrf) Fertility restorer inbred lines (Rf)
cms Group | Group Il A Group V Group 1V
W633 cms-C K2051, K2057B, TC109A, TC221, TB364
TC184, TE235, Lv92,
;221’7"‘%1337’1""1700’ TD235, TD218, TB369, TC322, TC314,
TC208 cms-C TB?>68Y T8363’ TC335, TC331, TC327, TC328, K1077,
' ' K1042, K1080, P131
TC316, A665, TC333,
TC382
TD106, TD221, TE233, PT9704 ,TD301 122223; | TTEE);j: ’TTCE)323307‘TTchzsilyTTDE:a%& D238,
TA 367 cmsC TD269, TC344, TD359. | 1p3ag | Toass, TD350, TD351, TD352, TD355 A439,
TA417 ' ' ' ' ' TA435
TD356, TD357, TD358, TA436, K3159B,
TD287, TD263, TD279, TD289, TD296,
TD268, TE201, TE210, TD297, TD299, TE203, TE206, TE213,
TC318, TC365, TC383, TE221, TE226, TE227, TE228, TC339,
TC384, TC385, TC391, TC357, TC360, TC361, TC362, TC364, TD278
TC395, TC399, TD341, | TD298, TE223, TC368, TC373, TC379, TD329, TD335, TE202Y
TC243 cms-C TD347, TA425, TD320, TA419, TD342, TD345, TD353, TD354, TA430, TD369,
TA432, TA438, F426, | TA431, K1801B, TA431, TA433, TA437, TA438, TA441, NF1103
MV463, P951, K18018, | NF1032 F1218, F1188/89, F858/89, K1653, K1795, TD320 ’
K2148C, K2443B, K1796, K1800B, K1802A, K1805C, K1511,
K3056A, NF1042, K2188, K2227, K3041A, K3046B, NF1005,
NF1109, NF2028, NF1041, NF1090, NF1091, NF1092,
NF1093, NF1098, NF1111,
TD283, TD284, TC396,
TC397, TC398, TD302,
TD303, TD304, TD301, TD344, TD290, TE217, TC386, TD336, TD346,
TD305, TD346,
TC184 cms-C TD348, TA424 TD359, TA435, F40/88, PT9707, PT9708,
TA426, TA427,
PT9704 PT9716, PT9717, K3043, K3044, NF1014
F43/93, F768/82,
F1870/86, PT9712,
PT9714, K2174
Proportion 34% (67/198) 7%(15/193) 55% (108/198) 49%(8/198)
Table 3. Testing of restoration ability of cms-ES type at some inbred lines at
A.R.D.S. Turda, during 1995—2001
Tester-lines Non-restorer inbred lines (rfrf) Fertility restorer inbred lines (Rf)
cms Group | Group I A Group V Group IV
TC184, T248B, TC243, TD242, TC218, T241, TB369, TC314,
TC208 cms-ES TB367, TB368, TC316, TC317, TC322, TC328, TC335, K1042, TC 327
TC371 K1077, K1080, P131, W401
TD278, TD296, TD297, TD298,
TD299, TE202, TE203, TE206,
TC243 Es TE201, TC383, TC384, TC385, TD298, NF1032, | TC330, TC378, TD361, NF1005, TD369,
cms-
NF 2028 NF1109 NF1041, NF1090, NF1091, NF1103
NF1092, NF1093, NF1098,
NF1111
TD106, TE223, TE222, TE225, TC241, TD263, TE208, TE217,
TD320, TD348,
TE 235,TD341, TD346, TD 348, TE220, TE221, TE226, TE227,
TA439, TE202,
TA367 cms-ES TA432, TA438, WN7, F426/88, TD329, TD330, TD354, TA431,
F768/82, PT9716
F1153/89, F43/93, Lv 86, Lv 92, a7 n TA431, F1218, F1188, F40/88,
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Table 4. Testing of restoration ability of cms-M type at some inbred lines
at A.R.D.S. Turda, during 1995-2001

Tester-lines Non-restorer inbred lines (rfrf) Fertility restorer inbred lines (Rf)
cms
Group | Group Il A Group Il B Group V Group IV
T248, 1291, TC245, TC209, TC243,
Precoce46, CM25,
TC245, TE207, TB329, | TB362, TB366, TB371, | TA367, TA404,
MKP33 cms-M C0216, CO255, T169a, TC208, TC114
TB371, K1075 P17,W153R,W 633, K1079, W117,
A661, K2006
AB65, ND245 CM105
TD106, TC287, TD233, TD284,
T248B, TC242,
TD290, TE208, TA367, TC314,
TC109B, TC114, TD233, TD283,
TC344, TC379, TC399, TD301,
TC184, T243, T248, TE210, TB363,
T291, TC243, TC245, TD302, TD359, TA425, TA426,
TD221, TB362, TB366, TB367, TB369,
TD241, TB364, TB371, | A661, TC209, TA427, TA429, TA433, TA435,
TC 2080ms-M - TC321, TC328, TCI3L, TC331, TA404, TA432, | K1080, PT9707 TC886, TC391, K1042, K1077, K1801B, K2051
TC335, TC384, TC385, « 4'A 21’ ' ' TC395, TC396, caou ’B or 7‘4 or ' '
TA419, K1075, P17, 3048A,C0216 TC397, TD303, 30468, PT9704, PT3905,
PT9710, PT9711, PTO712,
PT9716, ND245 TA424, TA428, o713 PTo .
TA436,PTS708 PT9713, PT9714, PT715,
PT9717, A665, CM25, CO255
Proportion 20% (24/121) 18 % (22/121) 9% (11/121) 20 % (24/121) 33% (40/121)

Distribution of inbreds in groups on the basis of fertility restoration, performed by Josephson et al. (1978):
Group | - no anthers extended
Group Il A - less than 1/2 of anthers extended, but they are small, dry and hard, without pollen.
Group Il B- most of anthers extended, but they are small, dry and hard, without pollen.
Group Il — partially fertile anthers extended with some pollen shed. Proportion of anthers extended was highly variable.
Group IV - slightly abnormal anthers with 75-100% extension.
Group V- normal and completely fertile anthers.

Table 5. Testing of restoration ability of cms-T type at some inbred lines at
A.R.D.S. Turda, during 1995-2001

Non-restorer inbred lines (rfrf Fertility restorer e« lines (Ri
Tester - lines ! ines (rfrf) ity «lines (R

cms Group | Group Il A Group V Group IV
W633 cms-T TC184,TC221, K2051 K2057B TC109A,

TC182, TC246, TD232, TD233, TD235, TD236, TD242, TB365, TB368, TC317 TB33L
TB369, TC313, TC314, TC322, TC327, TC328, TC331, TC333, TC335, ' '
TC208 oms-T TC316, TC360, TC371
TC344, TA416, K1042, K1077, K1080, K2131, P22, P131, CO120, TC364

W401, A661, A665

TD345,TC394,
TD359, TD335

TC243 oms-T

TD268, TD276, TD278, TD296, TD297, TD298, TD299, TE201, TE203,
TE206, TE233, TC337, TC351, TC361, TC362, TC365, TC368, TC378,
TC380, TC381, TC383, TC384, TC385, TD336, TD343, TD344, TD345,
TC326, TD359,
TD350, TD351, TD352, TD353, TD355, TD356, TD357, TD358, TD359,
TD279,TE202, TE210, TC395,
TD360, TD361, TA419, TA425, TA430, TA433, TA441, P951, MV463,

TA367 oms-T TE212,K2274, TC391, TC399,
PT9711, PT9712, PT9713, PT9714, PT9715, PT9716, K1093, K1511,

TC384 TD287, TD289,
K1795, K1796, K1800B, K1802A, K1805C, K1806, K2148C, K2274, K1653
K2308, K2443B, K3041, K3161B, NF1005, NF1014, NF1032, NF1041,
NF1042, NF1065, NF1090, NF1091, NF1092, NF1098, NF1103,
NF1111, NF2028, NF2188
TC287, TD284, TE208, TE223, TC379, TC386, TD301, TA426, TA428, TC391, TC397,
TC 208 cms-T TA429, TA431, TA432, TA435, PT9701, PT9703, PT9704, PT9705, TC399, TD302,
PT9707, PT9708, PT9710, K3043, K3044, K3046A TD303, NF2028
TE202, TE223, TD263, TD287,
TC241, TE217, TE220, TE222, TE225, TE226, TE227, TD320, TD329,
TE221, TE226, TD289, TC360,
TC335ams-T TD330, TD341, TD345, TD346, TD347, TD348, TD354, WN7, F426/88,
TE227,F1870/86, | F1218, TD290,
F1970/86, F1188/89, F858/89, F1153/89, F768/82, K2174
F1970/86 TD287, TD289,

TD221,TE212,
TE227, TE230,
TC184 oms-T TD342, K1801B, K3056A, K3159B, PT9707, PT9717, TD335, TE229 TE228,
TE231,PT9706,

PT9711

Proportion 74 % (165 / 223) 996(21/223) 16 % (35/223) 1% (2/223)
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A specid behaviour has been noticed on the
inbred lines T 169aand TD 345 (Table 6).

Table 6. Behaviour of some inbreds with different
testers — cms

Tester-lines cms | Non-restorer Fe_rtility restorer
inbred lines inbred lines
(rfrf) (Rf)
S42cms T - T 169a
W 33cmsT T 169a -
T 153cms T T 169a -
T 248cms T T 169a -
A 218cms T - T 169a
TA367cmsT TD 345 -
TC335cmsT TD 345 -
TC 243cmsT - TD 345

They presented a different reaction of main
tenance or restoration of pollen fertility in relation
to the maternd genotype. Thisfact is explained by
the presence of Rf; genein the mae Serility geno-
type andogues of lines S42 cms-T, A 218 cms-
T, TC 243 cmsT respectivdy, which in interac-
tion with the complementary gene Rf. (more fre-
quently in the genotype of some inbreds) into the
genotype of T 1693, TD 345 inbreds, achieves
the conmplete restoration of cmsT type This
more specia behaviour of these two inbreds sus-
tains the necessity to verify the inbreds reaction on
both many mae derility types and different cms
genotypes. This concluson was encouaged by
Dwick and Noble (1978) too, who underlined
the importance which should be given to the
choosng of some cms testers with a clear reac-
tion, no matter of nuclear-cytoplasmic interaction
or environmenta conditions.

CONCLUSIONS

The behaviour of different lines towards mae
gerility has manifested as a gpedfic feature de-
pendent on the used mae derility source, geno-
type of cms-anaogue, specific character of the
nuclear- cytoplasmic interaction and environmenta
conditions.

The frequency of lines with dominant Rf
genes manifested for the cms C and the  cms-
ES was of 55%, respectively 51%, in comparison
with the proportion of only 16% lines, in the g&

nom of which the dominant genes with comple-
mentary action Rf;Rf, ussful for cms- T restaura-
tion are present.

The verificaion of inbreds to cms-M(S)
type emphasized the high proportion (33%) of
lines with an unstable behaviour; therefore these
lines should not be recommended as parentd
forms for improved hybrids releasing.

The T 248, TB 367, A 665 inbred lines have
been noticed only by the restoration abi-lity of
cms-M and the maintainer cms-T, cms-C and
cms-ES. Therefore, these lines could be utilized
asindicators of cms-M type.

The observations performed on the restora-
tion reaction of cmsC and cms-ES  de-
mongtrate the close relationship between the two
representativesof C group.
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