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The hybrid seed producer sees the advantages of the using of the cytoplasmic male sterility within the hybridizing fields, first by saving the manual castration with its involved costs and risks. However, the corn farmer who benefits by this seed ask himself whether the including of sterile male cytoplasm (c ms) into the mother line of the hybrid that he crops, the yielding capacity is modified or not.

This paper is trying to answer to this question evaluating both the inbreed lines and the hybrids obtained from them as: phenotypic and genotypic variability, yielding capacity, male sterility degree, drought index, and chemical composition.
THE GENETIC DETERMINISM OF MALE STERILITY. Genetically, the plant male sterility has tree types: genetic, cytoplasmic-genetic and cytoplasmic. Practical importance for breeding has the cytoplasmatic-genetic one and the cytoplasmic male sterility which was discovered by Rhoades (1933) in a field from Peru.

1.The genetic male sterility is exclusively determined by the plant genotype. 

2.The cytoplasmic-genetic male sterility is given by the genetically  inability of the mother genitor to produce viable pollen. This type of male sterility is conditioned by the interaction between nucleus and cytoplasm. The male sterile forms of this type which are crossed with forms which produce fertile pollen give sterile descendants. It happens to appear forms which when crossed with the male sterile line give descendants with fertile pollen (fertility restoring lines).
3.The cytoplasmic male sterility is determined by the cytoplasm factors which act dominantly. This genetically conditioned phenomenon has a great importance for producing hybrid seed due to eliminating the castration of the mother plants which needs a large volume of labor (Voica, 2001).

The literature quotes over 100 types of male sterility discovered in different corn fields from very remote zones as: Brazil, Italy, Mexico, Romania, Turkey, USA, Poland, (Muresan, 1967).


Voica (2001) mentions that there are 2 types of cytoplasmic male sterility with corn: the Texas type, isolated by Rogers in a Golden June corn variety at the Texas Experimental Station; the Moldovenesc type, discovered by Galeev and Hajdinov at the Krasnodar Agricultural Institute with a loco corn crop-kind from Moldova. The latest studies have enlarged the knowledge about different types of cytoplasmic male sterility being classified as follows:

· the T group, having relatively stable sources of male sterility but all of them sensitive to the T race of Helminthosporium maydis;

· the C group, which includes the El Salvador (ES) and Parana (PR) sources from Brazil;

· the S group, the most divers as male sterility stability, in different conditions and after the way they react to the fertility restoration genes.

The T male sterility type was extensively used by breeders for producing F1 hybrid seed because it ensures the elimination of the self fecundation of the mother plants into the hybridizing controlled fields. The T cytoplasmic male sterility was used both commercially and in genetic purposes whiles the other types: C and S were used on a reduced scale. 


In our country, beginning with the second half of the 60’s, it was used the T male sterility in order to produce hybrid seed with the loco hybrids from all earliness groups. Along with the introduction of male sterility, there were made researches on the influence of Texas male sterility type on the corn yielding capacity of the hybrid seed obtained (Ilicevici, 1971).


With the Zea mays species there are known over 100 sources of extracromosomic male sterility (Duvik and colab. 1978).

THE HYSTORY OF MALE STERILITY. Correns (1904) described the phenomenon which later was explained by von Wettstein (1924) as cytoplasmic male sterility. However, East (1934) was the one who explained the data with a genetic scheme which involved the gametophyte selection. The case of male sterility with flax described by the Bateson and Gairdner (1921) was shown by the Chittedon and Pellew (1927) as having all features of cytoplasmic male sterility.

The corn male sterility was described by Rhoades (1933) while the interaction cytoplasm x genotype was observed by Duvik (1959).


Krug (1932) was the first who described the scheme of using the cytoplasmic male sterility in order to produce corn seed hybrids.


Jones and colab. (1943) published in detail the scheme of using the  male sterility in order to produce onion seed hybrids.

      
Owen (1945) published in detail the scheme of using the  male sterility in order to produce sugar-beet seed hybrids.

Additional information on the corn male sterility were obtained in 1944 when Jones in Connecticut and Rogers in Texas have found male sterile plants which come from the interaction cytoplasm x genotype. The source found by Jones was called S and the one found by Rogers, Texas or T.


The cytoplasmic male sterility is found at least with 150 species of plants (Kaul, 1988) being determined by genetic mechanisms (disclosures and chromosomal aberrations, nuclear genes, plasma genes) (Partas, 1998). Different systems of cytoplasmic male sterility have been found on the basis of the restoration genes needed for correction the male sterility.


During decades, the cytoplasmatic male sterility was efficiently applied for hybrid corn seed production (Duvick, 1965; Hadjinov, 1962; Cialic, 1974; Gracen, 1972). Among other genetic mechanisms have been proposed a rank of chromosomal disclosures (Patterson, 1973; Philips and colab, 1972; Burnham, 1978) the secondary trisomic 6L (Doyle, 1974) the genic combinations: yms 1 (Galinat, 1976, 1979: Brar and colab., 1988), whpc (Modena and colab., 1982); ts1ts1TbTb, ts2ts2TbTb, Ts1ts1PaPa, t1t1TbTb (Micu, 1981), Papamsms (Burnham, 1978), the sources of cytoplasmic male sterility of T and S type.


The effect of  male sterility on the yield was researched even since it was used for the first time to produce corn seed hybrids. The results are contradictory. 

Some authors have observed that the male sterile hybrids give bigger yields in stress conditions as high sowing density (Chinwuba and colab, 1961; Duvik, 1965) and water and nitrogen shortage (Bonce and colab, 1966).


The yield increasing as a result of male sterility was observed with the helvetic varieties fertilized with different doses of nitrogen, plenty of water and different densities (Stamp and colab., 2000).


Most of the studies have shown that the effect of male sterility on yield is influenced by the natural conditions, by the heterosic group and by the genotype. In the last years, the Genetics determined considerable increasing of the yield potential (Russel, 1991).


Micu and Partas (1998), starting with a collection of 1,905 corn crop-kinds and populations from 45 countries, including 506 local forms from Moldova and the collection of more than 1,500 lines extracted from the local populations, old American lines and lines from synthetic and hybrid populations and having as a base the Coe and colab (1988) paper, have grouped the phenotypical diversity of male sterility in 6 distinctive classes as is presented in the table 1.

The researches made by Partas (2004) and Micu and Partas (2004) in a 20 years period in Moldova Republic have identified 24 new sources (10 – ms and 14 – CMS), 7 sources Rf1, Rf2, 28 sources Rf3 and over 280 fertility restoration sources of C type of male sterility and there were created the sterile variants M (S) and C as well as the fertility restoration variants of the genitors of the 68 recorded hybrids and for the future.


Table 1

The corn male sterility (after Micu and Partas)
	Phenotypical classes
	Genes and genetic mechanisms

	Sterile and fertile pollen
	as, am, dv, dsy, dy, ig, mi, pa, po, pam, sp, va

	
	Aneuploidy 

	
	Translocations

	
	CMS-S x Rf3

	Sterile pollen
	ms1-ms43 genes

	
	CMS-T x rf1rf2

	
	CMS-S x rf3

	
	CMS-C x rf4rf5rf6

	
	Whp x c2

	Defective husks and anthers, sterile pollen
	Vg

	Pistils in panicles
	ts1

	
	ts2

	Earless panicle
	Unidentified

	No panicle
	t1

	
	Aneuploidy


THE VULNERABILITY OF THE TEXAS TYPE MALE STERILITY. The cytoplasmic male sterility of Texas type was extensively used by breeders for producing F1 hybrid seed because it ensures the elimination of the self fecundation of the mother plants into the hybridizing controlled fields. Till the end of the sixth decade, the cytoplasmic male sterility of T type was included in most of the lines and F1 hybrids and this fact determined a great uniformity of the corn genotypes worldwide. This genetic uniformity of almost all cropped corn in the world made the genetically vulnerability for pests specialized by genetic mutations (Craciun, 1987).

The 1970 year, for the US corn farmers meant a catastrophe determined by the attack of a disease – Helminthosporium maydis – known as a corn limited disease. The most affected lines were those with T cytoplasm and the least affected ones were the normal fertile corn (N cytoplasm) and the other male sterility types (Tatum, 1971; Miller and Koeppe, 1971; Forde and Leaver, 1979; Leaver and Gray, 1982). This disease had rapidly spread over the corn field by spores taken by wind. Beginning in June in southern Florida it spread in the Corn Belt, Iowa, Indiana, Illinois, and severely affecting the corn in Alabama, Mississippi, Minnesota and later, in September, till northern parts of US, in Dakota and even in the southern part of Canada (***, 1971).


The link between the virulence of this disease and the cytoplasmic male sterility of Texas type have forced the abortion of this male sterility type and using the former manual castration and beginning researching programs for other male sterility sources, more stable in different agro ecological conditions and suitable for hybrid seed production.


The genetic vulnerability determined by the linkage between the T ms cytoplasm and the plant sensibility to T race of the H. maydis is an example for the geneticians of negative results when the ecological diversity of a species is reduced.


Legislatively, in US was banned the using of the T ms parental forms and of those which are fertility restoration for this source even since 1971 and in Europe, since 1972-1973 (Josephson and colab., 1978).


In our country, which in 1964-1973 period reached to use on a large scale this source for the loco hybrids, in 1974, after a serious analysis made the corn breeders it was banned the T ms male sterility.


The renouncing to the T ms type of male sterility was an easy task due to the fact that the entire quantity of seed used in an year is the result of the hybridizing lines from the previous year.

THE AIM OF THE EXPERIMENTS. The aim of the researches was to study the El Salvador cytoplasmic male sterility in comparison with the Texas type which was used in our country till 1970.

We have considered that whether we must shift to El Salvador cytoplasmic male sterility, we have to asses its compatibility into the southern part of Oltenia in order to inform the hybrid seed producers of the opportunity of using this type of male sterility.


In order to achieve our aims we set up a researching program that fits to the one of the Simnic Research Station. We have continued the researches with two inbreed lines (Lc 349 and Lc 85206) that underwent backcrosses and selections, the main 5 objectives being the following: the multiplication of the male sterile inbreed lines in order to have enough material; researches on the phonotypical variability of the studied inbreed lines; researches on the genotypic variability of the studied inbreed lines; the efficacy of the fertile and un-restorer analog for each of the studied lines; the study of the yielding capacity of the hybrids obtained by T ms and ES ms male sterility types in comparison with the same hybrids with normal cytoplasm.

The biological material consisted of two corn lines of inbreed lines obtained by Simnic Research Station which have a good crossing capacity; their characteristics are listed below:

- The 349 inbreed line (Zea mays dentiformis var. macrosperma) was obtained by inbreeding of a local source ; a synthetic obtained by crossing three corn populations collected from the south of Oltenia; the horse tooth population from Rep. of Moldova, the horse tooth population from Izbiceni and horse tooth population from Portaresti (Ilicevici, 1968).
The good crossing capacity of the 349 line and its prolificacy make this line to be used in the breeding programs for this zone.

-  The 85206 inbreed line (Zea mays dentiformis var. macrosperma) was created by the Simnic Research Station from a material from Fundulea Institute by selection in a second cycle. The best quality of this line is the crossing capacity as a mother genitor and the heterosis intensity.


These two lines underwent a program of including the male sterile cytoplasm beginning with 1992, considering the cytoplasmic male sterility as having a great future.
THE CARACTERIZATION OF THE LOCAL CLIMATIC. The experiments took place in two locations: Research Station of Simnic and Research Station of Caracal. At Simnic, the climograme show that the 1998-1999 was characterized by moist period except august when was dry and drought.


The 1999-2000 year had two moist period, one of them very long from march, april and may and one very short in august and two period of dry and drought in July and September. 


At Caracal, in 1999-2000 where two moist periods – one in January-February and a very short one in September – and two period of drought in april and august. The period of drought in spring – summer was doubled by the recording of high temperatures. The 2000-2001 year had two moist periods – one in January – april and one in October, which has no importance for corn. There are two periods of drought – a short one in may and a long one in July-September, but unlike the previous year, did not record high temperatures.
THE PHENOTYPIC VARIABILITY OF HEIGHT AND THE HEIGHT OF COB INSERTION. As the table 3 shows, the crossing between the Lc 349 with the male sterile source resulted in a more pronounced heterosis in comparison with the one obtained by Lc 85206, the plants height being 10.8% more with Lc 349 and 8.6% with Lc 349 ES than normal Lc 349.

Table 3
The phenotypic variability of height and the height of cob insertion in the 1999 conditions at A.D.R.S Simnic
	Inbreed
line
	Plant height cm
	Height of cob inserts. Cm

	
	x±sx
	S%
	%mt
	x±sx
	S%
	%mt

	Lc 349 normal
	175±1.18
	4.56
	100.0
	72±0.95
	3.69
	100.0

	Lc 349 T ms
	194±1.93
	7.48
	110.8
	76±0.88
	3.42
	105.5

	Lc 349 ES ms
	190±2.56
	9.91
	108.6
	74±1.19
	4.61
	102.8

	Lc 85206 normal
	172±1.19
	4.59
	100.0
	68±0.86
	3.34
	100.0

	Lc 85206
Tms
	174±1.58
	6.12
	101.2
	71±1.36
	5.28
	104.4

	Lc 85206
ES ms
	174±1.11
	4.29
	101.2
	72±1.16
	4.51
	105.9


As regard the height of insertion of the main cob, the values of the male sterile lines are similar with the ones of the male fertile analogs. 

The amplitude of the variations expressed by s% shows a grater uniformity of the normal lines in comparison with the male sterile ones and among the two lines, more uniform in the Lc 85206. With the height of insertion of the main cob there are no significant differences.


Roughly speaking, it can by emphasized that the uniformity of the plant height and of the height of the cob insertion means that the selection operation during the crossing with the male sterile source were well done and the male sterile analogs obtained both with T ms and ES ms have phenotypic uniformity which is indispensable for an elite inbreed line used for producing high perform hybrids. 
THE PHENOTYPIC VARIABILITY OF THE FOLIAR INDEX. As the table 4 shows, the foliar index (FI) records the same trend of increasing with the male sterility material. Also, in this case too, we have the heterosis phenomenon as a result of crossing the male sterile source with the line for male sterility.
 Table 4
The phenotypic variability of the foliar index in the 1999 conditions at A.D.R.S. Simnic
	Inbreed
line
	Foliar index (FI)

	
	x±sx
	S%
	%mt

	Lc 349 normal
	2.51±0.05
	0.18
	100.0

	Lc 349 T ms
	2.67±0.05
	0.21
	106.3

	Lc 349 ES ms
	2.70±0.06
	0.22
	107.6

	Lc 85206 normal
	2.54±0.05
	0.17
	100.0

	Lc 85206

Tms
	2.65±0.06
	0.24
	104.3

	Lc 85206

ES ms
	2.64±0.06
	0.23
	103.9


As absolute values, both the height and the foliar index show a satisfactory vigor of the inbreed lines which is the premise of good yield of the hybrids that will be obtained from them. 

THE PHENOTYPIC VARIABILITY OF THE PANICLE DEVELOPMENT.
The phenotypic variability of the panicle development was determined by the number of braches except the main rachis (table 5). The two inbreed lines in male fertile case differ, Lc 349 has a more branched panicle in comparison with the Lc 85206. In the male sterile case, both lines obviously reduce the number of their branches.
It can be noticed that the male sterile cytoplasm act in the sporogenesis phase affecting the pollen crumbles and in the same time, reducing the panicle dimensions by decreasing the number of branches. Among the male sterile cytoplasm type the ES ms reduces more the panicle dimensions in comparison with T ms.


For the hybrid seed producer, the dimensions of the panicle and the pollen abundance has a great importance with the inbreed lines but the lines that we study are maternal genitor so the pollen quantity is not important in the male fertile case.

Table 5

The phenotypic variability of the panicle development (the average number of the branches) in 1999 conditions at A.D.R.S. Simnic
	Inbreed line
	The average number of branches

	Lc 349 normal
	5.2

	Lc 349 T ms
	3.8

	Lc 349 ES ms
	3.7

	Lc 85206 normal
	3.2

	Lc 85206Tms
	7.5

	Lc 85206ES ms
	6.2


THE YIELDING CAPACITY OF THE INBREED LINES. The yielding capacity of the mother inbreed lines of the ratified hybrids has became an important issue along with the introduction in practice of the simple hybrids from the inbreed lines. This complex, genetically determined feature influence the seed production.


After the analysis of the data from the table 6 we can say the following:


The Lc 349 in T ms and ES ms variants has a slow increase of production but insignificant.


The Lc 85206, also, displays the tendency of increasing the seed yield in both variants. In the Lc 85206 T ms case the yield output is significant in comparison with the initial male fertile line.

Table 6
The yields of the male sterile and normal inbreed lines in 1999 with 
un-irrigated
	Nr.
	Variant
	Seed yield q/ha 15.5% moisture

	
	
	q/ha
	%
	S

	1
	Lc 349 normal
	42.5
	100.0
	Control

	2
	Lc 349 T ms
	45.5
	107.0
	

	3
	Lc 349 ES ms
	46.1
	108.5
	

	4
	Lc 85206 normal
	44.9
	100.0
	Control

	5
	Lc 85206

Tms
	50.2
	111.8
	X

	6
	Lc 85206

ES ms
	48.0
	106.9
	

	7
	Lc mother s.h. Olt
	45.3
	100.0
	Control

	8
	Lc father s.h. Olt
	34.1
	75.0
	000

	9
	S.H. Olt
	64.1
	141.6
	Xxx


DL 5% = 9.6%
DL 1% = 12.6%

DL 0.1% = 16.5%

After a comparison of the yield capacity of these lines we can notice that it is close to that of the inbreed  mother line of the simple hybrid Olt, an hybrid that in the conditions of the center and south of Oltenia gives stable and good yields.


From the data of the table 7 we can notice that the inbreed line 349 has an average number of cobs per plant, significantly higher than with Lc 85206.


As regard the size and the mass of the grains, expressed as the mass of a thousand grains, the Lc 85206 is superior to the Lc 349 and also to the parental forms of the Olt hybrid. It can be said that the 2 elements of the corn yield are expressed with the two lines by compensation. The lower prolificacy of the Lc 85206 is compensated by the higher mass of 1,000 grains, while the lower size and mass of the Lc 349 grains is compensated by the higher number of cobs per plant (table 7).

THE MALE STERILITY DEGREE. The male sterility degree achieved after the backcrossing and selection program in 1992-1998 period can be considered as a guide of genotypic variability with the male sterile transformed lines.

In the table 8 there are presented the Lc 349 T ms data; from 188 analyzed plants, two of the get out pollen which means a relative value of 1.06%.

Table 7

The main yield elements with the inbreed normal and male sterile lines in 1999 at Simnic
	The line
	Prolificacy
	Grains size

	
	Cobs/plant
	%
	MTG g
	%

	Lc 349 normal
	1.28
	100.0
	186
	100.0

	Lc 349 T ms
	1.21
	94.5
	182
	97.8

	Lc 349 ES ms
	1.25
	97.6
	193
	103.7

	Lc 85206 normal
	1.02
	100.0
	210
	100.0

	Lc 85206

Tms
	1.10
	107.8
	209
	99.5

	Lc 85206

ES ms
	1.06
	103.9
	213
	101.4

	Lc mother s.h. Olt
	1.16
	100.0
	190
	100.0

	Lc father s.h. Olt
	1.10
	94.8
	176
	92.6

	S.H. Olt
	1.20
	103.4
	253
	133.1


Table 8 

The percent of the plants with pollen with the inbreed lines 349 and 85206 in both variants of male sterility cytoplasm
	The line
	Total nr. of pl.
	Plants with pollen
	% of plants with pollen

	Lc 349 normal
	X
	X
	X

	Lc 349 T ms
	188
	2
	1.06

	Lc 349 ES ms
	185
	5
	2.70

	Lc 85206 normal
	X
	X
	X

	Lc 85206

Tms
	179
	3
	1.67

	Lc 85206

ES ms
	178
	4
	2.25


When used for male sterility the ES ms type, from 185 analyzed plants, 5 plants emitted pollen. The 2.7% plants with pollen is unacceptable in a hybridizing field even when blossom there are made controls and the panicles with pollen are eliminated.


With Lc 85206 T ms the percent of the restorer plants is within the admitted limit, while the ES ms cytoplasm gives, as in the previous case, a higher number of plants with pollen (table 8).


The data that were gained about the genotypic variability of the male sterility degree are positive for the T ms cytoplasm source. With the ES ms male sterile source material it seems that the backcrossing and selection operation have to continue.
The effect of the maintaining type to the  replication of the inbreed male sterile  lines. The existence of the maintaining of a inbreed male sterile line has a great importance; it is a fertile un-restoration analog of that line.

Both with Lc 349 and Lc 85206 the percent of the male sterile plants is very high (6.7 – 8.7 %) in the case of using as maintaining of the initial male sterile line which is obviously a mistake and much lower when with the replication of the line the fertile analog obtained by selection. The risks in this case are explained by the fact that within the original line there are the fertility of pollen restoration forms that the selection during the formation of the sterile analog have eliminated.


For the comparative study of the two male sterility sources there is important to emphasize the effect of the maintaining type recorded with the two inbreed lines with the two male sterile variants is alike. This fact confirms the opportunity of using the cytoplasmic male sterility of El Salvador type in the agro ecological conditions from the Southern Romania.

Some aspects of the biology of the blooming with the consanguined lines with the three variants of cytoplasm. The blooming coincidence is of a high importance for the hybrid seed production with all crops.

The data from the table 9 provide information on the influence of the different cytoplasm sources on the blooming phenomenon and the vegetation period.
Table 9

The heat need (S.G.U.T) for the blooming with Lc 349 and Lc 85206 lines with the three variants of cytoplasm
	The line
	Blooming date
	SGUT emerging-blooming
	Silking date
	Blooming-silking duration
	SGUT blooming-silking

	Lc 349 normal
	8VII
	705.7
	11VII
	3
	38.5

	Lc 349 T ms
	8VII
	705.7
	11VII
	3
	38.5

	Lc 349 ES ms
	9VII
	720.5
	12VII
	3
	41.6

	Lc 85206 normal
	12VII
	762.1
	16VII
	4
	34.5

	Lc 85206

Tms
	13VII
	769.4
	17VII
	4
	36.2

	Lc 85206

ES ms
	13VII
	769.4
	18VII
	5
	46.1



The analysis of the panicle blooming calendaristic data and the apparition of the stigma with the three variants of the Lc 349 confirms the fact that the T ms and ES ms cytoplasm do not significantly modify the timing of the emergence – blooming phases.


The same thing is noticed with the Lc 85206 which is 5 days late than the Lc 349 yet the including of the  two male sterile cytoplasm do not induced any change in the in comparison with the normal cytoplasm in the period of vegetation.

Results and disscutions on the yield of grains and its elements with the obtained hybrids in both irrigated and un-irrigated conditions. In severe drought conditions, when correctly irrigated the corn gave a satisfactory yield, between 82.2 q/ha with the S 49 T ms hybrid and 97.3 q/ha with the S 424 ES ms (table 10).

Of the 4 analyzed hybrids the S424 has a better yielding capacity with all three cytoplasm variants.

Table 10

The production and its main elements of the 4 corn hybrids with the 3 cytoplasm variants at Simnic in irrigated conditions
	Var.
	Hybrid.
	Grains 15%
	Sign.
	Average

cob

mass
	Cob

Nr.
	% grains

per cob
	MTG

g
	%

moist

harvest

	
	
	q/ha
	%
	
	
	
	
	
	

	1
	S409N
	83.5
	100.0
	Ctr
	228
	1.13
	80
	249
	29.8

	2
	S409Tms
	81.6
	97.7
	
	220
	1.15
	81
	260
	29.0

	3
	S409ESms
	93.6
	112.0
	Xx
	228
	1.19
	82
	270
	28.2

	4
	S94N
	88.2
	100.0
	Ctr
	223
	1.17
	80
	252
	26.1

	5
	S94 Tms
	87.0
	98.6
	
	225
	1.18
	80
	268
	26.2

	6
	S94 ESms
	85.6
	97.0
	
	220
	1.16
	79
	250
	26.5

	7
	S49N
	86.6
	100.0
	Ctr
	230
	1.09
	79
	260
	27.4

	8
	S49 Tms
	82.2
	94.6
	
	237
	1.06
	80
	270
	26.4

	9
	S49 ESms
	87.0
	100.4
	
	226
	1.07
	80
	269
	27.0

	10
	S424N
	93.0
	100.0
	ctr
	242
	1.06
	80
	280
	29.2

	11
	S424 Tms
	92.0
	98.9
	
	245
	1.04
	79
	285
	30.0

	12
	S424 ESms
	97.3
	104.6
	
	249
	1.03
	80
	292
	29.7


DL 5% = 7.9%
DL 1% = 10.6%

DL 0.1% = 14.2%


Whether we compare, in general, the yields of the 4 hybrids in all 3 variants of cytoplasm (male sterile, T ms and ES ms) we can notice that they are relatively alike. In comparison with the male fertile variant, with the 4 hybrids in the T ms variant there can be observed a low tendency of yield decreasing yet insignificant.

The ES ms variant records a significant increase with the S 409 hybrid in comparison with the male fertile variant.


A first conclusion can be that the male sterile cytoplasm does not modify the yield with the hybrids where they were included.


As regard the main yield elements they are similar with all 4 hybrids in the 3 variants of cytoplasm. However, among the hybrids, there are differences induced by the features of the two mother lines that participate in each hybrid formation. Such way, the Lc 349 hybrids yield is higher with normal and ES ms cytoplasm and the average mass of a cob is lower with the S 409 and S 94 which has as mother the Lc 349 and higher with S 424 which has as mother Lc 85206 8.2. In change, the average number of cobs per plant is higher with the S 94 and S 409 which have as mother Lc 349.

It is obvious that in this case the yield grains of the prolific hybrids is made especially through the number of cobs and with the hybrids that lack this character, on the basis of the mass of a cob and the MTG. The mass of the grains expressed by the Mass of a Thousand of Grains (MTG) is correlated with the mass of a cob as is noticed with the S 424 hybrid with the 3 variants of cytoplasm.

With un-irrigated conditions from Simnic, the drought effect is obvious, the yield with the 12 hybrids are between 28.4 q/ha and 38.5 q/ha (table 11).


The yields of all 4 hybrids do not differ in all 3 variants of cytoplasm.


As regard the yield of the 6 hybrids from the Lc 349 in drought conditions it can be noticed that it higher than those obtained from Lc 85206.

In this case, it can be emphasized the Lc 349 capacity to maintain its yield, due to its higher prolificacy. 

Table 11

The yield and its main elements with the 4 hybrids of corn in the 3 variants of cytoplasm at Simnic in un-irrigated conditions

	Var.
	Hybrid.
	Grains 15%
	Sign.
	Average

cob

mass
	Cob

Nr.
	% grains

per cob
	MTG

g
	%

moist

harvest

	
	
	q/ha
	%
	
	
	
	
	
	

	1
	S409N
	37.0
	100.0
	Ctr
	142
	0.89
	77
	219
	22.6

	2
	S409Tms
	36.0
	97.3
	
	140
	0.88
	76
	210
	20.9

	3
	S409ESms
	38.5
	104.0
	
	147
	0.90
	77
	213
	21.1

	4
	S94N
	36.2
	100.0
	Ctr
	140
	0.86
	77
	200
	23.4

	5
	S94 Tms
	34.2
	94.5
	
	147
	0.90
	78
	217
	22.0

	6
	S94 ESms
	38.1
	105.2
	
	149
	0.88
	78
	210
	20.4

	7
	S49N
	28.4
	100.0
	Ctr
	140
	0.80
	76
	212
	21.6

	8
	S49 Tms
	30.3
	106.7
	
	150
	0.83
	77
	207
	20.7

	9
	S49 ESms
	29.0
	102.1
	
	142
	0.78
	77
	202
	22.5

	10
	S424N
	32.6
	100.0
	ctr
	155
	0.78
	76
	200
	22.0

	11
	S424 Tms
	32.3
	99.1
	
	158
	0.77
	76
	205
	23.4

	12
	S424 ESms
	34.2
	98.9
	
	155
	0.81
	77
	208
	24.0


DL 5% = 12.9%

DL 1% = 15.7%

DL 0.1% = 21.0%

The main elements of the corn yield in un-irrigated conditions are affected by the drought conditions during the vegetation period.

At a closer look the higher yield with the S 409 and S 94 hybrids is due to the better prolificacy of the Lc 349 line influence. The same influence is recorded with the mass of the cobs. There is another prove that the corn prolificacy is a paramount character for drought resistance.


The more stable yield with corn is highly influenced by the possibility to have 2 cobs per plant.


The prolific hybrids have more plants with 2 cobs and in un-irrigated condition there are less infertile plants in comparison with the less prolific hybrids which, in general, have only one cob per plant.


By help of the R.S. Caracal we have tried the 12 hybrids also in those conditions, both irrigated and un-irrigated.


The Caracal climatic conditions were similar with the Simnic ones and as a result, the irrigation highly influenced the yields which were between 87.3 q/ha and 94.6 q/ha (table 12).


The yields of the 4 hybrids in all 3 cytoplasm variants were similar, as it can be seen in the table. Only the S 94 ES ms hybrid records a significant output in comparison with the male fertile variant.


Also, it can be noticed that both in irrigated and un-irrigated conditions the Lc 349 is prolific in S 409 and S 94 hybrids, no matter the male sterility type. 


In un-irrigated conditions the yield are very strongly influenced by the drought, the yield being between 28.3 q/ha and 32.6 q/ha. As in previous cases (Simnic irrigated and un-irrigated, Caracal irrigated) there are no significant differences between the 3 variants of cytoplasm of the same hybrid.


A tendency of increasing of the yield is recorded with the ES ms hybrids but insignificantly in the analysis of variance (table 13).
Table 13
The yield of the 4 hybrids in the 3 cytoplasm variants at Caracal in irrigated and un-irrigated conditions
	Nr. crt.
	Hybrid
	Irrigated
	Un-irrigated

	
	
	q/ha
	%
	q/ha
	%

	1
	S409N
	91.3
	100.0
	29.1
	100.0

	2
	S409Tms
	91.8
	100.5
	30.9
	106.2

	3
	S409ESms
	91.2
	99.9
	31.2
	107.2

	4
	S94N
	90.3
	100.0
	28.9
	100.0

	5
	S94 Tms
	90.3
	100.0
	28.9
	100.0

	6
	S94 ESms
	94.0
	104.1
	30.4
	105.2

	7
	S49N
	87.3
	100.0
	28.3
	100.0

	8
	S49 Tms
	91.6
	104.9
	30.2
	106.7

	9
	S49 ESms
	93.6
	107.2
	30.2
	106.7

	10
	S424N
	94.6
	100.0
	32.2
	100.0

	11
	S424 Tms
	93.5
	98.8
	32.1
	99.7

	12
	S424 ESms
	94.3
	99.7
	32.6
	101.2


                                                DL 5% = 8.2                                      9.6

                                                  DL 1% = 11.0                                     13.2

                                                    DL 0.1% = 14.7                                     17.8

As a result, both in irrigated and in un-irrigated conditions the yield and their differences are similar between Simnic and Caracal. The including of the male sterile cytoplasm into the 4 researched hybrids did not modify their yields.

However, the behavior of the T ms and ES ms are similar, which means that  we can use, in the soil and climatic conditions from the southern part of Oltenia The El Salvador male sterility type. This confers to the material where it is included the advantages of the Texas type (stability in expressing the male sterility and not influence to the yielding capacity) and, very important, protects against the Helminthosporium maydis disease, race T.

The drought behavior of the researched hybrid expressed as drought index. At Simnic in 2001, the drought index had values between 0.33 and 0.44 (table 14). There is a higher drought index with the all researched cytoplasm variants with the S 409 and S 94.

At R.S. Caracal the drought index does not different the corn hybrids in the way it does at Simnic. Here, the drought index has little variations and there is less variance among the hybrids response, no matter the mother line inside them (table 14).
Table 14

The drought index with the 12 hybrids at Simnic and Caracal
	Nr.
	Hybrid
	Simnic
	Caracal

	
	
	Irrig.
	Un-irrig.
	Dr. ind.
	Irrig.
	Un-irrig.
	Dr. ind.

	1
	S409N
	83.5
	37.0
	0.44
	91.3
	29.1
	0.32

	2
	S409Tms
	81.6
	36.0
	0.44
	91.8
	30.9
	0.34

	3
	S409ESms
	93.6
	38.5
	0.41
	91.8
	31.2
	0.34

	4
	S94N
	88.2
	36.2
	0.41
	90.3
	28.9
	0.32

	5
	S94 Tms
	87.0
	34.2
	0.39
	90.3
	28.9
	0.32

	6
	S94 ESms
	85.6
	38.1
	0.44
	94.0
	30.4
	0.32

	7
	S49N
	86.6
	28.4
	0.33
	87.3
	28.3
	0.32

	8
	S49 Tms
	82.2
	30.3
	0.37
	91.6
	30.2
	0.33

	9
	S49 ESms
	87.0
	29.0
	0.33
	93.6
	30.2
	0.32

	10
	S424N
	93.0
	32.6
	0.35
	94.6
	32.2
	0.34

	11
	S424 Tms
	92.0
	32.3
	0.35
	93.5
	32.1
	0.34

	12
	S424 ESms
	97.3
	34.2
	0.35
	94.3
	32.6
	0.35


DL 5% = 12.9
DL 1% = 15.7

DL 0.1% = 21.0

Chemical results. The table 15 shows the data on the dry matter content, oil, and crude protein with the normal cytoplasm and modified cytoplasm hybrids.

The dry matter content is 85.31 – 87.96 % from the mass of the grain yet between hybrids the differences are small. For the El Salvador cytoplasm type the values are higher than the Texas type ones with the S 409 and S 94 hybrids and for the other two, the T ms cytoplasm determine an increasing of the oil content of the grain.

Regarding the protein content, the researched hybrids record a higher variability. Such way, the grain crude protein is 12.0% with S 94 and 13.90% with S 409.


The influence of the cytoplasm is differentiated, in function of the hybrid. The modified cytoplasm forms of the S 409, S 94 and S49 hybrids record lower levels of the crude protein in comparison with the normal ones. The El Salvador cytoplasm type influence in the same way the grain protein level yet the variation limit is higher. In this manner, with the S 409 ES ms form the decreasing of the protein content is more pronounced (14%) yet with the S 424 ES ms an increasing of 5%.


With the 4 researched hybrids, the influence of the cytoplasm is seen by the decreasing of the crude protein content with appreciatively 4% both with the T ms and ES ms. The amino acid analysis shows the variability of the amino acids content both with the hybrids and the cytoplasm.

Table 15

The influence of the cytoplasm on the chemical composition of the Simnic hybrids

	Hybrids
	Oil %
	Protein %
	Dry matter %

	S409N
	4.58
	13.90
	87.66

	S409Tms
	4.85
	12.90
	85.31

	S409ESms
	5.06
	12.00
	87.46

	S94N
	5.00
	11.99
	87.98

	S94 Tms
	5.12
	11.40
	87.18

	S94 ESms
	5.25
	11.30
	87.69

	S49N
	5.07
	12.70
	86.83

	S49 Tms
	5.63
	11.60
	87.75

	S49 ESms
	5.56
	12.40
	87.23

	S424N
	3.94
	12.70
	87.96

	S424 Tms
	4.52
	13.20
	86.97

	S424 ESms
	4.37
	13.40
	86.72

	Average Hn
	4.65
	12.80
	87.60

	Average T ms
	5.03
	12.30
	86.80

	Average Es ms
	5.06
	12.30
	87.27

	Tms/Hn
	108.17
	96.09
	99.09

	Esms/Hn
	108.82
	96.09
	99.62

	Tms/Esms
	99.41
	100.00
	99.46

	
	Dm-Oil-protein
	0.050
	-0.330

	
	
	Oil-protein
	-0.647



The table 16 presents the variation of the amino acid content for all 12 hybrid combinations. The values show that the hybrids are differentiated by each amino acid.

Table 16

The influence of the cytoplasm on the average amino acids content of the grains with 4 hybrids and 3 cytoplasm types

	Amino acid
	Average

Cn g/100g d.m.
	Average Tms
	Average ES ms
	Tms/Hn

%
	ES ms/Hn

%
	Tms/ESms

%

	ASP
	0.738
	0.650
	0.618
	88.0
	83.7
	105.2

	TRE
	0.447
	0.413
	0.416
	92.3
	93.1
	99.2

	SER
	0.572
	0.518
	0.526
	90.5
	92.0
	98.4

	GLU
	1.586
	1.478
	1.410
	93.2
	88.9
	104.8

	PRO
	0.721
	0.683
	0.742
	94.7
	102.8
	92.1

	CYS
	0.364
	0.372
	0.340
	102.1
	93.2
	109.6

	GLI
	0.399
	0.382
	0.392
	95.7
	98.1
	97.6

	ALA
	0.757
	0.600
	0.576
	79.2
	76.0
	104.2

	VAL
	0.542
	0.466
	0.509
	86.1
	94.0
	91.6

	MET
	0.156
	0.149
	0.141
	95.3
	90.4
	105.5

	ISO
	0.570
	0.528
	0.524
	92.5
	91.8
	100.8

	LEU
	1.081
	1.097
	1.001
	101.5
	92.6
	109.6

	TYR
	0.679
	0.677
	0.684
	99.7
	100.6
	99.0

	PHE
	0.732
	0.647
	0.725
	88.3
	99.0
	89.2

	HIS
	0.614
	0.583
	0.695
	94.9
	113.1
	83.9

	LYS
	0.565
	0.433
	0.460
	76.7
	81.5
	94.2

	ARG
	0.863
	1.162
	0.969
	134.6
	112.2
	119.9

	T AA,%
	11.385
	10.835
	10.723
	95.3
	94.3
	101.5

	TAAE,%
	5.571
	5.476
	5.363
	98.3
	96.3
	102.1

	AAE/AA,%
	48.995
	50.68
	50.35
	103.4
	102.8
	100.7

	GLU/AA,%
	13.905
	13.68
	13.36
	98.1
	96.1
	102.1

	LYS/AA,%
	4.975
	4.01
	4.32
	80.6
	86.9
	92.7



Higher differences are recorded with the phenylalanine, arginine, and aspartic acid. The hybrid forms with modified cytoplasm have a lower amino acid content in comparison with the normal forms except the S 424 hybrid, where the T ms and ES ms forms record higher values. The influence of the interaction cytoplasm type – hybrid on the average amino acid content is presented in the 16th table. 


The Texas type cytoplasm determines the decreasing of the TAA, TAAE and of the glutamic acid and lysine proportion in grains. Nevertheless, there is noticed a favorable effect on the proportion of the essential amino acids (+1.3%) in comparison with the total amino acids content.

The T ms cytoplasm determines the increasing of the tyrosine content (+1%) and argynine (+29.5%).


The Es ms cytoplasm determine the decreasing of the concentration of the most amino acids as well as of TAA and TAAE (table 16). More important decreasing is recorded with the glutamic acid, alanine, and lysine. The ES ms cytoplasm is associated with the increasing of the praline, tyrosine and argynine contents. In this manner, with the S 409 hybrid, the cytoplasm type changing determines the TAA, TAAE reduction, especially with the ES ms form.


With the S 424 hybrid, both with T ms and ES ms have determined a slight increase of the TAA and TAAE and the diminishing of the proportion of lysine and glutamic acid in protein.The ES ms cytoplasm determines a higher decreasing of the average amino acids content than the T ms cytoplasm except the proportion of the lysine content from the total protein.


The analysis of the behavior of the 2 types of male  sterility, the one that we were compelled to leave (T ms) in comparison with the one that we propose to use from now on (ES ms) we have to underline the likeness between them and the lack of any risk in choosing the ES ms male sterility as a viable alternative for the researched area. This confers to the material where it is included the well known advantages of the Texas cytoplasm (stability in the expressing of the male sterility and the lack of the influence on the yielding capacity) and, a very important issue – does not give the sensitivity to the Helminthosporium maydis disease, race T.
CONCLUSIONS

Leaving the T ms male sterility at the beginning of the 70`s represented, for the corn breeding by heterosis, a regress, especially for the seed production by hybridizing fields.


From the large scale using of the cytoplasmic male sterility and the fertility restoration lines which excluded the manual castration, it was used again, like in 50 years.


Finding of the other male sterility sources and types proved to be more difficult for the corn seeds companies than expected. This situation made that the first achievements to appear only after 20-25 years.


 For the hybrid corn seed breeders yet for the farmers it is important to know whether the including of the ES ms male sterility does change the phenotypic and genotypic features of the line where it is included. Due to the fact that these information lack in our country this thesis has tried to solve the problem.


The study was made with the two types of male sterility in comparison with the fertile cytoplasm with two lines Lc 349 and Lc 85206 which were developed at R.S. of Simnic.


The most important conclusions are the following:

1. There are no significant differences between the two male sterility types and the normal cytoplasm regarding the plant height, the height of insertion of the cob, foliar index and the panicle dimensions.

2. As regard the yielding capacity and the plant prolificacy the two male sterility types do not significantly differ.

3. After the backcrossing and selection programs, the percent of the plants with pollen is higher with the ES ms type in comparison with the T ms type (2.25-2.5 and under 2). This means that the backcrossing and selection programs should continue.

4. There were noticed similar physiological needs for the two male sterility types.

5. The results showed that is better to use the male fertile un-restorer analog for the ES ms type.

6. The yielding capacity showed almost no differences between the two male sterility types and the fertile analog except the S 409 ES ms hybrid at Simnic which gave distinct significant output in comparison with the normal cytoplasm. The irrigated and un-irrigated conditions showed no significant differences between the two male sterility types and the fertile analog, proving the opportunity of using the ES ms male sterility type for producing the hybrid  corn seed in our conditions.

At the end we recommend the continuation of the researches in this domain in order to find fertility restoration forms for the male sterile ES ms cytoplasm type. Also, in order to avoid surprises of pests attack, we recommend accurate testing of the ES ms hybrid corn behavior to several artificial infections of the most representative pests and disease as Helminthosporium, Sorosporium, Ustilago and Diplodia.   
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