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ABSTRACT

Although the need for increased production of summer fodder is so keenly
felt in Egypt, the plant breeders did not focused much of their attention to improving
fodder teosinte. in this study an attempt was made in order to partition the genetic
variance to its components for fodder traits through the evaluation of different
generations (Pi, P2, F1, F2, BC1 and BC;} of the promising hybrids of teosinte.

Significant differences among crosses for number of tillers per plant, green
fodder yield per plant and crude protein percentage were detected in the three cuts.
Also, the results revealed that the presence of highly significance among populations
within crosses and populations within each cross with respect to all studied traits in
three cuts. These resuits reflected the diversity and the different genetic constitution of
parental lines of the studied crosses. Furthermore, years, crosses by years and
populations within crosses by years in addition to populations within each cross by
years mean squares were significant in most of occasions. This indicates that these
populations gave different performances at different environmental conditions. The
best combination for fodder yield components was Guatemala = Balsas, which
showed the highest means for most of studied traits through the three cuts compared
by other two crosses as well as their parents. In this hybrid (Guatemala x Balsas), the
values of dominance gene effects were higher in magnitude than the corresponding
values of additive gene effects for all studied traits in most of cuts. This finding
reflected the presence of heterotic effect and the higher frequency of dominance
genes controlling these traits in this cross. Therefore, the means of the F» generation
appeared to be less than the Fy hybrids for most of studied fodder traits through the
three cuts. Regarding to Rayana x Balsas and Central plateau x Balsas hybrids, F2
generations appeared to be higher in means than their respective F, hybrids in most
of studied traits in the three cuts, These results may be due to the presence of
transgrassive segregations and the maijor role of additive as well as additive by
additive gene action in the inheritance of fodder yield components with respect to
these two hybrids. The means of most backcrosses strongly tended to be toward the
respective recurrent parents, reflecting the role of additive and epistasis gene effects.
Furthermore, the resuits showed that most of studied traits were significantly
influenced by one or more type of epistasis effects, which included additive x additive,
additive x dominance and dominance x dominance gene effects as appeared in the
three studied crosses, indicating the role of non-allelic interaction in the genetic
expression of fodder traits. Number of tillers per plant was strongly associated with
number of leaves per plant, green fodder yield per plant and dry fodder yield per plant
at genetic level.

In conclusion, the improvement of fodder yield in tecsinte is possible through
the direct production of F. hybrids, such as Guatemala x Baisas or using these
crosses to initiate the selection program for producing superior lines for their
combining ability using the number of tillers per plant as morphological marker.
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INTRODUCTION

in Egypt as well as other countries, great efforts have been directed
towards the improvement of summer fodder crops. Teosinte could provide an
answer to overcome the problem of the little production ¢f summer fodder
feed for farm animals. Importance of teosinte as a fodder crop can be judged
from the fact that, it has the advantage of giving very high yields, due tfo
profuse tillering's ¢ apacity which is absent in fodder maize. B esides, itcan
~ give three cuts from April {o November comparing with only one cut obtained

from fodder maize. In addition, teosinte like maize can be safely feed on at
any stage of growth (Relwani, 1968). Although, the need for the increased
production of summer fodder is so keenly felt in Egypt, the Egyptian plant
breeders have not focus much of their attention on improving fodder teosinte.

During the last two decades, information about teosinte has been
given by several investigators among them (Smith et al,, 1984, Abdel-Twab
and Rashed, 1985, Aulicino and Magoja, 1991, Sohoo et al., 1993, Alan and
Sundberg 1994, Jode and James, 1996 and Jode ef al., 1996) but al
avallable information has contributed to the relationships among teosintes
and between teosinte and maize, in addition to the characterization of
teosinte for agronomic traits.

Recently, a few authors presented information related to the nature of
gene action of fodder yield components (Abd EL-Maksoud et al., 1998) and
grain yield components (Abd EL-Maksoud et al., 2001), but these studies
were not e nough to decide the way t o improve teosinte as a new summer
fodder crops in Egypt.

A breeding program usually makes use of the information concerning
the relative importance of genetic variance components, when the additive
gene action represents the main component in the genetic variation, a
maximum progress must be expected in the selected character. On the other
hand, the presence of a relatively high non-additive gene action indicates that
a hybrid program will perform good prospects for the considered character,
as a result of the direct relationship between the non-additive gene action and
heterosis. Hence, in this study an attempt was made in order to partition the
genetic variance to its components for fodder traits through studies on
different generations of the promising hybrids of teosinte, which were
observed during our previous investigations (Abd EL-Maksoud et al.,, 1998).
In addition, consideration was given to study the possible association existed
between some pairs of fodder traits. Such study may help in improving
teosinte through hybridization and/or selection.

MATERIALS AND METHODS

Genetic Materials:

The genetic materials used in this investigation included four teosinte
races, re;'esentmg a wide range of diverse geographic crigins: Rayana
iLn . Egvpt:, Central plateau (Michaocan, Mexice), Guatemala (Jutiapa,
1 crd Baisas {Certral Geurrors, Mexicol. These races warz stiained
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from forage crops research section, Agricultural Research Center, Ministry of
Agriculture, Giza, Egypt. During the growing season of 1997 at Faculty of
Agriculture Research Station, Mansoura Univ., these four races were planted.
At the flowering stage all possible crosses excluding reciprocal among these
four parental races were hand made according to a half daillel cross mating
design. In addition, all parental genotypes were aiso self pollinated to
increase seeds from each one. Seeds of these F, hybrids and their parents
were sown in 1998 growing season for preliminary evaluation. Three F,
hybrids were selected according to their superiority for number of tillers per
plant (Abd El-Maksoud et al.,, 1998). These crosses were Rayana x Balsas,
Central plateau x Balsas, Guatemala x Balsas. During the growing season of
1999, s ome flowers from each parent and F, planis were self poilinated in
order to increase seeds from parental genotypes aswell as to produce F
generation seeds. Some F; plants were also back crossed to their parents in
order to obtain BC, and BC, seeds. In addition, the crosses between these
parents were done again in the same manner to increase F, seeds.
Experimental design and procedure:

In the summer of 2000 and 2001 years, 16 entries which included 4
parental lines, 3 F; hybrids, 3 F2, 3 BC; and 3 BC, generations were
evaluated at Faculty of Agriculture Research Station, Mansoura University.
The experimental design used was split plot design with three replications in
both years. Each block/replicate consisted of three main plots, which included
three crosses. E ach main p lot was divided to six sub-plots, which included
the six generations. Sub-plot size was one row for each parent as well as F,
hybrids, while it was three rows for each F, generation as well as back
crosses. Each row was 6 meter long and 0.6 m wide. Hills were spaced 0.3 m
apart to insure a constant stand of 20 hills per row. Plants were thinned to
one plant per hill. Ordinary cuitural practices were followed as usual for the
teosinte field in the two seasons. Data recorded on 10 guarded plants, which
were chosen randomly from each row in three cuts at two seasons for the
following forage traits: number of tillers per plant (NT/P), number of leaves
per plant (NL/P), green fodder yield per plant (GFY/P), dry fodder yield per
plant (DFY/P) and crude protein percentage (C.P.%). The first cut was taken
after 60 days from the day of sowing, the second cut was taken after 30 days
from a day of the first cut and the third cut was taken after 30 days from a day
of the second cut.

Statistical analysis:

Several analyses of variances were made in order to test the
significance of differences among crosses, populations and populations
within each cross with respect to all the studied traits according to Steel and
Torrie (1980).

The amount of heterosis was determined as the percentage increase
of the F; hybrids mean over the average of its two parents or above its better
parent. While, the inbreeding depression was measured as a percentage
deviation of F, generation than their the corresponding F, hybrids.

The scaling test {A , B and C) were determined according to the
formulae outlined by Mather and Jinks (1982) for testing deviations of
segregation from the additive and dominance model of gene effects. Then,
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standard errors of A, B and C are obtained in order to judge the significance
of the departures of each calculated value from zero. The standard errors are
equal to the square roots of the corresponding variance. “{" values were
calculated by dividing the effects of A, B, and C by their respective standard
error. These values were compared against tabulated “t” values at 0.05 and
0.01 levels of probability. The significance of any one of these scales is taken
to indicate the presence of non-alielic interaction. Therefore, the six
parameter model is used to estimate various types of gene effects. If the "t"
- test insignificantly differed from zero, the additive-dominance model is
adequate to interpret the nature of gene action.

Six parameter models arem, a,d,aa, adand dd, these stand for
mean effects, additive, dominance, additive x additive, additive *x dominance
and dominance * d ominance gene e ffects, respectively. T hese p arameters
and their variances, standard error and caiculated "t" values were estimated
according to Gamble's (1962) procedure.

In order to estimate the phenotypic and genotypic correlation
between any pair of traits, A covariance analysis between all pairs of studied
traits was made from the combined data over all studied crosses according to
the procedure outlined by Singh and Chauldhary (1985) in order to
calculation the phenotypic and genotypic correlation coefficients as follow.

Phenotypiccorrelatio (r,,) = y C;wf:h _ pzhlhz
c'pn. o°p
: . Covg,.g
Genotypiccorrelatim (r,) = 1-8>

Where:
Cov ph,. ph, is the phenotypic covariance between any pair of traits.

Cov g,.g,=is the genotypic covariance between any pair of traits.

o’ ph and o’ ph, = are the phenotypic variance of the first and second
fraits, respectively.
O'zg] and O'Zg2 = are the genotypic variance of the first and second

traits, respectively.

The significant of the phenotypic (rpn) and genotypic (rg) correlation coefficient
were tested by using "t" test at 0.05 and 0.01 levels of probability as
described by Steel and Torrie (1980},

- Calculated "t" test values for (r,n) as follow:

- Calculated "t" test values for (r,) as follow:
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Then, the caicuiated "t" values were tested against the tabulated "i" values at
hoth ievels of probabitity.

RESULTS AND DISCUSSION

Analyses of variance:

The data which were recorded from the two years for all studied traits
were set up in a combined analyses of variance for first, second and third cut
and the obtained results are shown in Table 1. The results indicated the
presence of significant d ifferences a mong crosses for number of tillers per
nlant, green fodder yield per plant and crude protein percentage in the three
cuts. While, in the case of dry fodder yield per plant, the differences among
crosses was significant only in the second cut. Also, the results revealed that
the presence of highly significance among populations within crosses as well
as among populations within each cross with respect to all studied fraits in
three cuts. These results reflected the diversity and the different genetic
constitution of parents for these traits in the studied crosses. Therefore, the
comparison between genotypic means Is valid and the partition of this
genotypic variance to its components could be made.

Furthermore, years, crosses by years and populations within crosses
by years in addition to population within each cross by years mean squares
were significant in most of occasions. This indicates that these populations
gave different performances at different environmental conditions. This
finding agree with the resulis obtained by Abd Ei-Maksoud ef a/., (1998).

Mean performances of genotypes:

The performances of the studied genotypes appeared to be varied
from year to another as well as from cut to another with respect to their
means for most of studied traits. Therefore, the means over both years would
be more suitable to represent the data. The six populations means of the
three crosses from the combined data over both years were determined for
the first, second and third cuts and the obtained results are presented in
Table 2. The means showed that, although there was no specific parents
exhibited highest mean through the three cuts with respect to most of studied
traits, the Balsas race (K) was the best in number of tillers/plant (N.T/P) over
the three cuts and for number of leaves per piant (NL/P) in the first and
second cuts. Whiie, the central plateau race (P) was the highest parent for
green fodder yield/plant (GFY/P) and dry fodder yield per plant (DFY/P) for
first and third cuts with mean values (237 gm and 49.6 gm ) and (652 gm and
90.5 gm), respectively. The R ayana (E) followed by Balsas {K) races were
the best parents for crude protein percentage {CP%) in the first cut with the
means of 11.4% and 9.8%, respectively. While, Guatemala race (T) was the
best parent for crude protein percentage {CP%) with the means vaiues of
7.5% and 6.8% in the second and third cut, respectively.
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Table 1: The combined analysis of variance and the mean squares for fodder yield component traits of crosses

and their populations at the three cuts.

S.0V .1 N.T/P N.L/P GFY/P DFY/P C.P%
1 1] 1] 1 1] ] 1 1 L1 | 1 1] 1 n 1]

Years (Y) 1] 9.6* |B37.1**339.3* 1.8 |19283**| 2322** [196087**| 10818280 3717308 332.0 |39821**|53492**|2.53**| 0.002| 0.05
RY 41 6.7 | 29 |13.6*| 266.9* | 321.5 | 991.6* | 8454 | 116926 | 82411 | 179.7 | 1625 1152 | 013 | 0.63 | 0.63*
Crosses (C) |2]|24.6™| 13.7* |58.7** | 591.6** | 4565** | 566.3"* | 41369**| 491176 |68884™ | 1234.7 | 5728 | 7428 |6.79"*| 2.4* |6.28*
cry 2{ 0.4 [30.7**[457**} 971 1074 | 594.6" 24142 14443 [283079" 554.2 | 1093 [4286.1**10.59**| 0.82 | 0.55"
Rep.W.C*Y{Ea)| 81 1.1 27 | 22 67.7 | 353.7 74.2 1090 6530 2632 | 340.6 | 8406 | 3466 | 0.08 [ 0.24 | 0.10
Pop.W.C. 15/ 55.0** [ 99.7** [297.1*"] 1710** | 2020** | 8441 [108483**| 466513"" [369271**{5057.1**| 4632** |4992.4* (5,35 [1.90** | 1.21**

'op.W.CH 568.3* {106,6*(370.0+ 2392* | 2055 | 7161* [111093*4 633201** 531050™6076.2"* 3324.4" [7497.5**[13.32"" 1.76** | 0.58"**
Pop.W.C2 5(13.3**|37.8** 171.2*"| 507** | 989.9** | 6875 [B3748**| 212060** [189915"*1564.1**(4313.4**|2691.5"*| 1.94**1 3.2** | 2.04**

op.W.C3 5183.5% [154.8"7350.2* 2230* | 2043™* | 11288" 130608 554188™ [386848**/4530.5**/6258.3"*(4788,2**0.79** | 0.7* {1.01**
Pop.W.C*Y |15 2.9 [16.6* (466" | 110.3 | 9074 | 2084™" | 26136™ | 224414"" 284066™1026.4**|2767.4**|4563.9*| 0.25 10.59**10.59*
PopW.C1*Y |5 3.7 |17.7*159.6"] 53.4 |1163.9*| 3157 | 17209 | 289954™* |632275"*[1039.3"*] 3557.9" [10348.7**} 0.55* | 0.52** | 0.52*
PopW.C2'Y (5] 29 |12.1**|45.0*| 203.6 | 616.0° | 1034 | 40658* | 153280** | 27246 |1514.2**1 1453.9*| 4738 | 0.06 |0.52**|0.91"
Fop.wW.C3"Y |5] 1.9 119.9% 35.2*| 73.96 | 942.2* |2059.63"] 20452* | 230007** 1192678*| 525.81 |3380.8**| 2869.2* | 0.15 [0.725*| 0.358
Rep. W.P*C (Eb}60] 2.0 22 | 49 [ 11597 ) 250.3 | 6421 | 7568 38900 | 57239 | 219.4 | 666.5 | 779.8 | 0.16 | 0.13 | 0.145
Rep. W.P*C1 20 28 15 1 44 | 118.23 | 22143 | 655.1 | 3415 55416 | 75180 | 104.73 | 19513 | 9581 | 0.15 | 0.076| 0.14
Rep. W.P*C2 [20] 1.5 29 | 38 | 1190 | 2233 | 615.9 | 5713 24541 4051 142.2 | 370.0 | 653.5 | 0.16 |0.078| 0.128
Rep. W.P*C3 120{ 1.6 22 | 6.2 | 11083 | 306.1 | 6550 | 13575 | 36742 | 56025 [ 411,281 4782 | 7271 | 0.18 10.23510.168

*** Significant at 0.05 and 0.01 levels of probability, respectively
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Table 2: The mean performances of genotypes and their standard error for for all studied traits through the three
cuts from the data combined over two years for the three studied corsses

N.T/P N.L/P . GFY/P in gm DFYI/P in gm C.P%
| 1] [{]] | I I ) [} 1} 1 [§] 1 I il 1
E 7.6 15.2 20.2 46.0 95.4 125 170 646 616 319 114 781 114 7.4 5.5
0.2 0.4 0.5 1.3 2.7 +5.5 7.5 164 +38 1.5 +11 +4.9 +0.4 0.1 0.2
p 9.6 16.9 239 59.9 101 149 237 565 652 49.6 106 65.2 8.78 7.0 581
] 0.3 +0.6 +0.6 1.5 +3.0 6.3 313 +43 25 2.8 7.2 +25 0.2 0.2 +0.2
5 T 7.3 10.7 15.8 449 747 95.8 227 553 449 44.0 121 B6.4 9.75 7.5 6.8
0.3 +0.3 0.5 +16 1.9 4.1 +14 13.6 57 2.7 3.3 2.7 0.6 0.3 0.3
K 11.8 223 240 778 128 129 173 452 359 335 67.0 47.8 9.8 7.3 6.2
0.3 0.6 +0.6 1.9 35 15.1 8.9 54 16 1.7 6.1 2.1 +0.2 10.2 10.1
F 10 19.6 32.2 61.8 12 186 3N 833 755 572 117 81.7 109 7.5 59
! +0.3 0.6 0.7 1.7 13.4 £7.9 +13 53 £26 25 +6.8 +1.9 0.2 0.2 0.7
", Fs 123 248 40.7 76.6 130 211 58 1144 941 49.7 127 933 a8 6.4 6.4
< 0.3 0.6 1.4 +1.8 3.2 8.1 +16 +44 154 x2.0 8.7 +5.2 0.2 0.2 +0.2
w RCI 805 17.2 253 61.4 918 138 as2 1084 545 668.6 118 83.1 8.0 6.6 6.1
) 0.3 0.8 0.8 +1.6 8.3 5.4 +19 71 127 +3.3 7.7 4.2 10.2 0.2 0.2
BC2 17.5 254 318 10422 133 161 528 1315 1182 118 132 154 6.9 6.5 8.1
0.6 0.8 0.7 9 4.6 +4.8 332 160 +49 8.5 +6.0 +53 0.2 0.2 0.4
F 10.8 159 226 89.5 84.9 122 401 513 818 67.7 58.3 777 8.3 7.1 6.0
! 0.3 +0.5 0.6 1.7 128 +3.3 %118 +32 116 +3.1 +3.2 +2.1 +0.1 10.2 +0.1
F 113 21.3 31.7 75.0 111 183 450 785 759 76.8 848 80.7 9.0 7.1 6.7
x ? 0.4 1.0 0.9 2.4 7.1 6.9 28 130 138 4.9 13.6 39 10.4 0.2 10.3
a BCI 10.7 20.2 253 68.1 118 130 411 881 724 64.3 131 289 8.1 1.4 6.3
) 0.3 $1.0 08 1.7 7.1 4.2 +23 44 124 3.9 6.4 3.2 0.1 0.1 +0.3
BC2 140 20.2 38.1 86.6 111 209 450 860 888 7.7 98.5 108 a2 54 5.0
0.3 0.8 0.7 +21 *4.5 5.5 +17 147 +33 2.7 14.9 4.2 0.2 0.1 101
E 13.7 225 35.7 89.3 130 194 546 1151 283 o7 143 120 9.9 7.9 8.7
! 0.5 0.3 0.8 12.8 3.4 8.1 +25 168 126 4.5 7.2 +2.8 0.4 0.2 +1.5
£ 125 240 358 81.6 129 211 403 691 900 725 826 99.4 10.1 75 :%:]
5,‘( z 0.4 0.6 1.0 123 13.4 8.7 +17 131 134 3.3 +4.2 £3.7 0.4 0.1 0.2
— BCH 13 19.2 253 770 110 139 497 838 716 102 15.5 939 9.2 7.2 75
0.4 0.9 +0.9 1.8 13.5 4.7 124 +68 +27 5.5 9.5 +3.4 0.3 03 10,2
BC2 189 24.2 249 103 130 136 483 179 506 721 146 56 .4 10.1 69 6.4
106 +0.9 0.6 +3.4 5.2 5.6 24 176 +17 3.7 +12 1.9 +0.2 0.4 0.2

Where E, P, T and K are Rayana, Central plateau, Guatemala and Balsas races, respectively
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On the other hand, the results showed that the hybrids which involved at least
one of the highest p arent for any one of the studied traits had t he highest
mean values. In general, the best combination for fodder yield components
was Guaternala (T) x Balsas (K), which showed the highest means for
number of tillers/plant (NT/P), number of leaves/plant (NL/P), green f odder
yield/ptant (GFY/P) and dry fodder yield per plant in the three cuts and crude
protein p ercentage ( CP%) in the s econd and third cuts compared by other
two hybrids as well as their p arents. T his finding r eflected the presence of
heterotic effect and the higher frequency of dominance genes controlling
‘these traits in this hybrid. Therefore, it's F, generation appeared tc be less
than the Fy hybrids means in most of studied fodder traits through the three
cuts. Regarding to the other two crosses, F, generations appeared to be
higher in means than their respective F, hybrids in most of studied traits in
the three cuts. These results may due to the presence of transgrassive
segregations and the maijor role of additive as well as additive by additive
gene action in the inheritance of fodder yield components with respect to
these two popuiations.

"The means also, showed that the highest backcrosses for green
fodder yield/plant (GFY/P) and dry fodder vield/plant (DFY/F} in the three cuts
were BC, of the Rayana (E) » Balsas (K) with mean values of 528 gm, 1315
gm, 1182 gm, respectively for GFY/P and 118 gm, 132 gm and 154 gm,
respectively for DFY/P. While, the BC, as well as BC; of the cross Gyalemala
(T) x Balsas (K) were the best for crude protein percentage in the three cuts.
Generally, the means of most backcrosses strongly tended to be toward the
respective recurrent parents, reflecting the role of additive and epistasis gene
effects.

Heterosis and Inbreeding Depression:

The estimated amounts of heterosis and inbreeding depression from the
combined data over both years for all fodder traits in the three cuts are shown
in Table 3. Although, the cross Guatemala (T} x Balsas (K) exhibited positive
and significant heterotic values over mid-parents andfor better parent for
number of tillers/plant (NT/P), number of leaves/plant (NL/P), green fodder
yield/plant (GFY/P) and dry fodder yield /plant (DFY/P) as well as p ositive,
but insignificant values for ¢rude protein percentage through the three cuts.
Heterotic effects were absent in most of occasions with respect to other two
crosses; Rayna {(E) x Balsas (K) and Central plateau (P) x Balsas (K). The
heterotic values over mid-parents in Guatemala (T) x Balsas (K) combination
ranged from 1.84% to 172.65% for crude protein percentage (CP%)} and
green fodder yield/plant in the first cut, respectively. While, these values over
better parent ranged from 0.89% to 139.85% for number of tillers per plant
(2™ cut) and green fodder yield per plant {1* cut), respectively.

Regarding inbreeding depression, positive values were associated
with highly significant and positive heterosis relative to mid-and /or high
parent with respect to most of studied traits in the three cuts of the three
crosses. This is logic, since the expression of heterosis in F, hybrids will be
followed by considerable reduction in the F ; g eneration p erformances. The
high level of heterosis and reduction due to inbreeding depression in these
occasions were taken as evidence of the relative importance of dominance
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gene effects in these crosses. Significant heterosis and negative inbreeding
depression were detected for number of tillers/plant (NT/P), number of
leaves/plant (NL/P), and green fodder yield/plant in the three cuts, dry fodder
yield/plant in the second and third cuts of the cross Rayana (E) x Balsas (K)
as well as some cases in the other two crosses. This ohserved discrepancy,
where the presence of heterosis and absence of inbreeding depression may
due to the role of additive and additive by additive gene action and /for may
due to the presence of linkage between genes controlling these traits, with
respect to this cross. In this respect, Tarumoto (1974) reported that
inbreeding depression in F, generation appeared largely for sorghum forage
yield and Kadam ef al. (2000) showed that F; heterosis values ranged from -
26% to 232% among population in sorghum. On the other hand, Khristova et
al. (1985) found that inbreeding depression in the F,was usuaily much less
than the heterosis percentage of the F; in the crosses between maize x
teosinte.

Table 3: Heterosis over mid-parents (M.P) and high parent (H.P),
inbreeding depression (1.D) and potence ratio {P)} for all
studied traits from the data combined over two years

througﬁh three cuts

NT/P NL/P GFY/P DFY/P C.P.

i 3.00 024 814 74.02 2.70

@ H. mp% il 458 035 51.63 28.64 122
2 10 457 46.4 54.68 20.78 0.17
a I 15.2 2062 803 70.44 450
x H, hp% n 12,10 -12.59 28.9 1.83 0.40
g 1 34.18 43,79 22.4 460 5.64
= 1 23.30 23.9 -14.90 3.1 18.53
i LD i -26.27 158 37.20 9.25 16.04
i -31.10 -13.37 2472 -14.11 9.83

1 074 0.91 96.50 62.93 0.10

% H, mp% it -19.0 -17.50 0.98 -32.91 0.56
El 1t -5.64 120" 2237 12.36 0.50
£8 1 5.80 -10.73 | 6884 36.50 -4.61
%] H, hpt% 1 -28.92 -26.20 9.10 45.40 -2.46
Ed 1l -5.83 -17.80 509 -14.14 274
€ 1 49 7.99 11.35 -13.36 301
8 LD 1 2438 4788 | 5289 | 4618 0.07
il 40.11 49.18 2272 379 -11.11

I 4345 4550 | 172.65 150.32 184

H, mp% u 36.58" 28 57 128.93" { 51.60 6.63

" 11 79.40** 7260 | 44312 | 111.03" 2.39
e I 16.10 14.80 139.85 | 120.45" 174
Eo H, hp% il 0.89 163 108.09 | 17.42 5.35
§ao 1t 48.75% 50.03* | 118.80"* | 81.50* -2.34
& 1 875 8.60 1653 2525 .58
5] 1 £.55 0.57 39.97 42.30 545

1l 0.28 8.60 8.38 17.60 -1.65

*,** Significant at 0.05 and 0.01 levels of probability, respectively

Scaling tests:

To test the presence or absence of epistatic gene action, the A, B
and C scaling tests were applied for all studied traits. The significance of any
one of the three tests indicated the presence of non-allelic interaction
{epistasis). While, if the scaling tests values are insignificantly differed from
zero, the additive, dominance model is adequate to interpret gene effects.
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Therefore, the data which were obtained from the two years in three cuts
were set up in @ combined scaling tests and the obtained results are shown in
Tabie 4.

Table 4: Scaling tests (A, B and C) and their standard errors for all
studied traits through three cuts from the data combined over

both years for all studied traits.

Crosses | Scale | Cut N.TIP N.L/P GFY/IP DFYIP C.P.%
A 1 2.3:0.69° 14.9+3.86" 33.9+40.05 44:+6.9" 6.1420.64°*

1 -0.4+2.01 2461132 649.7+155.0** 5.3420.13 -1.65:0.42*

H -1.7£1.75 -34.5¢14 45 -280.8472.3* 6.35:9.7 0.8110.47

| 13.2+1.17" 69.25+6.3" 532.9:64.1* 145.9+13.3" -6.79:0.46"

(E) *(K) B Il B.9+1.7* 27.0£10.3* 1345:129.7% 80:+14.5™ -4 830 44"
1l 7.36+1 .65 7.4:13.0 1250.686.5" 179.9+8.3" 0.10.73

1 9.8:1.3™ 58.85:8.1" 425.8:70.§* 19.118.27 -7.4621.03"

c il 22 542.8% 71.9+15.2 1450+220.8* 94.1:32.5' -3.94+0.86

i 54.424.75™ 218.2+39.2" 12804214.02% | 83.8:20.9" 2.3110.717

N ] 1.10.76 6.913.98 184.145.7°% 113:8.6 -1.9410.32

] 77224 40.9+14.76" 583+400.7** 96.8+15.1™ 0.6:+0.37

I 3.95:-1.8" 6.7:10.9 1778154 9 | 29.54+7.35" 0.78:0 64

| 5.3510.75" 35.65+4 8" 287.9+£39.5 42.326,5 -0.7410.52

(P} * (K) B I 2.3:1.8 -1.6410.1 754.4:99.9%* 60.5+11.6" -3.63:0.41"
il 25.5+1.6% 166.8+12 6" 799.7470.05" 91.6818.6™ .2.280,28"

i 2.3541.78 33.15:10.4™ 548.3+113.3™ 88+19.9% 1154134

o4 [T 14.4:2.5* 2771347 1096:168.2* 37.5¢18.2° .0.12+1,04

[ 33.4543.7" 207.9:28 5™ 788.8:155.7° 29.02416.8 2.6721.22"

A 1 5:0.91"" 19.75:7 2 220.3:56.6= 63.3+11.9° -1.23:0.77

] 5.2+1.88" 15.011,86 .31.76150.4 -34.1220.5 -0.9810 67

il 0.8+1.75 -10.8413.5 0.6:59.0 1.117.65 1.5120.45"

| 12,3213~ 48.817 5% 209.3+56.8" 13.6518.8 0.68+0.41

(h* (K} B I 3.5:1.98 0.8+11.41 754.11171.9+ 72.5+25.5" -1.440.76
W | -9.95+1.35~ | .50.85+14.85" ! -330.5:40.0" | -55.445.15" -0.06:0.45

| 33+1.767 34.55+10.7* 81.5:89.7 18.6416.2 1.04+3.63

c If 18.1:2.8" 53.74+16.6* 544 2+180.0~ | -156+22.5* -0.7410.73

n 32.35:4.2 231.8:37.7 827.9+130.2 | 42.4416.95" 1.33:0.97

*** Significant at 0.05 and 0.01 levels of probability, respectively.
Where: E, P, T and K are Rayana, Central plateau, Guatemata and Balsas races,

respectively.

The results revealed that the scaling test values insignificantly
differed from zero for 3" cross [Guatemala (T} x Balsas (K)] with respect o
crude protein percentage. These findings indicated that the absence of
epistasis and the additive-dominance model is adequate to interprel gene
effects in this cross for this trait. While the six parameter model is valid to
explain the nature of gene action for other cases.

Types of gene action:

The results presented in Table 5, showed that the estimates of mean
effect (m) which reflects the contribution of the over all mean plus the locus
effects and the interaction of the fixed loci was found to be highly significant
for all studied fodder traits with respect to the three hybrids in the three cuts,
indicating the contribution of additive, dominance and epistatic gene effects in
the genetic expression of these traits. However, Rayana (E) x Balsas (K) and
Central plateau (P) = Balsas (K) crosses showed that additive (a) gene
effects were positive or negative significant for all studied traits in most of
- cuts. These values were higher in magnitude than the corresponding values
of dominance gene effects (d) in most occasions, indicating the major role of
additive gene effects in these two crosses.
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Table §; Type of gene action for all studied traits through the three cuts
from the data combined over two years for the three studied

COrsses.
ICrosses IN.TIP .LP GFY/IP DFYIP IC.P.%
f | $2.30.27** 76.6+1.74* 358+16.1** 49.7+1.9"* 8.84+0.2*"
E m I} 24.8:0.6* 130.2+43 2* 1144144 5 127.5+6.5* 6.42+0.19**
B W [40.7:1.92" | 211.5¢8.9" | 041350.7"" 93.3+4.9* 6.44+0.15""
s i |-7.55:0.62" | -43.06:3.3" | -145:36.1°* | -51.747.3“ 1.12+0.29"
é’- a i} 8.2+1.2* 42.3x7.7** -250+85.5" -13.419.7 0.15+0.26
@ M | -6.45+097""] -23.25¢7.3" -£36+53.6** -71.6+6.6** 0.02£0.41
| B+1.69** 25.12+9.9* 510.3+08** 195.3+16.7** -5.18+1.08"
d W | -13.2:+3.5" | -89.1£20.6" | 467.8:258 17.2+34.4 0.55:0.95
1 |-38.6+5.01* -186138.5" -43.8+231.8 121.2424 0** 1.44%1.09
I | 5.7:1.65" | 25.3:0.64* | 389:96.9- [ 170.8£16.5° | -547+1.04"
aa | 0 | -14.0:35" | -659.5:20.1 | 184.2+249.2 | -8.8+33.1 0.46+0.54
0l [48.7:4.97" | -245¢386™ | -310.7:229.4 | 102.4323.8* -1.4+1.08
| |-545:0.65* | -27.2:35 | -125:36.6" 50.947.3 0.23:0.38
ad | 0 | -4B£1.3" | -258:8.0 | -347:194.4" | -37.3:11.5" 0.08+0.28
| 453£1.1" | -20.05:8.2° | -785:57.7" | -86.8+7.13" 0.35:0.43
I | 21.2:2.8* | -100£155~ | -1204+161** | -360.6+30.5* 18.4£1.6"
ad | W 5.545.7 B7.1:34.5 | -2179+409" -76.5¢51 3.02+1.36"
| 43.146.3" | 272+49.2" | -850:303.1" | -288.6:33.8" 0.49:1.83
o 1| 11.320.4™ | 75:24* 450£26.6* 76.6£4.7° 8.09:0.32"*
% m [l | 21.3:0.5* | 111.8:2.9" | 7B5:36.3" | 84.8:3.6° 7.1120.22"*
< il | 31.6+0.88" | 183.246.7 | 759+37.5" | 80.7+3.9" 6.69£0.29"
oy | 1 3.25:0.44" | -18.5+2.67 | -38.8:28.2 -7.4:4.5 -1.1+0.28"
2 a i 0.0+1.4 7.4548.4 20.6+61.3 325+8.1* 1.87£0.18™
ol | -108£1.1" | -70.246.8° | -164+41.7" 9.845.2 1.33:0.3"
- I | 42$1.86° | 14.9¢11.1 | 100.7£1253 | -8.3:21.7 -1.52+1.42
g d I | 8.12:35° | -7.8:208 345£194.7 | B5.7+22.2* -2.9:0.9"
1t -7.2144 .1 51.22430.7 301.7+174.2 100.9+19.1** -4 1+1.5*
T | at1x182 9.4:10.9 76.5+123.8 | -34.4+215 -1.5321.42
aa [ N 4.453.4 12.3£20.5 340+190.0 | 119.9+215° -2.8+0.95"
i 1 4141 | .34.5t30.3 | 188.6+172.8 | 92.4318.0™ 4.21.43""
T | 2.12:05" | 144229 | -51.6:268 | -15.5+4.9" 0.61+0.31
ad {1l 2714 20.9:8.8 -35.7:68 3 18.2+40.3 2.110.22"
W [-10.78:1.4" | B0.0:7.9" | -310:44.4" | -31.2+58% 1.5330.34*
dd | | |-10.56£2.5" | -51.9+14.9" | 305:1658° | -19.2+28.3 4.2111.77°
1l 5.545.9 52.2¢36.4 | 17782207 | -277.3+37.1" | 5.04+1.26"
il |.25.45:5.7** ] -138+40.2" | -1166+230" | -213.8+26.9" | 5.68+1.93"
m 1 12.541.12** 81.55+2.8*" 403317.9* 72.543.3"" 10.1+0.37*
Il | 24306 | 120.5:36" | 6912303~ | 8263403 7.45:0.12"
Il [358+0.99™ | 211.6£8.3"* | D00£33.9™ | 093537 6.8£0.18""
a i -5.8+1.55* -26.1£3.8* 13.7+34.7 30£6.4** -0.96+0.32
i} -5.0£1.3" -19.8+7.7*" -342+1015** -31.4+15.0* 0.3:0.44
o | 045:0.96 3.127.15 210£32.8* | 37.55+39" 1.09+0.26~
€ d 1| 18.5¢5.02% | 66.8£12.3" | 674£103.9" | 116.5:19.04" |  -1.42+1.66
g 1 3.4+3 6 8.8£21.5 19152248 | 237.5435.8% -1.15+1.08
B il |-27.3x4.54* | -211337.56" | -578+151** | -33.3:16.8" 0.76:0.99
x aa I 14 0+5 44" 34+11.95* 348+99.8°° 58.2+18.4* -1.59+1 63
g? [} -9.4+3.5" -37.9+21.1 1266+237** 194.4:+34 8** -
g W |43.114.46%" ] -293:36.4" | -1157:150" | -96.7¢16.7 -
w ad | | | 265236 | -14.5:4.1" 5.5+35.8 24.7+6.7 -0.9620 43"
I | 082:1.3 TAL7.9 302£104 | -53.3:15.57 -
1l 4.57+1.1* 20.02+7.9* 165+34. 9" 28.314 2** -
dd | | |31.3:896' | -102¢418.8" | 777165 | -134.9+30.5" 213209
Il | -375:5.8 | 2216345 | -1989+446"" | -232+64.9° .
[} 53.851+5.9** 355+48.3* 14874191 151.0+22 3** -

*,** Significant at 0.05 and 0.01 levels of probaiitity, respectively -
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This finding may expiain the absence of heterosis, especially over
higher parent in these crosses in most of occasions. Also, dominance gene
effects (d) were positive or negative significant with respect to the cross
Guatemaia (T) x Balsas (K) for ali studied traits except for number of
tilters/plant and number of leaves/plant in the 2™ cut, and crude protein
percentage (three cuts). In this cress, the values of dominance gene effects
(d) were larger in magnitude than the corresponding vaiues of zdditive gene
effects (a) for all studied traits in most of cuts, indicating the higher frequency
. of dominance genes in this combination. These findings may explain the
nresence of heterosis for most of studied traits in ihis crogs. Furthermore, the
resuits showed that most of studied traits were significantly influenced by one
or more type of epistatic effects, which included additive x additive (aa),
additive x dominance (ad) and dominance x dominance {dd) gene action as
appeared in the three studied crosses, indicating the role of non-ailelic
interaction in the genetic expression of fodder traits. These resuits are in
agreement with the results obtained by Todorova and Lidanski (1985} in
maize * teosinte hybrids; Mohamed et al (1999);, Jha et al (1999) and
Sunestha ef al. {2000) in fodder maize; Manickam and Das (1994) and
Kadam et al. (2000) in sorghum.

Genotypic and phenotypic correlation:

The information abeout the degree of association among different
traits of teosinte is of great importance for breeders. The coefficient of
genotypic correlation provide a measure of the genetic association between
pairs of traits to identify the traits which could be used as indicator for
improvement of other traits through the selection programs. The genotypic
and phenotypic covariance's between each pair of studied traits were
calculated for all crosses and their parental races. Subsequently, the
genotypic and phenotypic correlation's among all studied trails were
estimated and the obtained results are shown in Table 6. Significant positive
genotypic and phenotypic correlations were observed between number of
tilers/plant (NT/F) and each of number of leaves/piant, green fodder
yield/piant and dry fodder yield/plant (DFY/P). Dry fodder yield per plant was
positively associated with each of number of leaves/plant and green fodder
yield per plant at genotypic and phenotypic levels. In general, the coefficient
of genotypic corretations were larger in magnitudes than the corresponding
values of phenotypic correlations indicating that these pairs of trails are
strongly genetically associated to each other. Therefore, the selection for one
of these traits will be associated with the improvement of the other traits
during the seiection program. These results are in agreement with Jha et al.
(1998); Singh and Dash (2000) in fodder maize; Anup and Vijayakumar
{2000) in sorghum.-

In conclusion, from the previous results related to the gene action
and the performances of the three populations, it could indicated that the
improvement of fodder yield in teosinte is possible through the direct
production of F, hybrids, such as Guatemala x Balsas or using these hybrids
to initiate the selection- program for preducing superior lines for their
combining ahility using the number of tillers per plant as morphoelogicai
marker.
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Table 6: Genotypic {above diagonal) and phenotypic (blow diagonal)
correlations for each pairs of all studied traits combined

over the three cuts during the first and second years.

NT/P NL/P GFYIP DFYIP C.P%
NT/P 1.00™ 0.74" 0.50* -0.34
NL/P 0.90™ 0.76"* 0.50" -0.30
GFY/P 0.87* 0.49* 0.99** -0.52
DFY/P 0.42 0.42 0.81* -0.39
C.P% -0.21 -0.16 -0.03 -0.12
*** Significant at 0.05 and 0.01 levels of probability, respectively.
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