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ABSTRACT

Six hybrids were obtained from three male parents of teosinte and two commercial hybrids from maize
as female parents, using factorial mating design in the season of 2018. In the two seasons of 2019 and 2020,
the five parents and their six F1 hybrids were evaluated in Randomized Complete Block Design with three
replicates. The results showed that the mean squares due to genotypes and their partitions to parents, crosses
and their interactions with years; G x Y, P x Y and C x Y were highly significant for all the studied traits except
stem diameter for G x Y and P x Y and silking date for C x Y. Crosses were found to be higher than parents in
mean performance for most studied traits. The cross P2 x Ps exhibited positive and highly significant heterosis
relative to mid-parent for number of tillers per plant (81.2%), plant height (61.6), number of leaves per plant
(90.7) and total leaf chlorophyll (9.3%). This cross P2 x Pshad the best desirable SCA effects for number of
tillers per plant, number of leaves per plant, green fodder yield per plant, crude protein and total digestible
nutrients. The magnitudes of non-additive genetic variance were larger than their corresponding estimates of
additive genetic variance with respect to all studied traits except for fifth leaf area, dry fodder yield per plant,
crude protein and total digestible nutrients. The results illustrated that the heritability value in broad sense were
ranged from 11.01 % for stem diameter to 97.23 % for fifth leaf area.
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INTRODUCTION

The need for green fodder for farm animals has
increased in Egypt, especially in the summer season, where
the area of fresh fodder is very limited. Therefore, great
efforts have been made to increase the quality and quantity
of forage yield per unit area. Teosinte is more related to
Maize, the hybrids Maize x Teosinte could provide an
answer to overcome the problem of shortage in the
production of summer forages. The Maize-Teosinte or
Teosinte-Maize hybrids have been of considerable interest
to Maize and teosinte breeders. Maize-Teosinte or Teosinte-
Maize hybrids have also received attention for increasing
the potential for teosinte forage production by taking
advantage of the hybrid vigor shown by the hybrids.
Chaudhuri and Prasad (1969) evaluated the crosses between
Maize (Zea mays L.) and teosinte for forage production.
They indicated that hybrids could be more easily obtained
when maize is used as the female parent. The F; hybrids
possessed the characteristics that contributed to higher
forage yields. They had a slightly longer vegetative period
than Maize, but had a flowering habit much earlier than
teosinte. The hybrids grew faster than both parents and on
average had 2-3 producers of plant and consequently more
leaves of plant than corn. The forage of the hybrids had a
much higher crude protein and sucrose content than either
parent and had a higher nutritional value. Therefore, hybrids
were considered a potentially valuable forage crop.
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Heterosis is a special genetic mechanism in which
distant genotypes come together in a specific pattern to
express their ability to make a radical change in the extent
of a particular trait. The presence of sufficient hybrid vigor
is an important prerequisite for the successful production of
hybrid varieties. In this regard, Khan (1957) found an
appreciable increase in the forage yield of the Maize x
Teosinte hybrids, which showed an increase in dry weight
compared to the parents of maize and teosinte. Barriere et
al., (1984) studied protein content and agronomic value in
progenies from the cross Maize x Teosinte and reported that
the top cross was high fodder yield and protein yield per ha.

A breeding program usually used 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 would perform
good prospects for the considered character, as results of the
direct relationship between the non-additive gene actions.
llchovska et al., (1995), in Maize x Teosinte hybrids, Abd
El-Maksoud et al., (2001), in Teosinte and Aly and Mousa
(2008) in Maize, reported that the additive genetic variance
played an important role in the inheritance of plant height,
grain yield and other traits. Recently, Sakr (2009); Sakr et
al, (2009) and Sakr and Ghazy (2010), presented
information about the nature of gene action for green fodder
yield in Teosinte x Maize crosses.
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MATERIALS AND METHODS

The present investigation was carried out during
seasons 2018, 2019 and 2020 at farm of Genetic
Department, Faculty of Agricultural Mansoura University,
Egypt. The genetic materials which used in this
investigation were two commercial hybrids of maize (Zea
mays L.); SC-30K8 (P1) and SC-2031 (P-) as female parents
and three teosinte genotypes divided from segregated
generation; Balsas with Guatemala (Ps), Local variety with
Central plateau (P.) and Domiata (Durra rayyana) (Ps).

During the season of 2018 the three male parents
were mated to the two female parents in factorial mating
design (two females x three males) by manual pollination to
produce their six F1 hybrids. In the growing season 2019 and
2020, all 11 genotypes (two female, three male parents and
their six Fy hybrids) were evaluated in a Randomized
Complete Blocks Design with three replications. Each block
contained 11 experimental plots, which included five
parents and their six F1 hybrids. Plot size was one row, 6 m.
long and 0.8 m. a part. Data were recorded on ten guarded
randomly chosen plants per plot for all genotypes at the two
years. The agronomic traits were number of tillers per plant
(N.T./P.), plant height in centimeters (P.H.), number of
leaves per plant (N.L./P.), fifth leaf area (5" L.A.) according
to Owen (1968), total leaf chlorophyll (L.Ch.C.), stem
diameter (S.d.) in cintimeter, green fodder yield per plant in
grams (G.F.Y./P.), dry fodder yield per plant in grams

(D.F.Y./P.), tasseling date (T.D.) and silking date (S.D.).
The forage quality traits, random samples of plants were
shopped into 1-2 cm pieces and thoroughly mixed. A 300 g
sample of fresh chopped roots was dried in an oven 40°c for
2 days and at 70°c for 3 days. According to AOAC (2019),
Determination of crude protein content (C.P.), crude lipid
(C.L.), crude fiber content (C.F.), carbohydrates (Car.) and
total digestible nutrients (T.D.N.).

The combined analysis of variance was applied
using the procedure (GLM) of SAS (1996). The F-test was
used in order to test the significance of difference among the
five parental genotypes and their six Fi hybrids. The
amounts of heterosis was determined as the deviation of the
F1 hybrids (F1) mean over the average of its parents (M.P)
and /or the better parent (B.P) for each trait. The significance
of Heterosis was determined using least significance
differences value (LSD) at 0.05 and 0.01 levels of
probability which was suggested by Steel and Torrie (1960).
Also, general combining ability (GCA) and specific
combining ability (SCA) were estimated. Heritability in
broad (H% %) and narrow (H?, %) senses were calculated
according to Mather (1949) and Allard (1960).

RESULTS AND DISCUSSION

Analysis of variance:
The combined analyses of variance for the
agronomic traits are shown in Table 1.

Table 1. Combined analysis of variance and the mean squares of all agronomic traits over two years.

S.0.v d.f N.T./P. P.H. N.L./P. 5th L. A. L.Ch.C.
Years (Y) 1 13.2%* 38694.36** 86.25* 15904.59** 1343.62**
Rep./Years 4 0.39 62.27 126.42** 21.52 2.44
Genotypes (G) 10 12.196** 31714.063** 12361.246** 122846.012** 206.951**
Parents (P) 4 26.231** 2630.247** 26082.081 **  212516.657** 454.390**
Crosses (C) 5 2.469** 294.768** 2988.640** 18789.066** 42.547**
P.vs. C. 1 4.695 305145.803** 4340.929** 284448.156** 39.218
Females (F) 1 5.617** 205.779** 8734.460** 81655.920** 62.779**
Males (M) 2 2.246** 61.312 767.759** 1841.473** 7.578
FxM 2 1.118** 572.71731** 2336.613** 4303.232** 67.399**
GxY 10 2.193** 3151.825** 1451.522** 11813.914** 224.316**
PxY 4 3.982** 3712.074** 659.043** 16891.1889** 283.297**
Pvs.CxY 1 0.384 10800.3096 ** 9019.436** 11579.9473 ** 986.141**
CxY 5 1.124*>* 1173.931** 571.922** 7798.888** 24.766*
FxY 1 0.635 2351.118** 497.513** 3500.891** 2.811

M xY 2 1.690** 663.404** 365.305** 16854.148** 17.461
(FxM)xY 2 0.803* 1095.864** 815.743** 892.625** 43.049**
Error 40 0.309 39.418 35.2735 53.014 8.4205
S.0.vV d.f S.d. G.F.Y./P. D.F.Y./P. T.D. S.D.
Years (Y) 1 0.003 2507232.58** 45721.525** 20776.378** 28272.061**
Rep./Years 4 0.019 15166.03 4.1682 38.087** 8.742
Genotypes (G) 10 0.438** 4905084.25** 12351.896** 6665.367** 5792.145**
Parents (P) 4 0.467** 1036346.780**  13495.312** 14727.992** 14107.216 **
Crosses (C) 5 0.063 * 1444607.769** 4433.166** 174.095** 56.466**
P.vs. C. 1 2.203** 37682416.53**  47371.878** 6871.228** 1210.254
Females (F) 1 0.18346** 2957803.763** 451.350* 327.006** 40.111*
Males (M) 2 0.006 599136.380 ** 9688.438** 166.520** 73.083**
FxM 2 0.0593* 1533481.160** 1168.802** 105.215** 48.027*
GxY 10 0.048 1488492.27** 10867.682** 325.337** 436.127**
PxY 4 0.017 118693.054** 16283.956 ** 588.092** 1011.883**
Pvs.CxY 1 0.01) 6281117.30 ** 3103.232 373.969 290.184
CxY 5 0.081** 1625806.645** 8087.552** 105.406** 4.711
FxY 1 0.0191 731184.609** 9313.858** 351.563** 16.0
MxY 2 0.1335** 2210642.729** 3591.563** 71.548** 2.027
(FxM)xY 2 0.0592* 1488281.579**  11970.389** 16.188 1.750
Error 40 0.035 16812.28 118.6402 11.483 14.109

*** Significant at 0.05 and 0.01 levels of probability, respectively.
Number of tillers per plant (N.T./P.), plant height in centimeters (P.H.), number of leaves per plant (N. L./P.), fifth leaf area (5" L.A.), total leaf
chlorophyll (L.Ch.C.), stem diameter in centimeters (S.d.), green fodder yield per plant in grams (G.F.Y./P.), dry fodder yield per plant in grams
(D.F.Y./P.), tasseling date (T.D.) and silking date (S.D.).
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The results revealed that the mean squares due to
genotypes and their partitions to parents, crosses and their
interactions with years; G x Y, P x Y and C x Y were highly
significant for all the studied traits except stem diameter for
G x Y and P x Y and silking date for C X Y. Mean squares
due to males and female, their interaction between them (F
X M) and their interactions with Y were significant and
highly significant for all the studied traits except males for
plant height and total leaf chlorophyll, F x Y for plant height,
total leaf chlorophyll and stem diameter, M x Y for total leaf
chlorophyll and silking date, F x Y for number of tillers per
plant, total leaf chlorophyll, stem diameter and silking date
and F x M x Y for total leaf chlorophyll, tasseling date and
silking date. These results suggests that genotypes of
teosinte may have different combining ability pattern and
performed differently in crosses depending on type of
females and the crosses gave different performances at
different environments conditions from year to other. These
findings agree with the results obtained by Sakr (2009) and
Abdel-Aty et al., (2013).

The combined analysis of variance and mean
squares of all genotypes for the forage quality traits are
presented in Table 2. The results indicated that the
magnitude of the mean squares of genotypes, parents,
crosses were highly significant for all studies traits except
crosses for crude lipid. Moreover, the magnitudes of the
mean squares of females were highly significant for all traits
except for crude lipid and carbohydrates. The mean squares
of males were highly significant for all traits except crude
protein and total digestible nutrients and the mean squares
of F x M interaction were highly significant for crude
protein and total digestible nutrients. Several researchers
found that significant difference for all studied traits not only
between parents, but also between their F1 hybrids among
those researchers Sakr (2009), Ghazy (2016) and Sakr
(2017) in some Maize-Teosinte hybrid.

Table 2. Combined analysis of variances and the mean
squares of the forage quality traits over two

years.
SOV df CP. C.L CF. Car. T.D.N.
Years (Y) 1 8260** 0.142 0.227 3042 8.669™*
Rep/Years 4 1037 0172 9.163* 9711* 1271

Ganoyes(G) 10 7.763 1408%* 26711 146345%* 12,603*

Parents(P) 4 7.253** 2580** 534228** 350.267** 18.703**
Crosses(C) 5 3147* 0558 19411** 10548** 4.046™*
P.vs.C. 1 32887 0964 33143 9642  30982**
Females(F) 1 9.080** 0250 55.328** 5282  13.395**
Males(M) 2 0038 0969* 16.752** 20.129**  0.077
FxM 2 3291 0302 4112 3601 3.342%*
GxY 10 1.206* 0.822* 15405* 12304** 1430*
PxY 4 1661** 1244** 14999** 17967 1.375*
Pw.CxY 1 0705 1092 859% 0.626 1.165
CxY 5 0943 0430 17.093** 10110 1526*
FxY 1 070 0031 68090** 32928** 2093**
MxY 2 0656 0112 0824 1.939 0.787
FxM)xY 2 1352 0947 7863* 6873 1.982*
Error 40 0554 0376 2731 3547 0.655

*** Significant at 0.05 and 0.01 levels of probability, respectively.
Crude protein content (C.P.), crude lipid (C.L.), crude fiber content
(C.F.), carbohydrates (Car.) and total digestible nutrients (T.D.N.).

Mean performance:
The mean of five parents and their six Fy hybrids for
all agronomic traits are presented in Table 3. The mean

showed that there were differences between parents and
crosses, also between females and males in all studied traits.

There were no one of the parental genotypes was
significantly superior in all studied traits. For tasseling date
and silking date, no significant differences between the two
female parents. While, the Ps had the best desirable means for
these traits with mean values of 154.33 and 160.33 day,
respectively. According to females, the P, has the best
desirable means for all traits except for total leaf chlorophyll,
stem diameter and dry fodder yield per plant. For male
parents, the P exhibited the highest mean values for plant
height (253.17 cm.), total leaf chlorophyll (22.49) and green
fodder yield per plant (1973.25 g). While, the P4 exhibited the
highest means for number of leaves per plant (145.65 L.), fifth
leaf area (447.68 cm?.) and stem diameter (1.68 cm.).

Crosses were found to be higher than their parents in
most studied traits. The mean performance of the six crosses
cleared that, the cross P, x Ps had the best desirable for
number of tillers per plant, plant height, number of leaves
per plant, stem diameter and green fodder yield with mean
values 5.00 t., 387.50 cm., 135.67 L., 2.28 cm. and 3707.22
g., respectively. The cross P; x Ps had the best desirable
means for Fifth leaf area (762.03 cm?.), tasseling date (91.17
day) and silking date (113.00). While, the hybrid P, x P3 had
the greatest mean values for dry fodder yield (505.25 g.).
Several researchers found significant difference between
parents and their F1 hybrids all studied traits, among those
researchers Ghazy (2016) and Sakr (2017) in Maize-
Teosinte hybrid and Singh et al., (2020) in Maize.

Table 3. Mean performances of parents and their six F1
hybrids for all agronomic traits over two years.

Traits Genotypes N.T/P. PH. N.L/P. 5"LA LChC.
females P1 100 24842 1433 68894 3640
P2 100 26641 1550 83214 3326
males P3 438 25317 13142 44095 2249
Pa 537 22917 14565 44768 1746
Ps 452 21324 12679 40431 1841
Crosses P1xPs 324 38563 10724 75859 3057
P1XPa4 343 37411 7937 70621 27.02
P1XxPs 352 36900 7574 76203 2784
P2xPs3 358 37650 11144 64200 2246
P2 X Pa 398 37908 10869 65468 26.78
P2XxPs 500 38750 13567 64438 2825
LS.Dogs 092 1268 979 1201 479
LSDon 123 1695 1309 1605 639
Traits Genotypes  Sd. GFYJ/P. DFEY./P. TD. SD.
females P1 643 88833 47719 6567 6850
P2 441 156083 46324 6575 6950
males Ps3 163 197325 54371 15883 16383
P 168 145028 52223 15517 160.67
Ps 156 113151 57849 15433 160.33
Crosses  PixPs 211 305574 48670 10267 12150
P1XPs4 207 251896 45451 9550 11533
P1XPs 201 232042 43767 9117 11300
P2xPs3 211 310064 50525 10200 119.00
P2XxPs4 224 280708 43880 10608 11950
P2xPs 228 370722 30405 9933 11767
LSDoos 0309 213855 17965 5589 6.195
L.S.D o1 0412 285846 24012 7470 8281

P1: SC-30k8, P,: SC-2031, P3: Balsas with Guatemala, P,: Local variety
with Central plateau and Ps: Domiata (Durra rayyana).

Number of tillers per plant (N.T./P.), plant height in centimeters (P.H.),
number of leaves per plant (N. L./P.), fifth leaf area (5" L.A.), total leaf
chlorophyll (L.Ch.C.), stem diameter in centimeters (S.d.), green fodder
yield per plantin grams (G.F.Y./P.), dry fodder yield per plantin grams
(D.F.Y./P.), tasseling date (T.D.) and silking date (S.D.).
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The mean performances for forage quality traits are
presented in Table 4. The results showed that the P, was the
best and had the highest mean values of crude protein
(6.62%) and total digestible nutrients (55.23). While, the Ps
was the best and had the highest mean values for crude fiber
(46.47%). Also, the P1 showed the highest grand mean
values for crude lipid (3.04%) and carbohydrates (53.21%).
Concerning, the mean values of hybrids, the results
indicated that the hybrid P1 x P4 was the best and had the
highest grand mean for crude protein (7.75%), crude lipid of
(2.13%) and total digestible nutrients (55.66). In addition,
the hybrid P1 x Ps exhibited the highest mean value for
carbohydrates (44.83%). The hybrid P, x P3 was the highest
mean value for crude fibers (41.99%). These results are in
agreement with those obtained by Abdel-Aty et al., (2013),
Ghazy (2016) and Sakr (2017).

Table 4. Mean performances of parents and their six F1
hybrids for the forage quality traits over two

years.

Traits Genotypes C.P. C.L. CF. Car. T.D.N.
Female P1 6.43 3.04 2701 5321 5521

P2 6.62 243 2951 4928 55.23
Male P3 463 150 4644 36.92 51.97

P4 4.18 157 4258 4192 51.77

P5 494 1.79 4647 35.76 52.29
Crosses PixP3 739 181 3836 43.06 5541
P1 X P4 7.75 213 40.14 4120 55.66
P1xPs 6.69 1.79 3724 4483 54.76
P2 x P3 6.29 1.28 4199 4192 5401
P2 X P4 5.75 2.09 4143 4167 53.49
P2 x Ps 6.78 185 39.77 4320 54.68
L.S.Doos 1.29 1.03 3.12 346 134
L.S.Dom 1.74 1.38 41718 462 1.78

P;: SC-30k8, P,: SC-2031, P3: Balsas with Guatemala, P,: Local variety
with Central plateau and Ps: Domiata (Durra rayyana).

Crude protein content (C.P.), crude lipid (C.L.), crude fiber content
(C.F.), carbohydrates (Car.) and total digestible nutrients (T.D.N.).

Heterosis:

The estimated amounts of heterosis relative to mid-
parent (M.P %) were determined for all agronomic studied
traits over two years and obtained results are shown in Table
5. The results showed that most of studied crosses exhibited
different heterotic values in all traits, which could be due to
the difference in the performance of the genotypes when
subjected to different environment. In the case of tasseling
date and silking date the negative value is desirable as a
heterotic effect forward early maturity. Therefore, it could
be considered the F1 hybrid P1x Ps was the best combination
for tasseling date and silking date with negative heterotic
values -17.1 and -1.2 %. In addition, the results showed that
all crosses had positive and highly significant heterosis for
number of tillers per plant, plant height and stem diameter.
The cross P2 x Ps exhibited positive and highly significant
heterosis for number of tillers per plant (81.2 %), plant
height (61.6 %), number of leaves per plant (90.7 %), total
leaf chlorophyll (9.3 %). These results were agreement with
these obtained by Sakr and Ghazy (2010), Ghazy (2016) and
El-Adl et al., (2018).

The estimated amounts of heterosis relative to better
parents (B.P %) was determined for all agronomic studied
traits over the two years and the obtained results are shown
in Table 6. The results showed that there was positive and
highly significant heterosis for plant height in all crosses.

These values ranged from 41.3 % (P2 x P3) to 55.2 (P1 X P3).
For, number of tillers per plant, number of leaves per plant
and total leaf chlorophyll the magnitude of heterosis were
negative and highly significant for all crosses except P2 X Ps
in number of tillers per plant (10.7) and number of leaves
per plant (7.0). In the case of tasseling date and silking date,
the cross P1 X Ps is considered the best combination. These
results agree with Sakr and Ghazy (2010), Ghazy (2016) and
El-Adl et al., (2018).

Table 5. Estimates of heterosis relative to mid-parent
(M.P %) of each cross for all agronomic traits.

Traitscrosses N.T./P. P.H. N.L/P. 5"L A. L.ChC.
P1x Ps3 20.4*%* 53.8** 47.2** 34.3** 3.8
P1 X P4 7.6*%* 56.7** -0.8 24.3** 0.3
P1XxPs 27.5*%* 59.9** 73 39.4** 1.6
P2 x P3 32.9*%* 46.5** 52.1** 1.0 -18.4**
P2 x P4 25.0%* 53.0** 34.9** 23 5.6
P2 x Ps 81.2** 61.6** 90.7** 4.2 9.3**
L.S.D oos 0.79 8.97 8.48 10.39 415
L.S.Doo1 106 11.99 11.34 13.90 5.54
Traits crosses Sd. GFY/P. DFY/P. T.D. S.D.
P1x Ps3 26.5** 1136 -4.7 -8.5%* 4.6
P1 X P4 225*%* 1154 -9.0 -13.5%* 0.7
P1XxPs 22.7%% 1298 -17.1** -17.1** -1.2
P2 x P3 9.6** 0932 0.3 -9.2%* 2.0
P2 x P4 13.8** 864 -10.9 -4.0 3.8
P2 x Ps 19.1** 1754 -41.6** -9.7** 2.4
L.S.D oos 0.27 18520 1556 484 5.37
L.S.Doo1 036 24755 20.79 6.47 7.17

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

P1: SC-30k8, P,: SC-2031, P5: Balsas with Guatemala, P,: Local variety
with Central plateau and Ps: Domiata (Durra rayyana).

Number of tillers per plant (N.T./P.), plant height in centimeters (P.H.),
number of leaves per plant (N. L./ P.), fifth leaf area (5" L.A.), total leaf
chlorophyll (L.Ch.C.), stem diameter in centimeters (S.d.), green fodder
yield per plantin grams (G.F.Y./P.), dry fodder yield per plantin grams
(D.F.Y./P.), tasseling date (T.D.) and silking date (S.D.).

Table 6. Estimates of heterosis relative to better parent
(B.P %) of each cross for all agronomic traits.

Traitscrosses N.T./P. P.H. N.L/P. 5%L. A. L.ChC.
P1x Ps3 -26.0%* 552** -184** 101 -16.0**
P1Xx P4 -36.2** 50.6** -455** 25 -25.8**
P1XxPs -22.2*%* 485** -40.3** 106  -23.5**
P2 x P3 -18.4*%*  41.3** -152** -22.8** -325**
P2 X P4 -25.9%*%  423** -254** -213** -195**
P2 x Ps 10.7**  455** 7.0 -22.6** -15.1**
L.S.Doos 0.92 12.68 9.79 12.01 4,79

L.S.Doo1 1.23 16.95 13.09 16.05 6.39

Traitscrosses S.d. GFY/P. DFY/,. T.D. S.D.

P1x Ps3 23.8** 54.9 -10.5  56.3**  77.4**
P1 X P4 21.3** 73.7 -13.0  454** 68.4**
P1X Ps 17.5** 1051 -24.3** 38.8** 65.0**
P2 x P3 -6.7%* 571 -7.1 B55.1*%*  71.2**
P2 X P4 -0.9%* 79.8 -16.0 61.3** 71.9*%*
P2 x Ps 0.8** 1375 -21.2* 511** 69.3**
L.S.D oos 0.31 21386 17.97 5.59 6.19

L.S.Doo1 0.41 285.85 2401 7.47 8.28

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

P1: SC-30k8, P,: SC- 2031, P5: Balsas with Guatemala, P,: Local variety
with Central plateau and Ps: Domiata (Durra rayyana).

Number of tillers per plant (N.T./P.), plant height in centimeters (P.H.),
number of leaves per plant (N. L./P.), fifth leaf area (5" L.A.), total leaf
chlorophyll (L.Ch.C.), stem diameter in centimeters (S.d.), green fodder
yield per plantin grams (G.F.Y./P.), dry fodder yield per plantin grams
(D.F.Y./P.), tasseling date (T.D.) and silking date (S.D.).

The estimated amounts of heterosis relative to mid-
parent (M.P %) and better parent (B.P %) were determined
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for the forage quality traits over two years and obtained
results are shown in Table 7. The results showed that there
was positive and highly significant heterosis relative to mid-

Table 8. General combining ability effects of the
parental genotypes for all studied traits
studied traits.

parent estimates and better parent for crude protein, crude  Traits/Parents NT/P.  PH.  NL/P. 5"L.A LChC.
fibers except few cases. The cross P1x P4 exhibited positive Fernales P. -040** -239 -1558** 4763 132
and highly significant for crude proteins and crude fibers P, 040** 239 1558 4763 -132
relative to mid-parents (46.2 and 15.4 %) and better parents ~ L-SDocs 028 29 283 347 138
(205 and 48.6 %). Also, it had positive and highly —L-SDoo 037 400 378 463 18
significant relative to mid-parent (M.P %) for total Ps 038" 243 6'32’: 5'65*; 064
digestible nutrients (4.1%). On the other hand, there were ~ Maes E“ 0'3?& -(Z).gg -82928 '2134528* _8'595
negative and highly significant heterosis relative to mid- [ SDus > 'O ) 366 3' % ;1 % 1‘69
parent estimates and better parent for crude lipid and LSDoo 045 489 163 568 2%
carbohydrates in most crosses. Traits/Parents__ Sd._GF.YJP. DEY/P. _TD. _ SD.
Table 7. Estimates of heterosis relative to mid- parent gy Pr 007 28664 354 301 -106
(M.P %) and better parent (B.P %) of each P 007 28664 354 301 106
cross for forage quality traits. LSDos 009 6270 519 164 180
Crosses Heteross% CP. CL. CF. Car. TDN. LSDo 012 8380 6954 220 241
pixp,  MP BETET ST ARSI b 0w 2w s 1% 05
B.P 14.9** -40.5** 42.1** -19.1** 04 P4 0.01 95.48* 16'30*" Aél** 253*
PLx Pa M.P 46.2%% -7.5%* 15 4%k _134%* 4 1H* 5D 5 0.11 7é79 - 6-36 éOl '2'20
B.P 20.5** -20.9** 48.6** -22.6** 0.8 -7 0065 ' : - g "
M.P 17.7%% 250%% 140 08 19% L.S.D_om_ _ 0.15 102.64 8.50 _ 2.69 ' 295
P1XxPs BP 40%F -411%* 37.0%% _158%% -0.8 *** Significant at 0.05 and 0.01 levels of probability, respectively.
M P 1217 305+ 10.9% 26 08 Pl_: SC-30k8, P,: SC-2031), P_a: Bals_as with Guatemala, P,: Local variety
P2 x P3 : : : : : : with Central plateau and Ps: Domiata (Durra rayyana).
B.P -A.9%* A47.6%F 42.3%* -14.9%* -2.2%* Number of tillers per plant (N.T./P.), plant height in centimeters (P.H.),
Pyx Pa M.P 6.6%* 45%x 149%x -86%* -0.02 number of leaves per plant (r\_|. L./P.),_flfth Ie_afarea (5™ L.A), total leaf
B.P J13.1%* -14.1%% 40.4%% -15.4%% -3 1%* chlorophyll (L.Ch.C.), stem diameter in centimeters (S.d.), green fodder
ield per plantin grams (G.F.Y./P.), dry fodder yield per plantin grams
Pxps NP AT 18 T i date (1.0 andsikng s 5
5% MP 269 106 088 236 269 116 Table 9. General combining ability effegts of_ the
LSD BP 311 123 101 273 311 134 parental genotypes for forage quality traits.
1% M.P 359 142 117 316 3.59 1.55 Traits/ Parents  C.P. C.L. C.F. Car. T.D.N.
B.P 415 164 135 364 4.15 1.78 Females P.  050** 008 -124** 038 0.61**
*** Sjgnificant at 0.05 and 0.01 levels of probability, respectively. P, -050** -0.08 1.24** -038 -0.61**
P1: SC-30k8, P,: SC-2031, P5: Balsas with Guatemala, P,: Local variety | S D g5 0.35 0.29 0.79 0.90 0.39
with Central plateau and Ps: Domiata (Durra rayyana).
Crude proteiﬁ content (C.ISD.), crude Ii(pid (C.L.{ycrugie fiber content LS.D aon 047 0.39 105 120 0.52
(C.F.), carbohydrates (Car.) and total digestible nutrients (T.D.N.). Males E3 %%62 (?2298 832 '10'2116* %%‘;
4 -U. . . i -U.
General combining ability effects: Ps  -004 -0.003 -1.32** 137*  0.05
General combining ability effects of parents for all S Doos 043 0.36 0.96 1.10 047
agronomic studied traits from the combined data are shown  L.S.Don 058 048 129 147 0.63

in Table 8. The results revealed that the P, had positive and
highly significant GCA effects for number of tillers per
plant, number of leaves per plant and green fodder yield per
plant. While, P, have negative and highly significant GCA
effects for tasseling date toward earliness. For males, the P3
was the best general combiner which exhibited positive
largest magnitude values for number of leaves per plant
(6.32), green fodder yield per plant (159.85) and dry fodder
yield per plant (32.81). While, the Ps was the best general
combiner which exhibited positive largest magnitudes for
number of tillers per plant (0.48), fifth leaf area (8.56 cm?)
and total leaf chlorophyll (0.89).

General combining ability effects of five genotypes
for all forage quality traits from the combined data are
presented in Table 9. Regarding the females, the P, had
positively and significant GCA effects for crude proteins
and total digestible nutrients. For males, the results indicated
that the male parent P4 had the highest positive GCA effects
for crude lipids (0.29%) and crude fiber (0.96). The male
parent Ps had the highest positive GCA effects for the
carbohydrates (1.37%).

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

P;: SC-30k8, P,: SC-2031, P5: Balsas with Guatemala, P,: Local variety
with Central plateau and Ps: Domiata (Durra rayyana).

Crude protein content (C.P.), crude lipid (C.L.), crude fiber content
(C.F.), carbohydrates (Car.) and total digestible nutrients (T.D.N.).

Specific combining ability effects (SCA):

Specific combining ability effects (SCA) of six
crosses for agronomic traits are presented in Table 10. The
results cleared that significant positive specific combining
ability effects were obtained for some crosses. Results
showed that the cross P1 x P3 had positively (desirable) and
significant or highly significant for plant height, number of
leave per plant, fifth leaf area, leaf chlorophyll total and
green fodder yield per plant traits. Highly significant and
desirable positive values SCA were found in the cross P» x
P, for fifth the leaf area. The best desirable estimates of SCA
effects for number of tillers per plant, number of leaves per
plant and green fodder yield per plant were obtained by the
cross P2 X Ps. The most height crosses that showed high SCA
effects had one or two good combiner parent. These results
are in harmony with those obtained by Sakr and Ghazy
(2010), Abdel-Aty et al., (2013) and EI-Adl et al., (2018).
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Table 10. Estimations of specific combining ability
effects for six crosses for all the studied traits

Traits Crosses  N.T./P. P.H. N.L/P. 5"L.A LChC.
P1xP3 0.23 6.96* 13.47*%* 10.67** 2.73*
P1 X Pa 0.12 -0.10 091 -21.87* -1.20
P1xPs -0.35 -6.86*  -14.39%* 11.20** -153
P2xP3 -0.23 -6.96*  -1347** -1067** -2.73*
P2 X P4 -0.12 0.10 -091 2187** 120
P2 xPs 0.35 6.86* 14.39** -11.20* 153
LS.Dogs 048 518 490 6.00 2.39
L.S.D oo 0.64 6.92 6.55 8.03 3.20
Traits Crosses Sd.  GFY/. DFY/P. TD. S.D.
P1xP3 007 264.19** -5.74 3.35* 231
P1 X Pa -001 14258** 1140* -228 -103
P1xPs -006 -406.76** -5.66 -1.07 -1.28
P2 xP3 -007 -264.19** 5.74 -3.35* 231
P2 X P4 001 -14258** -1140* 228 1.03
P2 xPs 006  406.76** 5.66 1.07 1.28
LS.Dogs 0.15 106.93 8.98 2.79 310
L.S.D oo 021 142.92 12.01 3.74 414

* ** Significant at 0.05 and 0.01 Tevels of probability, respectively.
P: SC-30k8, P,: SC-2031, P3: Balsas with Guatemala, P,: Local variety
with Central plateau and Ps: Domiata (Durra rayyana)..

Number of tillers per plant EN.T./P.), plant height in centimeters (P.H.)
number of leaves per plant (N. L./P.), fifth leaf area 25‘“ L.A.), total leaf
chlorophyll (L.Ch.C.), stem diameter in centimeters (S.d.), green fodder
%/leldger plantingrams (G.F.Y./P.), dlj}/f_odder yleldger plantin grams

D.F.Y./P.), tasseling date (T.D.) and silking date (S.D.).

The values of specific combining ability effects (SCA)
for all forage quality traits obtained from combined data and
results are shown in Table 11. The results revealed that only
three out of six crosses in all forage quality traits exhibited
positive specific combining ability effects, cross P, x Ps for
crude protein (0.55), cross P1 x P4 for crude fiber (0.60) and
the hybrid P, x P4 for carbohydrates (0.62). The hybrid P, x Ps
had the highest positive SCA effects for total digestible
nutrients (0.57). Similar results were also found by Sakr (2009)
and Sakr and Ghazy (2010) in some teosinte-maize hybrids.

Table 11. Estimations of specific combining ability effects
for forage quality traits across combined data.

Traits Crosses C.P. C.L. C.F. Car. T.D.N.
P1xP3 0.05 0.18 -0.57 0.19 0.09
P1 X P4 050 -0.06 0.60 -062 048
P1xPs -0.55 -0.12 -0.02 0.43 -0.57
P2 x P3 -0.05 -0.18 0.57 -0.19  -0.09
P2 X P4 -050 0.06 -0.60 062 -048
P2xPs 0.55 0.12 0.02 -0.43 0.57
L.S.D oos 0.61 0.51 1.36 1.55 0.67
L.S.Doo1 0.82 0.68 1.82 2.08 0.89

P;: SC-30k8, P,: SC-2031, P3: Balsas with Guatemala, P,: Local variety
with Central plateau and Ps: Domiata (Durra rayyana).

Crude protein content (C.P.), crude lipid (C.L.), crude fiber content
(C.F.), carbohydrates (Car.) and total digestible nutrients (T.D.N.).

Proportion contribution:

The relative contributions of females, males, and
female x male interaction for all agronomic and forage quality
traits are presented in Table 12.

Table 12. Proportion contributions of females, males
and their interactions for all studied traits

Traits/Parents N.T./P. P.H. N.L/P. 5"L.A. L.ChC.
Females 4550 13.96 58.45 8692 2951
Males 36.39 8.32 10.28 392 712
Females x Males  18.11 71.72 31.27 9.16 63.36
Traits / Parents Sd. GFY/,. DFY/. TD. S.D.
Females 58.37 40.95 204 3757 1421
Males 3.85 16.59 87.42 3826 5177
Females x Males  37.78 42.46 10.55 2417  34.02
Traits / Parents CP. C.L CF Car. TDN.
Females 57.70 8.94 57.01 1001  66.10
Males 048 69.27 3452 76.33 0.76
Females x Males  41.82 21.56 847 1366 33.04

Number of tillers per plant (N.T./P.), plant height in centimeters (P.H.),
number of leaves per plant (N. L./P’), fifth leaf area (5" L.A.), total leaf
chlorophyll (L.Ch.C.), stem diameter in centimeters (S.d.), green fodder
ield per plantin grams (G.F.Y ./P.), dry fodder yield I:F))er plantingrams
ﬁD.F. IP.), tasseling date (T.D.) and silking date (S.D.).
rude protein content (C.P.), crude |(Ij._)ld (C.L.), crude fiber content
(C.F.), carbohydrates (Car.) and total digestible nutrients (T.D.N.).

The results indicated that females was higher than
those males and interaction between females x males for the
number of tillers per plant, number of leaves per plant, fifth
leaf area, stem diameter, crude protein, crude fiber and total
digestible nutrients. While, males were higher than those
females and interaction between females x males for dry
fodder vyield per plant, tasseling date, silking date,
carbohydrates and crude lipid. Moreover, the females x males
interaction were higher than those females and males in their
relative contributions for plant height total leaf chlorophyll
and green fodder yield per plant.

Nature of gene action and heritability:

To know the nature of gene action with respect to the
relative magnitudes of additive genetic variance requires the
determination of different variance components due to
general and specific combining ability variances. Thus, the
variance components obtained from the factorial mating
design could be translated into genetic parameters with
respect to additive genetic variances (c>A) and non-additive
genetic variances including dominance (c?D).

Estimation of different genetic parameters; additive,
dominance variances, heritability in broad (h% %) and
heritability in narrow (h%, %) senses for all the studied
agronomic traits are presented in Table 13. The negative
values obtained for variance were considered equal to zero
during the calculations of heritability and dominance degree.

Table 13. The relative magnitude of different genetic
parameters for all agronomic traits.

Traits Genetic th

parameters N.T./P. PH. NLJ/P. 5"L A L.ChC.
‘A 0.11 -2206 51.75 1149.67 -1.97
¢’D 0129 8888 38356 708.27 9.83
(o? DI 6* A)¥2 1.08 >1.0 2.72 0785 >1.0
H% % 4119  69.28 9250 9723 5356
H% % 18.75 0.00 11.00 60.16 0.00
Traits Genetic

parameters Sd. GFY.J/P.DFY./P. TD. S.D.
‘A 0.00 -70534 259.08 547 0.67
o’D 0.004 252778.2 175.03 15.62 5.65
(c*DIc* A >1.0 >1.0 0.822 1.69 291
H% % 11.01 93.76 7854 6475 30.95
H% % 0.71 0.00 46.87 16.78 3.28

Number of tillers per plant* (N T/P. ,Plant heightin centimeters (P.H),
number of leaves per plant (N L/ P.), fifth leaf area (5" L.A), total leaf
chlorophyll (L.Ch.C), leg diameter in centimeters (L.D.cm.), green
fodder yield per Plant in ?_rams (GFE Y /P),dry fodder yleldl:?er plant
ingrams (D F Y /P), tasseling date (T.D.) and silking date (S.D.).

The results indicated that the magnitudes of non-
additive genetic variance were larger than their corresponding
estimates of additive genetic variance for all the studied traits
except fifth leaf area and dry fodder yield per plant. Suggests
that both additive and non-additive (dominance) genetic
variance contributed in the inheritance of these traits, while the
dominance genetic variance predominant in the inheritance of
number of tillers per plant, plant height, number of leaves per
plant, total leaf chlorophyll, stem diameter, green fodder yield
per plant, tasseling date and silking date. For fifth leaf area and
dry fodder yield per plant, the additive gene effects play the
major role in its inheritance of these traits. Similar results were
reported by EI-Adl et al., (2018), Ahmed et al., (2020) and
Rathod et al., (2021). While, these result are disagreement with
the results obtained by Ghazy (2016), who found that the non-
additive variance played the major role in the inheritance of the
all studied traits in maize -teosinte hybrids. The dominance
degree ratio (o> D/ o* A)*?which were less than unity except
for number of tillers per plant, number of leaves per plant,
tasseling date and silking date, revealing the importance of
incomplete dominance and additive effects played the major
role in the inheritance of these traits. Hence heritability studies
are important to judge whether the observed phenotypic
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variation is heritable or not. Narrow sense heritability is more
useful in breeding than broad sense heritability which is
influenced by dominance heterosis and epistasis. The results
also illustrated that high heritability value in broad sense (H%
%) were detected for all agronomic traits. These values ranged
from 11.01 to 97.23 % for stem diameter and fifth leaf area,
respectively .The heritability in narrow sense (H% %) ranged
from 0.00 for plant height, total leaf chlorophyll and green
fodder yield per plant to 60.16 % for fifth leaf area, respectively.

The genetic variance component, dominance degree
ratio, and heritability values were calculated for Forage quality
traits and the results are presented in Table 14. For crude
protein and total digestible nutrients, the results illustrated that
the non-additive genetic variance including dominance (c?D)
was higher than that additive genetic variance (c%A). These
results indicated that non-additive genetic effects played a
major role in the genetic expression of this trait, indicating that
the hybridization program would be effective in improvement
of this trait. Similar results were also found by Sakr (2017) .For
the crude fiber %, carbohydrates and crude lipid% the additive
genetic variance (c?A) was higher than that non-additive
genetic variance (6°D).

The heritability values in broad sense (H% %) were larger
than those the corresponding values of narrow sense heritability
(h°n %) for all studied trait. These values of H%, % ranged from
5.13 t0 45.16 % for crude lipid and crude protein, respectively.

Table 14. The relative magnitudes of different genetic

parameters for forage quality traits
Traits Genetic

varametsrs . CP. CL. CF. Car  TDN,
ZA 001 002 121 055 006
@D 0456 -0012 0230 0009 0448
(c?DIc? Ay >100 >L00 0436 0128 2733
H, 4516 513 3459 1364 4347
Hn 000 513 2908 1342 483

Crude protein content (C.P.), crude |CIPId (C.L.), crude fiber content
(C.F.), carbohydrates (Car.) and total digestible nutrients (T.D.N.).
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