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ABSTRACT

Seven teosinte inbred lines (four lines as females and three lines as male parents) derived through selection from segregating
generation of three crosses were used in this investigation. They were utilized in a factorial mating design in the 2014 summer season at El-
Serw Agricultural Research Station to produce 12 F; hybrids. The seven parental lines and their 12 F, hybrids were evaluated during 2015
and 2016 summer season using Randomized Complete Block Design with three replications. In this study, the amount of heterosis and
nature of gene action were investigated for green fodder yield and its component traits. The results indicated that highly significant
differences were detected among the studied genotypes. In addition, the mean squares of interactions with years were highly significant for
all studied traits. The P, had highest and desirable mean values for most studied traits. The hybrid P; xPs showed the highest mean
performances for most studied traits for three cuts. The amounts of heterosis over the mid-parent (Hy, p%) for green fodder yield per plant
ranged from 5.77% for P, x Psat C; to 259.23% for P, x P at C;. The values of heterosis for dry fodder per plant ranged from 1.03% for P,
x Pgat C; to 145.68% for P, x Pg at C;. The inbred line Ps was the good combiner for green fodder yield per plant and dry fodder yield per
plant. The highest SCA effects were observed in the hybrid P;x Ps for most traits in the three cuts and could be promising cross improving
green yield in teosinte breeding programs. The presence of large and significant estimates of additive and non-additive types of genetic
variances indicated the importance of both types suggested the utilization of both types for ultimate improvement. The results showed that
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the phenotypic distances (PD) ranged from 479.3 to 2864.9 for parental lines and from 416.9 to 3716.7 for F hybrids.
Keywords: Teosinte, Heterosis, Combining ability, Gene action, Heritability.

INTRODUCTION

Mexican teosinte is an annual, warm-season grass
introduced from Mexico. It is similar to corn in general
vegetative appearance and stands 10 to 15 feet in height and
considered as one of the major summer fodder crop in the
different place (Sallam and Ibrahim, 2014). Teosinte (Zea
mexicana), summer fodder yield was introduced into Egypt
in a long time. Teosinte is one of the cereal fodder crop rich
in energy and fair in crude protein (Upreti and Shrestha, 2006
and Devkota et al., 2015). Also have the ability of producing
large plant biomass yield than other popular non-legume
summer fodders, such as; maize (Khan-Niazi ez al., 2015).

The breeders began to use heterosis for many years.
It lets the joint development of traits for yield and its
components. Some varieties are good parents when crossed
in series of crosses according to good combining ability or
by their ability to transmit good characters to their progeny.
Knowledge of the expression levels of heterosis are useful to
help breeders to select the best hybrid combinations, which
will assist as the basis for the selection of superior
genotypes. When tests for general combining ability are
significantly important, selected new varieties having higher
combining, ability values should prove to be superior parents
in crosses. Estimation of GCA and SCA are indicators for
the nature of gene action. GCA is due to genes which are
additive in nature, while SCA is due to genes with non-
additive effect (dominance or epistatic effects). The factorial
mating design technique is widely used for the evaluation of
combining ability.

Information of genetic diversity of a crop usually
helps the breeder in selecting desirable parents for the
breeding program. The more varied genotypes can be crossed
to produce superior hybrids. Understanding the wealth of
genetic diversity in teosinte will help the more improvement
of this crop for its genetic architecture. Morphological traits
are conservative tools to analyze the genetic diversity
(Prasanna, 2010). Morphological assays generally require
neither sophisticated equipment nor preparatory procedures.
They are generally simple and cheap to score. These easily
observable quantitative morphological traits are a useful tool
for primary evaluation because they offer a fast and useful
approach for assessing the extent of diversity.

This study was undertaken to estimate the general
and specific combining ability and heterosis of different
inbred lines of teosinte genotypes in F; combinations for
forage traits as a criteria for developing superior dual
purpose teosinte cultivars.

MATERIALS AND METHODS

Genetic materials:

The genetic materials used in this investigation were
seven teosinte inbred lines derived through selection from
segregating generations of four teosinte crosses. These lines
divided into four as females [Damietta with Central plateau
(P,); Damietta with Balsas (P,); Damietta with Guatemala
(P3) and Central plateau with Balsas (P,)] and three as male
parents [Central plateau with Guatemala (Ps); Guatemala
with Central plateau (P¢) and Guatemala with Balsas (P;)].
During the teosinte growing season of 2014, the male
parents were mated to the female parents in factorial mating
design (four female x three male) by manual pollination to
produce 12 F; hybrids at El-Serw Agricultural Research
Station, Damietta Governorate, Egypt.

Experimental Design and procedures:

In 2015 and 2016 teosinte growing seasons, seven
parental lines and their 12 F1 hybrids were evaluated. The
experimental design used was a Randomized Complete
Blocks Design as outlined by Cochran and Cox (1957) for
three replications in both two years. Each plot was one row 6
m. long and 0.6 m wide. Hills were spaced 0.3 m. Land
preparation, fertilizer applications and other field practices
were in accordance with the regular procedures used in El-
Serw Agricultural Research Station. Three cuts were taken
during the teosinte growing season. Data were recorded on
the following traits: number of tillers per plant (No.T./P.),
plant height (P. H. cm), number of leaves per plant (No. L./
P.), leaf area (L.A. cm2), green fodder yield per plant (G. F.
Y./P. g) and dry fodder yield per plant (D. F. Y. /P. g).

Heterosis was determined for mid-parents (HM.P%),
better parent (HB.P%) and the significance of heterosis was
determined using the least significant difference value
(L.S.D,), which was suggested by Steel and Torrie (1960).
The combining ability analysis was done using Female X
Male procedure as suggested by Kempthorne (1957). GCA
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variance (o’gca), SCA variance (o’sca). In addition to
additive genetic variance (6*A) and dominance (6°D) genetic
variance, heritability in broad (h’b) and narrow (h’n) senses
were calculated according to Allard (1960) and Mather
(1949). Phenotypic distance was done using the program
(Kovach, 2001) cluster analysis by Euclidean Phenotypic
Distances PD analysis was performed based on traits data
according to Nei, (1987) using the formula:
I

_ ew = — 2
PDE&}' —lekzi(Xih - Xjk I
i or j: genotypes and K =No. of trait

RESULTS AND DISCUSSION

Analysis of variance:

The major objectives of this study derived towards
evaluation the 12 F1 hybrids produced from seven parental
lines (four as female and three as male lines) of teosinte. In
addition for gather information about the genetic behavior of
fodder yield component traits in teosinte. The combined
analysis of variance and the mean squares of all genotypes for
all studied traits over the two years at three cuts are presented
in Table 1. The magnitudes of the mean squares for
genotypes were highly significant for all studied traits. In
addition, the mean squares of years were highly significant
for all studied traits except for plant height in centimeters
(P.H. cm) at the second (C,) and the third (C;) cuts and for
dry fodder yield per plant in grams (D.F.Y./P.g) at the third

(G3) cut. Furthermore, the magnitudes of the mean squares
for the interaction of genotypes x years were highly
significant for all studied traits except for number of tillers per
plant (No.T./P.), plant height in centimeters (P.H.cm and dry
fodder yield per plant in grams (D. F. Y. /P. g) at the third
(G3) cut. These results indicated the presence of genetic
variation between these genotypes. The magnitudes of the
mean squares of parents and parents x years interaction were
highly significant for all studied traits. In addition, the
magnitudes of the mean squares of crosses and crosses x
years interaction were highly significant for all studied traits
except for few cases. Moreover, the magnitudes of the mean
squares of female, male, female x male interaction and
interactions with years were highly significant for all studied
traits except for few cases. Therefore, the planned
comparisons for understanding the nature of variation and the
determination of the amounts of heterosis for all studied traits
are valid. Thus, the partition of the genetic variation to its
components could be made through the analysis of factorial
mating design. Several researchers found significant
differences for all studied traits not only between parental
lines, but also between their F1 hybrids. Among those
researchers Akabari ef al., (2012), Abdel-Aty et al., (2013)
and Al-Aaref et al., (2016) for all the studied traits in both
locations and the combined analysis in sorghum and Ghazy
(2016) for all studied traits except for the effect of genotypes
X year in plant height.

Table 1. Combined analysis of variance and mean squares over both years in three cuts for all studied traits.

S.0.V af No. T./P. P.H. (cm) No. L./P.

e - C, G, G C, G, G C G, G
Rep./Years 4 1.19% 478 2.27 420%* 345.4 1.98 10.4 91.5 8.3
Years (Y.) 1 35.77** 1389** 5270** 5603** 72.19 132.3 2092%* 35]150%*  8564%*
Genotypes (G.) 18 16.03** 128.8%* 161.7** 295.1%* 1315%* 1785%*%  661.6%* 5070** 16866**
Parents (P.) 6 34.2%k  209.7%% 209.2%* 282.7%* 1724% 2084%*  1500%* 10651** 8886**
P.VS.C. 1 10.52%*% 485 86.9%*  448.7*%*  3(083.4** 10.77 423.6%%  2192%*%  7]12]12%%*
Crosses (C.) 11 6.63** 959]** [42.6%* 287.8%* 93].4%* 1784**  2255%*% 2287 16278%*
Females (F.) 3 14.1%*% 185.7%* 175.7*% 342.7%* 461.5 1637%* 252%%* 5368  1085.2%**
Males (M.) 2 2.71%%  14.99%* 152.7%% 260.4** 841.4* 4157%* 231  789.2%* 2508%*
F.xM. 6 4.22%k  77090%% 12D Q%% D69 5k* 1196%* 1066 286.7** 1246  20640%*
G.xY. 18 14.5** 105.1** 33 375.9%* 93].4%* 109.9 485.7** 2182.9%* 23]5%**
P.xY. 6 652%F  3562%* 2174** 1602.4%* 3882.8** = 2296.9** 2641** 13976** 8906**
PVS.C.xY. 1 238%% 7369%% £994** 6106%* 3874 % 122.6 1554%%  19968%* 4]1793%*
C.xY. 11 6.74** 91.95%%  0.90 104.7* 1136%* 63.83 172.5%% 1758%%  3778%*
F.xY. 3 8.64%*  144.8%* 3.03 813.8%* 1214%* 10.1 357.9%* 3378 2461%*
M.xY. 2 1.62%  1932% 6.03 829.3%* 3014%* 47.83 744.6**  356.9 4177%*
F.xM)xY. 6 7.5%* 102.6%* 5.24 491.3** 471.8 127.9 T43.4%*  3173%*%  4303%*
Error 72 0.34 4.00 3.48 44.2 224.8 113.5 24.92 134.8 40.93
SOV df L.A. (cm®) G.F.Y./P.(g D.F.Y./P.(g)

o ) C G 3 C G [OF C G [
Rep./Years 4 582 139 186.2%*  644.5 1619 580 337 30.3 374
Years (Y) 1 45777%% 124682** 12807** 619917** 4064822** 186745** 9128** 105974**  42.5
Genotypes (G.) 18 5790**  9221%* 10988** 50634**  61088**  4202170%* 1340%* 23200%* 119879%**
Parents (P.) 6 6528%* 11004** 12321%* 124662%* 7T97143** 3187921** 3009** 33611** 162214**
P.VS.C. 1 1797* 3484  3682** 77898**  70193**  3997434**  308** 4239  19749%*
Crosses (C.) 11 5751**% Q771** 10926** 7778**  558436** 4774010%* 523.5%* [9591** 105890%**
Females (F.) 3 9612** 2134  23091** 7803** 1002161%* 3073857** 448.8%* 29077*% 111577**
Males (M.) 2 2011**  8041* 406.5 448.0 22241  10676345%*% 859.7** 3705%* 2472]19%*
F.xM. 6 5068** 12332** Q350** 10208** 515305** 3656641*%* 448.7** 20144** 55967%*
G.xY. 18 14923** 8164** 921.84** 84615%* 317517** 35349*  2530** 12977**%  409.1
P.xY. 6  46787**% 22468** 12354%*% 333967** 1114162%* 3196338%** 7T457%** 52044** ]62483**
PVS.C.xY. 1 25995%*% 67050%* 11815%* 376128%* 2225736** 2246397** 6616%** 53448** 9Q906**
C.xY. 11 2460%* 7106**  1490%* 24295%*  346655%*  53252**  1714%* 10691** 522.4%
F.xY. 3 8537** 1247  4069** 13407** 378456**  95766**  3019** 3946** 596
M.xY. 2 6947%* 5108  4001** 18897** = 48595%*%  237177** 3014** 14531**  ]381*
(F.xM)xY. 6 11093*%*% 14107** 636.3** 31538%** 462505%%* 29312 628**  22471** 1993
Error 72 356.5 1620 152.8 815.7 8169 14796 18.41 204 254.7

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

Mean performance of genotypes:
The means of seven parental lines and their 12 F,
hybrids for all studied traits from the combined data over

two years at the three cuts are presented in Table 2. The
means showed that no specific parent and/or cross were
superior or inferior for all studied traits. However, the P,
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line exhibited the highest mean values for number of tillers
per plant at the first (C;) and second (C,) cuts and number
of leaves per plant at the three cuts. Also, it had the highest
mean values for plant height in centimeters (154.85 cm),
green fodder yield per plant (1450.58 g) and dry fodder
yield per plant (283.11 g) at the second cut (C,). While, the
P; line exhibited the highest means for leaf area, green and
dry fodder yield per plant in grams at the third cut (Cs)
with overall means 334.55 cm’, 2453.33 g and 498.20 g,
respectively. Although, the Ps were the best lines for the
same traits at the first (C,) cut with overall means 357.78
cm?, 596.25 g and 77.00 g, respectively.

Regarding F; hybrids, the means showed that the
greatest value for number of tillers per plant and number
of leaves per plant cuts at the first (C,) and third cuts was
P; x Ps. Also, it had the greatest mean values for plant
height and dry fodder yield per plant at the third (Cs) cut.
While, the hybrid P, X P had the greatest mean values for
number of tillers per plant (20.61 tillers), plant height
(148.83 c¢cm), number of leaves per plant (111.08 leaves) at
second (C,) cut and leaf area (336.97 cm’) at third (Cs) cut.
Moreover, the cross between P, x Ps was the best for green
fodder yield per plant at the first (C;) and second (C,) cuts
and for dry fodder yield per plant at second (C,) cut.

Table 2. Mean performance of parents and their hybrids for all studied traits over two years in the three cuts.

Genotypes No. T. /P. P.H. (cm) No. L./ P.
P C G, G C G [N C G, [
P, 577 775 8.67 92.22 121.05 14203 37.88 51.28 54.97
Females P, 721 8.32 9.71 93.81 111.49 109.53  50.22 58.42 52.00
P,  7.09 1286 2192  99.96 139.17 161.55  51.50 82.50 87.22
P, 1291 2486 1992 10347  154.85 15667 8025 17550  150.17
P, 7.13 9.53 925 108.58  149.11 16550 4597 81.17 48.50
Males P, 879 1325 1222 10005  152.01 14650 7683  109.17  66.67
P, 980 9.75 6.80 11041  125.70 150.00  59.03 71.50 36.17
P, X Ps 7.07 927 1042 85.89 114.28 15775 39.33 5225 52.75
P, x Pg 6.31 9.88 733 87.41 121.22 16437  46.88 50.17  183.67
P, x P, 7.49 10.02 1397 10520  119.03 146.67  57.87 6533  108.50
P, x Ps 6.72 1170 1623 97.98 138.92 131.05  59.03 8733 113.50
P, x P, 8.08 8.83 2068 10468  121.17 161.82 5742 95.92 17533
P, x P, 6.42 10.39 8.00 97.22 128.25 12275 52.25 77.67 64.92
P, x Ps 9.78 19.56 2331 98.69 122.26 17625  61.42 99.00  225.58
P, x P, 8.29 1517 1838 8925 131.50 14933 52.50 90.55 98.83
P, x P, 8.22 1346  12.83  93.92 123.55 143.10  53.00 97.50 72.33
P, x Ps 8.41 9.81 1425  98.54 100.56 138.62  53.48 63.58  137.83
P, x Pg 892 2061 1664  99.17 148.83 162.55 5812 111.08 14025
P, x P, 7.35 1443 1136 10728 13542 12217 49.36 79.72 98.00
L.SD0.05 0.95 325 3.03 10.80 24.36 17.31 811 18.86 10.40
L.S.D 0.01 1.26 431 4.02 14.33 3231 22.96 10.76 25.02 13.79
L.A. (cm’) G.F.Y./P.(g) D.F.Y./P.(g)
Genotypes G, G, G G G G G, G G
P, 312.19 242.05 21345 14943  403.17 60697 2042 .72 94.98
Females P, 32951 359.12 31009 457.70  526.67 159633  62.57 97.77  230.82
P, 31344 23575 33455 39037  544.08 245333 6596 10635 49820
P, 26675 27756 25074 37858 145058  2197.08  69.04  283.11  445.40
Ps 33997 25492 32483 26600  598.17  911.50  30.91 141.02  141.17
Males P, 37578 29035 311.50 59625  939.08  1133.17 77.00  194.09  164.17
P, 32972 24861 259.17 456.05  541.00  713.83  75.30 87.45  110.67
P, x Ps 267.18 22940 21142 267.75  303.83 _ 615.17 _ 46.85 58.51 134.13
P, x P 32234 29098 225.68 34825  428.13 312555  61.52 88.86 31833
P, x P, 26607 29573 26432  349.05 65225 113567  59.00  117.14  208.87
P, x Ps 307.99  302.59 25810 38272 1287.25 103738  58.11  214.88 16927
P, x P, 34357 33747 31239 36374  647.67 200508  70.50  138.18 32047
P, x P, 306.54 25429 27547 33807  617.83 69497  42.39 92.02 90.73
P; x Ps 353.63 29847 31645 36375 1136.87 291322 5592  204.68  508.00
P, x P, 28493 30871 22660 278.02  937.33 252850 4539 16330 41843
P, x P, 311.91 24937 24629 30524  992.92 108650  38.06 18349 18295
P, x Ps 32547 22941 29433 30614 41127 121550  54.57 61.99  203.62
P, x P, 351.98  268.65 33697 35132  910.83 245133 6225 20728 44653
P, x P, 34654 343.93 32660 31468 86725 232758 5234 10601 21535
L.SD0.05 30.68 6542 2008 4641 146.86 197.65 6.97 2321 25.93
L.S.D 0.01 40.69 8675 2663  61.54 19476  262.11 9.25 30.78 34.39

(P;) Damietta with Central plateau; (P,) Damietta with Balsas; (P;) Damietta with Guatemala; (P;) Central plateau with Balsas; (Ps) Central
plateau with Guatemala; (Ps) Guatemala with Central plateau and (P;) Guatemala with Balsas

Heterosis:

The estimated amounts of heterosis relative to mid-
parents (Hyp %) were determined for all studied traits at the
three cuts over the two years and the obtained results are
shown in Table 3. The results showed that most of studied
crosses exhibited different heterotic values at the different
three cuts, which could be due to the difference in the
performance of the genotypes when subjected to different
environment. However, one, one and four out of 12 crosses

exhibited positive and highly significant heterosis relative to
their mid-parent (Hyp %) estimates for number of tillers per
plant at first (C,), second (C,) and third (C;) cuts,
respectively. These heterotic values were 37.58 %, 74.65 %
(P; x Ps) at C; and C, cuts and it was 88.66 % (P, x Pg), 80.67
% (P x P;), 71.16 % (P, x Ps) and 49.55 % (P; X Ps) at third
(G3) cut. For plant height, the crosses P, x P4 (8.00 %), P, x P,
(8.14 %) and P, x P4 (26.40%) exhibited positive heterosis at
Cy, G, and G;, respectively when the averages of the hybrids
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were compared to the mid-parent value. These results were
disagreement with Rady (2007); Sakr and Ghazy (2010) and

Ghazy et al., (2016) which they found that all hybrids were
significantly taller than their mid-parent.

Table 3. Estimates of heterosis (%) relative to the mid-parent (Hy,p.%) for all studied traits over two years at three cuts.

Crosses No. T. /P. P.H. (cm) No. L./P.

G &) G (O] G G G, G G
P, xPs 9.65 7.23 16.28 -14.46** -15.40 2.59 -6.18 -21.10 1.97
P, x Py -13.31* -5.87 -29.77* -9.07 -11.22 13.93*%*  _18.27**%  -37.47**% 202.00%*
Py x P -3.75 14.46 80.67** 3.83 -3.52 0.45 19.43%* 6.42 138.11**
P, x Ps -6.33 31.01 71.16%* -3.18 6.61 -4.70 22.73%* 25.13*%  125.87**
P, x P 1.02 -18.10 88.66** 8.00 -8.03 26.40** -9.62 14.47 195.51**
P, x P 24 51** 15.00 -3.08 -4.79 8.14 -5.41 -4.35 19.56 47.26**
P; x Ps 37.58%*%  74,65%*%  4955%* -5.35 -15.18* 7.78 26.03** 20.98*%  232.34%*
P; x Pg 4.52 16.18 7.67 -10.75* -9.68 -3.05 -18.18** -5.51 28.45%*
P; xP; -2.61 19.05 -10.62 -10.71* -6.71 -8.14 -4.10 26.62* 17.27*
Py xPs -16.09**  -42 98** -2.29 -7.06 -33.84**  -13.95%*  _15.25%*  _50.45%*  38.76**
P, % Pg -17.78** 8.16 3.56 -2.55 -3.00 7.23 -26.01**  21.96**  2937**
Py X P; -35.32**  -16.61* -14.95 0.32 -3.46 -20.33**%  -20.12%*  _35.45%* 5.19
L.S.Dy s 0.82 2.81 2.62 9.36 21.10 14.99 7.02 16.34 9.00
L.S.Dgoy 1.09 3.73 3.48 12.41 27.98 19.88 9.31 21.66 11.94

L.A. (cm) G.F.Y./P.(g) D.F.Y./P.(g)

C 2 Gs G, G G G G G,
P, X Ps -18.06** -7.68 -21.45%*  28.89%*  _3931%* -18.98 82.53**  -4525%* 13.60
P, x Pg -6.29 9.31 -14.02%** -6.60 -36.21*%*%  25923*%*  2630**  -3339%* 145.68%*
Py x P -17.10**  20.54 11.85%* 15.29%* 38.16%* 71.97%* 23.27** 46.27**  103.13%*
P, x Ps -7.99* -1.44 -18.70** 5.77 128.88**  -17.27* 24.33%* 79.97%* -8.99
P, x P¢ -2.57 392 0.51 -30.98** -11.63 46.92%* 1.03 -5.31 62.27**
P, x P, -7.00 -16.32 -3.22 -26.00** 15.74 -39.83**  .38.51%** -0.64 -46.86**
P; x Ps 8.24* 21.66 -4.02 10.84 99.06** 73.16** 15.45% 65.49%* 58 9]**
P; x Pg -17.32%* 17.36 -20.85%*%  _43.64*%*  26.40** 41.00%*  -36.50%* 8.71 26.34%*
P; xP; -3.01 2.97 -17.03**  .27.87**  83.01**  -31.39%*  _46.12%*  89.37*%*  _39.90**
P, x Ps 7.29 -13.83 2.27 -5.01 -59.85**  21.80** 9.20 -70.77**  -30.57**
Py x P 9.56* -5.39 19.87**  27.92%% 23 7T**  A722%k  _1476**  -13.13*%*  46.5]**
Py x P, 16.20*%*  30.73**  28.10**  -24.59**  -1291* 59.92%*  2748**%  42.79** 2D 55%*
L.S.Dy s 26.57 56.65 17.39 40.19 127.19 171.17 6.04 20.10 22.46
L.S.Dyo 35.24 75.13 23.07 53.29 168.67 226.99 8.01 26.65 29.78

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

(P;) Damietta with Central plateau; (P,) Damietta with Balsas; (P;) Damietta with Guatemala; (Ps) Central plateau with Balsas; (Ps) Central
plateau with Guatemala; (P¢) Guatemala with Central plateau and (P;) Guatemala with Balsas

Although, three, three and ten out of 12 crosses
exhibited positive and highly significant heterosis for number
of leaves per plant at first (C,), second (C,) and third (C3)
cuts, respectively. Regarding the leaf area, the cross P, x P
exhibited positive and highly significant heterosis at all the
three cuts with heterosis estimates of 16.22, 30.73 and 28.10
%, respectively. For green fodder yield per plant in grams, the
results showed that two, five and seven out of 12 crosses
exhibited positive and significant heterosis estimates at first
(C)), second (C,) and third (Cs) cuts, respectively. The values
of heterosis ranged from 15.29% (P; x P;) at C, to 259.23%
(P % Pg) at Cs. These results agree with Prakash et al., (2010)
who observed that positive and high magnitude of heterosis
for green fodder yield/plant in sorghum. Concerning the dry
fodder yield per plant in grams, the results showed that five,
four and six out of 12 crosses exhibited positive and
significant heterosis values at first (C,), second (C,) and third
(G;) cuts, respectively. The values of heterosis ranged from
15.45% (P53 % Ps) at C; to 145.68% (P x Pg) at Cs.

The estimated amounts of heterosis relative to better
parents (Hgp %) were determined for all studied traits at the
three cuts over the two years and the obtained results are
shown in Table 4. The results showed that one, one and three
out of 12 crosses exhibited positive and highly significant
better parents heterosis for number of tillers per plant at first
(Cy), second (C,) and third (C;) cuts, respectively. These
heterotic values were 37.14% (P; x Ps) at C,, 52.05% (P3 %
Ps)at C, and it was 61.21% (P x P;), 67.12% (P, x Ps), and
69.29% (P, x Pg) at G;, respectively. Regarding to the plant
height, one, one and three out of 12 crosses exhibited positive

heterosis (Hgp%o) at first (C,), second (C,) and third (Cs) cuts,
respectively. These heterotic values ranged from 2.03% (P, %
P7) at the second (C,) cut to 12.20 % (P, x Pg) at the third (C;)
cut. For leaf area, the cross P4 x P; exhibited positive heterosis
at all the three cuts (C,, C, and C3) with Hgp% values of 5.10,
23.91 and 26.02 %, respectively. Although, two and four out
of 12 crosses exhibited positive and highly significant
heterosis for green fodder yield per plant at second (C,) and
third (G;) cuts, respectively. For dry fodder yield per plant,
the results showed that one, four and three out of 12 crosses
exhibited positive and highly significant Hgp% at the three
cuts, respectively. These heterotic values ranged from
33.96% (P; x P;) at C, to 93.91% (P, x Pg) at C;. These
manifestations of heterosis are in agreement with those
reports by Abd El-Maksoud et al, (1998 and 2001) in
teosinte. The same trend was observed in other forage crops
with respect to number of tillers and number of leaves, such
as sorghum (EI-Adl et al., 1991 and Manickam and Das,
1994).
General combining ability effects for each parental line:
Positive or negative general combining ability effects
(g) estimates would indicate that a given inbred is much
better or poorer than the average of the group involved within
the factorial crosses mating design. The estimates of general
combining ability effects (g;) for each parental line for the
studied agronomic traits in the three cuts are shown in Table
5. Regarding the first cut, it could be seen from this Table
that the line P, was the best general combiners among female
lines which exhibited positive largest magnitudes for number
of leaves per plant, green fodder yield per plant and dry
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fodder yield per plant. However, the line P; was the best
general combiners for number of tillers per plant. The line P,
was the best general combiners for plant height and leaf area.
For the second and the third cuts, the line P; was the best
general combiners among this set of lines which exhibited
positive largest magnitudes for number of tillers per plant,
number of leaves per plant, green fodder yield per plant and

dry fodder yield per plant. Therefore, it could be
recommended P; as the best donor desirable to improving
these traits through its engagement in teosinte breeding
programme. For males, line Pg was the best general
combiners among this set of lines which exhibited positive
largest magnitudes for most studied trait at the three cuts
except few cases.

Table 4. Estimates of heterosis (%) relative to the better parent (Hgp%.) for all studied traits over two years at three cuts.

Crosses No. T. /P. P.H. (cm) No. L./P.

G G, Cs C C, Cs C C, Cs
P, x Ps -0.84 -2.80 12.61 -20.90%*  -23.36%* -4.68 -14.44 -35.63** -4.03
P, x Pg -28.21%*%  2541%  -39.97*%F  -12.63* -20.26* 12.20* -38.99**  _54.05%* 175.50%*
P, xP; -23.57** 2.72 61.21%* -4.72 -5.31 -2.22 -1.98 -8.62 97.39%*
P, x Ps -6.84 22.67 67.12%* -9.77 -6.84 -20.82%* 17.53* 7.60 118.27**
P, x Pg -8.04 -33.33%*%  69.29%* 4.63 -20.29* 10.46 -25.27** -12.14 163.00**
P, xP; -34.50** 6.56 -17.60 -11.95* 2.03 -18.17** -11.49 8.62 24.84*
P; x Ps 37.14%* 52.05%* 6.33 9.11 -18.01* 6.50 19.26* 20.00 158.65**
P; x Pg -5.60 14.48 -16.16* -10.79* -13.49 -7.56 -31.67*%* -17.05 13.32*
P; x P -16.10** 4.65 -41.44%%  -14.94%* -11.22 -11.42* -10.22 18.18 -17.06**
Py x Ps -34.88**  -60.56*%* -28.45%%* -9.25 -35.06%*  -16.24**  -3335%% .63 77** -8.21%
P4 x Pg -30.92**  -17.09* -16.46* -4.16 -3.89 3.76 -27.58*%*%  -36.70%* -6.60
Py x Py -43.11%*%  -41.95%* 42 95%* -2.83 -12.55 -22.02%*  -38.49%*  _54.58%*  -34.74**
L.S.D g5 0.95 3.25 3.03 10.80 24.36 17.31 8.11 18.86 10.40
L.S.D g 1.26 4.31 4.02 14.33 32.31 22.96 10.76 25.02 13.79

L.A. (cm) G.F.Y./P.(g) D.F.Y./P.(g)

Crosses ¢ X C ¢ ) s ¢ G, s
P, x Ps -21.41%* -10.01 -34.92%* 0.66 -49.21** 32 51*%*  51.55%*  _58.51%* -4.98
P, x Pg -14.22%* 0.22 -27.55%%  -41.59%*%  54.41%%  175.82%*%  -20.1%*%  -54.22%* Q3 91%*
P, x Py -19.30%* 18.95 1.99 -23.46** 20.56 59.09**  -21.65%*  33.96* 88.73%*
P, x Ps -9.41%* -15.74 -20.54**%  -16.38**  115.20%*  -35.01** -7.12 52.37%*%  -26.67**
P, x P -8.57* -6.03 0.29 -39.00**  -31.03**  25.61%* -8.44 -28.81%*  38.83%*
P, xP; -7.03 -29.19%*  _11.17%*%  -24.16** 14.20 -56.46%*  -43.7]1** -5.88 -60.69%*
P; x Ps 4.02 17.08 -5.41 -6.82 90.06** 18.75%*  -15.22%*% 45 ]4%* 1.97
P; x Pg -24.18%* 6.32 -32.27%% 53 37%* -0.19 3.06 -41.06%*  -15.87** -16.01**
P; xP; -5.40 0.31 -26.38** 33,07k 82.49%*  5571%k 49 46%**  72.54%*%  _63.28%*
P, x Ps -4.27 -17.35 -9.39%*  _19.13**  .71.65%*  -44.68**  -20.96%* -78.10%*%  -54.28%%*
P, x P -6.33 -7.47 8.18*%  -41.08%*%  -37.2]1%* 11.57* -19.16**  -26.79** 0.25
Py x Py 5.10 2391*  26.02*%%  -31.00%*  -40.21** 5.94 -30.50%*  -62.56%*  -51.65%*
L.S.D g5 30.68 65.42 20.08 4641 146.86 197.65 6.97 23.21 25.93
L.S.D g 40.69 86.75 26.63 61.54 194.76 262.11 9.25 30.78 34.39

*, ** Significant at 0.05 and 0.01 levels of probability, respectively.
(P,) Damietta with Central plateau; (P,) Damietta with Balsas; (P;) Damietta with Guatemala; (P,) Central plateau with Balsas; (Ps) Central
plateau with Guatemala; (Ps) Guatemala with Central plateau and (P;) Guatemala with Balsas

Table 5. General combining ability effects of the seven parental genotype for all studied traits in the three cuts.

Parents No. T. /P. P.H. (cm) No. L./P.
C C, C C, C, G C C, G

P, -0.80* -3.04%* -3.88%* 427 -7.24 8.23* -5.36* -24.93%** -7.65*
Females P, -0.68* 2.45% 0.52 2.85 4.03 -9.50* 2.84 6.13 -4.71

Ps 1.01%* 3.30%* 3.72%* -3.15 0.36 8.19* 2.25 14.84* 9.63%*

P, 0.47* 2.19%* -0.37 4.56 2.85 -6.92 0.27 3.95 2.74
LSD oo 027 0.94 0.87 3.12 7.03 5.00 234 5.45 3.00
L.S.D gq; 0.36 1.24 1.16 4.14 9.33 6.63 3.10 7.22 3.98

Ps 0.24 -0.18 1.6 -1.83 -6.41 2.88 -0.07 -5.30 9.79%*
Males Ps 0.14 0.86 1.31 -1.97 5.26 11.48* 0.34 6.09 26.9%

P, -0.38 -0.69 2.91* 3.80 1.15 -14.36* -0.27 -0.79 -36.69%*
L.S.D o5 0.24 0.81 0.76 2.70 6.09 4.33 2.03 4.72 2.60
L.S.D g 0.31 1.08 1.00 3.58 8.08 5.74 2.69 6.25 345

L.A. (cm") G.F.Y./P.(g) D.F.Y./P.(g)

Parents C G G @ G ; @ G :

P, -30.48%** -12.05 -40.75%* -9.04 -304.71**  -135.91* 1.88 -48.19%* 47 61**
Females P, 3.69 14.03 7.44 30.78%* 84.80* -515.56%** 3.09 12.00* -74.57%*

Ps 1.14 1.43 -11.44* -15.06 256.25%*%  414.70** -7.45%* 47.46*%*% 101.74**

P, 25.65* -3.42 44 775%* -6.68 36.34 236.77** 2.48 -11.27* 20.44**
L.S.D o5 8.86 18.884 5.80 13.40 42.39 57.06 1.74 6.70 7.49
L.S.D o 11.75 25.04 7.69 17.76 56.22 75.66 2.31 8.88 9.93

5 211 -19.11 -4.48 -0.64 18.69 -316.05** -0.04 -1.35 -14.3*

Males Ps 10.03 17.37 0.86 4.6 -35.13 766.25%* 6.01* 13.04* 107.89%*

P, -791 1.74 3.62 -3.97 16.44 -450.19%** -5.96* -11.70*  -93.58**
L.S.D 05 7.67 16.35 5.02 11.60 36.72 49.41 2.01 5.80 6.48
L.S.D gq 10.17 21.69 6.66 15.38 48.69 65.53 2.67 7.69 8.60

*, ** Significant at 0.05 and 0.01 levels of probability, respectively.
(P;) Damietta with Central plateau; (P,) Damietta with Balsas; (P;) Damietta with Guatemala; (Ps) Central plateau with Balsas; (Ps) Central
plateau with Guatemala; (Ps) Guatemala with Central plateau and (P7) Guatemala with Balsas
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Specific combining ability effects for each cross:

Specific combining ability effects of each cross for
studied traits were determined and the obtained results are
presented in Table 6. The results revealed that the crosses Py
x P5 had positive and largest significant value for number of
tillers per plant, plant height and number of leaves per plant
at the first cut (C,). Although, the crosses P; x Ps showed
significant and largest positive magnitudes for leaf area (at

three cuts), green fodder yield per plant, dry fodder yield per
plant (at the first and third cuts) and plant height, number of
leaves per plant (at the third cut). Moreover, the cross Py Pg
showed significant positive and largest magnitudes for
number of tillers per plant and dry fodder yield per plant at
the second cut (C,). These results are in agreement with
Rady (2007) and Sakr and Ghazy (2010).

Table 6. Specific combining ability effects of the crosses genotype for all studied traits in the three cuts.

Crosses No. T. /P. P.H. (cm) No. L./P.

C; C, Cs C, G, G C, G, [
Py X Ps -0.12 -0.28 -1.76* -5.12 2.52 -1.39 -8.62%* 1.63 S712.01%*
Py X Pg -0.79%* -0.70 -4.55%% -3.44 222 -3.38 -1.49 -11.84*  41.80**
P; x Py 0.92%* 0.98 6.31%* 8.56%* -0.30 4.77 10. 11%* 10.20 30.22%*
P, x Ps -0.59* 1.57 -0.34 -0.15 15.88* -10.37* 2.87 5.66 -14.21%*
P, X Pg 0.86%* -2.34%* 4.41** 6.69* -13.54* 11.80* 0.85 2.86 30.52%*
P, x P, -0.27 0.77 -4.06%* -6.54%* -2.34 -1.42 -3.71 -8.52 -16.31%*
P; X Ps 0.77** 3.67%* 3.53%* 6.57* 2.90 17.14%* 5.85% 8.52 83.54**
P; X Pg -0.62* -1.76 -1.10 -2.73 0.49 -18.38%** -3.48 -11.22*%  -60.31%*
P; x Py -0.16 -1.92%* -2.43%* -3.84 -3.37 1.24 -2.37 2.60 -23.23%*
P, x Ps -0.05 -4.96%* -1.43 -1.29 -21.3%* -5.38 -0.10 -15.91%* 2.68
P, x P 0.55% 4.80%* 1.25 -0.52 15.31* 9.96* 4.12 20.20%*  -12.01**
P, x P; -0.50 0.17 0.19 1.82 6.00 -4.58 -4.02 -4.29 9.33**
L.S.D g5 0.47 1.63 1.51 5.40 12.18 8.65 4.06 9.43 5.20
L.S.D gy 0.63 2.16 2.01 7.16 16.15 11.48 5.38 12.51 6.89

L.A. (em’) G.F.Y./P.(g) D.F.Y./P.(g)

Crosses C, C C. C & : C, C :
P, x Ps -15.91 -23.52  -17.91%*  -5330%*% -176.26%* -69424%*%  .890**  283I** .72 01**
Py X Pg 27.12%* 1.58 -8.98 21.96 1.86 733.84%* -0.27 -12.35 -10.00
P; x Py -11.21 21.94 26.89*%*  31.33* 174.4%* -39.60 9.17**  40.67**  82.01**
P, x Ps -9.26 23.59 -19.41%* 21.85 417.65** 107.63 1.16 67.86%* -9.92
P, x Pg 14.18 21.98 29.55%%* -2.37 -168.12%* -6.97 7.49%*  .2322%%  19,10*
P, x Py -4.92 -45.58* -10.14 -19.48  -249.53**  -100.65 -8.65%*%  -44.64** -9.18
P; X Ps 38.92%* 32.07 57.81%*%  48.72%* 95.81* 1053.2%*% 9 51%* 22 21%*% [525]**
P; X Pg -41.92%* 5.82 -37.37%%  42.26%* -4991  -413.82%*  -7.07**%  -33.57%*% .5025%*
P; x Py 3.00 -37.89%  -20.44** -6.46 -4590  -639.38** -2.43 11.36 -93.26**
P4 x Ps -13.75 232,14 -20.49** 1727  -337.20%* -406.58** -1.77 -61.76%*  -70.58**
P, X Pg 0.62 -29.38 16.81** 22.67 216.18*%*%  -313.,05%* -0.15 69.14%*  50.15%*
P, X Py 13.13 61.52%* 3.68 -54 121.02%*%  779.64** 1.91 -7.39 20.43%*
L.S.D g5 15.34 32.71 10.04 23.20 73.43 98.82 3.49 11.60 12.97
L.S.D g0 20.34 43.38 13.32 30.77 97.38 131.05 4.62 15.39 17.19

*, ** Significant at 0.05 and 0.01 levels of probability, respectively
(P1) Damietta with Central plateau; (P2) Damietta with Balsas; (P3) Damietta with Guatemala; (P4) Central plateau with Balsas; (P5) Central

plateau with Guatemala; (P6) Guatemala with Central plateau and (P7) Guatemala with Balsas

Nature of gene action and heritability:

Genetic parameters which included additive (c*A)
and dominance (6°D) variances in addition to heritability in
broad (h%,%) and in narrow (h%,%) senses for all studied
traits are presented in Table 7. The negative values obtained
for variances were considered equal to zero during the
calculations of heritability and dominance degree. The
results indicated the magnitudes of additive genetic
variances were larger than their corresponding estimates of
non-additive genetic variances with respect to all studied
traits except for plant height, leaf area and dry fodder yield
per plant at the second cut (C,). Also, the same results found
for number of leaves per plant at the first (C,) and second
(C,) cuts and green fodder yield per plant at the first cut (C;).
Suggests that both additive and non-additive (dominance)
genetic variance contributed in the inheritance of these traits.
These could be verified by the dominance degree ratio (6°D/
6°A)"? which were less than one, revealing the importance
of incomplete dominance and that additive effects played the
major role in the inheritance of these traits. Similar results
were reported by Fouman et al., (2003) found that the
differences among lines and testers general combining
ability indications the importance of additive effects of
genes, for plant height, number of tillers per plant, green

yield, and dry matter. On the other hand, Chikuta et al.,
(2017) and Ghazy (2016) found that the non-additive genetic
variance played the major role in the inheritance of the all
studied traits in maize —teosinte hybrids.

High heritability values in broad sense were (hzblS
%) detected for all traits. These values ranged from 41.87
to 99.86% for plant high at C, and green fodder yield per
plant at C;, respectively. While heritability in narrow sense
(h,.s %) ranged from 0.00 to 97.88 % for plant height at C,
and fodder yield per plant at C;, respectively.

Phenotypic discrimination:

Phenotypic distance (PD) matrix and UPGMA
clustering for seven parental lines and 12 F; hybrids based on
yield traits are shown in (Tables 8, 9 and Fig. 1, 2
respectively). Phenotypic  distance (PD) based on
morphological data were found to range from 479.3 (between
Ps and P7) to 2864.9 (between P, and P,). At the same time,
the parental inbred lines divided into two clusters A and B.
The first cluster A had a maximum number of parental inbred
lines (four) followed by cluster B (three). The cluster A
included two sub-clusters e (included P,) and f (involved the
two parents P; and P,). At the same time, the second cluster
B included two sub- clusters ¢ (involved the P, Ps and P;)
and d (involved Pg). Genetic divergence study suggested that
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crosses between the parental inbred lines of sub-cluster e and
parental inbred lines of sub-cluster d for getting better hybrid
vigour in F; or better hybrids and also for good recombinants

in segregating population. These results are in agreement
with Abd El-Aziz et al., (2016) and Ahalawat et al. (2018).

Table 7. The relative magnitudes of different genetic parameters for studied traits.

Genetic No. T. /P. P.H. (cm) No. L./P.
parameters C, G, C; C G, G, C, G GC;
A 21.25 157.72 174.63 161.22 -2331.42 631452  -538.17 9161.83 -38384.4
‘D 0.646 12.33 19.89 37.55 161.92 158.89 43.63 185.25  3433.23
(6°D/c*A)"* 0.174 0.279 0.337 0.483 >1.00 0.159 >1.00 0.142 >1.00
H%% 97.19 97.70 98.24 81.81 41.87 98.28 63.65 98.58 98.82
H* % 95.57 90.62 88.19 66.35 0.00 95.91 0.00 96.63 0.00
Genetic L.A. (cm’) G.F.Y./P.(g) D.F.Y./P.(g)
parameters C] C2 C3 C 1 C2 C3 C1 2 3
G'A 6014.30 -31341.87 22667.63 -21388.6 379553.0 9832844.0 65739 -4860.1 4395859
‘D 785.22  1785.31 1366.26 1565.48 84522.6  606974.0 71.74 33233  9280.51
(6°D/c*A)"* 0.361 >1.00 0.246 >1.00 0.472 0.249 0.330 >1.00 0.145
H%% 95.02 5243 99.37 65.74 98.27 99.86 97.54 94.22 99.94
H’.% 84.05 0.00 93.72 0.00 80.37 94.05 87.94 0.00 97.88

Table 8. Phenotypic distance (PD) matrix for seven
studied parental lines of teosinte.

Phenotypic

l)istantcyep Py P Ps Py P P
P, 1563.5

P; 2713.6 1368.3

P, 2864.9 18434 1472.8

Ps 839.6 1315.0 2298.3 22694

Py 14149 13543 2108.3 18409 8823

P, 758.8 1528.5 2563.3 25516 4793 9114
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Figure 1. UPGMA clustering dendrogram showing
relationship among seven parental lines of
teosinte based on phenotypic distances (PD)
according to Sneath and Sokal, (1973).
For the hybrids, Phenotypic distance (PD) were
found to range from 416.9 (between P; x Pgand P4 x P ) to

3716.7 (between Py x Ps and P; x Ps). The hybrids divided
into two groups A and B, the first group A involved two
sub-groups ¢ and d. The sub-group c included the five
hybrids P, x Pg, P4 x P;, P; x Pg, P4 x Pg and P5 x Ps, while
the sub-group d involved the hybrid P; x Ps. At the same
time, the second group B included two sub-groups e and f.
The sub-group e involved the four hybrids P; x P;, P, x Ps,
P, x Ps and P, x P; while the sub-groups f contains the two
hybrids P, x Ps and P; x P,.
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Figure 2. UPGMA clustering dendrogram showing
relationship among 12 F, hybrids of teosinte
based on phenotypic distances (PD)
according to Sneath and Sokal, (1973).

Table 9. Phenotypic distance (PD) matrix for 12 F; hybrids studied of teosinte.

g;;:::gplc P] X Pﬁ P] X P7 P1 X P5 Pz X P6 Pz X P7 Pz X P5 P3 X P5 P3 X Pﬁ P3 X P7 P4 X P5 P4 X P6

Pl X P7 2875.6

Pix Ps 3613.8 1022.8

P, x Pg 1667.2 1264.7 21225

P,x P, 34940 6822 6214 1902.2

P, x Ps 3228.1 1049.1 1576.2 1729.6 1201.9

P; x Ps 1561.4 27521 3716.7 1704.0 3386.6 2970.2

P3 x Pg 1293.0 20585 2977.1 9477 26974 2328.7 880.9

P;x P, 3027.5  630.5 12227 1451.0 8425 5483 2854.6 2150.0

Py x Ps 2739.6 4497 9948 12099 8295 13982 2777.6 2056.6 931.0

P,y x Pg 1486.0 20157 2960.0 986.2 2640.1 2347.0 8232 4169 2150.6 2008.2

P,xP; 1397.4 17427 26129 6349 2351.5 20074 13299 5925 1803.1 17203 736.8
REFERENCES Abd El-Maksoud, M.M.; A.Z. Abd El-Haliem and H.O. Sakr

Abd El-Aziz, M. H.; AN. Attia; M.S. Sultan; M.A. Badawi
and A.R.M. Al-Rawi (2016). Phenotypic and genetic
diversity and their relationship to F, performance for
yield traits in some maize inbred lines. J. Agric.
Chem. and Biotechn., Mansoura Univ. 7 (3): 95- 104.

(2001). Evaluation of some promising teosinte
hybrids and their genetic behaviour for fodder yield.
J. Agric. Sci., Mansoura Univ., 29 (1): 97-111.

Abd El-Maksoud, M.M; A.M. El -Adl; A. Rammah and
H.O. sakr (1998). Diallel analysis over two
locations for fodder ?/ield components in teosinte.
Proceeding of the 26" annual meeting of Genetic,
Alex. 29-30 Saturday. (1998), 317-329

309



El-Adl, A. M. et al.

Abdel-Aty, M.S.; Soad A. Yousef, Mona M.F. Ghazy and
S.H. Basueny (2013). Study of genetics behaviour of
interspecific crosses of maize — teosinte. Plant
Production, Mansoura Univ., 4 (12): 1779- 1791.

Ahalawat N.K. .; VK. Arya,; P. Kumar and SK. Singh
(2018). Genetic divergence in forage sorghum
(Sorghum bicolor L. Moench). Journal of Applied
and Natural Science, 10 (1): 439 —444.

Akabari, V.R .; H.P. Parmar; M. Niranjana and D.B.
Nakarant (2012). Heterosis and Combining ability for
green fodder yield and its contributing traits in forage
sorghum. (sorghum bicolor L.). Anand Agricultural
University, 38 (3): 156-163.

Al-Aaref K.A.O.; M.S.H. Ahmad; M.R.A. Hovny and O.A.
Youns (2016). Combining ability and heterosis for
some agronomic characters in grain sorghum.
(Sorghum bicolor. L.) moench). Middle East Journal
of Agriculture Research, 5(2): 258-271.

Allard RW. (1960). Principles of plant breeding. John
Wiley and Sons Inc., New York.

Chikuta, S.T. ; Odong, F. Kabi and P. Rubaihayo (2017).
Combining ability and heterosis of selected grain
and forage dual purpose sorghum genotypes.
Journal of Agricultural Science, 9 (2):122-130.

Cochran. W.C. and G.M. Cox (1957). Experimental design.
2nd ed., John Wiley and Sons Inc., New York.U.S.A.

Devkota, N.R.; P. Pokharel; L.N. Paudel; C.R. Upreti and
N.P. Joshi (2015). Performance of teosinte
(Euchlaena mexicana) as a promising summer forage
crop with respect to location and sowing dates
considering the scenario of possible climate change in
Nepal. Nepalese Journal of Agricultural Science, 13:
131-141.

El-Adl, AM.; Z.A. Kosba; ZM. El-Diasty and M. Haggar
(1991). The types of genetic variances associated with
F, hybrids obtained from interspecific crosses of
sorghum. J. Agric. Sci. Mansoura Univ., 16 (9):
2081-2092.

Fouman, A.; M. R. Ghannadha and A. Moghaddam (2003).
Evaluation of combining ability of sorghum lines for
improving hybrid cultivars. Seed and Plant, 19(2):
12-15

Ghazy, Mona M.F. (2016). Genetic behavior for forage yield
and its components for maize —teosinte hybrids.
Alex. J. Agric. Sci., 61(5): 509-515.

Ghazy, Mona, M.F.; Hend E.A. Habeba; and N.M. Hamed
(2016). Heterosis and inbreeding effects in
interspecific crosses of maize-teosinte at silage stage.
Proceedings, The Six" Field Crops Conference,
FCRI, 22-23 Nov. 2016, ARC, Giza, Egypt, 125-132

Kempthorne, O. (1957). An introduction to genetic statistics.
lowa State Univ John Wiley and Sons Inc., New
York.U.S.A.545pp.

Khan Niazi, L. A.; Rauf, S.; JA.T. da Silva and H. Munir
(2015). Comparison of teosinte (Zea maxicana L.)
and intersub specific hybrids (Zea mays L. x Zea
maxicana) for high forage yield under two sowing
regimes. Crop and Pasture Science, 66: 49-61.

Kovach, W. (2001). Multi-variate statistical package 3.12G
Kovach Computing Services, Aberystwyth, Wales,
UK.

Manickam, S. and L.D.V. Das (1994). Linex tester
analysis in forage sorghum. International Sorghum
and Millets Newsletter, 35:79-80.

Mather K. (1949). Biometrical genetics 1% ed. Methuen,
London.

Nei, M. (1987). Molecular Evolutionary Genetics. (Chapter
9). New York: Columbia University Press.

Prakash, R.; K. Ganesamurthy, A. Nirmalakumari and P.
Nagarajan (2010). Heterosis for fodder yield in
sorghum (Sorghum bicolor L. Moench). Electronic
Journal of Plant Breeding, 1(3): 319-327

Prasanna, B.M. (2010). Phenotypic and molecular diversity
of maize landraces: characterization and utilization.
The Indian Journal of Genetics and Plant Breeding,
70: 315 -327

Rady, Y.H. (2007). Study on the possibility of producing
forage hybrid between maize and teosinte. M.Sc.
Thesis, Fac. Agric., Alazhar University, Egypt.

Rady, Y.H. (2011). Studies on the breeding of maize -teosinte
hybrid. Ph.D. Thesis, Fac. Agric. AL-Azhar
University, Egypt.

Sakr, H.O. and M.F. Mona, Ghazy (2010). Combining ability
and type of gene action for grain yield and some other
traits using line * tester analysis in teosinte inbred
lines (Zea mexicana L). J. Agric. Chemistry and
Biotechnology, Mans. Univ. (9):457-470.

Sallam, A.M. and H.LM. Ibrahim (2014). Effect of harvest
time on yield and seed quality of teosinte.
American-Eurasian Journal of Agricultural &
Environment Science, 14 (11): 1159-1164.

Sneath, P.H.A. and RZR. Sokal (1973). Numerical
Taxonomy: The principles and practice of numerical
classification. San Francisco, Freeman, 188-308.

Steel, R.G.D. and J.H. Torrie (1960). Principles and
procedures of statistics. Mc Graw- Hilll Book
Company , Inc., New York.

Upreti, C.R. and B.K. Shrestha, (2006). Nutrient Contents of
foods and fodder in Nepal. Kathmandu: Nepal
Agricultural Research Council, pp 139.

AL 3 a8 Gl o 5 a8l g cuagd) 368

2 53gd) ae dana daaa Banla g7 jiea cldic Gl aleaa ¢ M daa daaa Gla ) Tl sl e

saa— 3 jgaiall dadla Ao )0 A0 L) gl ad !
raa-Alial) Jualaal) & gag sgaa- Ao 30 Eigagll 3 ja

B0 A e S Ay S (e Al A 1 5,30 (e (£LIS VDl A 5 gl YD Ry f) Y Das Argas sl 3 Al o268

G 8 A sl ALIS e &y a3 320165 2015 (sinall pusall UDA gl 5 ol anili 5 cpm 12 U8 ebad) = gl 50 apanad 8 caoashid cpma
A ) &y sinall Adle IR 3 g g il o pelal AT Sy puadl) Calell Jgemne clical il il rpla s cpngll 38 i 43 ) Sa
b Sl (Py) ) Y jedal Aus aall ciiall muead 3y sinadl Mo S il giaadl g 380 ) 5l ) A G Jelill Clag yo s sia o () A8YL A s paall
Jous gial Apuailly (gl 548 Aed i o) i i DN 8 A g el Cliial) adinal ol e Py Py Gumgll Jedal IS aus g jaall cliuall alanal cillau iall
B4 dad Cin gl i il JS a1 Cilal) Jpeanal (AE 4dall 3 Py x Py cumell) % 259,23 G ((A5Y) 4dall 3 P, xPs cunell ) 5,77 (e LY
S Jazadl Po DLl iS5 (Al asal) APy X Py cpaell) % 145,68 (s¥) 43all (AP, x Py (pnell) 1,03 ol Calall J peandl dical (uagl)
G (8 a5 el ldial) aliea & Gl e ali s 508 Jled Pox Py cpngdl edal s Cilally (sl Calell J sane Stual Callil e adall 508 G g
Capnall i) Jaill 3y gina s 508 2 dgns s ad )l B3 Ay i i g (A juad W) Calal) Jpeane deal (gl Judl (ge Gl 130 2ny Gl i
A 479,3 o gl i A jeladdl il o ) < jelal LS Al el gy B Lagaar) s Sihe (5l Gl G e sl OIS dpaal ) Gl

0l 3716,7 N 416,9 05 £ 2864.9

310



