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SUMMARY

The present investigation was carried out in the Experimental Farm at ElI-Gemmeiza Agriculture
Research Station, (ARC), El-Gharbia Governorate, Egypt, during 2018 and 2019 summer seasons with
aims to produce F1 crosses (by hybridization between maize and teosinte) superior in productivity and
drought tolerance. Also, to estimate heterosis, combining ability and genetic variance of the crosses and
their parents.

In 2018 summer season, seven different genotypes (four females and three males) belong to different
species of Zea were used in the present study. Four maize genotypes (S.C. 130, S.C. 168, T.W.C. 321 and
T.W.C. 352) belong to Zea mays were used as female parents (Lines), while three teosinte genotypes
(Gemmeiza 3, Gemmeiza 4 and Sakha 1) were belonged to Zea mexicana (Euchlaena mexicana) were
used as male parents (testers). The four females and three males were crossed according to (line x tester)
mating design to produce 12 F; crosses outlined by Kempthorne (1957).

In 2019 summer season, all tested genotypes, i.e. seven parents (four maize and three teosinte) as well
as their 12 F, crosses were grown under three irrigation systems i.e., irrigation every 12 (normal), 18
(moderate drought) and 24 days (stress drought) to determine the mean performance, heterosis and
general and specific combining ability of all tested genotypes. At each irrigation system, the seven
parents and 12 crosses were arranged in a randomized complete block design with three replicates.

Measurements

I- Growth traits and forage productivity:
1- Plant height (cm) 2- Number of stem plant™
3-  Number of leaves plant™ 4- Leaves area plant™ (cm?)

5- Fresh and dry weights of stems, leaves and ears plant™ (g)
6- Fresh and dry forage yield fed™ (ton)

I1. Physiological parameters:

1- Total chlorophyll (SPAD value) 2- Proline concentration (ug™ g D.W.)
3- Peroxidase enzyme (min™ g FW) 4- Osmotic pressure (bar)
5- Total water content (TWC%) 6- Relative water content (RWC9%)

I11. Chemical composition:

1- Crude protein % 2- Carbohydrates content %
3-  Ash content %
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IV. Grains yield and its components:

1-
3-
5-

Number of ears plant™. 2- Number of kernels ear™.
100- kernel weight (g). 4- Kernels weight ear™.
Grain yield plant™.

V. Drought tolerance efficiency:

1_
2
3_
4

Water use efficiency “WUE” (kg / m® water)
Drought susceptibility index (DSI)
Tolerance index (TOL)

Relative yield reduction % (RYR)

The obtained results can be summarized as follows:

|-
1-

2-

3-

4-

5-

6-

Growth characters and forage production:

Analysis of variance showed highly significant among the tested genotypes (parents and crosses) for all
growth characters (plant height, no. of tillers plant™, no. and area of leaves plant?, as well as fresh
and dry weights of stem, leaves and ears plant™) and forage productivity (fresh and dry forage yield/
fed™) at the three irrigation systems.

The three teosinte parents were superior to the four maize parents in all growth characters and forage
productivity at the three irrigation systems. Moreover, teosinte parents Gemmeiza 3 (T;) and maize
parent S.C. 130 (L,) produced the highest values of most growth characters and forage productivity
compared to other parents. In addition, all 12 tested crosses had values in most growth traits and
forage productivity more than that obtained by their parents (maize or teosinte) in favor of cross
S.C. 130 x Gemmeiza 3 (L, x T,) which produced the highest values compared to the other tested
crosses at the three irrigation systems.

Exposing the tested 7 parents (4 maize and 3 teosinte) and their crosses to drought stress by increasing
irrigation intervals from 12 to 18 and 24 days caused a gradual decrease in their growth characters as
well as fresh and dry forage yield fed™.

The heterosis effect of 12 crosses relative to either mid—parents (M.P) or better-parents (B.P) were
highly positive significant for most growth characters studied and forage productivity fed™. The cross
(Ly x Ty) was the best cross because it had the maximum values of positive significant heterosis for
most growth characters studied as well as fresh and dry forage yields fed™ under different irrigation
systems as compared to the other tested crosses.

Maize genotype S.C. 130 (L,) and teosinte genotype Gemmeiza 3 (T,) exhibited highly significant
(useful) GCA effect for most growth characters studied as well as fresh and dry forage yields fed™
generally in all tested irrigation systems.

Cross (L; x T,) had the highest significant positive SCA effects for number and dry weight of leaves
plant™ (at normal), leaves and ears fresh weight plant™ (at moderate and stress, respectively) as well as
stem fresh weight plant™ and fresh forage yield fed™ (at the three irrigation systems). However, the
cross T.W.C 352 and Sakha 1 (L, x Ts) exhibited the highest significant positive desirable SCA effect
for ears fresh weight plant™ (at moderate), ears dry weight plant™ (at normal and moderate), number
and dry weight of leaves (at moderate and stress), leaves area plant™, stem dry weight plant™ and dry
forage yield fed™ (at the three irrigation systems).

The ration of GCA/SCA variance for all growth traits studied were less than unity at all irrigation

treatments and the dominance variance (o> D) was greater than additive (c*A).

The values of broad sense heritability were found to be higher than those of narrow sense heritability

for all growth characters plant™ as well as fresh and dry forage yields fed™ under different tested

irrigation systems.
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9-The results indicated that the line x tester had higher contribution to the total variance than both lines
and testers for most growth characters as well as fresh and dry forage yield under one or more
irrigation systems.

I1- Physiological traits:

1- Analysis of variance revealed that positive and significant differences were obtained among the tested
genotypes, parents and crosses for total chlorophyll, proline content, peroxidase enzyme, osmotic
pressure, total and relative water content among the tested genotypes at three irrigation systems.

2- The means of most tested crosses were superior to the means of their parents (maize and teosinte) in
the total chlorophyll, total and relative water content at most irrigation systems, indicating that the
tested crosses are found to be more tolerant to drought stress more than their parents in this study.
Cross L, x T, had the highest values of total chlorophyll, proline content, peroxidase enzyme,
osmotic pressure and relative water content at most irrigation systems, indicating that such cross is
considered the better one to drought tolerant than the other tested crosses.

3- Increasing the irrigation intervals from 12 (normal) to 18 (moderate) and 24 days (stress) caused a
reduction in each of total chlorophyll, peroxidase enzyme, osmatic pressure, while caused an increase
in proline content in all tested genotypes (maize and teosinte and their crosses).

4- Heterosis percentage over mid—parents (M.P) or better-parents (B.P) for most physiological traits
studied was more positive significant in crosses (L; X Ty), (Lo x Ty), (Lz XTy), (Ls X T1) and (L4 % T3)
than the other crosses in one or more of the experienced irrigation systems.

5- The estimation of GCA for maize parent genotypes showed that the highest positive significant values
were obtained by S.C. 130 genotype for total chlorophyll, peroxidase enzyme and osmotic pressure at
the three irrigation systems as well as by T.W.C. 321 genotype for total water content at normal
irrigation system compared to the other maize parents. However, teosinte parent Gemmeiza 3
genotype produced the highest positive significant values of GCA for peroxidase enzyme, osmotic
pressure proline content and total water content, while Sakha 1 genotype had the highest positive
significant values of GCA for total chlorophyll.

6- The crosses L; x T (S.C. 130 x Gemmeiza 3), L, x T, (S.C. 168 x Gemmeiza 4) and L, x T3 (T.W.C.
352 x Sakha 1) exhibited the highest significant positive SCA for most physiological traits under
different irrigation systems compared to the other tested crosses.

7- The ratio of GCA/SCA variance for the physiological traits were less than unity under the three tested
irrigation system and the dominance variance (c°D) was larger than additive (o®> A) in all
physiological traits.

8- The values of broad sense heritability were larger than those of narrow sense heritability and the
percentages h’b% were high for all physiological traits plant™ under all irrigation systems.

9- The results showed that proportion contribution line x tester were higher than each of lines and testers
for most physiological traits under the three irrigation systems.

I11- Chemical composition:

1- The analysis of variance showed mostly significant differences among the tested genotypes (parents
and their crosses) for the chemical composition studied, i.e., protein, carbohydrate and ash % in
whole plant under both normal and drought stress irrigation systems.

2- Teosinte parent genotypes surpassed maize parent genotypes in the values of protein % at (normal and
moderate), carbohydrates % (at stress) and ash% at the three irrigation systems. The highest
significant values of such chemical composition were obtained by teosinte genotype Gemmeiza 3
(T,1) and maize genotype S.C. 130 (L) compared to the other parents in the three irrigation systems.
Moreover, most tested crosses were superior to their parents in the chemical composition (protein
and carbohydrates %) at all irrigation systems. Cross (L; X T;) was the best cross because it
exhibited the greatest values for all chemical composition studied at the three irrigation systems as
compared with the other tested crosses.
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3- The chemical composition studied of all tested parents and their crosses were decreased by prolonging

4

5

8-

irrigation intervals from 12 (normal) to 18 (moderate) and 24 days (stress system).

Heterosis values relative mid-parents (M.P) or better-parents (B.P) for chemical composition traits
were obvious and seemed to be in most crosses at one or more irrigation systems. For protein %,
cross (L; x T,) had the highest positive significant heterosis (M.P and B.P) at the three irrigation
systems, while for carbohydrates% crosses (L, x T; and Lsx T3) had the highest positive significant
heterosis (M.P) at normal and moderate systems. For ash, crosses (Ls x Ty, Ly x Ty and Ly x T3) had
the highest positive significant heterosis (M.P and B.P) at normal, moderate and stress systems,
respectively.

The estimation of general combining ability (GCA) of tested parental genotypes recorded the highest
positive significant values by maize parent S.C. 130 for chemical composition traits and by teosinte
parent (Gemmeiza 3) for ash % in one or more irrigation systems.

The estimation of specific combining ability (SCA) of the tested crosses recorded the highest positive
significant values by cross (L; x T;) and (L, x T3) for protein %, cross (Ls x T3) for carbohydrate %
and crosses (L x T;) and (L4 x T3) for ash % in one or more irrigation systems.

The GCA/SCA variance ratio were less than unity and the dominance variance values (c 2 D) were
much higher than additive variance values (> A) in all chemical traits under the studied irrigation
systems. Also, the values for the average degree of dominance (a) were greater than one for all
chemical traits.

The values of broad sense heritability were larger than those of narrow sense heritability for all
chemical compositions plant™ under all irrigation systems.

9- The results showed that line x testers had higher contribution to total variance than both lines and

testers for protein %, carbohydrates % and ash % under most irrigation systems.

VI- Grain yield and its components:

1-

The mean squares of genotypes and its parents (maize and teosinte) were found to be highly
significant for all values of grain yield and its components (no. of ears plant™, no. of kernels ear™,
kernels weight ear™® and 100-kernels weight) at the three irrigation systems. However, the crosses
(maize x teosinte) mean squares were found to be highly significant in the no. of ears plant™ and
grain yield plant® (at the three systems) as well as 100-kernels weight (at normal and moderate
systems).

All maize parent genotypes were superior to teosinte parent genotypes and the resultant crosses in
each of no. of kernels ear™, kernels weight ear™, 100-kernel weight and grain yield plant™ in favor of
S.C. 130 genotype at most irrigation system. However, teosinte parent genotypes surpassed maize in
the no. of ears plant™®in favor of Gemmeiza 4 genotype at the three irrigation systems. Moreover,
cross (L, x T,) was appeared to be favorable cross in grain yield plant™ and most of its components
compared to the other crosses.

Increasing irrigation intervals from 12 to 24 days caused a pronounced reduction in the values of
grain yield plant™ and its components for all tested genotypes (maize, teosinte and their crosses).
There is positive highly significant heterosis percentage relative to M.P and B.P among all 12 tested
crosses in the no. of ears plant™in favor of cross (L, xT,) which had the highest values at the three
irrigation systems. All tested crosses had negative significant heterosis relative to either M.P or B.P
for the rest tested grain components at the three irrigation systems.

Maize genotype S.C. 130 (as a line) and teosinte genotype Gemmeiza 3 (as a tester) had the highest
positive significant of GCA effect for no. of ears plant™ and grain yield plant™ at the three irrigation
systems, indicating that such parents are considered good donors in breeding program to improve the
grain yield plant™ of maize and teosinte in this study.

The mean squares of SCA effect recorded the highest positive significant by cross (L, x T,) for grain
yield plant™ at the three irrigation systems and 100- kernel weight at moderate system and by cross
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(L, xT,) for no. of ears plant™ at normal and stress systems as well as 100 kernel weight at normal
system, indicating that such crosses could be considered the best combination.

The ratio of GCA/SCA variance were less than unity and dominance variance (6> D) was
greater than additive (0% A) in all grain yield characters. Also, presence of over dominance was
greater than the unity for all grain yield traits under the three irrigation systems.

The values of broad sense heritability were found to be higher than those of narrow sense
heritability for all grain yield traits under different tested irrigation systems.

The results indicated that the line x testers had higher contribution to the total variance than both lines
and testers for number of ears plant™, number of kernels ear™, kernels weight ear and 100-kernel
weight. While, testers had higher contribution than both lines and lines x tester for grain yield plant™
under the three irrigation systems.

- Drought tolerance efficiency:

Data showed generally that water use efficiency of the three tested teosinte parents was superior to
the four tested maize parents at the three irrigation systems. that the highest by values of water use
efficiency (WUE) for testers parents were obtained by Gemmeiza 4 genotypes (28.052, 34.135 and
32.733 kg fresh forage yield/ m* water), while for the maize parents were obtained by S.C.130
genotypes (10.377, 11.614 and 11.146 kg/m* water) at normal, moderate and stress irrigation
systems, respectively.

All 12 F; hybrids (maize x teosinte) significantly surpassed their parents in WUE at the three
irrigation systems, the highest values of WUE were obtained by crosses L;x T, (62.709 and 59.263
kg/m?) and L, x T (57.639 and 54.722 kg/m°) at stress and moderate systems respectively, as well as
L, x T3 (54.705 kg/m?), L3 x T3 (53.347 kg/m?) and Lz x T, (44.108 kg/m®) in descending order when
they were irrigated every 24 days (stress system).

All tested teosinte parent genotypes are generally considered more tolerant to drought stress than all
tested maize parent genotypes at moderate irrigation system. However, teosinte Gemmeiza 3
genotype was superior in the drought tolerant at stress irrigation system.

Crosses (Ly x Ty), (Lo x Ty), (Ls % T3), (L3 X T,) and (L3 x T3) were found to be the best crosses to
drought tolerant because they exhibited the lowest values of drought tolerance indices (TOL, RYR %
and DSI) when they were grown under the stress irrigation conditions in this study.

Conclusion

It could conclude that the five crosses L; x T; (S.C. 130 x Gemmeiza 3), L, x T, (S.C. 168x

Gemmeiza 3), Ly x T3 (T.W.C. 352 x Sakha 1), L3 x T, (T.W.C. 321 x Gemmeiza 4) and Lsx T3 (T.W.C.
321 x Sakha 1) surpassed the other crosses and exhibited the maximum fresh and dry forage yield fed™
and recorded the lowest values of drought tolerance indices. So, they can use in forage breeding program.
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