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ABSTRACT: The study was carried out to evaluate some maize-teosinte hybrids under water stress
conditions, seven parent genotypes i.e., maize (S.C. 130, S.C. 168, T.W.C. 321 and T.W.C. 352) as
female and teosinte (Gemmeiza 3, Gemmeiza 4 and Sakha 1) were used as male. Genotypes were crossed
using by line x tester mating design to produce 12 F; crosses. Tested genotypes, i.e., seven parents (four
maize and three teosinte) as well as their 12 F1 crosses were evaluated under three irrigation regimes i.e.,
irrigation every 12 (normal), every 18 (moderate) and every 24 days (stress regime). Mean performance
and combining ability (general and specific). For tested genotypes (growth characters and forage
production, physiological parameters, chemical composition in forage plants, grains yield and its
components of maize as well as water use efficiency/ fad and drought tolerance indices. Results cleared
that, analysis of variance was highly significant among the tested genotypes (parents and crosses) for
most characters studied under the three irrigation regimes. The three teosinte parents were superior to the
four maize parents in most growth characters and forage productivity under the three irrigation regimes.
Moreover, teosinte parents Gemmeiza 3 (T;) and maize parent S.C. 130 (L;) produced the highest values
of most characters as well as forage productivity. In addition, all 12 tested crosses had the highest values
of most measured traits that were higher than that obtained by their parents (maize or teosinte). S.C. 130 x
Gemmeiza 3 (L; x Ty) cross which gave the highest values under the three irrigation regimes. Exposing
the tested seven parents (four maize and three teosinte) and their crosses to drought stress by increasing
irrigation intervals from 12 to 18 and 24 days caused a gradual decrease in their most characters as well as
fresh and dry forage yields/ fad. Maize genotype S.C. 130 (L) and teosinte genotype Gemmeiza 3 (T1)
exhibited highly significant (useful) GCA effect for most characters studied as well as fresh and dry
forage yields/ fad generally in all tested irrigation regimes. Crosses (L; x Ty, Ly X T3) exhibited the
highest significant positive desirable SCA effect for all studied as well as fresh and dry forage yields fad™
(under the three irrigation regimes). GCA/SCA variance for all traits studied were less than unity under
all irrigation treatments. The data showed generally that water use efficiency (WUE) of the three tested
teosinte parents was superior to the four tested maize parents under the three irrigation regimes. The
highest values of WUE for teosinte parents were obtained by Gemmeiza 4 (T,) genotype, while for the
maize parents were obtained by SC130 (L;) genotype at the three irrigation regimes. All 12 F; crosses
(maize x teosinte) significantly surpassed their parents in WUE under three irrigation regimes. The
highest values of WUE were obtained by crosses (Lix Ty), (L X Ty), (Lg X T3), (L3 X T3) and (Ls x Ty) in
descending order when they were irrigated every 24 days (stress regime). All tested teosinte parent
genotypes are generally considered more tolerant to drought stress than all tested maize parent genotypes
under moderate irrigation regime. Moreover, teosinte Gemmeiza 3 (T,) genotype was superior in the
drought tolerant under stress irrigation regime. Crosses (L; X Ty), (L; X T), (L2 X Ty), (L3 X Tg)and (L4 x
Ts) exhibited the lowest values of drought tolerance indices (TOL, RYR % and DSI) when they were
grown under the stress irrigation conditions, indicating that those crosses were found to be the best
crosses (maize x teosinte) to drought tolerance in this study.

Keywords: Maize, Teosinte, Drought, Crosses, Hybrids, Irrigation Regimes, Line x Tester, Combining
Ability.
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INTRODUCTION

The production of forages insufficient
quantity and quality throughout the year. So,
Now-adays many attempts in Egypt are doing for
increasing the forage quantity and quality
production, especially in summer season, where
the area of fresh forage crops is very limited.
Great efforts have been done for increasing
forage yield quantity and quality per unit area.
Maize x teosinte hybrids (maizinte) could
provide and answer to overcoming the problem
of insufficient quantity and quality production of
summer forages. Chaudhuri and Prasad (1969),
raised the successful hybrids between maize and
teosinte with considerable of heterosis was
observed, where Teosinte (zea Mexicana L.
2n=20) belongs to Poaceae is considered the
most closely related to maize (zea mays L. 2n=
20) and an expected new forage crop in Egypt.
Maize x teosinte hybrid (maizinte) has been of
considerable interest to both maize and teosinte
breeders. Hybridization between maize and
teosinte was started in early thirty's in India
(khan 1957). The F1 hybrids possessed the
characters that contributed toward higher forage
yield. Hybrid had somewhat longer vegetative
period than maize but, were much earlier than
teosinte in flowering habit and had a profuse
number of cobs plant™. Hybrids grew quicker
than either their parents and on average had 2-3
tillers plant™ and consequently more leaves plant’
! than maize. The information about "maizente"
has been given by several authors (Abdel-Aty et
al., 2013; Hatab, 2014; Sakr, 2017; Mousa et al.,
2017 and Bendary et al., 2022).

Water is the most important factor which is
essential for growth of plant and ultimately
enhance yield of crops. Water stress is abiotic
stress factor that adversely affects crop growth
and productivity by changing the morphological,
physiological and biochemical processes of plant
(Al-ashkar et al., 2016 and Barutculer et al.
2016).

Line x tester analysis developed by
Kempthorne 1957 is a breeding strategy for
predicting general combining ability (GCA) of
parents and selecting suitable parents and crosses

with high specific combining ability (SCA).
Also, provides information regarding genetic
mechanisms controlling important quantitative
traits (Yildirim and Cakir, 1986; Rashid et al.,
2007; Aslam et al., 2014).

Knowledge of general and specific
combining abilities and gene actions helps to
decide breeding method to choose desirable
genotypes. Salgotra et al. (2009). Malik et al.
(2014) stated that general combining ability is
attributed to additive type of gene effects, while
specific combining ability is attributed to non-
additive type of gene actions.

MATERIALS AND METHODS

The present study was carried out in the
Experimental Farm at EL-Gemmeiza Agriculture
Research Station (ARC), El-Gharbia
Governorate, Egypt, during 2018 and 2019
summer seasons. Seven different genotypes (four
female and three males) belonging to different
species of Zea were used in the present study.
Four maize hybrids belong to Zea mays (S.C.
130- S.C. 168- T.W.C. 321- T.W.C. 352) were
used as female parents (lines), while three
teosinte genotypes were belonged to zea
mexicana (Euchlaena mexicana) were used as
males (testers). The four females and three males
were crossed according to (line x tester) mating
design to produce 12 F; crosses. In 2018 season,
the parents representing of the three teosinte
genotypes (Testers) i. e., Gemmeiza 3,
Gemmeiza 4 and Sakha 1 were sown on the 3"
June while those of four maize hybrids (Lines)
were sown on two dates; July 25" and 31". The
kernels of the four maize and three teosinte
genotypes were obtained from maize and forage
research  sections, respectively, agriculture
research center (ARC) ministry of agriculture.
All  recommended cultural practices were
applied. At the flowering stage, crosses were
made between lines and testers using (lines x
tester) design. In 2019 summer season, three
field experiments were conducted to evaluate the
seven parents and 12 F; crosses under three
irrigation regimes i.e., irrigation every 12
(3481.11m%, 18 (2752.07m°) and 24 days
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(2444.99m°). Each experiment was arranged in a
randomized complete plot design with three
replicates. Each entry was grown in 4 rows, 4
meters long and 80 cm apart. Kernels were
planted in hill 35 cm apart on 15" June.
Irrigation was stopped for the three irrigation
regimes at (90 DAS) to reach grain maturity of
maize (110 DAS) and teosinte and crosses
(maize x teosinte (120 DAS).

Water requirement for the three irrigation
regimes was determined using submerged flow
orifice with fixed dimension to convey and
measure the irrigation water applied according
method described by Michael (1978).

Studied traits

At silage stage (100 DAS), the following
parameters were measured:

Growth characters i.e.,, Plant height (cm),
Numbers of tillers and leaves plant™, Leaves area
plant-1 (cm?), Stem fresh and dry weights plant-
1(g), Leaves fresh and dry weights plant-1(g),
Ears fresh and dry weights plant™ (g) and Fresh
and dry forage yields fad™ (ton)

Physiological parameters: Total chlorophyll,
Proline concentration, Peroxidase Enzyme,
Osmotic pressure, Total and relative water
content.

Chemical composition: Crude protein %,
Carbohydrate content % and Ash content%.

Grains yield and its components: At harvest,
(maize at 110 DAS , teosinte and crosses at 120
DAS), samples of ten plants were taken to
determine the following traits (number of ears
plant®, number of kernels ear?, 100- kernel
weight (g), kernels weight ear and grain yield
plant™).

Analysis of variance

Line x tester analysis as proposed by
Kempthorne (1957) used to was used in
portioning the genetic variation of the F; crosses
due to lines, testers and their crosses and
provides information about general and specific
combining ability for parents and crosses.

Drought tolerance efficiency

The following drought tolerance indices have
been performed to identify drought tolerance
efficiency of genotypes considering fresh forage
yield fad™ at the three irrigation regimes.

1. Water use efficiency (kg / m® water)

It was calculated using the following
Equation (Michael, 1978)

Water use efficiency = fresh yield (kg/ fad) /
total applied water (m3/fad).

2. Drought susceptibility index (DSI)

It was calculated using the following
equation according to according to Fischer and

Maurer (1978):
DSI=(1-Y, Yp) /D

3. Tolerance index (TOL)

It was calculated using the following
equation according to Hossain et al. (1990).
TOL=YP-YS
4. Relative yield reduction % (RYR)

It was calculated according to Golestani and
Assad (1998) using the following formula
(RYR%) =1-(Ys/Yp) x100
Where: Ys = performance of genotype under
drought stress.
YP = performance of genotype under normal
irrigation

RESULTS AND DISCUSSION

1- Growth
production

characters and forage

The analysis of variance of the tested
genotypes (four maize as lines, three teosintes as
testers and their 12 crosses) under irrigation
regimes, i.e, irrigation every12 days (normal), 18
days (moderate) and 24 days (stress) are
presented in Table (1) for growth characters and
forage production fad™.

The data of mean squares for tested
genotypes were highly significant for all studied
growth characters (plant height, numbers of
tillers plant™ and leaves plant™, leaves area
plant®and fresh and dry weights of stems plant™,
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leaves and ears plant® as well as forage
production (fresh and dry yields fad™). These
results were common in under the three irrigation
regimes. Moreover, the data of mean squares for
parents, crosses and parents vs. crosses, lines
(maize), testers (teosinte) and lines x testers
(crosses) were highly significant for all studied
growth characters and forage yield under any of
the studied irrigation regimes. However, the
mean squares of testers were not significant for
numbers of tillers and leaves plant™® and leaves
fresh weight plant® (under the three irrigation
regimes) as well as leaves area plant™ (under
normal and moderate) and leaves dry weight
plant® (under moderate regime). In this respect,
many researchers found a significant variation
among genotypes of maize, teosinte and their
hybrids under any of irrigation regimes for some
growth characters (Abdel- Aty et al., 2013) and
Ghazy, 2016) and for forage yield (Sakr and
Ghazy, 2010).

GCA/SCA variance for all growth traits
studied were less than unity under all irrigation
treatments. Such results suggests that inheritance
of these traits was mainly controlled by non-
additive gene effects (Sakr et al., 2009 and
Ghazy, 2016).

Mean performance of variance of the tested
genotypes for growth characters and forage
production were presented in Table (2). Data
showed that increasing irrigation intervals from
12 to 18 or 24 days significantly and gradually
decreased all growth characters studied, i.e, plant
height, number of tillers plant®, number of
leaves plant?, leaves area plant™ and fresh and
dry weights of stem, leaves and ears plant® as
well as forage production (fresh and dry forage
yields fad™). This means that exposing either
maize and teosinte plants or their crosses to
drought condition caused an injury and reduction
in the growth characters and consequently the
forage production fad™. The highest reduction
(minimum values) was obtained when the plants
were irrigated every 24 days (stress condition).
The data showed that the tested crosses were
superior to their parents in most growth
characters and forage production fad™ under the
three tested irrigation regimes. Also, the data

indicated that the means of teosinte parents had
higher values than those of maize parents for all
growth characters studied as well as fresh and
dry forage yields fad™ and the highest values of
parents were recorded by genotypes S.C. 130 and
Gemmeiza 4 for the same traits under the three
tested irrigation regimes. Sakr and Ghazy (2010)
and Mousa et al. (2017) found variation among
teosinte and maize in their growth and forage
production.

The superiority of cross (L; x Tq) in the
abovementioned characters may be due to the
exceeding of their maize parent (S.C. 130) in
those characters under all experienced irrigation
regimes as previously discussed. In this respect,
Ghazy (2016) and Habeba (2019) found variation
among the crosses of (maize x teosinte) in their
growth characters and Nanavati et al. (2016) and
Fayed et al. (2020) in fresh and dry forage
production/ unite

General Combining Ability: (GCA)

Estimation of GCA effects for individual
parents i.e. maize (lines) and teosinte (testers) for
growth characters and forage production were
shown in Table (3) under the studied three
irrigation regimes. Generally data showed that a
positive high values of GCA effects which might
be of interest for most studied traits Maize
genotype (S.C. 130) showed high significant
positive GCA effect for plant height, number of
tillers and leaves plant®, leaves area plant™,
leaves and ears fresh weight plant™ and leaves,
stem and ears dry weight plant™ as well as fresh
and dry forage yields fad™ as compared with the
other maize parents during the three regimes.
This indicate that such maize parents found to be
a good combiner for growth developing and
forage  productivity.  Teosinte  genotype
(Gemmeiza 3). for plant height, stem and ears
fresh weight plant?, leaves, stem and ears dry
weight plant™ as well as fresh and dry forage
yields fad™ under one or more of tested irrigation
regimes. This indicate that such genotype
seemed to be best combiner for those traits. On
the other hand, there were no significant among
testers for numbers of tillers and leaves plant™,
leaves area plant™. From these results, it can be
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concluded that S.C. 130 maize parent (L) and
Gemmeiza three teosinte parent (T;) exhibited
favorable general combining ability effect for
most traits studied herein. This means that those
genotypes could be used as donors in program to
improve the growth characters and forage
productivity of maize and teosinte under any
tested irrigation regimes. Rady (2007), Sakr and
Ghazy (2010), Meseka et al., (2011), Abd EI-
Zaher (2016) and Shaibu et al. (2021) they found
positive GCA in some maize and teosinte
genotypes in some growth characters and forage
productivity.

Specific Combining Ability: (SCA)

Estimates of the (SCA) effects of the 12
crosses between four maize parents (lines) and
three teosinte parents (testers) under the three
tested irrigation regimes for growth characters,
fresh and dry forage yields fad™ were presented
in Table (4). There are highly significant positive
SCA effects in the plant height of crosses L x T,
(under normal irrigation regime), L; x Tyand L,
x T3 (under moderate irrigation regime) and L; x
T, (under stress irrigation regime). These crosses
also exhibited significant desirable heterosis for
this trait under various irrigation regimes as
previously discussed. Moreover, Cross Ly x T,
had the highest significant positive SCA effects
for number of leaves plant® and leaves dry
weight (under normal), leaves and ears fresh
weight plant® (under moderate and stress,
respectively) and stem fresh weight plant™, as
well as fresh forage yield fad(under normal,
moderate and stress irrigation regimes). The
cross Ly x Tz exhibited highest significant
positive desirable SCA effect for ears fresh
weight plant™ (under moderate), ears dry weight
plant*(under normal and moderate), number and
dry weight of leaves (under moderate and stress),
leaves area plant™, stem dry weight plant® and
dry forage yield fad™ (under the three irrigation
regimes). Also, cross (L; x T3) showed good
SCA effect for ears dry weight/ plant (under
stress irrigation regime). In this concern, Sakr
and Ghazy (2010), Abdel-Aty et al. (2013),
Hatab (2014), Ghazy (2016), Habeba (2019) and
Shaibu et al. (2021) found highly significant
positive SCA effects in maize x teosinte crosses

in some growth characters and forage
productivity.

From these results, it could be concluded
generally that the crosses namely L; X Ty, and L4
x T could be considered the best combination,
since these crosses recorded the highest
significant positive SCA for most growth traits
and productivity under different environmental
conditions of irrigation stress.

2- Physiological parameters

Data in Table (5) observed that the mean
squares of lines (maize) were significant for total
chlorophyll, peroxidase enzyme and osmotic
pressure (under the three irrigation regimes),
proline content (under normal regime) and
relative water content (under normal and stress
regimes). However, the mean squares of lines
were no significant for total water content in the
three regimes. Moreover, the data showed that
testers mean squares were significant for
peroxidase enzyme and osmotic pressure (under
three irrigation regimes), total chlorophyll,
proline content and relative water content (under
moderate and stress regimes). However, mean
squares of testers for total water content % failed
to reach the 5 % level of significance. The mean
squares of lines x testers were significant for
total chlorophyll, proline content, peroxidase
enzyme and osmotic pressure (under three
irrigation regimes), for total water content (under
normal regime) and for relative water content
(under stress regime).

GCAJ/SCA variance for the physiological
traits were less than unity under any of the three
tested irrigation regimes.

Data in Table (6) showed that increasing
irrigation intervals from 12 (normal) to 18
(moderate) and 24 (stress regime) consistently
decreased the mean values of each tested parents
(maize and teosinte) and their crosses in total
chlorophyll, peroxidase enzyme and osmotic
pressure, but caused an increase in the values of
proline content. On the contrary, the values of
total and relative water contents for the tested
genotypes were fluctuated from irrigation regime
to another.
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Table (4): Estimates of specific combining ability effects (SCA) of 12 crosses (four maize x three
teosinte) for growth characters and forage productionfad™ under three irrigation
regimes (at 100 DAS).

Plant height (cm) No. of tillers plant™ No. of leaves plant™ Leaves area plant™ (cm?)

Crosses Normal [Moderate| Stress | Normal [Moderate| Stress Normal |Moderate| Stress Normal |Moderate| Stress
Ly xTy 5.08 10.78* -3.67 0.44 0.50 0.36 8.97** 5.50** 4.19* 8281.76** |4921.04**(5686.91**
Ly xT, 5.08 -1.81 14.67** |-0.06 -0.17 -0.22 -0.47 1.83 -0.22 1602.99 720.45 | 2571.04*
Ly x T, -10.17* |-8.97 -11.00* |-0.39 -0.33 -0.14 -9.44** | -7.33** |-3.97* |-9884.75**|5641.49**-8257.95**
L,xT,; 2.08 6.56 244 -0.11 -0.17 0.14 -2.25 0.17 -1.03 -816.97 -983.28 |-466.31
L,xT, -7.92 -7.69 -1.89 -0.28 -0.17 -0.11 1.92 -0.50 0.56 1091.89 |653.37 1644.52
L, x T, 5.83 1.14 -0.56 0.39 0.33 -0.03 0.33 0.33 0.47 -274.92 329.91 -1178.21
L3x T, -4.92 -5.33 6.22 -0.44 -0.06 -0.08 -5.81* -4.61* -2.36 -1472.31 |-2215.27 [-990.96
L3xT, 8.42* 6.75 -13.44* 10.39 0.28 0.33 4.03 3.72* 4.56** 11930.95 |2313.96 |-489.89
L3 x T, -3.50 -1.42 7.22 0.06 -0.22 -0.25 1.78 0.89 -2.19 -458.65 -98.70 1480.86
LyxT, -2.25 -12.00* |-5.00 0.11 -0.28 -0.42 -0.92 -1.06 -0.81 -5992.49**| -1722.49 [-4229.63**|
LyxT, -5.58 2.75 0.67 -0.06 0.06 0.00 -6.42* -5.06** | -4.89** |-4625.83* [-3687.79* |-3725.67**|
Lyx T, 7.83 9.25* 4.33 -0.06 0.22 0.42 7.33** 6.11** 5.69** [10618.32**|5410.28**|7955.30**
L.S.D 0.05]8.17 9.14 10.54 0.52 0.54 0.43 4.93 3.47 3.16 3608.24 |3597.78 |2008.17

L.S.D 0.01]10.96 12.25 14.13 0.70 0.73 0.58 6.61 4.65 4.23 4838.31 |4824.29 |2692.76
Stem Fresh weight plant™ (g) | Leaves Fresh weight plant™ (g) [ Ears Fresh weight plant™ (g) | Fresh Forage yield fad™ (ton)
Ly xTy 360.05** | 256.48** | 454.27** | 95.86* 115.18** | 28.72 87.14 128.81** | 173.12** | 13.58** [ 12.51** |16.40**

L xT, -219.27** | -88.55 -49.15 -21.38 0.79 29.89 -17.27 -51.18 -44.14 | -6.45** [-3.47 -1.58

Ly x T, -140.79**(-167.93 |-405.12**| -74.48* |-115.97**|-58.61 -69.87 -77.62* |-128.98**(-7.13**  |-9.04** |-14.82**
L, xTy 130.05* |127.57 204.74** | 24.68 -12.51 53.60 133.50* |[158.48** | 137.47** | 7.21** 6.84** 9.90**
L,xT, -56.67 -155.33 |-63.64 -19.73 -14.90 341 -63.10 -21.89 -74.82* [-3.49 -4.80* -3.38

L, xTs; -73.37 27.76 -141.10 (-4.95 27.42 -57.01 -70.40 -136.58** | -62.65 |-3.72 -2.04 -6.52**
Ly x Ty -230.30**| -164.08 |-266.48**| -49.88 -32.82 -63.45* [-153.11** [-209.90** |-224.60**| -10.83** | -10.17** | -13.86**
Ly xT, 200.31** (117.28 63.65 42.98 52.66** |8.88 119.88* | 158.27** [166.98** | 9.08** 8.21** 5.99**
L3x T, 29.99 46.79 202.83** [ 6.90 -19.84 54.56 33.22 51.63 57.62 [1.75 1.96 7.88**
LyxT;y -259.80** | -219.98* |-392.53** [ -70.66 -69.84** |-18.88 -67.53 -77.39* | -85.98* |-9.95** |-9.18** |-12.43**
LyxT, 75.63 126.60 49.14 -1.87 -38.55* |-42.18 -39.51 -85.19** | -48.03 [0.86 0.07 -1.03
Lyx T, 184.17** 1 93.37 343.39** | 72.53* 108.39** [61.06 107.04* |162.58** [134.01** | 9.09** 9.11** 13.46**
L.S.D 0.05]100.26 172.74 116.32 72.48 36.84 62.07 106.73 63.09 72.78 |[4.53 4.40 4.32
L.S.D0.01|134.43 231.63 155.98 97.19 49.40 83.22 143.12 84.59 97.60 |6.08 5.90 5.79

Stem Dry weight plant™ (g) Leaves Dry weight plant™ (g) | Ears Dry weight plant™ (g) Dry Forage yield fad™ (ton)
Ly xT, 126.75** | 49.17** |[19.50 72.26** | 54.73** |38.23** |[45.40** [40.30** |10.70 6.11** 3.60** 1.71*
Ly xT, 18.10 20.86 31.95 11.55 48.16** |30.68* 55.17** |29.84** |25.95** |2.12* 2.47** 2.21**
Ly xTs -144.85** [ -70.03** [-51.44* |-83.80** |-102.90**[-68.92** [-100.58**|-70.14** |-36.65** | -8.23** -6.08** |-3.93**
L,xT, -2.80 29.32 42,74 15.89 27.87 38.87** |[65.36** |52.41** |26.89** |1.96* 2.74** 2.71%*

Lo xT, 6.45 32.86 33.60 -18.59 -16.54 -3.34 -40.77** [-35.86** [-6.78 -1.32 -0.49 0.59
Ly xTs -3.65 -62.18** [-76.34** (2.70 -11.33 -35.54* |-24.58 -16.56 -20.11* [-0.64 -2.25%* |-3.30**
Lyx T, -41.77*  [-6.82 -40.34 -45.04* [-22.77 -21.47 -51.30** [-20.67* (-17.41 |-3.45** [-1.26 -1.98**
L;xT, 21.00 -34.53* |[-7.65 27.25 1.64 6.20 0.54 11.91 -1431 (122 -0.52 -0.39
L3 x T 20.77 41.35% | 47.99* 17.79 21.13 15.26 50.76** |[8.76 31.72%* [2.23** 1.78* 2.37**
LyxTy -82.19** |-71.67** |-21.90 -43.11* [-59.83** [-55.64** | -59.46** |-72.04** |-20.18* [-4.62** |-5.00%* |-2.44**
Ly xT, -45.55* [-19.19 -57.89* |-20.21 -33.27* [-33.55* [-14.94 -5.90 -4.86 -2.02* -1.46* -2.41%*
LyxTs 127.73** |1 90.86** | 79.79** |63.32** |93.10** |89.19** [74.41** (77.94** [25.05* |6.64** 6.55**  |4.85**
L.S.D 0.05]39.29 33.12 46.79 37.93 3172 27.15 27.98 16.78 19.18 161 1.33 131
L.S.D 0.01]52.68 44.41 62.74 50.85 42.53 36.41 37.51 22.50 25.72 2.16 1.79 1.76
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Data of parents means (maize and teosinte)
and their crosses, showed that the means of all
tested crosses ware superior to their parents in
total chlorophyll, proline content, total and
relative water contents under the three irrigation
regimes. However, the means of the two parents
exceeded their crosses in peroxidase enzyme and
osmotic pressure under the three irrigation
regimes. Similar results were obtained by Niazi
et al. (2015) who found that mean of crosses
(maize x teosinte) had total chlorophyll more
than their parents.

The means of maize genotypes was superior
to the means of teosinte genotypes in the total
chlorophyll, parents in the proline content, total
and relative water contents under most tested
irrigation regimes. Maize parent (S.C. 130) had
the highest values of total chlorophyll, proline
content, peroxidase enzyme and osmotic pressure
under the three irrigation regimes. Moreover,
S.C168 genotype had the highest values of total
water content under normal and stress regimes.
However, no significant variation was detected
among the tested maize genotypes for relative
water content under the three irrigation regimes.
Teosinte parent (Gemmeiza 4) surpassed the
other genotypes in the wvalues of total
chlorophyll, proline content and osmotic pressure
under the three irrigation regimes, peroxidase
enzyme under moderate and stress regimes and
total water content under normal regime.
However, Gemmeiza 3 was superior to the other
genotypes in total water content under stress
regime. Reversely, the differences among tested
teosinte genotypes were not significant for
relative water content under all tested irrigation
regimes.

In Comparison among the 12 crosses (maize
x teosinte), the data showed that the cross (L; x
T1) was considered the best cross where it gave
the highest values of total chlorophyll, proline
content, peroxidase enzyme and osmotic pressure
under the three irrigation regimes. Moreover, the
greatest values of total water content were
obtained by cross Ls x T; under normal, cross L
x T, under moderate and cross L; x T3 under
stress regime. However, the best values of
relative water content were recorded by L; x T,
under normal as well as cross L, x T3 under

moderate and stress regime. From these results, it
can be suggested that crosses Ly x Tyand Ly x Ts
were generally superior to the other crosses in
the most physiological characters and this in turn
increased its growth characters and forage
production as previously shown in Table (2). In
this concern, Niazi et al. (2015) and Kumar et al.
(2020) found variation among the crosses (maize
x teosinte) in total chlorophyill.

General Combining Ability effects:
(GCA)

Concerning maize parental genotypes (lines),
data in Table (7) indicated that maize genotype
S.C. 130 had the highest significant positive
GCA effect for total chlorophyll, peroxidase
enzyme and osmotic pressure under the three
irrigation  regimes, respectively. However,
T.W.C. 321 genotype had the highest significant
positive GCA effect for total water content under
normal regime. On the other hand, the other
maize genotypes (lines) had no significant
positive for GCA for the rest of physiological
characters (proline content and relative water
contents) under the irrigation regimes. With
regard to teosinte parent genotypes (testers), data
showed that Gemmeiza three genotype had the
highest significant positive values of GCA for
peroxidase enzyme, osmotic pressure under the
three irrigation regimes, as well as proline
content under moderate and stress regimes,
respectively and total water content under stress
regime. On the other hand, Sakhal genotype had
the highest significant positive values of GCA
for total chlorophyll under moderate and stress
regimes, respectively. Reversely, there were no
significant positive differences in GCA among
the other tested teosinte genotypes in relative
water content under all irrigation regimes.

From these results, it might be concluded that
maize parent S.C. 130 (L;) and teosinte parent
Gemmeiza 3 (T;) exhibited favorable general
combining ability effect for most physiological
studied traits. This means that those genotypes
could be used as donors in breeding program to
improve physiological traits of maize and
teosinte genotypes under any of the tested
irrigation  regimes.  Consequently, increase
growth characters and forage productivity.
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Specific Combining Ability: (SCA)

Estimates of the SCA effects of the 12
crosses data in Table (8) showed that cross L, x
T; had the highest significant positive SCA
effects for total chlorophyll, peroxidase enzyme
and osmotic pressure under the three irrigation
regimes. On the other hand, the highest
significant positive SCA effect for proline
content were obtained by cross L; x T, under
normal and cross L, x T, under moderate regime.
Moreover, cross L, x T, had also, the highest
significant positive SCA effects for total water
content under stress regime. From these results,
it might be concluded that the crosses L4 % T3, Ly
x T, and L, x T, might be considered the best
combination, since these crosses recorded the
highest significant positive SCA for most studied
physiological traits under different conditions of
irrigation.

3- Chemical composition

The analysis of variance for chemical
composition (protein%, carbohydrates% and
ash%) in the whole plants of the tested genotypes
(four maize (lines), three teosintes (testers) and
their 12 crosses under three irrigation regimes
were presented in Table (9). Results showed that
mean squares of genotypes for all chemical traits
were mostly highly significant under any of the
three irrigation regimes. Moreover, the mean
squares of parents were highly significant for
carbohydrate% under normal, and ash% under
stress. In addition, the mean squares of crosses
were highly significant for ash% and protein%
under the three irrigation regimes. Also,
carbohydrate% under normal and moderate
irrigation regimes. However, the mean squares of
Parents vs. crosses were highly significant for
protein % and carbohydrate % under the three
irrigation regimes but for ash % under normal.
Results also showed that lines mean squares
were highly significant for protein% and ash%
under all irrigation regimes but for
carbohydrate% under normal. Moreover, testers
mean squares were highly significant for
protein% (under stress) and ash% (under normal
and moderate regimes). However, lines x testers
mean squares were highly significant for protein

% (under moderate and stress), carbohydrate %
(under normal and moderate) and ash % (under
the three irrigation regimes). On the contrary, the
rest of chemical composition under irrigation
regimes, the mean squares were not significant.

The GCA/SCA variance ratio were less than
unity for all chemical characters under the three
studied irrigation regimes with exception
protein% under normal irrigation regime.

Mean performance of chemical composition
traits (protein %, carbohydrates % and ash %) for
the tested parental genotypes (four maize and
three teosinte) and their 12 crosses under three
irrigation regimes were presented in Table (10).
Data showed that prolonging irrigation intervals
from 12 (normal) to 24 days (stress) gradually
decreased the values of protein, carbohydrates
and ash % of the tested genotype and their
crosses. El-Gedwy et al. (2020) found that
decreasing the amount of irrigation caused a
reduction in protein %. Also, Barutgular et al.
(2016) reached similar results in maize grain in
ash %.

The data showed that maize parent (S.C. 130)
mostly had the highest values of carbohydrates%
(under the three irrigation regimes), ash% (under
moderate and stress regimes) and protein %
(under stress regime). Moreover, teosinte parent
(Gemmeiza 4) was superior in the values of
carbohydrates % (under normal and stress
irrigation regimes) than the other parents.
However, insignificant variation were detected
among the other tested maize and teosinte
parents for the rest of chemical analysis under
the other irrigation regimes. Hatab (2014),
Mousa et al. (2017) and Sakr (2017) who found a
significant differences among maize and teosinte
genotypes in the protein and ash contents.

With regarded to the comparison among the
tested crosses and their parents (maize or
teosinte) data showed that the mean of all crosses
surpassed the mean of their parents in protein%
and carbohydrate % in the three irrigation
regimes. Also, ash % in normal regime gave
similar result. The cross (L; x T;) was
considered the best hybrid regarding chemical
composition traits, since it produced the highest
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significant values of protein%, carbohydrates%
and ash% under the three irrigation regimes. In
this concern, Niazi et al. (2015) and Nanavati et
al. (2016) found variation among maize and
teosinte as well as their crosses in protein %,
Flint-Garcia et al. (2009) in carbohydrate % and
Hatab (2014) and Mousa et al. (2017) in ash %.

General Combining Ability (GCA)

Estimation of GCA of protein, carbohydrate
and ash % for the tested seven parent genotypes
(four maize and three teosinte) were presented in
Table (11). Data indicated that maize genotype
S.C. 130 had the highest significant positive
GCA effect for protein and ash % under all
irrigation regimes, while carbohydrate content
under normal irrigation regime. With regard to
teosinte parents (testers), data showed that the
tester (Gemmeiza 3) had the highest significant
positive values of GCA for ash % under normal
and under moderate irrigation regimes.
Reversely, there were no significant positive
differences for GCA among the other tested
teosinte parents (testers) in protein, carbohydrate
and ash % under all different irrigation regimes.

Specific Combining Ability effects (SCA)

Estimates of SCA effects of 12 crosses for
chemical composition traits (protein %,
carbohydrate % and ash %) were presented in
Table (12). Data cleared that the highest
significant positive values of SCA effect for
protein % were obtained by cross (L; x Ts3) at
moderate regime and cross (L; x T;) at stress
regime. However, there were no significant
positive effect among the other crosses for SCA
in chemical composition traits studied under any
irrigation regime. As for carbohydrate %, the
results showed that the cross L; x T; had the
highest and largest significant positive values of
SCA under most irrigation regimes. Data of ash
% indicated that the maximum values of
significant positive SCA effect were presented
by cross (Ls x T1) under normal regime and cross
(L4 x T3) under moderate and stress regimes, as
compared to the other tested crosses. However,
there were insignificant values of SCA for most

of other crosses in this trait under the three
irrigation regimes.

4- Grain yield and its components

The analysis of variance of grain yield plant™
and its components for the tested genotypes
cleared that data of mean squares for tested
genotypes, parents and parents vs. crosses were
found to be highly significant for all grain yield
plant™ studied (no. of ears plant™, no. of kernels
ear, kernels weight ear* and 100-kernel weight)
in the three tested irrigation regimes were
presented in Table (13). The mean squares of
crosses were highly significant for no. of ears
plant® and grains yield plant® under the three
irrigation regimes as well as 100-kernel weight
under normal and moderate irrigation regimes.
However, the mean squares of crosses were not
significant for the number and weight of kernels
ear’ in the three irrigation regimes. The mean
squares for lines (maize), testers (teosinte) and
lines x testers (crosses) were highly significant in
the number of ears plant™ and grain yield plant™
under the three irrigation regimes, while but for
(line x testers) for 100-kernel weight under
normal and moderate irrigation regimes.
Reversely, the mean squares of lines, testers and
their crosses were not significant for no. and
weight of kernels ear™ under the three irrigation
regimes. GCA/SCA variance for all grain yield
traits studied were less than unity under all
irrigation treatments.

Mean performance of grain yield plant™ and
its components (number of ears plant™, number
of kernel ear?, kernels weight ear’ and 100-
kernel weight) for the tested parental genotypes
and their 12 crosses in under the three tested
irrigation regime were presented in Table (14).
Data showed that values of grain yield plant™and
its components for the different tested genotypes
were gradually decreased with increasing
irrigation intervals from 12 to 18 or 24 days. This
means that exposing either maize and teosinte
plants or their crosses to drought conditions
caused an inhibition and reduction in the grain
yield components. Similar results were obtained
by Badu-Apraku et al. (2018) and Ali and
Abdelaal (2020). With regard to the means of the
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two tested parents (maize and teosinte), data
indicate that means of maize parents had higher
values than teosinte parents in no. of kernels
ear’, kernels ear weight, 100-kernel weight and
grain yield plant® under any of the tested
irrigation regimes. However, teosinte parents
surpassed maize parents in no. of ears plant™
under the three irrigation regimes. Concerning
maize parents (lines), data indicated that S.C.
130 produced the highest number of kernels ear™
under normal regime,100-kernel weight, kernels
weight ear™, grain yield plant™ under normal and
moderate irrigation regimes. However, S.C. 168
had the best values for 100-kernel weight,
kernels weight ear™ and grain yield plant™ under
stress regime. On the other hand, T.W.C. 321
produced the highest number of kernels ear™
under moderate and stress regimes.

With regard to the teosinte parents (testers),
the data revealed that Gemmeiza 4 significantly
surpassed the other testers in number of ears
plant® and grain yield plant™ under the three
irrigation regimes. However, Sakha 1 gave the
maximum significant values of 100-kernel
weight under stress regime. Similar results were
obtained by Kumar et al. (2019) who found
variation among some maize and teosinte parent
genotypes.

In comparison among means of parents
(maize and teosinte) and their crosses, data
showed that means of parents were superior to
the means of crosses in no. of kernels ear”,
kernels weight ear. * and 100-kernel weight
under all irrigation regimes. However, the means
of crosses were superior to the means of the two
parents (maize and teosinte) in no. of ears and
grain yield plant™ under the three regimes.

In comparison among the obtained crosses
data showed that the cross (L; x T;) had the
highest significant grains yield plant™ under the
three regimes. Also, kernels weight ear under
moderate regime. However, the highest values of
100-kernel weight were obtained by crosses (L,
x T3)under normal, (L; x T) under moderate and
(L x T3) under stress.

General Combining Ability (GCA)

The estimation of (GCA) effects of seven
tested parental genotypes were presented in
Table (15). Maize genotype (S.C. 130) and
teosinte genotype (Gemmeiza 3) had the highest
significant positive GCA values for number of
ears plant® and grains yield plant® under the
three irrigation regimes. On the other hand, there
were negative significant GCA effect among the
tested maize genotypes and tested teosinte
parents for other grain yield components in the
three irrigation regimes.

Specific Combining Ability (SCA)

Estimates of (SCA) effects for the 12 crosses
in grain yield plant® and its components were
presented in Table (16). The highest significant
positive values of SCA values were obtained by
crosses (L, x T;) under normal and stress
regimes , and by cross (L4 x T3) under moderate
regime for the number of ears plant™. Cross (L; x
T,) produced the highest significant positive
values of SCA values under the three irrigation
regimes for grains yield plant® and for 100-
kernels weight cross (L, x Ti) produced the
highest significant positive values of SCA under
normal regime. On the other hand, there were
negative effect of SCA among the tested crosses
for number and weight of kernels ear™ and under
any irrigation regime.

Drought tolerance efficiency

Water use efficiency (WUE)

Data of water use efficiency of forage
productivity (kg forage yield/ m* water) for the
tested genotypes four maize (lines), three
teosinte (testers) and their crosses as affected by
three irrigation regimes. i.e., irrigation every 12
days(normal), irrigation every 18 days
(moderate) and 24 days (stress) were presented
in Table (17). Generally data showed that water
use efficiency of the three tested teosinte parents
was superior to the four tested maize parents
under the three irrigation regimes. Moreover, it
could be noticed that the highest values of WUE.

134



Evaluation of some maize-teosinte hybrids and their parents under water stress conditions

Table (15): Estimates of general combining ability (GCA) effect for seven parent genotypes (four
maize lines and three teosinte testers) for grain yield plant™ and its components under
three irrigation regimes.

Genotypes No. of ears plant™ No. of kernels Ear™ 100-kernel weight (g)
Maize (lines) Normal | Moderate | Stress [Normal | Moderate |Stress [Normal | Moderate | Stress
S.C. 130 (Ly) 12.83** [12.03** [11.03** |2.89 2.44 2.31 0.07 0.32 0.29
S.C. 168 (Ly) 0.28 -0.97 -1.19 -1.44 -0.78 -1.58 -0.18 -0.12 -0.18
T.W.C. 321 (Ly) -9.28** |-8.53** |-6.31** |-0.89 -1.00 0.19 0.10 0.15 0.01
TW.c.352 (L, |-3.83* |-2.53 -3.53* |-0.56 -0.67 -0.92 0.01 -0.34 -0.12
L.S.D 0.05 3.37 3.10 2.73 8.31 10.55 8.87 0.61 0.46 0.58
L.S.D 0.01 451 4.16 3.66 11.14 [14.15 11.89 0.81 0.62 0.78
Teosinte (Testers)
Gemmeiza 3 (T;) [14.72**|10.83** |[6.17** [-0.61 -0.92 -0.83 -0.43 0.03 0.17
Gemmeiza 4 (T,) [-5.19** |-4.58** |-1.75 -0.28 -0.25 -0.50 0.32 0.07 -0.24
Sakha 1 (T3) [-9.53** |-6.25** [-4.42** |0.89 1.17 1.33 0.11 -0.10 0.07
L.S.D 0.05 2.92 2.69 2.37 7.19 9.14 7.68 0.53 0.40 0.50
L.S.D 0.01 3.91 3.60 3.17 9.65 12.26 10.30 0.71 0.53 0.67
Genotypes Kernels weight ear (g) Grain yield plant? (g)
Maize (Lines) Normal Moderate Stress Normal Moderate Stress
S.C. 130 (L1) ]0.02 0.13 0.85 29.88** 29.15** 14.98**
S.C.168 (L2) [0.12 0.02 -0.29 -7.91 -12.66** -10.72**
T.W.C.321 (L3) |-0.24 -0.17 -0.37 -49.27** -37.44%* -16.28**
T.W.c.352 (L4) |0.10 0.02 -0.18 27.29** 20.95** 12.01**
L.S.D 0.05 1.09 0.91 8.69 11.26 5.62 4.58
L.S.D 0.01 1.46 1.21 11.65 15.10 7.53 6.14
Teosinte (Testers)
Gemmeiza 3 (T1) [0.16 0.30 0.001 63.24** 50.65** 33.19**
Gemmeiza 4 (T2) |-0.05 -0.10 -0.40 -43.98** -30.35** -17.02**
Sakha 1 (T3) |-0.11 -0.20 0.40 -19.26** -20.30** -16.17**
L.S.D 0.05 0.94 0.78 7.52 9.75 4.87 3.97
L.S.D 0.01 1.26 1.05 10.09 13.08 6.53 5.32

Table (16): Estimates of specific combining ability (SCA) of 12 crosses (four maize x three teosinte)
for grain yield plant™ and its components under three irrigation regimes.

No. Of Ears Plant™ No. Of Kernels Ear™ 100-Kernel Weight (G)
Crosses Normal |Moderate| Stress | Normal |Moderate| Stress | Normal |Moderate| Stress
Ly xT, 14.83** |13.06** [7.06** |2.61 1.47 1.94 0.81 0.97* -0.19
L, xT, 0.75 -0.53 -0.36 -0.39 0.47 0.28 -0.37 -1.39** (-0.43
L xT, -15.58** |-12.53** |-6.69** [-2.22 -1.94 -2.22 -0.44 0.42 0.62
L,xT, 19.72** |114.72** |11.28** |0.94 1.36 1.50 -1.20* |[-0.64 -0.30
L,xT, -9.03** |-6.53* |-4.81* |[-1.72 -1.97 -1.17 -0.26 0.89* 0.10
L, x T, -10.69** [-8.19** |-6.47** (0.78 0.61 -0.33 1.46** |-0.25 0.20
Lyx T, -22.712** |-17.06** |-8.28** [-2.61 -2.42 -2.61 0.35 -0.69 0.69
Ly;xT, 15.86** |12.03** |6.31* 3.39 2.92 3.06 0.59 0.31 -0.12
Ly x T, 6.86* 5.03 1.97 -0.78 -0.50 -0.44 -0.94 0.38 -0.57
LyxT, -11.83** [-10.72** |-10.06** (-0.94 -0.42 -0.83 0.04 0.35 -0.20
LyxT, -7.58* |[-4.97 -1.14 -1.28 -1.42 -2.17 0.04 0.19 0.46
Lyx T, 19.42** |15.69** [11.19** |2.22 1.83 3.00 -0.08 -0.55 -0.25
LSD 0.05 (5.83 5.37 473 14.39 18.28 15.36 1.05 0.80 1.00
LSD 0.01 (7.82 7.21 6.35 19.29 24,51 20.59 141 1.07 1.34
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Table (16): Cont.

Crosses Kernels weight ear™ (g) Grain yield plant™ (g)
Normal Moderate Stress Normal Moderate Stress
LyxT, 0.49 0.24 -0.45 99.21** 67.33** 33.85**
LixT, -0.39 -0.28 -1.04 -48.53** -35.64** -14.10*%*
Ly xT; -0.10 0.03 1.49 -50.68** -31.69** -19.75**
L,xT; 0.07 0.05 0.33 -8.63 -16.11** -0.48
L,xT, 0.24 0.05 0.31 7.10 7.45 2.69
L, xT; -0.30 -0.10 -0.64 1.53 8.67 -2.21
Lyx T, 0.26 0.27 0.34 -33.64** -10.64* -1.29
LyxT, -0.26 -0.28 0.24 19.92* 1.66 3.51
Lyx T3 0.00 0.01 -0.58 13.72 8.97 -2.22
LyxT, -0.82 -0.56 -0.22 -56.94** -40.58** -32.08**
Ly,xT, 0.41 0.50 0.49 21.50* 26.53** 7.90
Lsx T3 0.41 0.06 -0.28 35.44** 14.05** 24.18**
LSD 0.05 | 1.89 1.57 15.05 19.51 9.73 7.93
LSD 0.01 | 2.53 2.10 20.18 26.16 13.05 10.64

Table (17): Water use efficiency of fresh forage yield fad™ (kg forage yield /m* water) for seven
parent genotypes (four maize lines and three teosinte testers) and their 12 F; crosses

under three irrigation regimes.

Irrigation regimes

Genotypes Normal Moderate Stress
SC.130 (L) 10377 11.614 11.146

S.C. 168 (L2) 9.139 10.193 10.687

Maize (L) T.W.C.321 (L3) 7.635 8.919 8.930
TW.c.35 (L4) 8.902 10.367 10.143

Maize mean 9.013 10.273 10.227

Gemmeiza 3 (T,) 25.689 31.393 31.646

. Gemmeiza 4 (T,) 28.052 34.153 32.733
Teosinte (T) Sakhal  (Ty) 24.798 29.834 29.825
Teosinte mean 26.179 31.793 31.401

LxT, 49.056 59.263 62.709

L xT, 39.950 48556 50.830

L, xTs 40.722 47.204 46.645

L,xT, 45 467 54.722 57.639

L,xT, 39.042 46.901 47.754

L, x T, 39.944 48.032 47.632

Crosses (L x T) Lyx T, 39.427 47.014 47.751
LxT, 41.794 50.899 51.347

Ly x T, 40.657 49.302 53.347

L,xT, 40.189 47.111 47.408

L,xT, 39.940 47.971 47.629

L, x T, 43.274 51.926 54.705

Mean crosses 41.622 49.908 51.283
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for testers were obtained by Gemmeiza 4
genotypes, while for maize parents were
obtained by S.C. 130 genotypes under the three
irrigation regimes. This meant that those parents
were more efficiency in water usage than the rest
parents especially under irrigated every 18 days
(moderate regimes). On the other hand, it was
cleared that all 12 F; hybrids obtained by crosses
(maize x teosinte) significantly surpassed parents
in WUE under the three irrigation regimes,
indicating that all tested crosses were considered
elite genotypes for growth under drought stress
more than maize or teosinte genotype. The
highest values of WUE were obtained by crosses
(Lyx Ty) and (L, x Ty) under stress and moderate
regimes, as well as crosses (Ls x T3), (L3 X T3)
and (Ls x T,) in a descending order when
irrigated every 24 days (stress regime),
indicating that those crosses were more effective
in water productivity/ m® than the rest of crosses.

Drought tolerance indices

Table (18) showed the drought tolerance
indices studied herein, i.e., tolerance index
(TOL), relative yield reduction % (RYR %) and
drought susceptibility index (DSI) were
calculated for determining the drought tolerance
efficiency of the tested maize and teosinte
genotypes as well as their crosses based on
minimization of yield reduction under water
deficit compared to normal irrigation.

As for maize parents, it could be noticed that
the values of TOL were increased with
prolonging the irrigation intervals from 12 to 18
or 24 days, indicating that the tested maize
genotypes were more vulnerable under drought
stress condition. Moreover, all tested maize
genotypes had high DSI values (more than 1)
under moderate and stress regime, indicating that
such maize genotypes were relatively drought
susceptible. In addition, S.C. maize genotypes
exhibited higher fresh yield reduction % ranged
from 11.521 to 24.652 % compared to 7.642 to
19.977% for T.W.C. maize genotypes under
moderate and stress regimes, respectively.

From these results, it might be suggested that
S.C. genotypes were more sensitive to drought

stress more than the T.W.C genotype under the
condition of this study. Similar results were
obtained by Ali and Abdelaal (2020) who found
that maize single crosses (S.C176 and S.C.178)
were more susceptible to drought stress than
maize three ways crosses (T.W.C 352, TW.C
360 and T.W.C. 368).

In comparison among teosinte parents, it was
found that the values of TOL were increased
with increasing the irrigation intervals from 12 to
24 days. This means that a large injury and high
depression in fresh forage yield fad® were
recorded when the plants were exposed to severe
drought conditions compared to the normal
irrigation regime. Moreover, it could be noted
that Gemmeiza 3 genotype (T,) had the lowest
values of DSI as well as RYR % under moderate
and stress regimes. This means that such
genotype might be considered more drought
tolerant because it exhibited DSI values less than
unity and smaller yield reduction % under both
moderate and stress drought condition compared
to the other tested genotypes. However,
Gemmeiza 4 (T,) and Sakha 1(T5) genotypes had
DSI values less than unity under moderate
regime only, but more than unity under stress
regime, indicating that such genotypes were
relatively drought sensitive.

From the Abovementioned results of the two
parents (maize and teosinte) it might be
suggested that teosinte parents were more
tolerant to drought stress condition than maize
parent. Similar results were obtained by Shaibu
et al. (2021) who highlighted the importance of
transferring beneficial alleles from wild relatives
of maize (Zea diploperennis L) for improvement
of resistance or tolerance to drought in adapted
maize germplasm.

Concerning the crosses (maize x teosinte),
data showed that irrigation every 24 days (stress
regime) caused an increase in the values of TOL
and RYR % for all tested crosses compared to
the irrigation every 18 days. This means that
exposing plants to water deficit condition caused
a harmful effect on the fresh forage production
fad™. Moreover, it might be concluded that the
least values of DSI (less than 1) were recorded
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by crosses (L; x Ty), (Ly x Ty), (Ly x Ty), (L, x
T,), (L3 x Ty), (Ls x T3) and (L4 x Tg) under
moderate and stress regimes. This means that
those crosses might be considered the best ones
regarding drought tolerance because they
exhibited DSI values less than unity and smaller
forage yield reduction fad™ under any of the
tested drought stress regimes (irrigation every 18
or 24 days). The tolerance of those crosses to
drought stress might due to the high tolerance of
their teosinte parents under stress condition as
previously recorded. Moreover, It was noticed
generally that most of those crosses had also the
highest values of mean performance, SCA and
heterosis % for fresh forage production fad™ as
previously discussed.

Conclusion

It could be concluded that the five crosses
namely 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), Ly x T, (T.W.C. 321 x
Gemmeiza 4) and Lsx T3 (T.W.C. 321 x Sakha
1) surpassed other crosses and exhibited the
maximum fresh and dry forage yield fad™ and
recorded the least values of drought tolerance
indices. So, it might be used such crosses in the
forage improvement breeding program.
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