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ABSTRACT

Fifty S1, Sz and Sz white maize lines were extracted and developed from five open different populations
for searching of new maize inbreds that tolerate drought accompanied with distinct performance as heterotic groups.
These lines were evaluated along to ten drought tolerant inbred lines of Maize Section (ARC) under field conditions
of normal and stress watering regimes during 2017, 2018 and 2019 seasons, respectively. Anthesis-silking interval
(ASI), 100-Kernel weight (K.I), grain yield per plant (GYP) and stress tolerance index (STI) were studied. Watering
regimes (W.R) combined across each inbred generation are highly significant source of variation for ASI, Kl and
GYP. Inbred lines of the three generations varied highly significantly under both watering regimes for K.I, GYP
and STI. However, for ASI only all Si's varied significantly under normal irrigation, but Ss's are highly significant
in both irrigation trials. The Sz and Ss showed somewhat significantly higher reduction for K. due to drought stress
inall groups of inbreds except those of C.1 and ARC. All the groups of inbred lines of the three generations recorded
significantly about 8-14% ratios of GYP depression due to drought. The estimates of STI in Sy and Sz over parental
origins were higher (1.47 and 1.35) than obtained by Sz (0.88).The developed maize inbreds exhibited desirable
performance accompanied with reliable drought tolerance and sufficient variation that offers further responses to
upgrading. The validity of obtained inbreds for rolling in maize hybrids programs will be accomplished by

assessing the combining abilities as different heterotic groups.
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INTRODUCTION

Global agricultural production and consequently food
security of field crops threatening by drought which is
considered one of the major negative effects of climate
change Li et al., (2011) and Song et al., (2019). Inbred lines
are the key necessary to create new combination of hybrids
Ullah et al., (2015) and Rahman et al., (2012). Developing
maize inbred lines by self-pollination and evaluate hybrid
performance is the major technique in maize breeding
program. Most breeders used ear to row system and selection
for many generations with inbreeding. Some maize programs
using development based on evaluation for hybrid
performance in the early generations of self-pollination, as
test the performance of testcrosses of the SO plants or S1 lines.
The genotypes which recorded above-average hybrid
performance in these tests are continued in the selfing and
selection in next generations Hallauer et al., (1988 & 2010).
Recently, Rafique et al. (2019) screened some maize inbred
lines to multiple abiotic stress such as drought and reported
that the response of various plants of maize exposed to stress
combination is based on stress interaction.

Drought stresses affecting differently the performance
and productivity of maize inbred lines Istipliler et al., (2016),
Gazal et al., (2017) and Rafique et al., (2019). Water stress
was significantly reflected in delaying silking, and increased
the anthesis-silking interval (ASI), with vyield failure
according to Magorokosho et al., (2003), Campos et al.,
(2006), Al-Naggar et al., (2011), Kahiu et al., (2013a & b),
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Gazal et al., (2017), Darwish et al., (2015) and Mohamed et
al., (2019).

Darwish et al., (2015) and Mohamed et al., (2019)
found that drought tolerance maize hybrid produced low yield
and vice versa. They suggest that intercrossing of lines and
hybrids may introduce raw material that possessed variable
drought and yield potential combinations for selection new
inbred lines. The early selection of per se abiotic tolerance
coupled with selfing and general combining ability test will
be accelerating the program progress.

Thus the present studies planned to explore new
promising maize inbred lines from variable gene pool that
may be exhibited reliable performance under water deficit
conditions. Such new inbred lines from different population’s
sources with high drought tolerance may possess different
heterotic groups to create new recombinations in maize
breeding programs.

MATERIALS AND METHODS

The field trials of these investigations were carried out
at the Agricultural Experiments and Research Farm of the
Faculty of Agriculture, Minia University, EI-Minia, Egypt
during 2016 to 2019 seasons for developing and evaluating
new white maize inbred lines under normal and drought
irrigation regimes.

Plant Materials:

Five white maize populations from different

backgrounds were used for developing inbred lines that may
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exhibited an elite heterotic groups. Three of these populations
(1.280xTWC.310, 1.278xG.2 and 1.273xTWC.310) were
chosen as members of promising group of top crosses across
variable moisture stress conditions Darwish et al., (2015) and
Mohamed et al., (2019). Cairo seed is the fourth population
which Synthesized by intercrossing the old Cairo 1 variety
with a mixture all available Egyptian hybrids in 2006 and
maintained by open pollination (Prof Darwish, Agron. Dept.,
Faculty Agric., Cairo University). The fifth population was the
Synthetic variety (Giza 2) kindly provided by, Field Crops
Research Institute, ARC.

The open-pollinated seeds of these populations were
separately sown during the fall of 2016 under field conditions
and about 15 plants of each of these populations were selfed
produced S; ears. According to the sufficient seeds only ten
S of each of the five populations were considered for further
evaluations and developing S; and Sglines. The Sy, S;and S3
were descended via single selfed ears. The ten Sg0 inbred
lines of drought tolerant material which kindly supported by
Maize Section of the ARC and used in previous studies were
included in field evaluation experiments. These ARC inbreds
included four, four and two lines descended from G.2, Tep. 5
and old open variety A.E. D., respectively.

Experimental Procedures:

Six field Experiments were conducted during 2017,
2018 and 2019 successive summer seasons. In each season,
two separate trials were carried out; one was irrigated with
10 days intervals (as normal watering regime) and the
second was conducted by irrigation each 20 days (as
stressed one). Each watering regime trial included S; or S
or Sz along to ARC 10 inbreds during the successive
seasons, respectively. The irrigation treatments as normal
(N) and stressed (S) were adopted after 2™ irrigation
(including Mohyaa irrigation) summed eight and five
irrigations, respectively.

First (S1) and third (S3) seasons trials was sown as
RCBD with two replications, whereas three replications were
used in the second season (S;) experiments. Due to the
insufficiency of seeds only 8 S; of each population lines plus
eight of ARC inbred lines were evaluated in the second
season. Each line was represented in each replicate by one
ridge with three meters long and 70 cm wide (2.1m?). The
seeds were dry planted on 26", 31%and 18" May in 2017,
2018 and 2019 summer seasons, respectively in one side of
the ridge in hills distanced 25 cm. Seedlings were thinned to
one plant / hill three weeks after sowing.

During soil preparation, calcium superphosphate
fertilizer (15.5% P,Os) was added at a rate of 200 kg/feddan.
Nitrogen fertilizer was applied at rate of 200 kg/feddan in
form of urea (46% N) in two splits at 1t and 2™ irrigation.
Weeds were controlled via hoeing three times. All other
cultural practices were applied followed recommendations.
Soil Analyses:

The mechanical and chemical analysis of
experimental soil conducted in the soil lab of soil Dept.,
Faculty of Agriculture —EI- Minia University, revealed that
the soil texture of the experimental site is clay loam. The
percentages of clay, silt and sand were 54.7, 35.8 and 9.5,
respectively with pH 7.9. Soil samples showed that the wilting
points were 13.9%, 12.25 and 12.9% for 2017, 2018 and 2019
seasons, respectively. However, the field capacities were
35.7%, 34.7% and 36.2, in the same order. During the term of

investigation, the soil moisture % was determined at three
days interval, and the depleted percentages of available soil
moistures. Stress watering regimes escaped 3rd, 5th and 7th
irrigation which coincided with the period extended from
onset flowering to grain filling stages during all seasons. The
available soil water declined during this period from about 60
to 90 % in stressed watering regimes trials compared to 55 to
40% in normal one.

The dominated air temperatures and RH at El-Minia
location during the 2017, 2018 and 2019 seasons averaged
in 10 days intervals are presented in Figs. 1 and 2,
respectively. These climatic data were obtained from
Mallawi Agricultural climate Station, EI-Minia, Egypt.

The dominated degrees of air temperature were
somewhat similar among the three seasons during the
growing period except in the seedling growth of the 2017
which recorded higher average and maximum degrees than
other two seasons. However, RH% showed great variation
among the growing periods of the studied seasons. Second
season recorded higher RH% in the first 60 days, after that
tended to be medium air humidity, whereas first season
characterized by medium RH% during 1% two months and
higher than other two seasons after that. Dry air could be
observed during 2019 season due to lower dominated RH%
particularly in grain filling period than other seasons.

—8— 0w Temp.2019 —@=—Avg Temp.2019 —@=High Temp2019

Fig.1. Degrees of temperature (C°) averaged in 10 days
intervals during the growing period of field trials
in 2017 to 2019 summer seasons at El-Minia
location.
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Fig.2. Relative Humidity (RH %) averaged in 10 days
intervals during the growing period of field trials
in 2017 to 2019 summer seasons at El-Minia
location.
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The dates of flowering were recorded as the numbers
of days to silking of 50% plants (SD) and tasseling (TD) per
plot. The difference between these dates was considered as
anthesis-silking interval (ASI). 100 Kernel Weight (KI) was
recorded and grain yield per plant (GYP) adjusted t015.5%
grain moisture.

Stress tolerance index (STI) was calculated
according to Fernandez (1992) as the following formula:

ST| = YRS
(Yp)2
Where:
Yp = the grain yield of a given genotype in normal regime.
Ys = the yield of a given genotype in a stress regime.
Yp =mean yield in non-stress watering regime.

He pointed out that a genotype of larger value of STI
may be considered possesses higher stress tolerance and
yield potential (under normal environment).

The analyses of variance of RCBD as separate of
each population or all lines as factorial were conducted for
the studied traits in each trial during three studied seasons
Gomaz and Gomaz (1984). Genotypic and phenotypic
coefficients of variations were estimated using the partitions
of expected mean square of RCBD of each group of lines in
each trial as standard deviation and combined across
watering regimes. Broad sense heritability (h?) and expected
gain of advance (GA) of selecting the best 10% of lines was
calculated as follows:

GA=Kx h’x,/8%g

The relative of GA (RGA) to corresponding mean
performance was presented expressing the remaining
variability among the tested lines.

RESULTS AND DISCUSSION

1-Variation of the three inbred generations combined
across watering regimes:

Significance of variances of combined analyses
across both watering regimes of all investigated S;, S, and
S; lines for the studied traits during 2017, 2018 and 2019
seasons are presented in Table (1).

Table 1. Significance of mean squares of combined
analyses across both watering regimes of all
investigated Si1, Sz and Ss lines for studied
traits during 2017, 2018 and 2019 seasons.

. ., Watering Regimes (W.R)  Lines Linesx W.R
Trait Trial 1 59 (47) 59 (47)
S1 81116.20** 2.35ns 1.76 ns
ASl S 123752.00** 0.66 ns 0.48 ns
Ss 67057.08** 1.19** 1.32**
S1 15242547.29** 121.21**  0.39ns
Kl S2 25849712.11** 69.87**  15.91**
Ss 19268247.38** 67.55**  10.75**
S1 185897183.33** 5129.24**  53.04 ns
GYP S 470067286.27** 4120.69** 492.19**
Ss 373318720.15** 3212.70** 301.97**

ns, * and ** indicate insignificant, significant at 5% and at 1% levels of
probability.

Watering regimes (W.R) are highly significant
source of variation in performance of the three studied
inbred generations for the three tabulated traits.

Maize inbred lines over W.R varied highly
significantly in the three generations for kernerl-100 weight
(KI) and grain yield per plant (GYP) and only in Sz for
anthesis silking interval (ASI).

The tested S, and Sz maize lines performed differently
from watering regime to another for Kl and GYP as
evidenced of significant lines x W.R interactions. However,
such interaction was only significant in Sz lines for ASI.

The magnitudes of variances proved that the effects
of watering regimes are much huge than those detected by
lines or lines x watering regimes interactions for all traits.
Inbred lines varied significantly over or across watering
regimes for yield attributes and ASI particularly with
progress the homozygosis.

2. Variation of Si, Sz and Sz inbred lines within each
watering regimes:

Mean squares due to RCBD analysis under each
irrigation trial (normal or stressed) for studied traits of 6
populations and the total [60 (48)] evaluated inbred lines are
presented in Tables (2 and 3).

Results show that all the investigated lines of the
three generations varied highly significantly under both
watering trials for K.I, GYP and stress tolerance index
(STI). However, for ASI only all S; lines varied significantly
under non-stressed irrigation (N), but Sz ones is a highly
significant source of variation at both irrigation trials.

As presented in The Material and Methods the tested
inbred lines (60 of S; and S; or 48 of S,) are descended to
six origins and considered as Parental origins (PO) of the
inbreds in the analyses of variance which distributed
randomly within adjacent plots through field evaluation.
Thus the degrees of freedom can be partitioned into
populations (PO), lines/PO and PO x L.

PO as asource of variation is only significant for ASI
in Sy under normal and Ss (under both regimes). However,
such source of variation, i.e population varied highly
significant for tabulated traits under both irrigation regimes.
Lines within populations (L/PO) varied highly significantly
for all traits of the three inbred generations under both
watering irrigations except ASI in all situations.

The interactions between population x lines (PO x L)
are significant for ASI only for S under stress irrigation trial
(of2019). Thus the periods between anthesis and silking dates
varied in advanced generations of inbreeding among parental
sources. However, PO x L interaction for 100-kernel weight,
GYP and stress tolerance index (STI) differed highly
significant in both irrigations trials in the three selfing
generations. This proved that the evaluated groups of inbred
lines (including the ARC inbreds) performed differently for
grain yield traits and drought stress tolerance.

Regarding the analyses of RCBD separate of lines
belonged to each parental source, revealed highly significant
mean squares of all populations under both watering
regimes in the three generations for K.I, GYP and STI
(except two cases). These cases are S, of 1.280 xTWC310
under normal and Sz for K., 1.273xTWC310 for K.I.
However, for ASI only the lines of Sg of 1.280xTWC310
and those of 1.273xTWC310 recorded significant variances
under stress and normal conditions, respectively.
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Table 2. Significance of mean squares due to factorial and separate RCBD analyses of inbred lines belonged to
parental origins (PO) for anthesis- silking intervals (ASI) and 100-kernel wt (K.I) under normal (N) and

stressed (S) watering regimes.

ASI K.l
S.O.vV df St Sy S3 S; S» S3
N S N S N S N S N S N S

Lines (L) 59(¢47) 232 178 063 051 071** 181** 630 5861** 4905 36.73** 49.94** 28.35**
PO 5 355 171 132 055 275 29% 69.0%*  66.17** 4354* 62.71** 56.62** 44.24**
L/PO 9(7) 282 139 059 069 069 176  4944** 4973 6337** 16.99** 36.31** 41.77**
POxL 45(35) 209 187 027 023 048 168* 65.02** 59.55** 23.49** 1848** 51.93** 23.90**
1.280xTWC310  9(7) 102 138 033 057 020 261* 66.78** 5478** 1565 1243** 21.70** 958**
G2 9(7) 249 149 055 052 027 161  3L71%* 29.69** 47.93** 37.51** 67.59** 40.91**
1.278xG.2 9(7) 223 242 071 038 044 072  97.87* 10295 48.92** 30.99** 70.37** 32.58**
1.273xTWC310  9(7) 189 223 095 071 145 189  3497** 30.80** 2529* 11.10** 20.08** 3.64
C.1lImp. 9(7) 489 231 029 029 042 136  6941** 64.05* 36.38** 2256** 17.60* 14.18**
ARC Inbreds 9(7) 076 089 047 055 031 202  7381** 6523** 12407** 87.24** 98.65** 60.39**

*and ** indicate significant at 5% and at 1% levels of probability.

Table 3. Significance of mean squares due to factorial and separate RCBD analyses of S1, Sz and Sz lines belonged
to parental origins (PO) for grain yield/plant, g (GYP) under normal (N) or stressed (S) and stress tolerance

indices (STI) during 2017, 2018 and 2019 seasons.

GYP
SOV df S S, S STl

N S N S N S S1 Sy S3
Lines 59@7) 277465 240765 28607 175207 20445 T4T02% 086 036 024%
PO 5 338006%% 3024.0% 3023.8%% 1877.2%% 2456.7%  16545% 108 033%% 0.25%*
L/PO 0(7)  AB07.4%* 37378 1816.9%% 7021  1490.6**  1173.0%% 138%% 0.14%% 0.16%*
POx L 45(35) 23608%*  20730% 15231% Q722% 21077%%  15000% 073**% 021%* 0.26**
1280xTWC310  9(7) 26763  2307.7%* 13720%% 885.2%% 1374.4%  8660** 0.72% 013 0.11%*
G2 O(7)  4185.4%%  3617.9%% 31891%* 1573.2%% 1989.8%* 1207.2%% 133 030%% 0.20%*
1.278xG 2 O(7)  3A720%  337B0%* 2047.0%% 1349.6%* 285L7** 13714 118 0.28%% 0.25%*
I273xTWC310  O(7)  7936%  5534%%  3478.8% 10325%% 10822%% 1427.9% 011%* 057%% 0.34%*
C1Imp. O(7)  1340.7%* 1337.7%% 1014.9%% 6704%*  7749%  6820%* 053 010% 0.08%*
ARC Inbreds 9(7)  38432%%  28182% 504G.0** A012.9%* 30648% 31643%% 117 082 049

*and ** indicate significant at 5% and at 1% levels of probability.

3. Mean performance and expected gain of advance:

The mean performance of Sy, Sz and Sg under normal
(N) and stressed (S) watering regimes and the ratio of
change (N-S/N) due to stress as well as the expected gain of
advance relative to corresponding mean of during 2017 to
2019 seasons over parental populations and across each are
presented in Tables (4 to 8).

Table 4. Mean performance of Si, S2 and Sz under
normal (N) and stressed (S) watering regimes
and the ratio of change (N-S/N) as well as the
relative expected gain of advance (RGA) to
corresponding mean for studied traits.

- - Mean RGA

Trait Regime St S S3 St S S3
N 2.4 25 2.2 0315 0.000 0.217

ASI S 2.6 2.8 2.8 0.000 0.000 0.269
(N-S)/N  -0.069* -0.136* -0.282* ---- - -

N 327 354 367 0.194 0.121 0.149

Kl S 304 315 318 0.201 0.123 0.130
(N-SYN  0.070* 0.110* 0134* oo oo i

N 1141 1511 161.7 0.376 0.231 0.216

GYP S 101,0 1320 141.0 0.389 0.205 0.211
(N-S)/N  0.115* 0.127* 0.128* ---- - -

STI 147 088 135 0.763 0.438 0.429

*indicates significant difference between mean of normal and stress
conditions.

The anthesis-silking intervals (ASI) over parental
origins (PO) are significantly increased in stress watering
regimes in the three inbred generations, with relative
doubled increments doubled from 7% to 14% and to 28% in
S1, Sz and Sg, respectively. The relative expected gain of
advance (RGA) due selecting the best 10% are notable of S;
under normal irrigation regime and in Sz under both regimes
(Table 4). Concerning the changes in ASI due to stress of

studied six PO groups, it's cbvious that one, two and two PO
groups recorded significantly wider ASI intervals of S, S;
and Ss, respectively (Table 5). The first case of significant
ASI change is obvious in S, of C.1 which reach to 22.7%
with insignificant 14.5% wider in ASI in the following
inbred generation (Ss).The second group are ARC lines
which recorded 56.3% and 57.1% significant increase in
ASI during 2017 and 2019 seasons (evaluated with
extracted Si and Ss), respectively. The third group
comprises S, and Sz of 1.280xTWC.310 recorded 21.7 and
93.8% significant increase of ASI due to stress conditions
over corresponding normal regime, respectively. It's worthy
to mention that is desirable to detect and select inbreds
which exhibited insignificant increase of ASI under the
drought stress conditions which is reported by several
authors (Magorokosho et al., (2003), Campos et al., (2006),
Al-Naggar et al., (2011), Kahiu et al., (2013a & b), Gazal et
al., (2017), Darwish et al., (2015) and Mohamed et al.,
(2019)). In this regard, four groups of developed Ss inbreds
include 40 lines (out of developed 50 inbreds) seem to be
desired for inclusion in maize hybrids program for drought
conditions due to not affected ASI by escaping irrigation in
flowing stage (Table 5).

In spite of lacking RGA for improving ASI in S;
under (stress) and in S, (under both conditions) over PO
(Table 4), variable RGA could be observed in S; and S; of
studied origins (Table 5). Remarkable RGA was recorded in
Ss under stress conditions of all groups of inbreds except
those descended from 1.278xG.2. Moreover, the inbred
lines of G.2 and ARC used in 2017 are expected to respond
for selecting to ASI under normal irrigation in contrast to
1.280xTWC.310, G.2 and ARC lines evaluated during 2019

314



J. of Plant Production, Mansoura Univ., Vol. 11 (4), April, 2020

under drought stress W.R (Table 5). Thus it may be
concluded that selection for improving ASI particularly
under stress watering regime may be effective in the inbred
lines of particularly those not affected by drought, i.e G.2,
1.273XxTWC.310 and C.1.

The stressed watering regimes significantly decreased
the 100-kernel weight (K.I) over POs by about 7, 11 and
13.4% in S, Sz and Sg, respectively (Table 4). The higher the
reduction (13.4%) occurred in the advanced selfing
generation than those of S; and S; indicate that escaping
irrigation during flowering and grain filling synchronized the
detrimental effects in maize grain weight which reached to
about 14% reduction . Trials of 2017 included the Si's of
extracted five groups of inbred lines and those of ARC
recoded significantly about 7.0% reductions for KI. The S,
and Sz showed somewnhat significantly higher percentages of
K.I reduction in all groups of inbreds except those of C.1 and
ARC. The relative expected gain of selecting the 10% of
evaluated S; inbred lines either under normal or stressed
watering regimes was about 30% of four POs than those of
G.2and 1.273xTWC 310 which are about 20% (Table 6). The
RGA for Kl of S; ranged from lower (about 10% in the lines
of 1.280xTWC.310 and 1.273x TWC.310), medium (by about
20% of G.2, 1.278xG.2 and C.1) and higher RGA of ARC
inbred lines (more than 30%) under both conditions. Similar
RGA of S; could be observed by Sz inbred lines except those
of C.1 moved to lower group with 10% (Table 6).

The studied inbred generations (Si, S; and Ss)
showed significantly similar ratios of depression in grain
yield per plant (GYP) due to stressed watering regimes by
about 12% (Table 4). All the groups of inbred lines of the
three generations recorded significantly about 8-14% ratios
of GYP depression due to drought except Sz and S; inbreds
of G.2 which exhibited higher ratio of GYP depression (=
19%) than other groups, (Table 7). The RGA inthe Si's over
PO was higher (about 38%) than those of S, and Sz (about
20%) under both adopted watering regimes, (Table 4). The
S lines of 1.280xTWC.310, G.2 and 1.278xG.2 recorded

higher RGA (about more than 60 % ) than those of ARC
inbreds (about 50%) under both conditions, (Table 7).

However, S; lines of 1.273 x TWC.310 and C.1
exhibited medium RGA (ranged 35-42%) under both watering
regimes. Such RGA's in GYP of S, and S; were slightly lower
than those obtained by S; lines except of ARC lines under both
conditions. In spite of this slight reduction of available genetic
variation expressed as relative expected gain of selecting the
best yielded 10% of evaluated lines, there is remained
encouraging variation for further improvement using Ss either
under normal watering regimes or stressed one.

The estimates of stress tolerance index (STI) in S;
and Sz over POs was higher (1.47 and 1.35) than this
obtained by S, (0.88), whereas the RGA of this index was
higher in S; (76.3%) than those calculated by S, and S (=
43%), (Table 4). Variable means and RGA of STI were
obtained by different groups of inbreds and generations
(Table 8). This may be due to that the obtained estimates of
STl are greatly affected by environmental conditions and the
level yield performance included in the equation.

The evaluated groups of inbred lines (including
those of ARC) introduce encouraging opportunity to select
proper inbreds from different origins or combinations.
Similar findings of obtaining useful variation of maize
inbred lines were obtained by different groups of researchers
(Gazal et al., (2017, Magorokosho et al. (2003), Campos et
al. (2006), Ullah et al., (2015), Kahiu et al. (2013a & b)).
The usefulness of such inbreds which possessing promising
attributes in producing promising drought tolerant hybrids
could be accomplished by assessing combining abilities
(Rahman et al,. (2012), Darwish et al. (2015), Mohamed et
al. (2019)). Such procedure of searching and developing
maize inbred lines from different sources and combinations
resulted in desirable per se attributes which could be
required for improving specific characters of maize hybrids.
The upgrading the yield potential of these hybrids could be
guaranteed by assessing the combining abilities of trait/s
specific inbred lines from different heterotic groups.

Table 5. Mean performance of populations under normal (N) and stressed (S) watering regimes and the ratio of
change (N-S/N) as well as the relative expected gain of advance under each condition (RGAN & RGAS) of
S1, Sz and S lines for anthesis-silking interval (ASI).

. St S2 Ss
Population  —g—— 5 5 N RGANRGAS NS (NS)N RGAN RGAS N S (N-SYN RGAN RGAS
I280xTWC310 22 25ns 0136 0000 0000 23 28 -0217 0000 0000 16 31* 0938 0000 0363
Giza?2 26 31ns -0192 0291 0000 24 27ns 0129 0000 0000 21 25ms 0190 0017 0169
1.278%G.2 27 26ns 0037 0015 0000 24 281s -0167 0000 0000 25 26ns -0040 0000 0000
1273xTWC310 27 22ns 0185 0000 0075 27 27ns 0000 0000 0000 27 29ns -0074 0416 0264
Climproved 27 26ns 0037 0559 0383 22 27% 0227 0000 0000 21 23ns 0095 0145 0078
ARCinbreds 16 25* 0563 0197 0000 28 3lns -0107 0000 0000 21 33* -0571 0000 0263

ns and * indicate insignificant and significant at 5% of differences between both couples of each population.

Table 6. Mean performance of populations under normal (N) and stressed (S) watering regimes and the ratio of
change (N-S/N) as well as the relative expected gain advance (RGA) under each condition of Si, Sz and Ss

lines for 100-kernel weight (K1).

S1 S Ss
Population N S (r>|,;|5) RGAN RGAS N S “)'NS) RGAN RGAS N S ('7,113) RGAN RGAS
1280<TWC310 315 205 0063 0298 0284 339 286" 0156 0055 0117 340 288* 0153 0135 0106
Giza?2 339 318* 0062 0167 0173 364 324* 0110 0164 0211 384 324* 0156 0235 0221
1278xG.2 357 331* 0073 0328 0364 373 327* 0123 0205 0178 382 323* 0155 0231 0183
1273xTWC310 312 287* 0080 0191 0201 358 309* 0137 0110 0102 373 327* 0123 0103 0006
C.1 Improved 310 286* 0077 0316 033 340 318* 0065 0174 0152 355 321* 009 0091 0110
ARC inbreds 328 307* 0064 0309 0310 351 328* 0066 0345 033 369 326* 0117 0292 0273

ns and * indicate insignificant and significant at 5%b of differences between both couples of each population.
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Table 7. Mean performance of populations under normal (N) and stressed (S) watering regimes and the ratio of
change (N-S/N) as well as the relative expected gain advance under each conditions (RGA) of Sy, Sz and Ss
lines for grain yield per plant (GYP).

S1 S2 S3
Population N S %S) RGAN RGAS N S (’\/INS) RGAN RGAS N S ('\/',;ls) RGAN RGAS
1280<TWC310 1081 945* 0126 0584 0631 1360 1188* 0.125 0286 0262 1470 127.1* 0137 0243 0247
Giza 2 1227 1089* 0112 0646 0675 1620 1298 0197 0421 0362 174.0 141.4* 0188 0293 0280
1.278%G.2 1165 106.8* 0083 0618 0663 164.0 1422% 0130 0383 0266 166.0 144.7* 0.128 0347 0261
1273xTWC 310 920 79.0* 0141 0375 0353 1560 1411* 0.094 0447 0361 1730 154.9% 0105 0297 0.286
Cllimproved 1156 104.9% 0093 0383 0420 141.0 127.2% 0099 0252 0201 1530 137.4* 0101 0162 0.201
ARCinbreds  129.6 112.0% 0136 0585 0480 1490 132.6* 0108 0553 0559 157.0 1403* 0105 0371 0.424

ns and * indicate insignificant and significant at 5%b of differences between both couples of each population or mean.

Table 8. Mean performance of populations of Sy, Sz and
Sz lines belonged to the studied populations for
calculated stress tolerance indices (STI) and
expected gain advance relative (RGA) to
corresponding mean of during 2017 to 2019

seasons.

. St S S
Population v, G A RGA Mean GA RGA Mean GA RGA
I280<TWC3I0 130 102 0.786 070 040 0565 110 036 0323
Giza2 170 1410828 090 064 0716 140 051 0366
1276G2 160 1330828 100 059 0586 140 0550390
I273xTWC310 090 036 039 100 091 0909 160 069 0431
Climpoved 150 088 0584 080 033 0418 120 029 0239
ARCitbreds 180 120 0,669 090 106 1177 140 074 0526
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