Zagazig J. Agric. Res., Vol. 50 No. (3) 2023

Plant Production Science

Available online at http://zjar.journals.ekb.eg
http:Avww.journals.zu.edu.eg/journalDisplay.aspx?Journalld=1&query Type=Master

RESPONSE SELECTION FOR DROUGHT TOLERANC IN MAIZE

Mohamed A.M.A. Dakrory'”, A.M.A. Okaze', E.A.E. Hagar" and H.T. Osaman?
1. Agron. Dept., Fac. Agric., Al-Azhar Univ., Cairo, Egypt
2. Agric. Develop., Mid. Egypt Com., Egypt

Received: 27/02/2023 ; Accepted: 15/05/2023

ABSTRACT: The present study was carried out in 4 seasons during 4 years from 2017 to 2020 at
the field of BeniSuef in. Res. Sta., Middle Egypt com. The main objectives were to develop new maize
populations of increased tolerance to drought and evaluate predicted and actual gains from one cycle
of S; recurrent selection. Two sets of 121 S,’s were developed from the local population Pop 277, the
1% set was evaluated under well water (WW) and intermediate water-stress (IWS) conditions. The
highest yielding 18 lines (15%) were selected under each environment. Intercrossing of the two groups
of 18 S;’s was done in separate blocks. The resulted of new 2 populations, Pop277-IWS and Pop277-
WW) indicated wide genetic variation among S; progenies for most studied traits under all selection
environments. Broad sense heritability estimates were generally higher under water-stress than under
non-stress conditions. Results indicated that anthesis -silking interval, ears plant™ and stay green traits
could be valuable criteria in increasing the selection efficiency for drought tolerance. Actual
superiority in grain yield over Pop277 due to one cycle of S; recurrent selection was (26.77%) by the
improved populations (Pop277-1WS),

Key words: Maize, Recurrent selection, Drought tolerance, Selection, Target environment, Alternative
criteria, Population improvement.

anthesis moisture deficit compared to well-
watered conditions,

INTRODUCTION

Maize (Zea mays L.) is one of the most
important cereal crops in Egypt. It is used in
human food, animal feeding and industry.

It has been well established that the genetic
improvement of maize for tolerance to drought
could result in genetic gains (Edmeades et al.,

Current maize hybrids cultivated in Egypt are
selected under well irrigation and therefore are
subject to yield losses when grown under water
deficit. Grain yield losses can even be greater if
drought.

Occurs at the most drought-sensitive stages
of crop growth, such as the flowering and grain
filling periods (Witt et al., 2012). Moreover,
drought stress at silking, tasselling and grain
filling stages has been reported to be more
drastic on grain yield in maize than stress during
vegetative phase (Grant et al., 1989). However,
(Olaoye et al., 2009 and Videnovic et al., 2013)
stated that the highest yield reduction 66% was
recorded when plants were subjected to post
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1999 and Badu-Apraku et al., 2021). One
important way to close the gap between
potential and realized yield under DS is to adopt
agronomic practices that effectively maximize
water availability to the plant campos.
Therefore, drought tolerant maize genotypes
could be valuable germplasm resources in
environments with the erratic occurrence of
varying intensities of drought (Akaogu et al.,
2017). Drought-tolerant maize varieties offer the
most economic and sustainable opportunity to
stabilize maize vyields (Badu-Apraku et al.,
2017).

Reduction of current water resources in
Egypt will adversely affect maize production in


mailto:mohamedali@yahoo.com

292 Dakrory, et al.

the future. One of the most effective and
practical strategies to reduce negative effects of
drought to maize production is the development
of hybrids with better tolerance to drought stress
(Rosielle and Hamblin 1981 ; Banziger et al.,
2000 ; Richards et al., 2010 and Erdal et al.,
2015). reported that breeding for tolerance to
drought stress is difficult because the genetic
mechanism that controls the expression of such
tolerance in crop plants is poorly understood and
because of the polygenic nature of such a
complicated character. The study of Al-Naggar
et al. (2016a) mentioned that earlier anthesis
and silking, shorter interval between anthesis
and silking, less barren stalks and non-rolling of
leaves were suitable characteristics for obtaining
high maize grain yield either under water
stressed at flowering, water stressed at grain
filling or well watered environments.

Combining ability analysis is the most widely
used biometrical tool for giving an indication of
the relative magnitude of genetic variance. This
also provides a guideline for selection of elite
parents and desirable cross combinations to be
used in formulation of a systematic breeding
project for rapid improvement. In this respect,
general and specific combining abilities had
been estimated under drought stress conditions
in maize by several in vestigators ( Aminu et
al., 2014; Al-Naggar et al., 2016b; Saif-ul-
Malook et al., 2016; Ertiro et al., 2017 and
Murtadha et al., 2018 ). Therefore, the present
investigation was conducted to identify desirable
parents and cross combinations as well as to
gather information on the genetic behavior of
grain yield and its contributing characters under
water stress conditions.

MATERIALS AND METHODS

This study was carried out in 5 seasons
during the years from 2017 to 2020 at Middle
Egypt com. Res., Station.

Plant Material

Seeds of the yellow local cultivar of maize
Pop-277 were used in this study as the base
population for practicing one cycle of S;
recurrent selection for drought tolerance.

The reason of using this population (Pop-277)
as a source material of this study for improving
drought tolerance via selection is because of its
history in drought tolerance and its richness in
genetic variability. So the genetic improvement
via selection for drought tolerance in this
population is expected to be achieved. The
improved new populations expected to be
derived after practicing one cycle of S; recurrent
selection could be utilized directly as drought-
tolerant open-pollinated cultivars or as sources
for developing improved inbred lines to be used
for producing drought tolerant single and three-
way cross hybrids and synthetics.

Experimental Procedure
Developing the S;’s seed

In the 2017 season, seeds of the open-
pollinated population Pop-277were sown under
normal conditions in an isolated field at Middle
Egypt com. One thousands of vigorous and
disease-free plants were chosen before silking,
and were self-pollinated. At harvest, 121selfed
(S,) ears were selected based on grain vyield
guantity and ear characteristics and were
randomly divided into two groups (each group
consisted of 121 S, progenies representing Pop-
277); the first groupwas usedfor evaluation
under water stress and well-water conditions.
Each selected S; ear was separately shelled and
preserved for evaluation in the next season.

S: Progeny evaluation and selection

experiment

In 2018 season (5™ of June) 121 S, progenies
of each group were separately grown at Middle
Egypt com. in single row plots, 5 m length and
0.8 cm width i.e. the plot size was 4 m?. For the
1% group of S;’s, two irrigation regimes were
used, i.e. well-watered (WW), and water-stress
(IWS) at flowering stage by preventing the 4™
and 5" irrigations. Irrigation interval between
the 3" and the next (the 6™) irrigation for the
water-stress treatment was 39 days, and therefore
water stress period was 26 days i.e. just before
and during flowering stage.

Treatment A split-plot design in lattice
arrangement (11 X 11) with two replicates was
used for each group of S, lines. Main plots were
devoted to irrigation regimes (for the 1% group
of Sl’S)
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At harvest, in all trials (well water and water
stress), the best 15 % of the evaluated 121 S;’s
(18 S;’s) were selected under each environment.
Selection was mainly based on grain yield per
plant under each or across environments. High
number of ears per plant and short anthesis-silking
interval (ASI) were taken into consideration as
selection secondary criteria.Since, for the water
regimes the best 18 lines selected under each
environment, separately, so two groups of
selected lines were obtained, i.e. the 1%group of
the best 18 lines under well-water, the 2™ group
of the best 18 lines under water-stress,

Selection and developing the S,’s seed

In the same season (2018) the other part of
each S; seed of each group was sown in an
isolated block at Middle Egypt com. and their
plants were self-pollinated to develop the S,
seed of each of the 121 progenies of each group
Based on results of the S; evaluation
experiments, the best 18 S;’s (15%) in grain
yield plant® were determined under each
selection environment (making two groups of
selected S;’s; i.e. 18 S;’s under IWS and 18 S;’s
selected under WW their S, versions were
selected and their S, seeds were kept for making
intercrossing (among each group of selections of
S, lines) in the next season.

Intercrossing fields

During the 2019 season, four isolated fields
were used to make intercrossing among the 18
selected S;’s of each of the two groups. For each
isolated field, a mixture of seeds representing
equal number of seed of each of the 18 selected
S lines was made and planted on the 1% of
March 2019. Artificial intercrossing (sib-
pollination) among all plants in each field was
made. Ears harvested from each intercrossing
field were shelled and their seed were blended
together. Therefore we obtained two blends of
seeds, the first represents the F; seeds resulted
from intercrossing among 18 S; lines selected
only under well-watered (or selected
simultaneously under both water-stress and non-
stress conditions), which hereafter was referred
to as Pop277-WW, and the second represents
the F; seed resulted from intercrossing among
the 18 S; lines selected only under water-stress,
which was referred to as Pop277-IWS.

Random-mating of experimental populations

In the late season of 2019 in August, seeds of
each of the four experimental populations were
planted in isolated blocks (30 rows each); pollen
from different plants in 15 rows were collected
and used for pollination of different plants from
the other 15 rows, to achieve random mating
among plants for one generation in each block in
order to reach a considerable level of genetic
equilibrium. Each block was harvested
separately, ears were shelled and seeds from
each block were blended thoroughly. Therefore,
seeds of two new (improved) populations were
obtained, i.e.Pop277- WW and pop277-IWS.

Population evaluation experiments

In the 2020 season, the two new
experimental populations (Pop277- IWS and
Pop277 -WW) along with the original (Pop277)
population were evaluated in two separate
experiments, the 1%experiment was (well-water),
and the 2" experiment was under water-stress
at flowering stage intermediate water stress
(IWS), the 2™ one was water stress at both
flowering and grain filling stages Irrigation
regimes applications were the same like those
previously mentioned and used in 2018 season
when evaluating S; progenies, except the fourth
experiment, where the irrigation was given only
at 1%, 2" and 3" irrigations and thereafter
prevented till harvest to insure severe water
stress. The experimental design used for each of
these four experiments was a randomized
complete block design (RCBD) with 4
replications. The experimental plot consisted of
4 rows of 6 m long and 0.8 m width (i.e. the plot
size was 19.2 m?).

In all experiments in 2018, 2019 and 2020
seasons, sowing was done in hills spaced 25 cm
along the row and plants were thinned to one
plant per hill. All other recommended
agricultural practices were followed.

The soil of the experimental site at fun seeds
was clayey. Depth of the water Table of the
experimental field at the end of the stress period
was 105 and 125.5 cm for the well-watered trials
and 130 and 135.4 cm for the water-stressed
trials of S;'s and populations' evaluation in 2018
and 2020 seasons, respectively.
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Biometrical analysis

Data on ASI, LR, LS and SG traits were
normalized using the transformation formula
(trait + 10)™? and those on traits measured as
percentages were normalized using arcsines
transformation For S; progeny trials. Analysis of
variance of the split plot design was computed
after carrying out Bartlet test according to
Snedecor and Cochran (1989). Moreover, each
main plot in each progeny trial was analyzed as
a lattice design for the propose determining
genetic parameters separately under each
environment, considering replicates as fixed
effects, entries as random effects and incomplete
blocks as random effects within replicates.
Because the relative efficiency of the randomized
complete block design (RCBD) was higher than
that of the lattice design, expected mean squares
under a separate environment were estimated
from ANOVA Table of RCBD (Table 1)
according to Halluaer and Miranda (1988).

RESULTS AND DISCUSSION

Experiment 11: Evaluation of S; Progenies
for Drought Tolerance

Analysis of variance

Separate and combined analyses of variance
for studied traits of S; progenies (derived from
pop277 population) evaluated under well-water
and water-stress just before and during flowering
period at fun seeds in 2018 season are presented
in Tables 1 and 2. Results of the combined
analysis of variance showed that highly significant
differences existed among the two irrigation
regimes for all studied traits.

Combined analyses of variance across
irrigations also exhibited highly significant
differences among genotypes (121 S; progenies)
for all studied traits. This result indicats that
there are substantial variation among genotypes
in genes controlling the traits under study.

Mean squares due to genotypes (S; progenies)
X irrigations interaction were either significant
or highly significant for all studied traits, except
of rows ear, ear height and leaf rolling. The
significant genotype (progeny) X soil moisture
interaction for the studied traits indicated the
possibility of selection within (Pop 277)

population for improved performance under a
specific moisture environment.

characteristic of this experiment was the
large increase in the coefficient of variation
(C.V.) of the water-stressed as compared to non-
stressed environment for grain yield per plant,
ears per plant, rows per ear, kernels per row,
kernels per plant and barren stalks, but was
about the same for ASI, days to silking, 100-
kernel weight and plant and ear height while the
opposite was true for leaf rolling, leaf
senescence and stay green traits. The small,
single-row plots (chosen in part because of the
restriction in seed number which would exist in
a conventional testing program) may have
contributed to this high variation. The problem
of whether this interaction represented true
genetic differences will be examined in the
experimental-populations experiment (using a
large plot size) and observing the effect of this
large size on lowering the coefficient of
variation from the non-stressed to water-stressed
treatment. These results are consistent with, Yu,
et al.(2021)

It helps to quantify the agronomic parameters
like leaf area, yield, crop cover, biomass, etc.,
with evolving understanding about leaf reflectance,
leaf emittance, leaf thickness, canopy shape, leaf
age, nutrient status and, importantly, water status
(Dar et al.,, 2021 and Kumar et al., 2022).
utilized HTP technique to identify drought
tolerant maize lines possessing favorable traits
for drought stress tolerance. Under stress, the
data revealed a robust link between canopy
temperature and above-ground biomass.

In general, the magnitude of coefficient of
variation was maximum (22.47, 37.59 and
26.88%) for kernels plant™ followed by grain
yield plant® (20.37, 37.7 and 25.31%) and
minimum for days to silking (2.73, 3.96 and
3.42%) and plant height (5.8, 6.9 and 6.36%) at
well-water, water-stress and combined data
across stressed and unstressed environments,
respectively.

Separate analysis of variance (Tables 1 and
2) revealed that significant or highly significant
differences existed among genotypes (S;
progenies) for all studied traits under both well-
watered and water-stress conditions except for
barrenness under well-water and rows ear™
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Table 1. Separate and combined analyses of variance for yield and it’s components of 121 S;’s
(derived from Pop-277 grown under well-watered and inter-mediate water stress
conditions at BeniSuef in 2018 season

S.0.Vv d.f GYPP EPP RPE KPR KPP 100KW
Well-watered
Replications 1 284.58 0.00010  4.59 197.16 23704.47 2.65

Genotypes 120  1118.63** 0.05** 1.55** 17.56* 27349.85** 10.05**
Error 120  505.00 0.02 0.79 11.94 14543.38 491
CV.% 20.37 14.59 6.53 9.53 22.47 10.94

Inter-mediate water-stressed

Replications 1 1419.53 0.45 1.29 2.97 35222.64 16.20
Genotypes 120 458.08**  0.07** 1.93 33.66** 13913.82** 5.33*
Error 120 147.08 0.02 1.50 16.70 4421.29 3.53

CV.% 37.47 29.65 9.57 14.45 37.59 10.37

Combined across water regimes

Irrigation 1 764074.8** 31.67** 116.38** 8774.65** 17299768.14** 535.09**
Reps/I 2 852.03 0.22 2.78 99.81 29254.62 9.39
Genotypes 120 866.08**  0.06** 2.34** 31.16**  23726.22** 9.58**
GXI 120 710.64**  0.06** 1.13 19.71* 17981.58** 5.80*
Error 240 325.99 0.02 1.14 14.20 9486.71 4.23
CV.% 25.31 19.76 8.05 11.61 26.88 10.73

* and** indicate to significance at 0.05 and 0.01 levels of probability, respectively.

GYPP: Grain yield per plant, EPP: Ears per plant, RPE: Rows per ear, KPR: Kernels per row, KPP: Kernels per
plant, 100 KW: 100 Kernel weight
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Table 2. Separate and combined analyses of variance for some phenological and morphological
of 121 Sy’s (derived from Pop-277) grown under well-watered and inter-mediate
water-stress conditions at BeniSuef in 2018 season component

S.0v d.f Mean squares

DTS ASI PH EH BS LR LS SG

Well -watered

Replications 1 27.66 0.01 184.62 426.34  607.92 0.15 0.040 0.01
Genotypes 120 7.29** 0.03*  521.33** 236.84** 120.97 0.11** 0.311**  0.10**
Error 120 2.77 0.020  142.55 97.02 114.65 0.05 0.070 0.04
CV.% 2.73 1258  5.89 9.21 13.03 17.68  9.730 10.33
Inter-mediate water-stressed
Replications 1 31.17 0.69 3916.80 1914.74  1594.06 0.04 0.190 0.02
Genotypes 120 23.06** 0.35%* 377.70%* 194.25%* 278.05** 0.03*  0.056** 0.02**
Error 120 6.38 0.16  154.53 91.41 87.68 0.02 0.070  0.01
CV.% 3.96 1258 6.90 09.56 17.95 4.43 4.110 2.65
Combined across water regimes

Irrigation 1 977.36™* 546.00** 64750.62** 5962.20** 136639.2** 366.48** 176.050** 44.30**
Reps/I 2 2941 15.84 2050.50 1170.45 2042.04 0.54 5.600 0.43

Genotypes 120 17.54** 9.69** 625.26**  335.88** 391.43** 1.46** 7.840** 1.70**

G Xl 120 12.82* 8.02** 273.76** 9524 347.31** 0.88** 3.160 0.67**
Error 240 4.57 3.58 148.51 94.21 136.79 0.70 1.680 0.45
CV.% 3.43 12.61 6.364 9.38 14.98 31.51 16.130 17.40

* and** indicate to significance at 0.05 and 0.01 levels of probability, respectively.

PH: Plant height, EH: Ear height, DTS: Days to silking, ASI: Anthesis silking interval, BS: Barren stalks, LS :Leaf
senescence, LR :Leaf rolling, SG:Stay green
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under water stress environment, which showed
insignificant differences among genotypes.

Performance of S; progenies

The mean grain yields of the 121 S1 progenies
were 1134 and 33.4g plant-1(ranging from
66.19 to 186.6 g and from 2.34 to 77.62 g plant™)
under well-watered and water-stress environments,
respectively (Table 3). A highly significant
reduction of 70.7% in grain yield plant™ of the
121 S; progenies due to water-stress was
accompanied by a significant reduction in ears
plant™ (48.1%), rows ear™ (7.8%), kernels row™
(22.7%), kernels plant® (67.5%), 100-kernel
weight (10.2%), plant height (11.4%), ear height
(5.6%) and stay green (30.3%) (Table 3). As a
yield component, maximum reduction due to
water-stress was shown by kernels plant?,
whileminimum reduction was observed for rows
ear’ trait. On the other hand, drought stress
caused unfavorable increases in the means of the
121 S, progenies for barren stalks (182.17%).

Variance components and heritability

Changes in the magnitude of genetic (629)
and phenotypic (Szp) variances, as well as the
estimated corresponding broad-sense heritability
(h%) and expected genetic advance of studied
traits for the 121 S, progenies (derived from the
population 277) from well-watered to drought
environments are presented in Table 5.

The changes in magnitude of 5%, and &7, from
well-watering to drought stressed environment
were in the same direction and of similar
magnitude for grain yield™, kernels plant™, 100-
kernel weight, ASI, plant and ear height, leaf
rolling and leaf senescencetraits, where the
magnitude of &°, and &°, was considerably
smaller under drought stressed than non-stressed
environment. On the other hand, the magnitude
of 8’ and &°, was larger under drought stressed
than well-watered environment for ears plant™,
kernels row™, days to 50% silking, barrenness
and stay green traits. Exceptions were rows ear™
and leaf senescence traits, where, increases in
&°, and &°; were accompanied by decrease in &7
under water-stress conditions (Table 5). This
indicates that selection for grain yield™, kernels
plant®, 100-kernel weight, ASI, plant and ear

height, leaf rolling and leaf senescence traits are
predicted to be more efficient under well-
watered than water-stressed environments, while
using the drought stressed environment is
expected to result in more efficient selection for
the remaining traits as compared to using the
well-watered environment, as proposed by
Al-Naggar et al. (2004) Okasha et al. (2014)
and Badu-Apraku et al. (2023)

Broad-sense heritability (h%,) estimates (Table
5) were generally of medium magnitude for all
studied traits under separate environments
(stressed and unstressed), except plant height
and leaf senescence under well-water environment
and days to silking, stay green, barren stalks,
kernels plant® and grain yield plant™ under
water-stress conditions which were of high
magnitude, while barren stalks trait exhibited
very low heritability value under non-stress
conditions.

The heritability for grain yield plant*showed
a general tendency to increase with imposing
drought stress (Table 5), from 55.94% under the
well-water to 69.23% under water stress
environments. Moreover, for all studied yield
components, including ears plant™, kernels row™
and kernels plant™ the magnitude of h? was
larger under drought stress than non-stress
conditions except for rows ear” and 100-kernel
weight which exhibited decrease with imposing
drought stress. Moreover, resultes indicate that
the magnitude of heritability (h%) for days to
silking, ASI, barren stalks and stay green traits
increased from well-water to water-stress. In
contrast, the heritability for plant and ear height,
leaf rolling and leaf senescence traits decreased
with imposing moisture stress conditions. The
reduction in h?, estimate of ear height was
however very small (from 60.22% at non-stress
to 53.99% at stress).

Under well-watering, the highest h2b estimates
were for leaf senescence (79.33 %), plant height
(74.13%) and days to silking (63.05 %), while
the lowest estimates were shown by barren
stalks (5.31%). Under water-stress, the highest
h2b estimates were exhibited by stay
green78.29%), days to silking (73.83%), barren
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Table 3. Means and ranges for all studied traits of 121 S;'s and selected 18 S;’s (based on grain yield)
derived from Pop-277 population evaluated under inter-mediate water-stress (IWS) and well-
water (WW) conditions at BeniSuef in 2018 season

Mean Difference Range Drought effect (%)
Trait Treatment . Best18 %of 121S,’s Best 18 S;’s
121 S;s S.s Absolute 1218 - - - -
1 15 Lowest highest lowest highest 121 S;s Best18S;s
GYPP  ww 113.628 149.022 35.394 31.722 66.198 186.66 128.214 186.66 - -
(9) WS 33.354 52734 19.380 58.650 2.346  77.622 40902  77.622 -70.7** -64.6**
EPP  ww 1.122  1.224 0.102 12546 0.714 15708 1.020 1.5708 - -
WS 0.612 0.714 0.204 29.682 0.102 1.0608 0.510 0.918 -48.1**  -40.3**
RPE  ww 14.178 14280 0.102 0.816 11.832 17544 12240 16.32 - -
WS 13.158 13.668 0510 4.284 9.180 15.606 13.056 15300 -7.8* -41
KPR ww 37.740 38454 0714 2040 30.906 43.962 31.008 43.758 - -
WS 29.172 31.518 2.346 8.364 13.566 38.250 24.786 38.250 -22.7**  -18.0**
100KW ww 20.808 21.420 0.612 3.060 14790 26.622 19.380 26.622 - -
(@) WS 18.666 19.380 0.714 3.774 14076 22746 16.728 22746  -10.2** -9.7*
KPP ww 564.06 717.366  153.306 27.744 288.048 950.334 583.440  950.334 - -
WS 182.172 278256  96.084 53.754 11.934 413.1  210.120 413.100 -67.5** -61.2**
DTS  ww 62.730 62.628  -0.102 -0.204 58.650 70.890 63.240 66.810 - -
WS 65.280 63.648 -1.632 -2.448 59.670 73.440 60.690 66.810 41 1.8

** and** indicate to significance at 0.05 and 0.01 levels of probability, respectively.
GYPP: Grain yield per plant, EPP: Ears per plant, RPE: Rows per ear, KPR: Kernels per row, KPP: Kernels per
plant, 100 KW: 100 Kernel weight , WW:Well - water ; WS: Water- steress

Table 4. Continued.........
Trait Treatment Mean Difference Range Drought effect (%0)
121S;'s Best 18 Absolu %of 121 121S;'s Best 18 S;s
Sis te S1’3 Lowest highest  lowest highest 121 S1°s Best 18
S1’s
AS| ww 2.958 0.0306 -2.856 -100.87 O 3.06 0 -1.02 - -
WS 3.264 2.958 -0.204 -7.038 0 1836 2754 3366 11.01** 106.38*
Ww 208.896 218.688 9.792 4.794 163.200 248.88 183.6 243.78 - -
PH (em) WS 184.620 187.272 2.652 1.428 146.370  214.2 159.12 204.000 11.62** -14.68**
EH (cm) ww 109.140 116.178 7.038  6.630 78.540 13158 99.96  128.52 - -
WS 103.020 103.530 0.510 0.510 78.030 12444 88.74 11934 -571 -11.11%*
BS (%) Ww 17.340 12.546 -4.794 -28.356  10.302 44574 10302 21.012 - -
WS 48246 38556  -9.690 -20.604 22.032 75276 22.236 50.184 182 17** 212.16%*
WWwW 1.326 1.224 -0.204 -0.132 1.020 1.938 1.02 1.428 - -
LR (1-5) WS 3.570 3.366 -0.102 -0.020 1.530 5100 3264 3.672 171560%* 194.20%*
LS (1-10) Ww 7.650 2.652 -0.102 -2.958 2.550 10.200 1.938 2.958 - -
WS 8.874 4182  -0.031 -0.714 4080 10200 3.774 4284 1§320* 55.08**
SG (15) wWw 1.428 1.836 0.510 32.334  2.040 5100 3.060 3.672 - -
WS 0.816 1530 0714 -57.834 2550 5100 1428 1734 -30.80** -g2*

* and** indicate to significance at 0.05 and 0.01 levels of probability, respectively.

LS :Leaf senescence, LR:Leaf rolling, SG:Stag green, PH: Plant height, EH: Ear height
ASI: Anthesis silking interval, BS: Barren stalks
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Table 5. Genetic (5°) and phenotypic (8°,) variances, and heritability in the broad sense (h?) for
all studied traits of 121 S; s (derived from Pop-277 evaluated under well-watered and
inter-mediate water stress conditions at BeniSuef in 2018 season

Trait & &, h'y%%
Ww WS WWwW WS Ww WS
GYPP 559.320 228.990 306.816 155.448 55.947 69.238
EPP 0.030 0.035 0.0173 0.0214 61.924 62.995
RPE 0.760 0.964 0.3743 0.214 50.041 22.664
KPR 8.610 16.810 2.754 8.476 32.621 51.387
KPP 13895.46 6956.4 6619.8 4746.06 48.715 69.584
100KW 5.030 2.667 2.570 0.898 52.142 34.323
DTS 3.650 11.526 2.254 8.344 63.056 73.837
ASI 0.580 0.1785 0.194 0.099 33.997 57.120
PH 260.610 188.853 189.414 111.588 74.134 60.271
EH 118.430 97.104 69.921 51.408 60.221 53.998
BS 60.480 138.873 3.1518 95.197 5.3142 69.921
LR 0.060 0.017 0.028 0.006 52.887 35.995
LS 0.160 0.064 0.121 0.033 79.336 53.427
SG 0.020 0.155 0.011 0.121 46.747 79.856

Mainly due to high heritability for these traits observed under the respective environments (Tables 5 and 6). GYPP: Grain
yield per plant, EPP: Ear per plant, RPE: Row per ear, KPR: Kernels per row, KPP: Kernels per plant, 100 KW: 100 Kernel
weight, LS :Leaf senescence, LR :Leafrolling, SG: Stag green , BS: Baren stalks

Table 6. Genetic advance from direct selection (i.e. selection environment same as target
environment) and correlated genetic response (CR) for indirect selection (i.e. selection
and target environments differ in irrigation regimes or selection in a secondary trait
for the improvement of grain plant™)

Selection environment GYPP EPP KPP ASI LR SG
Direct selection response (R)
Well-water (WW) 15.23 12.73 12.96 1.46 1.81 2.61
Intermediate water-Stress (IWS) 43.09 28.25 43.72 8.39 1.40 2.07

Indirect selection response (CR)
a. Selection environment vs target environment

WW for use under IWS 3.99 -0.11 5.17 0.91 0.82 1.77
RE % (26.76) (-0.89) (40.68) (63.75) (46.42) (69.32)

WS for use under WW 0.63 -0.09 90.05 3.42 2.13 2.09
RE % (1.49) (-0.32) (210.0) (42.38) (154.40)  (102.90)

b. Secondary traits vs grain yield/fad

Non-stressed (WW) - 7.55 11.96 -1.04 -0.81 0.85

RE % - (60.51) (98.87) (-72.24)  (-45.83)  (33.46)
Stressed (IWS) - 26.77 42.52 -7.94 -0.81 -0.17

RE % - (96.85) (99.19) (-96.54)  (-59.12)  (-8.53)

WW for use under IWS - 1.07 4,71 -0.55 -0.35 -0.24
RE % - (8.57) (37.07)  (-38.25)  (20.05) (-9.56)

WS for use under WW - 1.53 7.88 -2.65 -0.42 -0.34
RE % - (5.52) (18.39) (-32.22) (-31.03)  (-17.08)

Values in parentheses are the relative efficiencies (RE) = 100 (CR/R).
RE: Relative efficiency; WW: Well —water; IWS: Intermediate water-sterss
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stalks (68.55%) and grain yield plant-1
(69.85%), (while the lowest ones were observed
for rows ear! (22.66%). The fluctuation of
heritability estimates from well- water to water
stress indicates the influence of water treatments
on expression of traits.

The expected genetic advance for six traits
showing high heritabilities and strong genetic
correlation with grain yield plant® were
calculated for direct and indirect selection using
15% selection intensity (Table 6).

Direct Selection

Predicted genetic advance from direct selection
in each environment reached its maximum value
under drought selection environment for four
traits (grain yield plant™, ears plant®, kernels
plant® and ASI) and under high-N selection
environment for two traits, i.e., leaf rolling and
stay green

Indirect Selection
Selection environment vs target environment

Predicted genetic advance from indirect
selection, which incorporates both the heritability
and the genetic correlation between two different
environments (well-water and water-stress) for
the same trait, could be used to identify the best
selection environment based on its relative
efficiency (RE) in that environment (Table 6).

The expected genetic advance from direct
selection in each environment was generally
greater than the predicted from indirect selection
at another environment, as indicated by the
relative efficiency values <100% for most single
environments (Table 6).

It is therefore concluded that in this study the
predicted gain from direct selection especially
for grain yield under a specific soil moisture
environment would improve the trait under
consideration in a better way than the indirect
selection. The direct selection under water-
stressed environment would take the advantage
of high heritability.

Some exceptions are shown in the results of
the present study in favor of the indirect
selection. The indirect selection under water-
stress for the use under well-water environment
was more efficient than direct selection under

water-stress for kernels plant™ (RE = 210.0%),
leaf rolling (RE = 154.4%) and stay green (RE =
102.9%). This may be attributed to the very low
S, generation mean of ears plant™ and stay green
and to the high h% estimates under drought
selection as compared to well-water environment
(Table 4).

The predicted results of the present study are
in most traits assured that genotypes may be
evaluated under the conditions in which they
will ultimately be produced, namely a certain
soil-moisture environment. The direct selection
under water-stressed environment would ensure
the preservation of alleles for drought tolerance.
(Ud-Din et al., 1992 and Shaboon 2004) .

A Secondary Trait Vs Grain Yield

Responses of grain yield plant™ to selection
for secondary traits were calculated (Table 6)
such that selection was for increased values of
ears plant?, kernels plant™ and stay green or a
decrease in ASI and leaf rolling traits. Direct
selection for grain yield was more efficient than
the predicted genetic advance from indirect
selection for all secondary traits in all cases of
improving of grain yield. This conclusion is
based on comparisons between predicted
responses of improving grain yield indirectly via
a single secondary trait and directly via grain
yield itself by calculating the value of relative
efficiency. These comparisons showed that
direct selection for grain yield was significantly
superior to indirect selection via any single
secondary trait. Exceptions for the previous
conclusion in this study indicated that indirect
selection, i.e. response of grain yield to selection
for secondary traits was approximately of equal
efficiency to direct selection for grain yield itself
for increase of ears plant” (RE=96.85%) and
kernels plant™ (RE =99.19%) and decrease of
ASI (RE = -72.24) under well-water for use
under water-stress environment and increase of
kernels plant™ (RE =98.87%) under non-stress
conditions.

It is therefore concluded that secondary traits
such as ears plant-1, kernels plant-1, ASI, leaf
rolling and stay green are valuable criteria in
increasing the efficiency of selection for grain
yield under water-stress environment. These
traits should be recommended to breeding
programs for improving drought tolerance.
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Selection for improved performance under
drought based on grain yield alone has often
been considered inefficient, but the use of
secondary traits of adaptive value whose genetic
variability increased increase selection efficiency.
(Bolanos and Edmeades 1996). Physiologists
and ideotype breeders have advocated the
judicious incorporation of secondary traits within
breeding programs (Blum, 1988; Ludlow and
Muchow 1990). Results of the present study
suggest that to maximize the genetic gain from
selection, for improving grain vyield, future
research should focus on the incorporation of
secondary traits such ears plant™, kernels plant™,
ASI, leaf rolling, leaf senescence and stay green
traits in the selection programs along with the
grain yield trait.

REFFERENCES

Akaogu, I.C., Badu-Apraku, B. and Adetimirin,
V.0. (2017) Combining ability and
performance of extra-early maturing yellow
maize inbreds in hybrid combinations under
drought and rain-fed conditions. Journal of
Agricultural Science 155(10), 1520-1540.

Al-Naggar, A.M.M., R. Shabana, S.E. Sadek
and S.A.M. Shaboon (2004). S; recurrent
selection for drought tolerance in maize.
Egypt. J. Plant Breed., 8: 201-225.

Al-Naggar, AM.M., AM.A. Abdalla, AM.A.
Gohar and E.H.M. Hafez (2016a).
Heritability, genetic advance and correlations
in 254 maize doubled haploid lines x tester
crosses under drought conditions. J. Archives
of Cur. Res. Int., 6 (1): 1-15.

Al-Naggar, AM.M., M.M.M. Atta, M.A. Ahmed
and Younis, A.S.M. (2016b).Useful heterosis
and combining ability in maize (Zea mays L.)
agronomic and yield characters under well
watering and water stress at flowering. J.
Advances in Biol. and Biotechnol., 8 (1): 1-
18.

Aminu, D., Y.M. Garba and A.S. Muhammad
(2014). Combining ability andheterosis for
phenologic and agronomic traits in maize
(Zea mays L.) under drought conditions in
Northern Guinea Savannas of Borno State,
Nigeria. Afr. J. Biotechnol., 13 (24): 2400-
2406.

Badu-Apraku, B., Yallou, C.G., Obeng-Antwi,
K., Alidu, H., Talabi, A.O. et al. (2017)
Yield gains in extra-early maize cultivars of
three  breeding eras under multiple
environments. Agronomy Journal 109(2),
418-431.

Badu-Apraku, B., Garcia-Oliveira, A.L., Petroli,
C.D., Hearne, S., Adewale, S.A. et al. (2021)
Genetic diversity and population structure of
early and extra-early maturing maize
germplasm adapted to sub-Saharan Africa.
BMC Plant Biology 21, 1-15.

Badu-Apraku, Morakinyo A.B. Fakorede2 |,
Charles Nelimor3 , Alimatu S. Osumanl,4,5
, Tégawendé O. Bonkoungoul , Oyekunle
Muhyideen6 , and Richard O. Akinwale
(2023) Recent advances in breeding maize
for drought, heat and combined heat and
drought stress tolerance in Sub-Saharan
Africa, CABIReviews10.1079/cabireviews.20
23.0011

Banziger, M., G.O. Edmeades, D. Beck and M.
Bellon (2000). Breeding for drought and
nitrogen stress tolerance in maize: from
theory to practice. CIMMYT, Mexico, D.F.
68.

Blum, A. (1988). Breeding crop varieties for
stress environments. Crit. Rev. Plant Sci., 2:
199-238.

Bolanos, J. and G.O. Edmeades (1996). The
importance of the anthesis-silking interval in
breeding for drought tolerance in tropical
maize. Field Crops Res., 48: 65 - 80.

Dar, Z.A., S.A. Dar, J.A. Khan, A.A. Lone, S.
Langyan and B.A. Lone (2021). Identification
for surrogate drought tolerance in maize
inbred lines utilizing  high-throughput
phenomics approach. PLoS One 16: e0254318.
doi: 10.1371/ journal.pone.0254318.

Edmeades, G.O., Bolafios, J., Chapman, S.C.,
Lafitte, H.R. and Bé&nziger, M. (1999)
Selection improves drought tolerance in
tropical maize populations: | Gains in
biomass, grain yield, harvest index. Crop
Science 39(5), 1306-1315.

Erdal, S., M. Pamukcu, A. Ozturk, K.
Aydinsakir and S. Soylu (2015). Combining
abilities of grain yield and yield related traits


https://doi.org/10.1371/journal.pone.0254318
https://doi.org/10.1371/journal.pone.0254318

302 Dakrory, et al.

in relation to drought tolerance in temperate
maize breeding. Turk. J. Field Crops, 20 (2):
203-212.

Ertiro, B.T., Y. Beyene, B. Das, S. Mugo, M.
Olsen, S. Oikeh, C. Juma, M. Labuschagne
and B.M. Prasanna (2017). Combining ability
and testcross performance of drought-tolerant
maize inbred lines under stress and non-
stress environments in Kenya. Plant Breed.,
136: 197-205.

Grant, R.F., B.S. Jakson, J.R. Kinuy and F.
Arkin (1989).Water deficit timing effects on
yield components in maize. Agron. J., 81:
61-65.

Hallauer, A.R. and J.B. Miranda (1988).
Quantitative Genetics in Maize Breeding 2™
edition. lowa State Univ. press, Ames., IA.,
USA.

Kumar, A., A. Carter, R.R. Mir, D. Sehgal, P.
Agarwal and A.H. Paterson (2022). Genetics
and genomics to enhance crop production,
towards food security. Front. Genet. 12:
798308. doi: 10.3389/fgene.2021.798308

Ludlow, M.M. and R.C. Muchow (1990). A
critical evaluation of traits for improving
crop yields in water-limited environments.
Adv. Agron. J., 43: 107-153.

Murtadha, M.A., O.J. Ariyo and S.S. Alghamdi
(2018). Analysis of combining ability over
environments in diallel crosses of maize (Zea
mays L.). J. Saudi Soc. Agric. Sci., 17: 69-78.

Okasha, S.A., M.A. Al-Ashry, A. Aly, T.
Bayoumy and M. Hefny (2014). Combining
ability of some maize inbreds and their
hybrids (Zea mays L.) under water stress
conditions. Egypt. J. Plant Breed., 18 (2):
347 - 371.

Olaoye, G., O.B. Bello, A.Y. Abubakar, L.S.
Olayiwola and O.A. Adesina, (2009).
Analyses of moisture deficit grain yield loss
in drought tolerant maize (Zea mays L.)
germplasm accessions and its relationship
with field performance. Afr. J. Biotechnol., 8
(14): 3229-3238.

Richards, R.A., G.J. Rebetzke, M. Watt, A.G.
Condon, W. Spielmeyer and R. Dolferus
(2010). Breeding for improved water
productivity in temperate cereals: phenotyping,
quantitative trait loci, markers and the selection
environment. Funct. Plant Biol., 37: 85-97.

Rosielle, A.A. and J. Hamblin (1981). Theoretical
aspects of selection for yield in stress and
non-tress environments. Crop Sci., 21 (6):
943-946.

Saif-ul-Malook, A.Q., M. Ahsan, M.K. Shabaz,
M. Waseem and A. Mumtaz (2016).
Combining ability analysis for evaluation of
maize hybrids under drought stress. J. Nat.
Sci. Foundation Sri Lanka, 44 (2): 223-230.

Shaboon, A.M.S. (2004). Genetic improvement
via selection in maize. M. Sc. Thesis, Fac.
Agric., Cairo Univ., Egypt, 176.

Snedecor, G.W. and W.G. Cochran (1989).
Statistical Methods. 8" Ed.; lowa State Univ.
Press, Ames, lowa, USA.

Ud-Din, N., B.F. Carver and A.C. Clutter
(1992). Genetic analysis and selection for
wheat yield in drought-stressed and irrigated
environments. Euphytica, 62:89-96

Videnovic, Z., Z. Dumanovic, M. Simic, J. Srdic
M. Babic and V. Dragicevic (2013). Genetic
potential and maize production in Serbia.
Genetika-Belgrade, 45(3): 667-677.

Wwitt, S., L. Galicia, J. Lisec, J. Cairns, A.
Tiessen, J.L. Araus, N. Palacios-Rojasand
and A.R.R. Fernie (2012). Metabolic and
phenotypic responses of greenhouse-grown
maize hybrids to experimentally controlled
drought stress. Mol. Plant, 5: 401-417.

Yu, D, L. Ke, D. Zhang, Y. Wu, Y. Sun and J.
Mei (2021). Multi-omics assisted identification
of the key and species-specific regulatory
components of droughttolerant mechanisms
in Gossypium stocksii. PlantBiotechnol. J.
19:1690. doi: 10.1111/pbi.13655


https://doi.org/10.3389/fgene.2021.798308
https://doi.org/10.1111/pbi.13655
https://doi.org/10.1111/pbi.13655

Zagazig J. Agric. Res., Vol. 50 No. (3) 2023 303

al sl PO A4 4 2al KA

IJ'ISGUJG..\A;A.\:\AAJ\..\,\G-I@JJJSJUSGMU.‘DM
2odie b g ol ! el Al teaf daaa

aa - A Y] daala - 5 alll el ) 4gS - Jualaal) and -]

e e el ) pul ge an )l e o i i adsilany ol jeae sl Aasall 8 Aul ) o3a oy pal
4 gane JS 5 277 5 _pdall G saainsdd) J5¥1 (A il Sl (e e gane (585 &5 S 2020 ple (in1917
e ey Gagoh cadaaa e JS JLall e (i sanall Gils Caad o3 ¢ 2017 pmige (B i 121 Jalil
Jae o g gall (Gl g gl Jgeana (8 Sl e %15 Juadl QAT 3 G 2018 amiga (B Sl Sleay)
Glimgdll IS Jdae 232019 alal JSaall anssall s SEI Jial) Jll e J saall daiiall Juaill odgd (313 il
On Hsdie @l dee o alall udil JALA pugall (85 Ag e Jgin (B 4piiie 4o sena IS Jlail G AiSadl)
Alall sl o) ) o5 2020 pose 25 .Sl O Y Al Jgeasll A5 jae Jsis (8 sdan o pdie JS s
A sl claall @y )l slgay) axe s dlgal) Cagyh ad 277 Alall b el ALYl saaal)
a5 jaall cliiall alaed J Y15 (I daadl Jusl G S (J1 5 20l asm s ) il @ jlal s doa o gl
ae e Lgie ) alga ) Cag b i Adle dhiay e alall laliaey iy sill 36 o il 5 dplamy) cilindl S
el elidl o 58 Jghag sy pall 2 soa s ZU i o syl el QAEY) Gl Al )all i ol LS il alga)
Gl Sy | Alall dlgal) Cagyls Jaadl LAt 6ol o0l 3 saia 4l julee K8 38 calually ol 380 dae
CATY) (e o2al 5 )50 bl aal Jll 5 277 L) 5 judiall (e Aagivall sl L8 gl Jpeana A Al
el eV Cas ks s (9026.77) 4wy IWS- pop277 8wl L giea J W1 (I Jaal) Jlusy (55l

s :O £ ‘
Ao ) )0 sl 35S se — Apalil) 5,01 Gy and G ) 5 3l S dgaadiae o) -1
LGl ) daals —ded ) 1 A Jaalaall Ay 3 S A g 8348 0§22



