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ABSTRACT

Two field experiments were carried out during 2003 and 2004 summer _easons
to study the genetic parameters of some maize genotypes under drought stress treatments
(irrigation every 14, 18 and 22 days). Grain yield/plant at moderate drought (MD) was
highly significant and positive associated with plant height, ear height, leaves /plant and
ear leaf area, ear weight/plant, ear length, 100-kernel weight, shelling % and ears /plant
in both seasons. Grain yield/plant under severe drought (SD) was highly significant and
negative associated with anthesis-silking interval (ASI), and positively correlated with
50% anthesis and most studied vegetative traits and with ear weight/plant, ear length,
kernels no. /row, 100-kernel weight and shelling % in both seasons, and with ears /plant
in the first season. It is worthy to note that magnitude of correlation coefficients between
grain yield and yield components were higher under stress conditions than under control
(no-drought) in most cases. Drought stress treatments resulted in lower broad-sense
heritabilities than control treatment (no-drought) for 50% anthesis, ASI, leaves no./plant.
ear leaf area, grain yield and ear weight/plant, ears no./plant, rows no./ear and shelling
%, due to decreasing genotypic variances and increased error variances under drought
treatments. Expected gains in grain yield from indirect selection for studied traits and
their percentages to gain from direct selection were of high magnitude for ear leaf area,
ear height and plant height, ear weight/plant, ear length and [00-kernel weight in both
seasons under no-drought (ND), ear height, plant height, ear weight/plant, ear length,
100-kernel weight and shelling % in both seasons under moderate (MD) and ear height,
ear leaf area, ear weight/plant, ear length, 100-kernel weight and shelling % in both
seasons under severe drought (SD). It is concluded that for studied traits, the expected
gain from direct selection for grain yield under stressed or non-stressed environments
would improve the trait under consideration in a way better than the indirect selection.
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INTRODUCTION

Among the environmental stresses, drought is considered the most
single limiting factor of plant productivity in most areas of the world. When
drought is prolonged, crops fail. Over the past few years, there has been
little serious drought in the world, but it is easy to recall the grim years of
the early 1970°s when severe drought occurred in Asia and Africa in the
latitudes just below the Tropic of Cancer. Many thousands of people and
animals were affected and many lives were lost (Swindale and Bidinger
1981).

During the last 50 years considerable efforts have been devoted to
improve yield performance of maize under water-stress conditions through
breeding, and to understand the mechanisms involved in drought tolerance
(Edmeades et al 1992). The problems were the proper techniques of



identifying and selecting tolerant genotypes to soil water stress and
conducting an efficient breeding program to such a complicated character.
This also requires understanding the physiology and genetics of characters
affecting water-stress tolerance and identifying the proper morphological,
physiological traits which, should be recommended to maize breeder as
most suitable for screening genotypes for drought tolerance.

Correlation between yield and its attributes was studied under
drought stress conditions to determine the most important traits related to
yield, which could be used as rapid and accurate selection criteria for soil
moisture stress tolerance.

Drought tolerant genotypes of maize were characterized by shorter
anthesis-silking interval (ASI) (Bolanos and Edmeadas 1993), higher
number of ears per plant and higher number of kernels per ear (Ribaut e a/
1997) than susceptible genotypes. Bolanos and Edmeades (1996) showed a
strong dependence of grain yield (GY) on number of ears per plant (ry =
0.90) and number of grains per ear (r = 0.71), while, the correlation
between GY and weight per grain was weak (r; = 0.14). A moderately
strong negative correlation (rg = -0.60) was reported between GY and ASI.
Similar results were observed by Diallo et al (1996).

Moursi (1997), found that grain yield/fad appears to be positively
and significantly correlated with each of plant height, ear height, number of
kernels/row and kernels weight/ear, under normal irrigated conditions. Thus,
these characters could be used as selection criteria aiming to improve grain
vield under normal irrigated conditions. However under water stress
conditions, grain yield/fad correlated positively and significantly with ear
length, ear weight and kernels weight per ear. Therefore, grain yield of
maize could be improved under water stress conditions through selecting for
these traits. Many other investigators including Chapman and Edmeades
(1999), Al-Naggar er al. (2000) and El-Morshidy er al. (2003) reached
similar conclusion.

Choosing the optimal environment in which to achieve maximum
genetic gain is an important factor for crop breeders. Different opinions were
reported in the literature regarding the best evaluation environment for
practicing selection to increase grain yield under stress conditions.

Byrne et al (1995) suggested that selection under managed levels of
drought stress at one location together with multilocation testing may be
desirable components of maize breeding programs for drought-prone
tropical areas. Bolanos and Edmeades (1996) reported that genetic variances
for grain yield, grains/cob, grains/plant and grain weight were decreased,
but those for ASI and cobs/plant were increased with increasing drought.
Also, they found that broad-sense heritability for grain yield averaged
around 0.6, but fell to values near 0.4 at very low grain yield levels.
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Eadmeades er al (1997) concluded that it is possible through
selection to increase grain yields under severe drought stress (mean yield of
2 t ha') by 24-40 %, while at the same time increasing yield potential by
around 5-10 %. The key to success is carefully managed drought stress
coinciding with flowering and the choice of elite germplasm, followed by
selection for grain yield, ears per plant, ASI, stay green and a constant 50%
anthesis. Banziger er al (1999) and Zaidi et a/ (2004), observed that
selection for tolerance to mid season drought stress appears to increase grain
yield across a range of nitrogen stress levels and may lead to morphological
and physiological changes that are of particular advantages under N stress.

Al-Naggar er al (2000) showed that heritability estimates under
drought stress environments for grain yield and number of kernels/row were
lower but those for ASI, and ears/plant traits were higher than estimates
under non-stressed environment. Also, they showed that the prediction gain
from direct selection in either stress or non-stress environments was greater
than that from indirect selection in either stress or non-stress environments
for all studied traits (ASI, leaf rolling, leaf temperature, stay green,
ears/plant and grain yield). Similar results were reported by Atta (2001) and
Banziger and Cooper (2001).

The aim of this investigation was to study the phenotypic and
genotypic correlation coefficients between grain yield and other traits in
maize under no-drought, moderate and severe drought and to identify the
most associated characters with yield under water stress, estimate the
heritability under different soil moisture regimes and compare these
moisture regimes as evaluation environments based on expected genetic
advance from direct and indirect selection.

MATERIALS AND METHODS

In 2002 growing season, six maize parental inbred lines (L.81 B, G
278, G 507 A, G 516, Rg 5 and Rg 8) were crossed in all possible
combinations including reciprocals by using a complete diallel cross mating
design to obtain 30 single crosses. F, single crosses were evaluated through
two years (2003 and 2004 growing seasons) under 3 irrigation treatments in
3 separate filed experiments. Irrigation treatments were normal irrigation
every 14 days (no drought, ND), irrigation every 18 days (moderate
drought, MD) and irrigation every 22 days (severe drought, SD).

Each experiment was arranged in a randomized complete blocks
design (RCBD) with 2 replications in the 2003 growing season, and 3
replications in the 2004 growing season. The plot size was 3 ridges, 1.5
meters long and 70 cm wide, in 2003 growing season. While in 2004
growing season, the experimental plot consisted of 3 ridges, 3 meters long
and 70 cm wide.
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Experiments of 2003 growing season were carried out at the
Experiments Station of the Faculty of Agriculture. Mansoura University,
whereas the experiments of 2004 growing season were conducted at El-
Taweela Village, Talkha Center. El-Dakahlia Governorate.

The soils of the experimental sites are clayey in texture, contains
organic matter of 2.90 and 3.60% , available N of 17 and 38 ppm, available
P of 6 and 25 ppm, available K of 310 and 323 ppm and PH of 7.8 and 8.9
in the first and second seasons, respectively.

Maize grains were hand sown on May 28 and May 1 in 2003 and
2004 seasons, respectively. Two grains were sown per hill at 25 cm spacing.
Hills were thinned after seedling emergence to secure one plant per hill.
Each experiment was hoed twice, before the first and the second irrigation.
Phosphorus in the form of calcium superphosphate (15.5% P>0s%) at 200
kg/fed., was added to the soil during seedbed preparation, and potassium
sulphate (48% K-0O) at 50 kg/fed was applied after thining. Nitrogen in the
form of Urea (46.5% N) at 120 kg N/fed was added in two equal split
applications, before the first and the second irrigation. Other agricultural
practices were done as recommended.

The following measurements were recorded: days to 50%
anthesis, days to 50% silking, anthesis-silking interval (ASI), number of
leaves/plant, plant height, ear height, stem diameter, ear leaf area/plant,
number of ears/plant, ear diameter, ear length, number of rows/ear, number
of kernels/row, 100-kernel weight. ears vield per plant, grain yield per
plant, shelling percentage. drought tolerance index (DTI)= yield under
severe drought / yield under no drought) according to El-Sayed (1998) and
Atta (2001) .

Data on entries in each experiment for each of irrigation treatments
(1,4, 113 and I5;) were subjected to separate analysis of variance of RCBD
design and analysis of covariance between grain yield and other traits in the
forms given in Table 1.

Table 1. Mean squares and expected mean squares for variance and
covariance components.

{ S.V d.f MS EMS MP EMP
Replicates (r) r-1

Crosses (c) -1 M, ol+ro’c | MP, | dle;+rd’Gy
Error (r-1)(c-1) M, o MP, o’ey

genetic and phenotypic variances were estimated from expected
mean squares as follows: oG =M;-M))/r o= czﬁ + (0'2,! ).
The percentage of heritability of plot means was estimated as:
h%,= (c? /%) x 100
Phenotypic (r,n) and genotypic (rg) correlations were calculated
between grain yield per plant and other traits for no drought (ND), moderate
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drough' ‘MD) and severe droiel SD) conditions by the following
form ulae: {Banziger et al., 1997)

roi = o-pif/ (o°pi x o’p))"? rgi = 0°Gij / (6°Gix 6° Gj)'? .

Where, rp; and rg;; refer to phenotypic and genotypic correlation
cozfficient, respectively, o”p;; and 6”Gij indicate phenotypic and genotypic
covariancs, respectively, o’p and ¢°G indicate phenotypic and genotypic
variance, repectively and subscripts i and j refer to yield and correlated
trait, respectively.

Expected gain from direct selection for grain yield/plant under each
irrigation treatment was calculated by using the following formula
according to Banziger and Lafitte (1997)

AS—_-K.h:b.Upi:KGzGiprj

where. K is the selection differential; o’c: and op; are the genotypic and
phenotypic standard deviation for grain yield, respectively.

Expected gain in grain yield from selection for a yield-related trait
(indirect selection) was calculated by the following formula according to
Banziger and Lafitte (1997)

Indirect selection gain = k og;; / op;
where. ogij = genetic covariance between grain yield and related trait j,

op; = phenotypic standard deviation for trait j.

A standard value of k = 1 was assumed for both direct and indirect selection.

RESULTS AND DISCUSSION

Associated Traits
_ Grain yield and flowering and vegetative traits

Grain yield plant” under no-drought was positively and significantly
correlated with 50% anthesis (rg= 0.38 , r,= 0.40) and 50% silking (rp=
0.39". re= 0.42) in the first season, but the correlation in the second season
was non-significant (Table 1). The association between grain yield plant™
under no-drought and anthesis-silking interval (ASI) was negative and non-
significant in the first season, and significant in the second season (rp=
0.35". re= 0.37). All studied vegetative traits were positively and highly
significantly correlated with grain yield/plant under no-drought i.e. plant
height (rps=0.56"", 0.60"" and rg= 0.57, 0.62), ear height (r»=0.58"". 0.54"
and rg= 0.59, 0.55) and ear leaf area (r»= 0.66 , 0.48™ and r,= 0.68. 0.49)
in the first and second season. respectively, and stem diameter in the first
season (rpn= 0.42"" and ry= 0.43) and only significant in the second season
(res= 0.40" and rg= 0.47) except leaves/plant which was non-significantly
correlated with grain yield/plant in the second season.

Grain yield/plant under moderate drought (MD) was highly
significantly and positively associated with plant height (ry= 0.58", 0.74"
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and rg= 0.60, 0. 77), ear herght (rpr= 0. 817, 0.63" and rg= 0.85, 0.65), Ieaves
/plant (rpn= 0. 62", 0.46" and rg= 0.72, 0. Sl) and ear leaf area (rpy= 0.69",
0.44" and r= 0. 71, 0.49) in the first and second season, respectively, and
stem diameter (r= 0.50" and r,= 0.51) in the first season. While, grain
yield/plant was moderately correlated with 50% anthesis (rp,= 0. 45", 0.38"
and r,= 0.47, 0.40), 50% silking (rp»= 0.36", 0.26 and r,= 0.39, 0. 29) in the
first and second season, respecuvely, and anthesis-silking interval (ASI)
(r= 0.45" and r,= 0.47) in the first season, while it showed a negative
correlation with ASI (rpy= -0.37" and rg=- 0.40) in the second season, as
shown in Table (2) .

Regarding to the correlations under severe drought (SD), data in
Table (2) showed that grain yield/plant was highly significantly and
negatwcly associated with anthesis-silking interval (ASI) (rps= -0. 64",
0.49" and rg= -0.95, -0.55), and positively correlated with 50% anthes:s
(rpn= 0. 53", 0.41" and re= 0.57, 0.45), and non-mgmfcantly associated with
50% 51lkmg (ron= 0.28. 0.14 and rg= 0.32, 0.15) in the first and second
seasons, respectively.

Grain yield under severe drought was positively and highly
significantly associated with all studied vegetative traits in both seasons
except with stem diameter in the second season which was only significant,
and leaves/plant in the second season which was not significant.

Table 2. Phenotypic (r;,) and genotypic (rg) correlations between grain
yield/plant of maize and flowering and vegetative traits under no-
drought (ND), moderate drought (MD) and severe drought (SD)
conditions during 2003 and 2004 growing seasons.

Trait Grain yield / plant

Irrigation ND MD SD
Season 2003 [ 2004 | 2003 | 2004 | 2003 | 2004
2 R RO ET Y 0.34 0.45 0337 |- 053¢ 0.41°
peanthesi S0 0.40 0.34 0.47 040 | 057 0.45
B res | 039 0.23 0.36 0.26 0.28 0.14
0% silking | _ 0.42 0.24 0.39 0.29 0.32 0.15
{ ASI Fon -0.10 -0.35 0.45° 037 | 064 049
re -0.19 -037 0.47 -0.40 -0.95 -0.55
; B | 056 "Bk ESS 04 | oS o
Planthelght | " | o057 e | 60 677 | o2 am
1 e | 058° 054 | 081 063 | 069 060
Earheight | - 0.59 0.55 0.85 0.65 0.71 0.63
Stem T | 042 0.40 0.50" 0.34 051" 0.45
diameter r, 0.43 0.47 0.51 0.36 0.51 0.47
rem | 0.66 0.34 062" 046 | 0717 0.30
Leaves/plant | ™ | o1 e | o2 051 | o713 o3
Ear leaf area | ™ 0.66 048 | 0.69 0.44 0.69° 055
. r, | 0.68 0.49 0.71 0.49 0.72 0.57
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Giain yield and yield components traits

Under control (ND) treatment (Table 3), highly significant and
positive correlation coefficients were observed between grain yield/plant
and each of ear welghv'piant (rx= 0.99", 0.93" and r= 0.99, 0.93), ear
length (rpw= 0. 93", 0.81" and rg= 0.97, 0. 82) kernels no./row (rpy= 0. 535
0.60"" and rg= 0. 83 0.64) and 100-kernel weight (r;,= 0.82", 0.76"" and rg
0.85, 0.78) in the first and second season, respectively, and shellmg % (Tph=
0.82" and rg= 0.85) in the first season. Whereas, only significant and
positive correlation coeﬂ' cients were observed between grain yield and each
of ears /plant (rpp= 0. 45", 0.41" and rg= 0.46, 0 41) in the first and second
season, respectively, and shellmg % (rpn= 0. 40" and rg= 0.36) in the second
season. Significant and negative correlation coefficient was observed
between grain yield and rows no./ear (rp..=—0.39' and rg=-0.43) in the second
season.

Table 3. Phenotypic (r,) and genotypic (r;) correlations between grain
yield/plant and maize yield and yield components traits under no-
drought (ND), moderate drought (MD) and severe drought (SD)
conditions during 2003 and 2004 growing seasons.

Trait Grain yield / plant

Irrigation ND MD SD

Season 2003 | 2004 | 2003 | 2004 | 2003 | 2004

ra | 099" 0935 098" 099" L0981 096"

Ear weight/plant —=—
r, 0.99 0.93 0.99 0.99 0.99 0.97
Eaplmeth rm | 0937 081 | 0917 0.66 091" 0.69
r, 0.97 0.82 0.93 0.73 0.94 0.72
] o 0.02 0.16 -0.08 0.50" -0.11 0.22
e e ] R Rl Al 955 L A1 4. 024
Eaiablint Ton 0.45 0.41° 0.45 0.41° 0.54" 0.30
r, 0.46 0.41 0.45 0.43 0.55 0.32
L - i rm | 023 039 -0.19 -0.26 -0.29 -0.23
r, -0.28 -0.43 0.26 -0.27 -0.45 -0.29
o e ra | A8 0.60" 0.44° 0.65" 0.48"  0.66
r, 0.83 0.64 0.46 0.72 0.52 0.72
- r, €82 8 0.83" 0.82" 084" 076
e . | o8 e lanne. 057 i85 07
Shelling % ron | 0.827 0.40 0.80"" 0.61" ;|s0:85 0517
T 0.85 0.36 0.84 0.96 0.91 0.55
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Under moderate drought (MD), grain yield/plant had significant and
positive correlation coefficients with each of ear weight/plant (rp»= 0. 98",
0.99" and rg= 0.99, 0.99), earlength(rph—O‘)l 0.66 and rg= 0.93, 073)
100- kcmel welght (rpn= 0.83"", 0.82" and r= 0. 86 0.87), shelllng % (rph=
0.80, 0.61"" and r,= 0.84, 096)and ears /plant (r;,= 0.45, 0.41  and r=
0.45. 043‘.) in the first and second season. respectively, and ear diameter
(rpn=0.50"" and rg= 0.55) in the second season (Table 3).

Under severe drought (SD), grain yield/plant was significantly and
positively associated with ear weight/plant (r= 0. 98", 0.96  and rg=0.99.
0.97), ear length (= 0. 917. 0.69" and r= 0.94, 0. 72), kernels no./row
(rpr— 0.48", 0.66 and = 0“2 0.72), 100-kernel weight (rp= 0.847,

76" and 1~ 0.85, 0.78) and sheiling % (o= 0.85"", 0.51"" and rg= 0.91.
0 55) in the first and second season, respectively. and wnh ears /plant (r=
0.54" and = 0.55) in the first season (Table 3).

It is worthy to note that magnitude of correlation coefficients
between grain vield and vield components was higher under stress
conditions than under control (no-drought) in most cases. This result is
consistent with that reported by Bolanos and Edmeades (1996), Ribaut er al
(1997). Moursi (1997), Chapman and Edmeades (1999), Al-Naggar et al
(2000) and Atta (2001).

Genetic and environmental variances
Flowering and vegetative traits

Genetic variance (o “G) for studied hybrids under drought stresses
(MD and SD) was lower than that under no-drought (ND) for ear leaf area,
stem diameter. ear height. plant height. anthesis-silking interval (ASI) in
both seasons. as well as 50% anthesis and 50% silking and leaves/plant in
the second season. However. genetic variance for experimental hybrids
under severe drought (SD) was higher than that under no-drought (ND) for
50% anthesis and 50% 50% silking s and leaves /plant in the first season
(Table 4).

Regarding to the environmental variance Table (4) showed that
environmental (o %) variance for the experimental hybrids under drought
stresses (MD and SD) was higher than that under no-drought (ND) for 50%
anthesis and 50% silking in both seasons, leaves/plant in the second season,
and plant height in the first season. However. environmental variance for
hybrids under drought stress treatments (MD and SD) was lower than that
under control (ND) treatment for anthesis-silking interval (ASI), ear height.
stem diameter, ear leaf area in both seasons, and plant height in the second
season.

188



Table 4. Genetic variance (¢° (. environmental variunce Tx é) and
heritability (h’) for maize flowering and vegetative traits under no-
drought (ND), moderate drought (MD) and severe drought (SD)

conditions during 2003 and 2004 growing seasons.

Trait Genetic variance Env.ironmental Heritability
(¢’ G) variance (¢’ e) (h?)

Season | 2003 | 2004 | 2003 | 2004 | 2003 | 2004

ND 1.08 2.73 0.15 0.078 87.8 97.2

50% anthesis MD 1.66 2.46 0.15 0.095 21.8 96.3
SD 1.23 1.25 0.22 0.086 84.8 93.6

ND 0.77 0.740 0.10 0.084 88.7 89.7

50% silking MD | 083 0774 | 0.12 0079 | 872 90.7
SD 0.88 0.707 0.11 0.094 88.7 88.3

ND 0.07 0.908 0.25 0.122 21.7 88.2

ASI MD 1.66 0.845 0.15 0.155 91.8 845
SD 0.06 0.457 0.25 0.068 19.2 87.0

ND 356.60 521.2 3.95 37.97 98.9 932

Plant height MD 167.50  405.8 6.65 1.225 96.2 99.7
SD 223.88 238.46 11.24 1.469 95.2 99.4

ND 149.46 291.81 372 4.48 97.6 98.5

Ear height MD | 8086 19134 | 6.46 1.85 92.6 99.0
SD 54.26 117.87 2.83 1.754 95.0 98.5

ND 0.020 0.021 0.001 0.008 96.9 73.6

Stem diameter MD 0.017 0.025 | 0.0002 0.0001 98.8 99.7
SD 0.018 0.014 | 0.0005 0.0003 97.3 97.6

ND 0.572 0.610 0.078 0.150 88.1 80.7

Leaves/plant MD | 0549 0.712 | 0203 0.113 73.1 86.3
SD 0.729 0.436 0.181 0.149 80.2 74.6

ND 3015.7  4456.8 176.7 111.52 94.5 97.6

Ear leaf area MD | 2703.5 2281.1 | 1134 95.89 96.0 96.0
SD | 18532 1069.8 | 1264 8663 | 93.6 92.5

It could be concluded

season.

that genetic variance was higher than
environmental variance for all studied flowering and vegetative traits under
different drought stress and non-stress treatments in both seasons, except
ASI under no-drought (ND) and severe drought (SD) treatments in the first
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Yield and yield components traits

Results in Table (5) showed that genetic variance for hybrids under
drought stresses (MD and SD) was lower than that under control treatment
(ND) for grain yield/plant, ear weight/plant, ear length, ear diameter, ears
/plant and rows no./ear in both seasons, and 100-kernel weight and shelling
% in the second season, and vice versa for kernels no./row in both seasons,
100-kernel weight and shelling % in the first season.

With respect to environmental (oze) variance, data in Table (5)
showed that environmental variance for hybrids under drought stress
treatments (MD and SD) was higher than that under control treatment (ND)
for grain yield/plant, ear weight/plant, ears /plant and shelling % in both
seasons, and ear diameter and kernel no./row in the second season, and rows
no./ear in the first season, and vice versa for ear length in both seasons, and
kernels no./row and ear diameter in the first season, and 100-kernel weight
and rows no./ear in the second season.

It could be concluded that genetic variance was higher than
environmental variance for all studied yield and yield components under
different drought stress and non-stress treatments in both seasons, except
rows no. /ear under severe drought, kernels no./row under no-drought in the
first season, and shelling % under moderate and severe drought in the
second season.

Heritability estimates
Flowering and vegetative traits

Broad-sense heritability estimates for flowering and vegetative traits
ranged from 19.2% for ASI under severe drought to 98.9% for plant height
under no-drought in the first season, and from 73.6% for stem diameter
under no-drought to 99.7% for plant height and stem diameter under
moderate drought in the second season (Table 4).

Broad-sense heritability estimates ranged under control (ND) from
21.7% for ASI to 98.9% for plant height in the first season, and form 73.6%
for stem diameter to 98.5% for ear height in the second season. While it
ranged under moderate drought (MD) from 73.1% for leaves/plant to 98.8%
for stem diameter in the first season and from 84.5% for ASI to 99.7% for
plant height and stem diameter in the second season. However, it ranged
under severe drought (SD) from 19.2% for ASI to 97.3% for stem diameter
in the first season, and from 74.6% for leaves/plant to 99.4% for plant
height in the second season.

In both seasons, all studied flowering and vegetative traits show
larger heritability estimates under control (no-drought) treatment than under
drought stresses treatments (MD and SD) except 50% anthesis, ASI and ear
leaf area under moderate drought in the first season, and 50% silking, plant
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height, ear height and leaves/plant under moderate drought in the second
season, as well as stem diameter in both seasons, as shown in Table (4).
Yield and yield components traits

Broad-sense heritability estimates for yield and its components
ranged under control (ND) treatment from 41.4% for kernels/row to 99.3%
for ears/plant in the first season, and from 87.4% for rows/ear to 99.7% for
ear weight/plant in the second season. Whereas, it ranged under moderate
drought (MD)from 60.3% for rows no./ear to 99.6% for grain yield/plant in
the first season, and from 33.3% for shelling percentage to 99.2% for ears
/plant in the second season. However, it ranged under severe drought (SD)
from 47.5% for rows/ear to 99.1% for ear weight/plant in the first season,
and from 50.0% for shellmg percentage to 98.3% for ear length in the
second season, as shown in Table (5).

Table 5. Genetic variance (¢° G), environmental variance (c2 e) and
heritability (h’) for yield and yield components traits under no-
drought (ND), moderate drought (MD) and severe drought (SD)
conditions during 2003 and 2004 growing seasons.

Trait Genetic variance Environmental Heritability
(52 G) variance (t:'2 e) (hl)

Season | 2003 | 2004 2003 | 2004 2003 | 2004
X ND | 163698 2230.23 | 12.02 17.31 99.2 99.2
:f,;f:t'ly i MD | 140319 1619.47 | 1416 11172 | 996 93.5
SD | 1167.90 1182.05 | 15.78 71.37 98.6 94.3
Ear weight ND | 189832 25694 | 7.167 7.592 99.0 99.7
plant™ MD | 163510 20986 | 17.44 15141 98.9 93.3
SD | 139523 15828 | 12.70 55.88 99.1 96.6
ND 4.095 6.284 0.472 0.198 89.7 96.9
Ear length MD | 3.664 4.640 0.101 0.295 97.3 94.0
SD 2.888 2.743 0.092 0.045 96.9 98.3
ND 0.035 0.027 0.022 0.003 61.9 88.9
Ear diameter MD | 0.024 0.026 0.013 0.007 64.4 79.0
SD 0.018 0.021 0.011 0.004 62.5 84.0
1 ND 0.149 0.144 0.001  0.0007 99.3 99.5
| MD | 0124 0123 | 0002 0001 | 988 992
SD 0.097 0.083 0.003 0.002 97.4 98.0
ND 0.966 3.127 0.465 0.450 67.5 87.4
Rows ear™ MD 0.561 3.393 0.369 0.300 60.3 91.9
SD 0.437 1.997 0.483 0.312 47.5 86.5
ND 3.687 12.788 | 5.081 1.479 41.4 89.6
Kernels row™ MD 9.670 18.638 1.082 2.149 89.9 89.7
SD 8.087  17.901 | 1.640 2.394 83.1 88.2
g ND | 13983  36.26 0.81 1.233 94.5 96.7
‘lfe';glt‘l‘:r“l MD | 1615 3278 | 0756  2.810 95.5 92.1
SD 16.15 33.63 1.073 0.828 93.8 97.6
ND 0.001 0.003 | 0.0001  0.0003 87.9 88.9

Shelling % MD | 0.002  0.0003 | 0.0002 0.0007 87.9 333
SD 0.003 0.001 | 0.0005  0.001 83.3 50.0
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Under severe drought treatment (SD), the largest heritability
estimates were reported by ear weight/plant (99.1%) followed by grain
yield/plant (98.6%), ears/plant (97.4%), ear length (96.9%), 100-kernel
weight (93.8%) in the first season, and ear length (98.3%) followed by ears
/plant (98.0%) then 100-kernel weight (97.6%), ear weight/plant (96.6%)
and grain yield/plant (94.3%) in the second season.

All studied yield and yield components (Table 5) showed high
heritability estimates under stress and non-stress treatments in both seasons,
except ear diameter and rows/ear in the first season, and shelling % in the
second season.

This would be helping in choosing the suitable environment for
practicing selection programs to improve traits for better expression under a
specific environment, especially those related to drought tolerance. For
example, the best environment for maximizing the heritabilities of ear
length, kernels/row and 100-kernel weight would be under drought stress,
and that for maximizing heritabilities of grain and ear yields/plant,
ears/plant and shelling % would be under no-drought conditions.

In general, it could be concluded thunder drought stress treatments
resulted in lower broad-sense heritabilities than control treatment (no-
drought) for 50% anthesis , ASI, leaves /plant, ear leaf area, grain yield and
ear weight/plant, ears/plant, rows/ear and shelling %, due to decreasing
genotypic variances and increased error variances under drought treatments.

Similar to our results, some investigators found decreases in genetic
variance magnitude and heritabilities under stress environments (Asay and
Johnson 1990). In contrast, other researchers reported that the component of
genetic variance and consequently heritability estimates were increased in
stress environments (Bolanos and Edmeades 1996 and Ribaut e a/ 1997).

Expected gain from direct and indirect selection
Flowering and vegetative traits

Expected gains in grain yield from indirect selection for flowering
and vegetative traits under no-drought (ND), and their percentages to gain
from direct selection were high values for ear leaf area (26.87, 66.7%),
leaves/plant (26.80, 66.5%), ear height (23.49, 58.3%) and plant height
(22.98, 57.0%), and of moderate values for stem diameter (17.06, 42.3%),
50% silking (16.02, 39.7%) and 50% anthesis (15.33, 38.0%), and of low
values for ASI (-3.64, -9.0%) in 2003 season, respectively. However in
2004 season, plant height (28.49, 60.6%), ear height (25.56, 54.3%) and ear
leaf area (22.66, 48.2%) recorded the highest values of expected gains in
grain yield from indirect selection and their percentages to direct selection,
respectively, as shown in Table (6). These results were attributed to
increasing the genotypic correlation coefficients for these traits with grain
yield/plant under no-drought.
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Table 6. Expected gain in yield from indirect selection for maize flowering and
vegetative traits, and indirect gain in percent of direct gain from
selection for grain yield under no-drought (ND), moderate drought
(MD) and severe drought (SD) conditions during 2003 and 2004
growing seasons.

Trait Expected gain from lndirect-gain / direct gain
indirect selection (%) (in percent)
Season 2003 2004 2003 2004
ND 15.33 15.80 38.0 33.6
50% anthesis MD 16.85 15.77 45.2 40.5
SD 17.87 14.80 52.6 44.3
ND 16.02 10.75 39.7 229
56% silking MD 13.54 11.15 36.3 28.6
SD 10.16 4.95 29.9 14.8
ND -3.64 -16.49 -9.00 -35.1
ASI MD 16.85 -14.94 45.2 -38.4
SD -20.32 -17.50 -59.8 -52.4
ND 22.98 28.49 57.0 60.6
Plant height MD 21.99 30.75 59.0 79.0
SD 17.30 R 51.0 75.6
ND 23.49 25.56 58.3 54.3
Ear height MD 30.67 26.17 82.3 67.2
SD 23.64 21.36 69.6 64.0
ND 17.06 18.99 42.3 40.4
Stesy MD 18.84 14.29 50.5 36.7
diameter
SD 17.25 15.99 50.8 47.9
ND 26.80 16.73 66.5 35.6
Leaves /plant | MD 23.15 19.20 62.1 49.3
SD 23.95 10.58 70.6 31.7
ND 26.87 22.66 66.7 48.2
Ear leaf area MD 25.88 18.85 69.4 48.4
SD 23.67 18.94 69.7 56.7

* Expected gains from direct selection for grain yield under no-drought were 40.31 and 47.04,
under moderate drought 37.27 and 38.92, ind under severe drought 33.95 and 33.39 g/plant
in 2003 and 2004 seasons, respectively

Expected gains in grain yield from indirect selection for flowering
and vegetative traits under moderate drought (MD), and their percentages to
gain from direct selection were of high values for ear height (30.67, 82.3%),
ear leaf area (25.88, 69.4%), leaves /plant (23.15, 62.1%) and plant height
(21.99, 59.0%) in 2003 season, respectively (Table 6).
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However in 2004 season, plant height (30.75, 79.0%) and ear height
(26.17, 67.2%) show the highest values of expected gains form indirect
selection and their percentages to gain from direct selection, respectively.

Under severe drought (SD), leaves/plant (23.95, 70.6%), ear leaf
area (23.67, 69.7%), ear height (23.64, 69.6%) and ASI (-20.32, -59.8%)
recorded the highest values of expected gains form indirect selection and
their percentage to gain from direct selection in the first season,
respectively. However in the second season, the highest values of expected
gains form indirect selection and their percentages to gain from direct
selection were observed by plant height (25.23, 75.6%), ear height (21.36,
64.0%) and ear leaf area (18.94, 56.7%), respectively, as shown in Table
(6).
Yield and yield components traits

Expected gains form direct selection for grain yield under no-
drought (ND) were 40.31 and 47.04 g/plant, under moderate drought (MD)
were 37.27 and 38.92 g/plant, and under severe drought (SD) were 33.95
and 33.39 g/plant at 2003 and 2004 seasons, respectively, (Table 6,7
footnotes). Under control treatment (ND), the highest values of expected
gains in grain yield from indirect selection for yield component traits, and
their percentages to direct selection were recorded by ear weight/plant
(40.26. 99.9% and 43.85. 93.2%). ear length (37.52, 93.0% and 38.24,
81.5%) and 100-kernel weight (33.34, 82.7% and 36.39, 77.4%) in 2003 and
2004 seasons. respectivelv. and shelling % (32.26, 80.0%) in the first
season, and kernels/row (28.61. 60.8%) in the second season, as shown in
Table (7).

Under moderate drought (MD), ear weight/plant (36.99, 99.3% and
38.92, 99.9%), ear length (34.31, 92.0% and 28.35, 72.8%), 100-kernel
weight (31.42, 84.3% and 33.7, 86.6%) and shelling % (29.55, 79.3% and
22.29, 57.3%) recorded the highest values of expected gains in grain yield
from indirect selection for yield components traits, and their percentages to
direct selection in 2003 and 2004 seasons, respectively. Also, these traits
recorded the highest values of expected gains in grain yield from indirect
selection, and their percentages to direct selection under severe drought
(SD) in both seasons, as well as kernels/row in the second season, as shown
in Table (7). These results were attributed to increasing genotypic
correlation coefficients for these traits with grain yield/plant.

In general, a value of 100% for indirect selection / direct selection
(100 x IR/R) indicates that indirect and direct selections are predicted to be
equally efficient. While, when this percent is less than 100, direct selection
is predicted to be more efficient than indirect selection, and vice versa when
this percent is more than 100. Thus, results show that direct selection for
grain yield under no-drought or drought stress conditions was likely to be
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Table 7. Expected gain in yield from indirect selection for maize yield
components, and indirect gain in percent of direct gain from
selection for grain yield under no-drought (ND), moderate drought
(MD) and severe drought (SD) conditions during 2003 and 2004
growing seasons.

Trait Expected gain from Indirect gain / direct gain
indirect selection (%) (in percent)

Season 2003 2004 2003 2004
ND 40.26 43.85 99.9 93.2
Ear weight/plant MD 36.99 38.92 99.3 99.9
SD 33.77 32.94 99.4 98.6
ND 37.52 38.24 93.0 81.3
Ear length MD 34.31 28.35 92.0 72.8
SD 31.54 24.72 92.9 74.0
ND 1.173 744 29 15.8
Ear diameter MD -3.230 19.80 -8.7 50.9
SD -3.629 7.61 -10.7 22.8
ND 18.498 19.35 459 41.1
Ears /plant MD 16.857 17.26 45.2 443
SD 18.558 10.77 54.7 32.3
ND -9.330 -19.18 -23.1 -40.8
Rows/ear MD -7.570 -10.57 -20.3 -27.2
SD -10.556 -8.90 -31.1 -26.6
ND 21.566 28.61 3.5 60.8
Kernels/row MD 16.324 27.46 438 70.6
SD 16.102 23.36 474 70.0
ND 33.34 36.39 82.7 77.4
100-kernel weigth MD 31.419 33.70 84.3 86.6
SD 29.294 26.70 86.3 79.9
ND 32.256 16.24 80.0 345
Shelling % MD 29.552 22.29 79.3 57.3
SD 28355 | 13.44 83.5 40.3

Expected gains from direct selection for grain vield under no-drought were 40.31 and 47.04,
under moderate drought 37.27 and 38.92, and under severe drought 33.95 and 33.39 g/plant
in 2003 and 2004 seasons, respectively.

more efficient than indirect selection for all studied flowering, vegetative
and yield components traits.

It is concluded that for studied traits, the expected gain from direct
selection under stressed or non-stressed environments would improve the
trait under consideration in a way better than the indirect selection.

The direct selection under water stress environment would ensure
the preservation of alleles for drought tolerance (Langer et al 1979) and the
direct selection under full irrigation regime would improve the maximum
potential for a trait and would take advantage of the high heritability (Braun
et al 1992).
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