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ABSTRACT

The objective of this work was to study the genetic systems controlling
quantitative traits of maize using a North Caroclina Design )l mating design among nine
parental lines and their 20 F4's under normal and drought stress conditions. Highly
significant differences existed among studied genotypes, revealing a large amount of
variability among them undz=r both conditions. The significant values of mean square
for parents vs. crosses were observed, indicating the imporiance of heterotic values
and non additive genetic variance in the inheritance of these traits under the two
conditions. Some lines and their Fy crosses showed drought susceptibility index "S"
values less than one revealing relative drought resistance. The results showed that
the magnitudes of non-additive genetic variance (6°D) were larger than those of
additive ones (0°A) for most studied traits, indicating that the non additive gene action
was pronounced in the inheritance of these traits. Therefore, these promising crosses
could be utilized in maize breeding program to improve these traits under favorable
and drought stress. This finding could be emphasized by the estimate values of
narrow sense heritability. '

Keywords: Additive; dominance; drought; heritability; Maize (Zea mays L.) and North
Carolina Design Il.

INTRODUCTION

Maize (Zea mays L.) is one of the most important cereal crops in Egypt
and all over the world. Maize is particularly sensitive to water stress at the
flowering and grain filing pericds (Grant ef al. 1989). Evaluating drought-
tolerant germplasm and then developing drought-tolerant varieties are the
means by which agriculturists minimize the impact of abiotic stress without
causing a substantial yield loss. The development of drought tolerant lines
becomes increasingly more important. Phenotype is the result of genotype
and environmental interaction, therefore, assessment of desired genotypes is
highly dependent on proper environmental conditions. Abictic stresses
(particularly drought, high temperature, salinity and others) generally reduce
crop productivity. Stresses can occur at any stage of plant growth and
development reducing crop productivity (Ribaut et &/, 2009). Thus, drought
resistance in crops is probably the most difficult trait to understand (Bruce et
al. 2002 and Ashraf, 2010). Water stress can lead to the closed stomata and
consequently decrease carbon dioxide absorption, photosynthesis and dry
matter production (Shiri ef al. 2010). Low heritability of grain yield and the
complexity of genotype environment interactions limit the development of
cultivars tolerant to water stress. Recent advances in the genetic
improvement of crop drought resistance by conventional breeding and
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molecuiar techniques have enabled drought-resistant breeding to take a big
step, but it also underscores the urgent need for standard evaluation assays
and selection criteria for drought resistance, especially when climate change
(Campos et al. 2004; Mcose and Mumm 2008 and Ashraf (2010).

The magnitude of 0°SCA x E interaction was wider than 6°GCA x E
interaction for most morphological and grain yield traits, indicating that the -
non-additive type of gene action was more effective than the additive type of
gene action by environment (Khaled 2008). On the other hand, Imtiaz (2009)
stated that additive gene action was important for plant height and harvest
index under normal and stress conditions, whereas dominance type of gene
action was found for kernels per ear row and 100-grain weight. Additive gene
effects were predominant in controlling the majority of maize traits under
deferent environments (Barakat and Abd El-Moula, 2008 and Mahdi et al.
2011).

The objective of this work was to study the genetic systems controlling
quantitative traits among nine maize lines and their 20 F,'s using a North
Carolina Design Il in two separate environments {drought and irrigated
conditions).

MATERIALS AND METHODS

Field experiments:

This study was carried out at the experimental farm at the Faculty of
Agriculture, Sohag University, Egypt during the two successive seasons of
2010 and 2011. The genetic material used in the present investigation
consisted of nine parental lines: A3 (B73, provided by ENS de Lyon, France),
(B3, B5, B8 and B10) which are Egyptian lines produced by Department of
Maize Research Program Field Crops Research Institute, ARC, Egypt and
{C1, C12, C15 and C16) are sub-tropical maize produced by The
International Maize and Wheat Improvement Center (commonly called by its
Spanish acronym CIMMYT for Centro Internacional de Mejoramiento de Maiz
y Trigo} in Zimbabwe. The Single cross hybrid-10 {S$.C.10) which is produced
by the Ministry of Agriculture in Egypt is considered the best yielding maize
hybrid in Egypt was used as a check.

In the summer season of 2010, The nine parental lines were arbitrary
divided into four parents as males (B3, B5, C1, and C12) which were crossed
with five parental lines (A3, B8, B10, C15 and C16) as female parents to
produce 20 crosses in North Carolina Design 1l fashion. All parental lines
were self pollinated to obtain additional seed from each one.

In the summer season of 2011, the nine parental lines, their 20 F,
crosses and the check variety S.C.10, were sown in two contrasting
conditions, under irrigated and stressed conditions (15 May). The material
was laid out in a Randomized Complete Biock Design (RCEBD) with three
replicates. Each block consisied of 30 plots (nine plots for the parents, 20
plots for the Fy hybrids and one plot for the 3.C. 10}, Each plot consisted of
three rows of 21 plants spaced 30 cm between hills, while the rows were set
70 cm a part. The irrigation was applied each seven days in the normal
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irrigated condition, and each 12 days in the drought stressed condition. All
other agricultural practices were applied as recommended for maize
production.

Data were recorded on five random plants/replicate (size of family,
m=15 plants} for pollen shedding date: recorded when the pollen-shedding
was completely visible for 50% of plants; plant height {cm); total biomass per
plant (g): roots was excluded; grain weight per plant (g); the grain weight was
adjusted to 15.5% moister content; ear iength (cm), ear diameter (cm); ear
weight {g}; number of rows per ear and drought susceptibility index (S).
Statistical and biometrical analyses:

Data of the different measured traits for the nine parental lines and
their 20 F, crosses were subjected to the conventional statistical analysis.
The North Carolina Design |l analysis (Table 1) was performed for the 20
inter-lines crosses according to the method of (Mather and Jinks 1971).

Table 1: Analysis of variance and E.M.S for the North Carolina Design i
mating system:

SV, d.f. M.S. E.M.S.
Replicates r-1 MSr
Between Fathers rig-1 MSn1 02w MO N2 0%
Between Mothers no-1 MSn2 0% ot MO b 1O
Fathers x mothers (n1-1)(nz-1) MSn1n2 %W+ mo’n
\Within families ninz{m-1) MSw W

Where; r= Number of replications; n«= Number of "Fathers™; n.= Number of "Mothers™
and m= Size of family.

The genetic parameters were calculated as:
i

1 i
0= 3 Ad’n= g A0’m= 16 D
The heritability in narrow sense was calculated as:

oA

h’=
o’A + 6D + oW

Drought susceptibility index (DSI) is caiculated according to the
method of Fischer and Maurer (1978). Yield of individual genotypes is
determined under drought stressed (Yd) and well-irrigated (Yw) conditions.
Data on average yield of all varieties under drought (Xd} and well-irrigated
conditions (Xw) are used to calculated drought intensity (D) as:

D=1_ 5.4_.
Xw
Then the DSI of individual genotypes is calculated as: Yd= Yw (1-SD}; DSI =
Tw-Yd
YwD

65



Khaled, A. G. A. et al.

Genotypes with average susceptibility or resistance to drought have a
DSl value of one. Values less than one indicate less susceptibility and greater
resistance to drought. Meanwhile, a value of DSI=0 indicates maximum
possible drought resistance (no effect of drought on yield).
. ) ) F1-MP
Heterosis was calculated using the Mid-parent % as: H% = ——=——— X 100

Where; H% = Heterosis %, ﬁ= Mean of the F, crosses and Mﬁ= Mid-
parent value.

RESULTS AND DISSCUSION

Analysis of variance

Analysis of variance for all studied traits under normal (N) and drought
stress (D} conditions is presented in Table 2. Differences existed among
genotypes (parents and their 20 F, crosses) under normal and drought stress
conditions were highly significant for all studied traits, revealing a large
amount of variability among them. Parents vs. crosses, as an indication of
average heterosis over crosses, were highly significant under the two
environments for all studied traits

Analysis of variance of North Carolina Design Il for all studied traits is
presented in Table 3. The two main effects of “fathers” and “mothers” were
highly significant under normal and drought stress conditions for all studied
traits, reflecting the existing of additive gene variance. The mean square due
to the “fathers X mothers” interaction was also highly significant under both
environments for all studied traits, revealing the importance of dominance
variance in the inheritance of these traits.
Mean performances :-

Mean performances of the parental lines and their respective 20
crosses for all studied traits under normal (N) and stress (D) conditions are
shown in Table 4.

The results showed that the range of mean performance of the nine
parental lines was quite wide extending from extreme earliness of line A3
(65.7 days in irrigated and 53.3 days in stressed conditions) to lateness of
line C12 (84 days in irrigated and 80.3 days in stressed environment). As for
plant height, the parental lines under normal environment ranged from 92.1
to 183.3 cm for lines A3 and B5, respectively. Under drought stress for the
same traits, the range extended from 72.1 to 129.9 cm for lines A3 and C15,
respectively. The mean performance of lines for biomass trait was quite
wide extending and the mean values were 130.7 and 278.5 g, for B8 and
C15, respectively under normal conditions. The range was 72.0 and 171.3 g
for B3 and C15, respectively in stressed conditions. The parental lines range
for ear diameter extended from 8.3 to 10.9 ¢m and from 7.3 to 9.9 cm under
normal and stressed conditions, respectively. The means of ear length
ranged from 10.5 to 15.3 cm under both conditions. Number of rows per ear
means ranged from 9.1 to 11.9 rows/ear for the same parents under both
conditions.
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Table 2: The mean square for all studied traits for 20 F, crosses in normal irrigated (N) and drought (D} conditions.

SV No, of days to Plant helght Blomass (4} * Ear welght Ear dlameter | Earlength | Number of Grain yleld
Y+ | d.f | polien-shedding {cm) {g) {cm) {em) rows! ear { plant {g)
N D N D N D N o] N D N D N D N D

Blocks |2 0.3 2.7 421.1* 408.2" 703 456.5" | 352.5" | 485.3* | 41* | 44 | 41| 44 2.4 [ BT | 330.9" | 4507
En;ﬂes‘ 28 [1684.3**|854,9% 16930.2" | 17443** {52558 1% 163774.1%" | 4269.3"" | 3800.7°* | 19.9* | 9.6 [19.0" | 9.6* 0.7+ 9.7 | S877.1** | 3846.3*"
‘;:‘rzzg 8 [1248.9"(1104.6%| 5402.3 | 5164.2* | 33280.9% [17458.6°| 7047 | 2391 {278 | 9.2* |27.8"| 9.2v |23.2[14.3"] 354.5 | 111.0™
‘;:;'0“9 19 |2180.5"*|2240.0%" 2523.9" | 3475.3* [ 17976.8* {10640.3""[ 1723.7™ [ 1188.6™ { 121" | 1.4 121" 1.4 5.7 | 4.9 §3382.3* | 1666.0*
Among
Parents (1 |1341.0**| 530.8™ [354403.9""{381062 7**}864099.1**{1443841™[81150.7™"(B4722.3"|103.7**|16B.7**[103.7*"1168.7*| 7.3 |64.1'*{D7450.3**(75154.4™*
va. Fi8
Error |406) 1.3 1.0 -B83 558 502.00 19.00 82.0 5.1 i1 1.7 1.1 1.7 ar |18 13.6 5.0

*4, * Significant at 0.01 and 0.05 levels, respectively and {Non-Significant).

Tahle 3;: The mean square of North Carolina Design!i for all studied traits for 20 F1 crosses in normal irrigated (N}
and drought (D} condition.

. of d .
No. of days to Flant helght Ear welght ‘Ear Ear length | Number of | Graln yield
sV af| pollen- (em) Blomass (g) i@ diameter | ™" o} | rowsfear | /plant (g)
V- M shedding {em) g
N D N D N D N D N ] N ] N ] N s}
Blocks 2 042 2.07 214 15084 | 53100 Mo7s | 1816 | 4233~ | 32 | 50 |1mer{zo-| 25 | 28 | 2570 | 3s7Er
Botween Fathers |3 | 244695~ | 665.78™ | 1684 97" | 3558.57* | 7177.67* | 18080.85* | 2694.5™ | 1384.3* | 8.3~ | 31.3~ | 40.0 | 206 | 205 | 5.8* {97993~ | 23323~
Between Mothers |4 7 1767.46' | 1999.78" | 4082.23" | 6343.94 | 21899,75~| 8160.14~ [ 13356* | 9765 | 110~ 69 | 198 {48a| 1.4 | 100~ | 18754+ | Ba7.2*
Fathers 3 - | 1270 43 - . . . | o | 4 |agreedgrae ]| 1ygme . -
Mothers 1 23365 687 | 1957 24 1970 42 2448.58 19553 17 9967 45 1413.5 | 1105 56 89 43 |33 11.9 B9™ | 21105 | 16854 1.
Blocks * Fathers |6 659 197 9314 7.48 356 50 24.41 40.2 -1 05 | 29 | 82 | 25 | 55 | 47 350 186
Blocks * Mothers |8 439 2.1 1089 1415 352.25 25.68 58.2 92 09 [ 18 | 20 | 10| 32 | 34 230 01
Blocks * Fathers|,;| ., 425 | 0401 | s220 | seere | 4310 | sso | 159 | 74 | 27 | e0 [ 57| 58| 39 | €35 | 22
= Mothers
Within Families 280 C.a4 0.48 052 2.5 651.00 20.50 64.2 34 04 16 a2 23 an 14 32 25

**, * Significant at 06.01

and 0.05 levels, respectively and

{Non-Significant},
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Ear weight of lines means were extended from 43.3 to 60.6 g and from 29.1

to 39.9 g under irrigated and stressed conditions, respectively. The average

of grain yield per plant for parental nes under normal conditions ranged

from 24.0 to 37.5 g for iines B8 and B5, respectively. While, under stressed

conditions, the mean values were narrower extending from 15.8 to 22.1 g for

B10 and BS5 lines, respectively. '

Concerning mean performances of the 20 crosses for No. of days to
Pollen- shedding, the range of crosses means in the irrigated conditions
extended from 54.3 days for the cross (A3 X B3) to 91.7 days for the cross
{(C15 X B3 and C16 x C1). Under drought stress, the range extended from
52.7 days for cross (A3 X B3) to 82.7 days for cross (C15 X B3). In the
normal environment, plant height reached to 160.2 cm for (B8 X B5) and to
198.3 cm for (B8 X B3). Under drought condition, the range of plant height
extended from 132.3 cm for the cross B10 X C1 to 186.7 cm for the cross B8
X C1. The largest means values of biomass trait for crosses were 343.0 and
2927 g for C15 X B3 and C15 X C12, under normal and drought stressed
conditions, respectively. The range of the F; crosses for ear diameter
extended from 9.5 to 11.9 ¢m and from 7.9 to 11.2 cm under normal and
stressed conditions, respectively. For ear length, the means of crosses
ranged from 11.9 to 19.2 cm and from 10.7 to 14.8 cm under irrigated and
stressed conditions, respectively. The mean of crosses for number of
rows/ear ranged from 9.5 to 13.0 cm and from 9.3 to 12.1 ¢m under normal
and stressed conditions, respectively. The F, crosses means for ear weight
were extended from 69.8 to 99.9 g and from 53.3 to 84.7 g under irrigated
and stressed conditions, respectively. The grain yield average of crosses in
the irrigated conditions ranged from 42.5 to 88.5 g for (A3 x B5} and (C16 x
C12), respectively. Under drought, the average was reduced and ranged from
35.6 g to 69.1 g for (C15 x B3) and (B10 x B3) crosses, respectively. It could
be noticed that, three particular crosses namely (B10 x B3), (C15 x C12), and
(C16 x C12) exhibited an excellent performance under drought conditions
with the mean grain yield per plant approaching closely that of the check
variety (5.C.10.).
Drought susceptibility index (DSl):- -
Drought susceptibility index (Table 4) indicated that the parental lines

A3, B8, C12 and C16 showed DSl mean values of 0.39, 0.38, 0.74, and 0.99,
respectively, revealing relative drought resistance. Maciej et al. (2012)
showed that the variation of DSI for maize ranged from 0.38 to 0.65 and for
triticale from 0.35 to 0.58. On the other hand, C1 and B10 parental lines were
found to be the most susceptible. As for the Fy crosses, nine out of the 20 F,
crosses showed relative drought resistance (DSI<1). In general, the crosses
that involved A3 as a common "mother” were, on average, relatively tolerant
to drought indicating that this trait is transmissible to progeny. In this
direction, three particular crosses, namely (B10 x B3), (C15 x C12) and (C16
x C12) exhibited an excellent performance under drought conditions with the
mean grain yield/plant approaching closely that of the check SC.10 that
displayed relative susceptible to drought with DSI value being 1.43. Similar
resulis were obtained by Stanistaw (2001} and Shirinzdeh ef al. (2010)

68



J.Agric.Chem.and Biotechn., Mansoura Univ.Vol. 4 (2}, February, 2013

between maize hybrids. The intensity of drought was rather strong with grain
yield/plant being reduced by 26% under drought.
Similarity percent analysis based on means of the studied traits:

In this study, to find out relationship among the nine parentatl lines, their F4
crosses and the check variety (S.C.10), the similarity percent was calculated
based on the means of all studied traits. Under irrigated conditions, the parental
lines (A3 and C15) and (C1 and C16) showed similarity percent ranged from 78
to 87%, respectively (Figure 1A). Under the same condition, the crosses (C16 x
B5 and A3 x B3) and (B10 x C12 and B10 x B5) showed similarity percent
ranged from 85 to 99%, respectively. Under drought condition, the parental lines(
A3 and C15), and {C16 and B15) showed similarity percent ranged from 77 fo
97%, respectively, while among crosses, these percent increased to 85%
between (C15 x C12) and (C16 x B5}), and to 98% between (C16 x C1) and (A3 x
B5) (Figure 1B). This vanability is not surprising because the accessions were
colleted from different environments. The evaluation of these genotypes
representing the existing diversity and cultivation conditions has been performed
based on ten morphological traits. Goodman and Paterniani (1963), and Miguel
ef al. (2008) had documented by the adequacy of morphological traits to identify
and classify maize landraces.
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Figure 1. Dendrograms generated by UPGMA cluster analysis based on
the means of characters of the nine parental lines, F,
crosses and the check variety (S.C.10) under {A) normal

irrigated and (B) drought conditions.
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Table 4: Mean performances of all studied traits and drought susceptibility index (DSI) for the nine parental lines.

and their 20 F, crosses under hormal (N) and drought (D) conditions.

No. of Idays to Plant height Bi Ear weight | Ear diameter| Ear length | Number of | Grain yield
Genotypes pollen- {cm} iomass (g) {9) {cm) {cm) rows/ ear | [plant(g) | {DS)
shedding
N D N D N D N D N D N D N D N D

A3 557 | 533 ; 92.1 72.1 1541 | 88.7 [43.8]|365] 91 9.0 [15.0 {150 [ 113113248 ]| 21.51.0.39
B8 743 { 717 | 1006 | 837 | 1307 | 963 [47.7 3747 90 | 80 [137 137 ] 91 ] 6.1 [ 24041205 0.38
B10 68.7 | B4.7 | 119.5 { 101.3 [ 2365 | 1616 | 470 {31.7{ 83 | 82 |126 [ 1261011101 ]| 282|159 | 1.28
C15 807 | 77.3 | 1497 | 1299 | 2785 | 171.3 | 543 ]139.0] 9.2 | 7.9 } 136|136 | 102|102 }322 200 | 1.1
C16 827 | 793 | 1224 [ 1015 [ 209.0 1 1265 | 606 (399109 | 99 | 153|153 [ 11.0 [ 11.0 | 321 | 21.3 | 0.99
B3 810 [ 773 | 117.0 [ 973 [ 1418 720 | 517 (363 (106 89 |10 110 [ 119 [11.9] 31.7 | 19.9] 1.09
B5 80.0 | 72.0 | 183.3 [ 1041 | 202.7 | 1329 | 58.2 | 36.0 | 86 83 (1051105 (106 | 106 (375|221 ! 1.21
11 78.0 | 73.3 | 131.8 | 107.5 | 204.1 99.9 |49.7 1291 ] 9.1 7.8 | 128128 [10.7 1107 [ 304 ] 164 | 1.35
ic12 840 [ 803 | 1009 | 737 | 1881 | 954 [485 (334 93 | 73 |109 | 109 | 106106 | 253 | 189 | 0.74
A3 x B3 543 [ 527 | 190.7 | 1622 | 3335 [ 2422 [ 765 {687 | 11.3 | 8.5 | 157 [ 13.0 [ 111 | 117 | 621 | 40.1 | 1.43
A3 x BS 700 | 65.3 | 181.9 | 1524 [ 2044 | 2305 | 791 [ 613|106 | 97 | 150|135 [10.7 [ 113 | 425 {408 [ 0.16
A3 x C1 68.0 [ 63.7 | 1728 | 1477 | 266.0 [ 243.2 [ 886 | 77.1 | 1068 | 9.9 | 147 | 128 | 11.7| 121 | 598 | 55.1 | 0.1

x C12 717 L 700 1 1769 | 1605 | 2508 | 2477 [ 717|604 | 116 | 103 {128 {126 | 117 11131612 | 436 | 115
B8 x B3 78.0 [ 70.0 | 198.3 | 1736 | 2984 | 213.7 [703 | 560 | 95 | 80 [ 119 [11.7 [11.1 | 95 556 (372 1.32
B8 x B5 87.0 [ 857 | 1602 | 1339 | 3026 | 2613 [ 897 | 751 | 111 [ 7.9 (129 (128 [ 11.3 | 12.0 { 69.7 | 50.5 | 1.10
B8 x C1 73.0 | 66.0 | 197.9 | 186.7 [ 3029 | 2555 [ 81.3 | 60.0 [ 9.9 97 [139 /131106 (109 [66.8 [ 51.9 | 0.89
B8 x C12 90.0 [ 853 | 185.9 | 164.7 | 276.9 | 2327 1766 | 620 101 { 97 [136 (129|102 | 106 | 556 | 38.9 | 1.20
B10 x B3 703 | 61.0 | 198.0 | 1729 | 3059 | 2626 [ 93.7 | 785|119 | 11.2 119.21 146 | 13.0 | 11.5 | 79.4 | 6.1 | 0.52
B10 x BS 747 [ 717 | 191.7 | 1699 | 298.7 | 2757 | 70.2 ) 555 ) 10.1 § 100 | 13.2[ 127 | 125 | 101 | 50.3 | 36.7 ;7 1.08
B10 x C1 66.3 | 62.7 | 163.2 [ 1323 [ 2311 | 2190 [79.7 [ 711} 105 | 104 | 1569 [ 13.0 [ 11.2 { 105 | 66.7 | 52.5 | 0.B5
B10 x C12 70.0 | 64.7 | 197.8 [ 1831 [ 3008 | 2335 (765|629} 103 | 95 1138 [ 119 (123 | 103 49.0/451} 032
C15 x B3 91.7 | 80,7 | 1921 [ 1744 | 3430 | 2541 [699[ 533 | 111 | 85 (136 [ 135 97 | 93 1465 | 356 | 0.84
C15 x B5 73.7 1 673 1 1711 | 1559 1 3054 | 2743 | B4.3 | 637 | 89 9.9 } 155|148 (107|103 | 736|482 | 1.38
C15 x C1 83.7 1817 11813 | 1615 { 263.9 | 2317 [ 809 | 711|103 | 102 | 163 1138 | 11.2 | 109|829 | 475 | 1.7
IC15 x C12 79.0 1 75.0 | 1856 | 1755 | 3220 | 292.7 {99.9 | 809 | 108 | 9.7 | 152 [ 1401131103 | 857 | 635 1.04
C16 x B3 80.0 | 76.0 | 1705 | 1532 | 311.7 | 219.7 | 76.7 [ 591 : 9.5 93 [143 {142 [111 1108 [543 |43.0 | 0.B3 .
C16 x B5 78.0 | 757 | 1635 | 1426 | 209.1 | 1827 [69.8 {572 95 [ 94 141130 95 [ 10514471405 0.38
C16 x C1 917 | 86.3 | 174.1 | 1541 | 3184 | 2408 [ 809 { 71.1 ] 97 9.7 1158 | 11.0 | 121 ] 103 [ 69.5 [ 44.4 | 1.44
C16 x C12 71.0 | 62,7 | 1666 | 148.0 | 2814 [ 2001 [ 990 {809 | 97 | 95 {135 | 107 [ 1151109885651 1.06
5.C.No.10 78,0 | 68.0 [ 1981 [ 1738 | 2575 [ 176.8 [ 995 {847 | 111 | 10.9 {145 [ 13.3 [ 11.9{ 11.0 | 80.9 | 61.1 | 1.43
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Estimates of heterosis :- '

Estimates of heterosis over mid parents for each cross under normal
(N) and drought stress (D) conditions for all studied traits are presented in
Table 5. The results showed that, nine and ten out of 20 crosses were
significant flowered than their mid-parents with negative heterosis values
ranging from (-2.26 to —20.56%) and (—2.94 tc —19.29%) under irrigated and
drought conditions, respectively. Concerning plant height, all crosses showed
undesirable heterosis values with positive highly significant values under both
environments. Most cresses showed significant values than their mid-parents
for biomass frait with positive significant heterosis values under both
environments. As for ear diameter, 18 and 14 out of 20 crosses were highly
significant with positive heterotic values, under normal and drought
conditions, respectively. Nineteen crosses for ear length were highly
significant with positive values desirable under both conditions. Highly
desirable significant positive heterotic values were obtained for 15 and 17
crosses under normal and drought stress conditions, respectively for number
of rows per ear. All crosses for ear weight exhibited significant positive
heterosis values relative to mid-parents with values ranged from 16.53 to
97.47% and from 41.57 to 135.06% under irrigated and stressed conditions,
respectively. For grain yield, estimates of heterosis were positive highly
significant values for ali crosses under both environments. Heterotic values
ranged from 28.45 to 208.36% for the crosses (C16 x B5) and (C16 x C12},
respectively under normal conditions. Whereas, the heterotic values were
increased and ranged from 78.45 to 286.03% for (C15 x B3) and (B10 x B3)
crosses, respectively under drought conditions. Generally, the superiority of
some crosses over their mid-parents reflects the important role of non
additive genetic variance in the inheritance of these traits.
Estimates of genetic parameters

Estimates of all types of gene action for all studied traits under the two
environments are found in Table 6. The results showed that the magnitudes
of non-additive genetic variance (ozD) were larger than those of additive ones
(a?A) for number of days to pollen shedding under both environments. These
results reflect low narrow-sense heritability estimates of 0.12 and 0.08 under
irrigated and drought conditions, respectively. These results are in
accordance with those of Shafey ef al. (2002); Abd El-Maksoud et al. (2003)
and Fu et al. {2008).

However, additive component of genetic variance was more important
in controlling plant hieght, which was two times larger than the dominance
one under both environments. This finding reflects the high narrow-sense
heritability estimates obtained (0.80 and 0.83)} under irrigated and drought
conditions, respectively. These results are in accordance to those obtained by
Bukhari (1986), Mahmoud et al. (2001); Tabassum {2004); Barakat and
Abd El-Mouta (2008); Imtiaz (2009) and Mahdi ef al. (2011).
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Table 5: Heterosis over mid-parents% of all studied traits for each crosses under normal (N} and drought (D)

conditions.
No. of days to i Ear diameter Ear length mber of i
Crosses sﬁ:g:?r:g PIar;:::Slght Biomass (g) Ear weight (g) ?cm) (cm)g T‘gwsleear ?';:‘n¥'§;’
N D N D N D N D N D N D N D N D

A3 x B3 |-20.56*(-19.29""[ 82.49* | 91.26** | 125.34* | 201.43** { 80,21 [ 91,48 [ 1472 | 573~ [20.77* | 18.07" | -4.31"~ {43.04™ | 119.82™ | 93.72*
A3 x BS | 347 | 423 | 32.09* | 72.909* | 85.02** [ 108.03** | 53.50** | &9.10" | 19.77**[ 11.71**] 588* | 33,93 | .2.28* | 5,65* | 38,44 | 87.16™
A3IxC1 | 172 | 063 5435 | 6448 | 48,52" | 157.00* | 89,52* | 135,06* | 25.44** | 891~ | 578" | 17.97* | 6.36* | 21.00™ | 116.67™ | 180.77*
A3x C12| 265" | 4.79* | 8332 | 11975 | 46.58™ | 169.09*" | 55.36"" | 72.82" | 41.46™ | 12.13" | 7.23" |12.28** | 8.85™ | 13.57* | 144.31*| 115.84*
B8 x B3 | 045 | -504" {74.56" | 84.82* | 118.93* | 153.95* | 41.45* [ 51.97** | -3.08** | -533** | -5.26" | 10.19"* | 5.71** | -4,04™ | 99.64™ | 82.35""
BB x B5 12,77 { 19.28* | 22.35** | 60.81* | 81.52* | 128.01* | 67.82* | 104.63" | 26.14** | -3.07™ | 6.61™ | 18.52 | 14,72 | 20.60*" [ 126.67** | 134.88*
B8 x C1 | -4.14* | .8.97* | 53.08" | 63.66™ | §0.94™ | 160.45™" | 66.94™ | B0.45" | 17.86™ | 13.45" | 4.91* | 25.36** | 7.07** | 14.14** | 145,50* | 178.28**
Bax C12[ 1371 [ 12.24* | 81.20* | 111.38™ | 73.71** | 142,78 | 59,25 ; 75.14™ | 23.93** | 12.14* | 16.22** | 23.64™* | 3.55* | 11.56" | 125,56 | 95.48**
B10x B3| 6.95™ (-14.08™| 67.44™ | 74.12*" | 61.88™ | 124.83™ | 86.15"" | 130.88™ | 25.93™ { 30.99"" | 62.71* | 28.07** | 18.18* | 19.70** [ 165,11 | 286.03*
B10x BS| 047 | 400" 126.62*  6543* | 26.48" | 87.23* |31.08"* | 63.06* | 19,53} 21.21™ | 9.96™ [15.79™ | 20.77 | 4.86™ | 53.12" | 93.16"
B10x C1| -9.61* | -9.13* [ 29.88™ | 26.72** | 4.90 | 67.49" [83.32*|133.88™ | 28.19™ { 21.39" | 2.38" | 43.89"* | 7.69* | 13.51** | 127.65** | 225.08**
B10x C12 | -8.32** {-10.76* | 79.49" | 109.26™ | 41.69" | 8471* | 58.,71** | 93.24* {21.78* | 17.71** | 12.79* | 18.97™ | 18.84™ | 11.96** | 83.18* | 150.19*
C15x B3| 13.41** | 16.04* | 44.06* | §3.52** | 63.18** | 108.88** | 31.89** | 41.57* | 20.00** | -6,08* | 10,57** | 20.54** |-12.22™*| -7 .48~ | 45.54* | 78.45"
C15x B5| -8.28" | -9.85™ | 2.76* | 33.25" | 26.93 | 80.34** | 48,55** | 69.87™ {20.00* | 13.14* | 22,82~ | 38.39" | 2.88* | 1.98* [111.19*] 128,97
C15x C1| 5.48* | 840+ |28.81* | 36.06 9.37 | 70.87* |84.42" | 91.19* | 20.04* | 12,57* | 455* | 50.23* | 7.98~ 1 12.37* | 164.86"" | 160.08™
C16x C12| -4.07** | -4.82** | 4B.12™ | 72.38"" | 38.02% | 119.49" | 97.47** | 116.29** | 42.11™ | 4.86"" | 37.56** | 22.81** | 8.65* | 674" [198.09* | 226.48™
C16x B3| -2.26** | .2,94™ | 42.44** | 54.12* | 77.66™ | 121,36 | 38.59* | 55,12 |-11.63"] -1.06 | 875" |29.09™ | -3.08" | 7.46™ | 70.22* | 108,74
C16x 85| 412 | 007 | 697" | 39.01* 1.58 | 40.86™ |16,53™ i 50.72*% | -3.59" { 4.39** | 9.30** | 18.18 |-12.04**| 3.96* | 28.45"" | BB.64™
C16x C1|14.13™ | 13.11™ | 36,98™ | 47.46** | 54.15" | 112,72* | 46,60™ | 106.08** | 3,74 | 211* |12.46= | 3.20° | 11.52"* | 6.19™ [ 122.4* ] 13554
C16x C12 | -7.62** |-18.04*| 49.22* | 68.95* | 41.73* | 80.35* |83.13** | 120.74** | 4.39** { 104 |13.45" | -4.46* | 6.48* | 12.95 [ 208.36** | 223 88~

*, * Significant at 0.01 and 0.05 levels, respectively and {Non-Significant).
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Table 6; Estimates of genetic parameters for all studied traits under normal (N} and drought (D) conditions.

SV, | e otdaysio | Paelont | piomass o) | Earwelghtg) [F°" faneter) Earlongth | Numberof | Graln el

N D N D N D N D N D N D N D N D
ot 22,05 [-258.29; -57.09 | 222.00; -2476.1 | 122268 256.21 | 57.76 |-0.72] 5.40 | 1.07 |-214 | 1.71 | -0.6 { 1537.77 [ 135.38
'm ~142.31] 10.64 | 527.95 |1423.80) 611.65 | -451.83 ) -1948 | -32.27 ) 0.27 | 0.65 |-3.73} 4.26 | -263 | 0.28 | -58.78 -202.05
Tm 155.8 [ 130.45 | 131.33 | 163.20 ; 1260.15 | 663.13 | 89.94 | 73.47 [ 064 | 0.18 | 210 | 1.93 | 0.60 | 0.97 | 140.45 | 110.19
o'w 0.44 0.48 0.52 2.50 | 651.00 | 20,50 64.30 340 | 036|236 3.02)230|3.00]) 140 3.20 2.50.
A 176.4 | 85.08 [4223.62| 6583.2] 873.2 |9781.44| 2040.68 | 462.06 | 0.18 |24.24 | 3.73 | 34.08|13.68| 0.26 | 12302.16{1083.07
D 2492 |2087.20|12101.28] 2611.2 | 20162.4 | 10610.08 | 1335.02 [1175.52)10.24 | 2.88 | 51.68|30.88| 9.60 | 15.52 2247.84 |1763.04
h? 0.12 0.08 0.80 0.83 0.24 0.64 0.63 043 | 021 (054 | 017 { 0.50 | 0.32 | 0.1 0.91 0.55
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Genes with mainly dominance effects were confrolling biomass per
plant under normal conditions with a low heritability of 0.24. However, under
drought conditions both additive and dominance gene effects were involved
in the inheritance of this trait with the heritability being increased to 0.64, in
accordance with the results of Khaled. (1997); Shabir and Saleem, (2002);
Betran et al. (2003); Abd El-Maksoud et al. (2003), and Mahdi et al. (2011).

Concermning yield components, the magnitudes of additive genetic
variance (o?A) were larger than those of non additive ones (o°D) under
normal condition for grain yield, ear weight and number of rows per ear traits.
Whereas, dominance effects were strongly operating ear diameter and ear
length traits under drought conditions. Narrow-sense heritability estimates for
grain yield, ear weight, ear diameter, ear length and number of rows per ear
amounted to 0.91, 0.63, 0.21, 0.17 and 0.32, respectively, under normal
environment, and 0.55, 0.43, 0.54, 0.50 and 0.17 under drought conditions for
the same traits, respectively. Similar results were reported by Turgut et al.
(1995), Hui et al. (1895), Malvar ef al. (1998), Khaled. (1997), John et al.
{2007} and Khaled. {(2008).

In conclusicn, highly significant differences existed among genotypes,
revealing a large amount of varability among them under both environments.
The significace of mean square of parents vs. crosses observed indicated the
importance of heterotic values and non additive genetic variance in the
inheritance of these traits under the two environments. Some lines and their F,
crosses showed (S) values less than one revealing relative drought resistance.
The magnitudes of non-additive genetic variance were larger than those of
additive ones for most studied traits, indicating that non additive gene action was
pronounced in the inheritance of these traits. Therefore, these promising crosses
could be utilized in maize breeding program to improve these traits. This finding
could be emphasized by the estimate values of narrow sense heritability.
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