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ABSTRACT

New yellow 22 inbred lines of maize were crossed with two
- yellow inbred testers at Sakha Agriculture Research Station in 2006
season. The resulting single crosses and two checks, SC155 and
SC162 were evaluated in 2007 season in two experiments: the first
experiment at two locations for silking date, plant height and grain
yield. While the second experiment was performed in disease
nursery at Sakha ARS under artificial infection by downy mildew
disease under two potassium levels, to estimate the resistance for -
this disease. The results indicated that the mean squares of
locations and potassium levels, were significant for all traits. The
mean percentage of resistance to downy mildew disease was higher
under high potassium level. The mean squares due to lines, testers
and lines x testers interaction were highly significant for all traits.
The non-additive type of gene action was important in controlling
the behavior of plant height and resistance to downy mildew
disease. While, the additive type of gene action played the major
contribution in the inheritance of silking date and grain yield. The
highest inbred lines which had significantly desirable GCA effects
were L-3 for siking date, L-14 for plant height, L-21 for grain yield
and L-10 for resistance to downy mildew disease. The tester inbred
line Sk7070 was the best GCA effect for all traits except plant
height. Single crosses: L-21 x Sk7070 and L-22 x Sk7070 showed
high yielding ability, earliness, suitable plant height and resistance
to downy mildew disease from two commercial crosses SC155 and
SC162. This study suggest the use of these crosses in Egypt,
especially in the delta region to obtain high yielding potentially and
resistance to downy mildew disease caused by late planting date
and planting Sudangrass and sorghum beside maize.
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. INTRODUCTION

Among the various pathogens affecting maize (Zea mays L.)
production and productivity worldwide, the downy mildews are
considered to be highly important in terms of their geographical
distribution and potential ability to cause significant yield
reduction. The symptoms of sorghum downy mildew -
(Peronosclerospora Sorghi) are characterized in that leaves of
infected plants are narrower and more erect than those of healthy
plants, and diseased plants may have phylloddied tassels
(Frederiksen et al.1973 a, b). They added that, symptoms of
sorghum downy mildew may occur either systemic or localized
form. The systemic form of the disease is caused by infection of
seedlings by oospores of the fungus borne in the soil or by conidia
soon after seeding emergence from the soil. The localized form of
the disease is caused from foliar infection by conidia. The disease
is most prevalent in warm and humid regions. In Egypt, sorghum
downy mildew (SDM) disease caused by P. sorghi became a
serious problem to maize planting in Egypt especially in delta
region. The best way of controlling this disease is through
developing genetically resistance maize hybrids. However natural
disease resistance mechanisms can be enhanced by plant nutrients
.Potassium deficiency symptoms such as thin cell walls, weakened -
stalks and stems, smaller and shorter roots, sugars accumulation in
the leaves and accumulation of unused nitrogen (N) encourage
disease infection. Yamada and Aday (1977a) reported that only
aitrogen independently of phosphorus and potassium was effective
for seedling to cause infection of Philippine downy mildew and
susceptibiiity of a resistance material was hardly affected by the
application of three elements, in any amount and in any
combination. Mochizuki et al.(1974), Yamada and Aday (1977b),
Kaneko and Aday (1980) concluded that resistance to downy
mildew disease was controlled by dominant gene and level of
domanince was in the range of partial to over dominance. Jinahyon
(1973) concluded that the resistance to sorghum downy mildew
was a quantitative character, indicating polygenic inheritance.
Singburaudom and Renfro (1982) found that both additive and non-
additive effects were present of inheritance of resistance to SDM.
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Odvady et al. (1984) found that environmental factors such as soil
moisture, temperature and soil PH affected the level of disease
incidence when susceptible host plants were exposed to
Peronosclerospora sorghi. El-Sharawi (1985) found that a
relationship was found between dates of planting and infection with
SDM. The highest infection occurred in the late planting (July to
August.) in Egypt. Orangel and Borges (1987) revealed that both
additive and non- additive gene effects were present. However,
additive gene effects was more important in determining disease
reaction. Significant maternal or cytoplasmic inheritance was
involved in the reaction to P. sorghi. Gowda et al. (1989) tested °
" large number of maize genotypes against sorghum downy mildew
disease under artificial inoculations and classified them as
following : highly resistant (disease incidence ranged from (0.0 to
5.0%), resistant 5.1-10.0%), moderately resistance (10.1-20%),
moderately susceptible (20.1-30%), susceptible (30.1-50%) and
highly susceptible (50.1-100%). El-Zeir et al. (1998) reported that,
maize fertilization by high level of phosphorus (200 kg/feddan)
was quite suitable for low level of SDM disease. El-Shenawy
(1995), Amer et al. (2002), Nair et al. (2004) and El-Shenawy and
Mosa (2005) found that the additive ‘genetic component played an
important role in the inheritance of the resistance to downy mildew
disease caused by P sorghi. Nawar and El-Hosary (1984), Sedhom
(1992), Ashish and Singh (2002) reported that non-additive gene
effects was more important in the inheritance of grain yield. While,
Amer and El-Shenawy (2007) and Mosa et al. (2007) found that the
additive genetic variance played an important role in the
inheritance of grain yield. The use of an inbred as tester was
suggested by Russell and Eberhart (1975) and it has been widely
used by breeders (Walejko and Russell 1977, Darrah 1985, Horner
et al.1989). The objective of the present investigation were to
provide information on the nature of inheritance of resistance to
SDM disease and identify the superior maize genotypes in disease
resistance and yield traits.

MATERIALS AND METHODS

Twenty-two yellow inbred lines were derived from the Ss
segregating generation, of (10) different genetic sources by self-
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pollination, visual seiection for plant and ear traits and pest
. resistance of the lines per se among and within ear to row
progenies in breeding nursery at Sakha Agric. Res. Sta. were used
for the present study starting from 2001 season. In 2006 growing
season, the 22 inbred lines were crossed with two different inbred
- lines testers; Gm 1004 and Sk7070. The resulting top crosses and
two commercial cross SC 155 and SC 162 were evaluated under
two types of experiments as follows: First, yield experiments, were
planted in the normal season (may)of 2007 at Sakha and Sids
Agric. Res. Sta. A randomized complete block design (RCBD),
with four replications was used at all locations. The plot size was
one row, 6m long, 80 cm apart and 25 cm between hills. Two
kernels were planted per hill then thinned to one plant per hill. All
cultural practices were applied as recommended at the proper time.
Recorded data on grain yield ardab/feddan (one ardab = 140 kg of -
grain and feddan = 4200 m?) adjusted to 15.5% moisture content,
silking date (number of days from planting to 50% of silk
emergence and plant height (cm). Second, disease experiments,
were planted in late season (July) of 2007 season in disease nursery
under artificial infection by downy mildew disease at Sakha .
Annually the filed was previously planted by Sudangrass as a
source of infection,30 days prior to planting of test entries.
Spreader rows (sudangrass) were alternatively planted with maize
rows in a ratio of 1:3 respectively. Top crosses and the two checks
were evaluated in a disease nursery in two experiments under two
potassium rates 12 and 24 kg kyo/fed. the Potassium fertilizer was
applied at planting. RCBD with four replications was used, plot
size was one row, 4m long, 80cm apart, 25cm between hills. Two
kernels were planted per hill and left without thinning. All cultural
practices were applied as recommended. Resistance % was taken
after 40 days from maize planting. Statistical analysis was done -
according to Steel and Torrie (1980). Combining ability was
computed according to line x tester analysis procedure of Singh and
Chaudhary (1979).

RESULTS AND DISCUSSION

The combined analysis of variance for three traits over two
locations are presented in Table 1. The mean square of locations
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(Loc) was significant for silking date and highly significant for
plant height and grain yield, indicating over all differences between
two locations. Results in Table 3, exhibited that the mean values of
three traits at Sakha location (north Egypt) were higher than means -
of Sids location (middle Egypt). Mosa (2004) and Habliza and
Khalifa (2005) found that significant differences among north and
middle Egypt locations for growth and yield traits. Highly
significant differences among potassium levels are shown in Table
2, this indicates that resistance to downy mildew disease was
affected by potassium fertilization. Results in Table 4, showed that
the mean percentage of resistance to downy mildew disease at 24
kg kjo/fed. was higher than 12 kg kyo/fed. This indicates that the
higher of potassium level increased the resistance to downy mildew
disease. Chang and Wu (1970) found that seedlings grown under
higher levels of N and K were significantly less infected by downy
mildew than those grown under lower levels of them.

Table 1: Mean squares of line x tester analysis for three traits over
two locations.

Silking Plant Grain
0.V df date 1 height yield
Locations(Loc) 1 85.130* 259595.31** | 14683.2**
Rep/Loc 6 12.340 2086.740 53.240
Lines (L) 21 21.954%* 849.552** 42.074%*
Testers(T) 1 985.57** 2801.276** | 1515.749**
LxT 21 5.559** 192.097** 20.441**
LxLoc 21 167 169.741* 22.416**
TxLoc 1 61.389** 3234.344** | 425.609**
LxTxLoc 21 2.234 152.963* 9.326
Error 270 1.660 88.040 6.550

* ** significant at 0.05 and 0.01 levels of probability, respectively.
T included checks

Results in Table 1'and 2, showed that the mean squares due to
lines (L), testers (T) and (I. x T) interaction were highly significant
for all traits. This indicates that the inbred lines behaved
significantly different in their respective top crosses. Also, greater
diversity among the two testers for evaluation the inbred lines.
While, significant (L x T) interaction, suggesting that inbred line
might differently perform in top crosses depending on the type of
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tester used for these traits. These results are in agreement with
conclusions reached by Ashish and Singh (2002), Dodiya et al.
(2002) and Duarte et al. (2003). The mean squares due to (L x
Loc), (T x Loc) and (L. x T x Loc)interactions were significant or
highly significant for all traits except for (L x Loc) for silking date
and (L x T x Loc) for silking date and grain yield. While (L x K),
(T xK) and (L x T x K) mean squares were not significant.

Table 2: Mean squares of line x tester analysis for resistance to
downy mildew disease over two potassium levels.

S.0.V d.f Downy mildew resistance
___potassium levels (K) 1 2891.45%*
Rep/P 6 185.860
Lines (L) 21 857.137**
Testers(T) 1 1727.966%*
LxT 21 366.430**
LxK 21 115.97
TxK 1 3.133
LxTxK 21 143.254
Error A 270 131.890

* *¥ significant at 0.05 and 0.01 levels of probability, respectively.
"included checks

Table 3:Means of three traits at Sakha and Sids locations.

' Location Silking date Plant height Grain yield
(days) (cm) (ard/fed)
Sakha 64.64 280.37 32.15
Sids 63.68 227.27 19.53
combined 64.16 253.82 25.84

Table 4: Means of resistance to downy mildew disease at two

levels of potassium fertilizer.
i potassium level

Downy mildew resistance (%)

\ 12 Kg Koo/fed. 87.03
24 Kg Kyo/fed. 92.63
Combined 89.83

traits over locations and resistance to downy mildew disease over

e
The estimates of the genetic variance components for three
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potassium levels are shown in Table 5. Results indicated that K?
SCA was dominant and the important component for plant height
and resistance to downy mildew disease. Consequently, the non-
additive type of gene action was important in controlling the
behavior of these traits. These results are in agreement with those
obtained by Nawar and El-Hosary (1984) for plant height, Mosa
(2004) for grain yield and Kaneko and Aday (1980) for resistance
to downy mildew disease. While the K? GCA or the additive type
of gene action played the major contribution in the inheritance of
silking date and grain yield. These results support the finding of
Mosa et al. (2007) for silking date and Motawei (2006) for grain
yield. The magnitude of the interaction for 6> GCA x locations
were markedly higher than those of o> SCA x locations for all
traits except resistance to downy mildew disease. '

Table 5: Estimates of genetic variance components for three traits
over locations and resistance to downy mildew disease
over potassium levels.

Genetic | Silking | Plant | Grain | Gemetic | Do
component date height | yield | component resistance
K’GCA 491 354 | 558 K’GCA 12.84
K’SCA 0.41 4.89 1.38 K’SCA 27.89
6°GCAxLoc | 062 | 3362 | 457 | o’ GCAxK 0.0
o'SCAxLoc | 0.14 | 1623 | 0.69 | o°SCAxK 2.84 |

Mean performance of inbreds in their single crosses and two
checks for three traits over locations and resistance to downy
mildew over potassium levels are shown in Table 6. Results
exhibited that 16 single crosses were earlier than the better check
for earliness SC155 (62.77 days). The best single crosses for
earliness: L-4 x Sk7070, 1.-7 x Sk7070 and L-8 x Sk7070 of 60.5,
60.87 and 61.37 days, respectively. Meanwhile, 15 single crosses
were shorter than the best check for short plant height SC155
(251.37cm), the best single crosses among them were, L-14 x
Gm1004, L-18 x Gm1004 and 1-22 x Gm1004 of 234.5, 235.75
and 238.75cm, respectively. Two single crosses: L-21 x Sk7070
(30.30 ard/fed) and L-22 x Sk7070 (32.66 ard/fed) were higher
compared to the best check for grain yield SC162 which gave (30.2
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ard/fed). For resistance to downy mildew disease, 17 single crosses
were higher than the best check for resistance SC162 (95.17%).
The best crosses among them were L.-6 x Gm1004, L-7 x Gm1004,
L-16 x Gm1004, L-10 x Sk7070, L-11 x Sk7070 and L-22 x
Sk7070 of 97.56, 98.38, 97.18, 98.95, 96.91 and 96.87%,
respectively. Generally, two single crosses L-21 x Sk7070 and L-
22 x Sk7070 showed high yielding ability, earliness, suitable plant
height and resistance to downy mildew disease better than the two
commercial crosses SC155 and SC162. This study suggests the use
of these crosses in Egypt, especially the delta region to obtain high
yielding potentially and resistance to downy mildew disease caused
by late planting date (July) and planting sudangrass beside maize.

Table 6: Mean performance of inbreds in their single crosses and
two checks for three traits over locations and resistance to
downy mildew over two potassium levels.

. Plant height - Grain yield Downy mildew
Inbred | Silking date (days) (em) (ard/fed) resistance (%)

line Gm1004 | Sk7070 | Gm1004 | Sk7070 | Gm1004 | Sk7070 | Gm1004 | Sk7070

L-1 67.75 63.25 254.50 | 265.00 19.94 27.37 95.98 92.07

L-2 68.25 62.50 25237 | 25787 21.95 27.55 93.72 94.42

L-3 62.12 61.87 254.62 | 26137 25.32 26.66 92.58 87.92

L-4 65.12 60.50 248.12 | 252.62 23.93 27.01 95.90 95.65

R —

T LS 66.87 | 64.12 | 24437 | 24937 | 24.66 | 27.72 | 9141 | 9552 |
L6 66.25 | 63.50 | 25612 | 258.12 | 24.75 | 28.60 | 97.56 | 91.72
L7 6337 | 60.87 | 24737 | 25362 | 21.02 | 25.72 | 98.39 | 90.56
L8 64.75 | 6137 | 25150 | 256.87 | 23.63 | 26.63 | 9555 | 92.85
L9 66.75 | 62.50 | 27112 | 26487 | 2091 | 27.00 | 94.14 | 95.64
10 | 66.87 | 6202 | 259.62 | 253.62 | 2432 | 2843 | 96.24 | 9895
L-11 6412 | 61.62 | 24625 | 259.75 | 23.14 | 2873 | 93.15 | 96.91
L-12 | 6575 | 62.75 | 25400 | 258.75 | 2585 | 27.53 | 92.82 | 90.13
L-13_| 6537 | 62.00 | 24512 | 24375 | 20.04 | 24.60 | 83.10 | 95.25
L-14 | 6525 | 61.50 | 23450 | 245.87 | 23.65 | 28.74 | 90.97 | 92.04
L-15 | 6750 | 6525 | 265.00 | 263.62 | 23.48 | 27.97 | 92.77 | 8659 ]
1-16 | 67.62 | 63.37 | 25425 | 26400 | 2651 | 2690 | 97.18 | 95.29
117 | 6650 | 62.87 | 239.62 | 251.50 | 26.29 | 26.85 | 96.16 | 95.86
L-18 | 6562 | 6175 | 23575 | 249.12 | 2092 | 28.57 | 8627 | 94.61
L-19 | 6512 | 6225 | 24800 | 254.12 | 2307 | 2934 | 63.35 | 79.63
20 | 66.62 | 63.00 | 26287 | 26737 | 2357 | 2715 | 59.32 | 84.09
L21 66.00 | 62.62 | 25437 | 250.00 | 29.09 | 30.30 | 86.16 | 90.00
122 | 6412 | 6250 | 238.75 | 261.12 | 24.53 | 32.66 | 72.60 | 96.87
SC155 62.77 25137 26.10 63.73
ScCi62 67.0 263.50 3020 95.17
LSDoas 1.26 ‘ 9.19 25 11.25

Estimates of general combining ability effects for inbred lines
for three traits over locations and resistance to downy mildew
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disease over potassium levels are presented in Table 7. The best
inbred lines for general combining ability effects (GCA) were L-3,
L-4, L-7, L-8, L-11, L-14 and L-22 for silking date, L-5, L-13, L-
14, L-17 and L-18 for plant height, L-21 and L-22 for grain yield
and L-4, L-10, L-16 and L-17 for resistance to downy mildew
disease. These inbreds could be utilized in making hybrids that had
high yielding ability, earliness, suitable plant height and resistance :

to downy mildew disease.

Table 7: Estimates of general combining ability effects for inbred
lines for three traits over locations and resistance to downy
mildew disease over potassium levels.

. Silkin Plant Grain Downy mildew
Inbred line dateg height yield resi);tance
L-1 1.366* 6.099* -2.086* 3.841
L-2 1.241* 1.474 -0.989 3.885
L-3 -2.133* 4.349 0.251 0.06>
L-4 -1.321* -3.275 -0.269 5.6*
L-5 1.366* -6.775% 0.452 3.279
L-6 0.741* 3474 0.933 4.452
L-7 -2.008* -3.150 | -2.364* -10.709*
L-8 -1.071* 0.536 -0.611 4.017
L-9 0.491 14.349* -1.783* 4,708
L-10 0.366 2.974 0.635 7.410*
L-11 -1.258* -0.650 0.197 4.845
L-12 0.116 2.724 0.953 1.588
L-13 -0.446 -9.213* -3.414* -1.013
L-14 -0.758* -13.463* 0.456 1.317
L-15 2.241* 10.661* -0.009 -0.501
L-16 1.366* 5.474* 0.967 6.048*
L-17 0.554 -8.088* 0.835 5.825*
L-18 -0.446 -11.213* -0.993 0.256
L-19 -0.446 -2.588 0.463 -18.696*
L-20 0.679* 11.474* -0.377 -18.476*
L-21 0.179 -1.463 3.896* -2.278
L-22 -0.821* - -3.713 2.870* -5.449
LSDg;0.05 0.64 4.59 1.25 5.60
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On the other hand, the results in Table 8, exhibited that the
tester inbred line Sk7070 was the best general combiner for all
traits except plant height. The inbred line as good tester was
noticed by several investigator among them Russell and Eberhart
(1975), Darrah (1985), Liakat and Teparo (1986) and Al-Naggar et
al. (1997).

Table 8: Estimates of general combining ability effects for two
testers for three traits over locations and resistance to
downy mildew disease over potassium levels.

Silkin, . Grain Downy mildew
Tester dateg Plant height yield resi); tance
Gm1004 1.673%* -2.821%* -2.215% -2.075%
Sk7070 -1.673* 2.821%* 2.215% 2.075%
LSD&0.05 0.19 1.38 0.37 1.69

Estimates of specific combining ability effects for top crosses
for three traits over locations and resistance to downy mildew
disease over potassium levels are presented in Table 9. The
significantly desirable SCA effects were obtained for L-3 x
Gm1004, L-22 x Gm1004 and L-2 x Sk7070 for silking date, L-22
x Gm1004 for plant height, L-16 x Gm1004, L-17 x Gm1004, L-18
x Sk7070 and L-22 x 7070 for grain yield and L-7 x Sk7070, L-20
x Sk7070 and L-22 x, Sk7070 for resistance to downy mildew
disease. Such crosses could be utilized in maize breeding programs
for different purposes as earliness with high yielding ability and
resistance to downy mildew disease.
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Table 9: Estimates of specific combining ability effects for top crosses
for three traits over locations and resistance to downy mildew

disease over potassium levels.

Inbred Silking date Plant height Grain yield D°;:i’; t]:xlllcdeew
line I Gm1004 | SK7070 | Gmi004 | SK7070 | Gm1004 | SK7070 | Gm100d | SK7070
L1 | 0576 | 0576 | 2.428 | 2428 | -1.640 | 1640 | 4172 | 4172
L2 | 1201 | -1.201* | 0071 | 0071 | 0726 | 0.726 | 1868 | -1868
L3 | -1548* | 1.548* | 0553 | 0553 | 1408 | -1.408 | 4544 | 4.544
L4 | 0639 | 0.639 | 0571 | 0571 | 0537 | 0537 | 2343 | -2.343 |
L5 | 0298 | 0298 | 0321 | 0321 | 0545 | 0545 | 0.164 | 0.164 |
L6 | 0298 | 0298 | 1821 | -1.821 | 0152 | 0.152 | 5.136 | 5.136 |
L7 | 0423 | 0423 | 0303 | 0303 | 0274 | 0274 | 8.868" | 8.868* |
L8 | 0014 | 0014 | 0433 | 0133 | 0575 | 0575 | 3566 | -3.566 |
L9 | 0451 | 0451 | 5946 | 5946 | 0972 | 0972 | 1466 | -1.466 |
110 | 0701 | 0701 | 5821 | 5821 | 0022 | -0.022 | 0857 | -0.857 |
L1l | 0423 | 0423 | 3928 | 3928 | 0717 | 0717 | 033 | -0.339
L12 | -0.173 | 073 | 0446 | -0.446 | 1236 | -1.236 | 3257 | -3.257
L13_| 0014 | 0014 | 3508 | 3508 | -0.204 | 0204 | -3.860 | 3.860
Li4 | 0201 | 0201 | -2.866 | 2.866 | -0.465 | 0465 | 167 | -1.679
L15 | 0548 | 0548 | 3.508 | -3.508 | -0.169 | 0.69 | 5306 | -5.306
T.16 | 0451 | -0.451 | -2.053 | 2.053 | 1878 | -1.878* | 3157 | -3.157
L7 | 0390 | 0.139 | 3.116 | 3116 | 1793 | -1.793% | 2370 | 2370
L18 | 0264 | 0264 | -3.866 | 3866 | -L751* | 1.751* | -1.95 | 1956
L9 | 0235 | 0235 | 0241 | 0241 | -1.060 | 1060 | -5.927 | 5927
L20 | 0.139 | -0.139 | 0571 | 0571 | 0283 | -0.283 | -10.170* | 10.170%
L21 | 0014 | 0014 | 5008 | 5008 | 1535 | -1535 | 0470 | -0470
L22 | 0.860* | 0860 | 8.366* | 8366* |-1.987* | 1987 | -9.920* | 9.920*
LSD Sy
ops 0.86 650 175 7.95
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