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ABSTRACT

A number of 36 hybrids obtained dir :ctly from crossing among nine white inbred
lines in a half diallel spstem and two comm ercial hybrids were evaluated in 2009 season
in two experiments: The first (yield experim nis} was planted in the normal season (May)
at Sakha and Mallawy Agric. Res. Sta. & evaluaie grain yield. The second (disease
experiments} was carried out under three nitrogen levels, i.e. 60, 120 and 180 kg Nffed in
{ate season (July) in the disease nursery under artificial infection by downy mildew
disease af Sakha Station to evaluate resis‘ance fo downy mildew disease. The resulfs
skowed that the differences among locatlns were highly significant for grain yield,
while the differences among nitrogen level: were not significant for resistance lo downy
mildew disease. The non-additive gene act’'on was most responsible for controlling the
inheritance of grain yield. While, additiv: gene action was controlling resistance to
downy mildew disease. The non-additive genc action interacted more with the
environmen! than the additive gene action for grain yield. Significant desirable general
combining ability effects were detected in i ibred line Sk5140 for grain yield and inbred
Sk5058 for resistance to downy mildew. While desirable specific combining ability effects
were shown in hybrid Sk5058 x Sk8238 fo.: grain yield. Two hybrids, i.e. Sd7 x Sk5058
and SkS058 x Sk5140 showed high resistance to downy mildew and insignificantly
outyielded the commercial hybrids, SCI0 and SCI129, while hiybrid Sk5038 x Sk8238
exhibited high resistance fo downy mildew ¢ isease and significantly outyielded SCI0 and
SCI129. This study suggests using the above three hybrids as good hybrids for grain yield
and resistance to downy mildew especially i,y Delta region in Egypt.
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INTROI'UCTION

One of the main objectives o national maize program in Egypt is
releasing high yielding hybrids and of resistance to the major diseases.
Downy mildew (Peronsclerospora sorghi) as one of the most destructive
diseases of maize in Egypt, especially in Delta Region caused by late
planting date and planting sudan grass and sorghum beside maize. The best
way of controlling this disease is through developing genetically resistant
maize hybrids. However, natural d sease resistance mechanisms can be
enhanced by plant nutrients. Yamada and Aday (1977) reported that only
nitrogen independently of phosphous and potassium was effective for
seedling to cause infection of lhilippine downy mildew and that
susceptibility of a resistant matrial wis hardly affected by the application of
three elements, in any amount and in any combination. Orangel and Borges
(1987) found that the crosses betwee: the resistant and the susceptible lines
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showed intermediate disease reaction to sorghum downy mildew in maize.
Both additive and non-additive gene e Tects were present. However, additive
gene effects were clearly more impcrtant in controlling disease reaction.
Sadoma (1995) studied the maize resistance to downy mildew disease. The
genotypes were categorized as highly resistant (0-5% incidence), resistant
(5.1-10%), moderately resistant {10.1-20%), moderately susceptible (20.1-
30%), susceptible (30.1-50%) and highly susceptible (50.1-100%). Patil er
al (1983), El-Shenawy (1995), Al-Naggar ef ol (1997), Nair et al (2004) and
El-Shenawy and Mosa (2005) repoited that additive gene effects were
predominant in the inheritance of downy mildew disease. While, El-
Shenawy and Tolba (2001) and Mosa et af (2009) found that non-additive
gene effects were the major portion of the genetic variance conditioning for
downy mildew. Inheritance of girain yield was studied by many
investigators. Nevado and Jhnso (1989), Hamid et af (1995) and Mosa and
Motawei (2003) found that additive gene effects play an important role m
the inheritance of grain yield. While, Debnath ef al (1988), Turgut et al
(1995} and Mosa et al (2010) found that non-additive gene effects played a
major role in the expression of grain yield. The main objectives of this study
were: to estimate general and specific combining ability effects and nature
of inheritance for resistance to downy nildew disease and grain yield and to
identify the superior crosses for resistance to downy mildew disease and

grain yield.

MATERIALS AND METHODS

Nine white maize inbred lines, i.:. Sk5, Sd7, Sk9, L63b, Sk5058 this
inbred resistant to downy mildew disease, Sk3140, Sk5215, Sk8238 and Gm
18 were crossed in all possible comtinations in a half diallel system in
2008 season at Sakha Agric. Res. Sta. n 2009 scason, the 36 F) hybrids and
two commercial hybrids, i.e. SC10 anc! SC129 were evaluated in two types
of experiments. The first (yield experiments) was planted in the normal
-season (May) at Sakha and Mallawy £ gric.Res. Sta. Randomized complete
block design (RCBD), with four replications was used at all locations. The
plot size was one row, 6 m long, 80 cn. apart and 25 cm between hills. Two
kerncls were planted per hill then thir ned to one plant per hill before the
first irrigation. All cultural practices vvere applied as recommended at the
proper time. Data were taken on grain yield in ardab/feddan (ard/fed)
adjusted to 15.5% grain moisture. Th: second (disease experiments) was
planted in the late season (July) in the disease nursery under artificial
infection by downy mildew disease at Sakha. Annually this field was
previousely planted by sudan grass as ¢ source of infection, 30 days prior to
planting of test genotypes. Spreader rows (sudan grass) were alternatively
planted with maize rows in a ratio of 1:3, respectively. The 36 hybrids and
two checks were evaluated in three separate experiments under three
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nitrogen levels, i.e. 60, 120 and 180 kg N/fed. The nitrogen fertilizer was
applied in two equal doses the first at planting and the second at first
irrigation in Urea form. RCBD 1vith four replications was used, Plot size
was one row, 4 m long, 80 cm apart, and 25 cm between hills. Two kernels
were planted per hill and left witiout thinning. Percentage of resistance to
' downy mildew disease was take:i after 40 days from planting. (The data
were transformed by using arcsin: scale for analysis of variance. However,
means of non transformed values 'vere also given for purpose of comparison
between hybrids). Statistical an:lysis was done according to Steel and
Torrie (1980). Hybrid and nitrc gen levels were considered fixed while
location were considered randon in the analysis of variance. Combining
ability was computed according to Griffing (1956), method-4, model-1.

RESUL"'S AND DISCUSSION

Mean squares due to genera and specific combining ability and their
interactions with locations for grain yield are presented in Table -(1).
Locations (L) mean squares we'e highly significant, indicating overall
differences between Sakha location (north Egypt) and Mallawy location
(south Egypt) for grain yield.

Mean squares due to hybrids (H) and their partitioning info general
and specific combining ability ((:CA and SCA) were highly significant.
This indicated that the hybrids varizd from each other. Also it is evident that
both additive and non-additive gene effects were involved in detérmining
the grain yield. The magnitude of GCA to SCA indicated that the non-
additive gene action was more resp-onsible for controiling the inheritance of
grain yield. Baktash et al (1985), ““urgut et al (1995), Rameeh et al (2000)
and Mosa et al (2010) found that SCA was more important than GCA for

grain yield.

Table 1. Mean squares of general and specific combining ability and their
interactions with locations for grain yield.

SOV df SS MS
Locations (Loc) 1 16746.71 " 16746.71**
Rep/Loc 6 324.96 54.16
Hybrids (H) 35 5310.07 151.71%+
GCA 8 199528 249.41%*
SCA 27 3314.79 122.77%*
H x Loc 35 1050.39 30.01*
GCA x Loc 8 232.56 29.07
SCA x Loc 27 817.79 30.29%
Error 122t 4044.84 18.22
K!GCA /K’SCA 0.34
¢ GCA x Loc/ o” SCA x Loc 0.13

*,** Significant at 0.05 and 0.01 levels of rrobabilily, respectively.

t including checks,



The partitioning of variation amorg H x Loc. interaction to GCA x
Loc and SCA x Loc. interactions (Table 1), exhibited that SCA x Loc was
significant, indicating that the non-additi* ¢ gene action interacted more with
the environment than the additive gene ection for grain yield. These results
agreed with Mosa ef al (2010).

Differences among the three nitrog :n levels (N) were found to be not
significant for resistance to downy milde » disease (Table 2), indicating that
resistance to downy mildew disease was not affected by nitrogen level. The
mean squares due to hybrids and one from their partitions (GCA) were
highly significant, indicating that only additive gene action acts in the
genetic control of resistance to downy mildew disease. This result supports
the finding of Oranget and Borges (1987) and Al-Naggar et al (1997).

The interaction between GCA and SCA with nitrogen levels was not
significant.
Table 2, Mean squares of general and specific combining ability and their
interactions with nitrogen levels for resistance to downy mildew.

SOV ] bf s8 MS
Nitrogen levels (N) 2 297.46 148.73
Rep/N 9 2257.74 250.86
Hybrids (H) 35 14286.39 408.18**
- GCA 8 10051.44 1256.43**
SCA 27 - 4234.95 156.85
HxN 70 6086.46 86.94
GCAxN 16 971.04 60.69 |
SCAxN 54 5115.42 94.73
Error o 333" | 34209.09 102.73
K’GCA / K'SCA 7 I 304
K*GCAxN/ K'SCAxN 0.00

** Sigunificant at 0.01 level of probability.
1 including checks.

Mean performance of 36 hybrids a: d two checks for grain yield across
locations and resistance to downy milde v disease across nitrogen levels are
given in Table (3). For grain yield, the i ean values for hybrids ranged from
18.18 ard/fed for hybrid Sk5215 x Sk 8238 to 36.01 ard/fed for hybrid
Sk5058 x Sk8238. The highest hybrids {or grain yield were Sd 7 x Sk 5140
(35.76 ard/fed), Sk 5058 x Sk8038 (3¢.01 ard/fed) and Sk5140 x Gml8
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(35.77 ard/fed}. 1hese tn.ce hylrids were significantly different from: tire
commercial hybrids SC10 and :3C129. Hence it could be concluded that
these hybrids offer good possibil ty for improving grain yieid of maize. For
resistance to downy mildew, me.n values for hybrids ranged from 78.46%
for hybrid Sk5 x Sk5215 to 98.1¢< % for hybrid L 63 b x Sk5058, the highly
resistant hybrids were Sd7 x Ski058 (95.03%), Sk 9 x Sk5058 (95.93%),
L63b x Sk5058 (98.14%), Sk5158 x Sk5140 (97.67%) and Sk5058 x
Sk8238 (96.23%). While the -esistance hybrids were Sk5 x Sk5058
(94.6%), Sk5 x Sk 5140 (90.78%), Sk9 x Sk5215 (93.21%), Sk9 x Sk8§238
(90.92%), L63 b x Sk8238 (91.17%), .63 b x Gm 18 (92%), Sk5058 x
Sk5215 (93.06%), Sk 5058 x Gm 18 (94.33%), Sk 5215 x Sk8238 (90.68%)
and Sk 5215 x Gm 18 (93.16%). These previous hybrids offer good
possibility for improving resistanc e to downy mildew disease.

Table 3. Mean performance of 36 hybrids : nd iwo checks for grain yield across
locations and resistance to lowny mildew across nitrogen levels.

[ Downy Grain Downy
Hybrid Grain yield m_ildew Hybrid yield mfldew
(ard/fed) resuotanm (srd/fed) reﬂitance
rid Yo

Sk5 x Sd7 3233 86.27 Sk9 x Sk8238 29.04 90.92
Sk5 x Sk9 31.95 89.32 Sk9 x Gmi8 29.92 88.19
SkS x L63b 27.74 86.83 L63b x Sk5058 23.12 98.14
SkS x Sk5058 28.54 94.60 L63b x Sk5140 32.57 85.37
Sk35 x Sk5140 32.59 90.78 L63b x Sk5215 26.59 85.66
Sk5 x Sk5215 32.04 78.46 L63b xSk8238 2295 91.87
Sk5 x Sk8238 29.36 88.71 L63b x Gm18 21.8¢ 92.00
Sk5 x Gm1§ 23.61 81.62 Sk5058 x Sk5140 31.04 97.67
Sd7 x Sk9 20.45 81.48 Sk5058 x Sk5215 31.33 93.06
Sd7 x L63b 29,04 82.22 Sk5058 x Sk8238 36.01 96.23

] Sil'l x Sk5058 30.39 95.03 Sk5058 x Gm18 24.99 94.33 ]

1 8d7 x Sk5140 35.76 87.14 ; Sk5140 x Sk3215 32.23 $8.90
Sd7 x SkS215 31.55 84.73 Sk5140 x Sk8238 3429 86.76
Sd7 x Sk8238 27.67 78.92 Sk5140 x Gm18 35.77 86.87
Sd7x Gml18 32'"__44_ 86.54 Sk5215 x Sk8238 18.18 90.68
Sk9 x L63b 27.68 88.38 Sk5215x Gm18 31.10 93.16
Sk9 x Sk5058 26.40 95.93 Sk8238 x Gm18 31.26 86.98
Sk9 x Sk5140 34.25 85.58 | SC10 (Check) 29.97 89.64
Sk9 x Sk5215 30.08 93.21 S§C129 (Check) 30.23 88.14

LSD 0.05 5.52 7.08

0.01 7.40 9.31




In general, the previous mentioned indicited that all hybwids which
showed high resistance to downy mildew diseise included inbred line Sk
5058 (all self pollination and selection in all segregating generations for this
inbred were under artificial infection by dowry mildew disease at Sahka
Res. Sta. ). Also, the results exhibited that the Lybrids, Sd 7 x Sk 5058 and
Sk 5058 x Sk 5140 showed high resistance to downy mildew disease and
insignificantly outyielded checks SC10 and SC 129, while hybrid Sk 5058 x
Sk8238 showed high resistance to downy mildew and significantly
outyielded SC10 and SC129. It could be concluded that the three hybrids
could be used as good hybrids in maize breedin ; programs.

Estimates of general combining ability effects of the nine inbred lines
for grain yield across locations and resistan:e to downy mildew across
nitrogen levels are presented in Table (4). Sign ficant desirable GCA effzcts
were detected in tha inbred line Sk5140 for g ain yield and inbred 5k5058
for resistance 10 downy mildew disease. Thesc two inbreds can be used for
developing high yielding and high resistant hybrids to downy mildew ,
respectively.

Table 4. Estimates of general combining abilit - effects for grain yield across
locations and resistance to downy mil lew across nitrogen levels.

Inbred line Grain yield Downy mildew resistance
Sk5 0.529 -2.645*
Sd7 0.597 ' -4.635*
Sk9 -0.665 0.626
L 63b -3.277* -0.204
Sk 5058 -0.375 ~ 9.484*
Sk 5140. 4,759* -0.814
Sk 5215 -0.190 | -0.417
Sk 8238 -0.812 -0.499
Gmi8 -0.564 -0.293
LSD g 0.05 1.56 2.04
LsDg-g; 005 2.34 3.00

*, Sigaificant at 0.05 level of probability.

Estimates of specific combining ability effects of 36 hybrids for grain
yield across locations and resistance to downy mildew across nitrogen levels
are presented in Table (5).

The desirable specific combining ab lity effects were obtained for
grain yield in cross Sk5058 x Sk8238. This hybrid can be used for
improving grain yield.



‘able 5. Estimates of specific combining aliility effects of 36 hybrids for ¢ :ix vield
across locations and resistance to downy mildew across nitrogen i.w whi

Down [ liajvmv-i'w N
Hybrid Grain milde\i Hybrid Crain milcew
yield . yisid e,
resistance Ea3giance

Sk5 x Sd7 1.90 3.874 8 9 x Sk5215 1.63 KN
Sk5 x Sk9 2.78 1.162 59 x Sk8233 321 2406
Sk5 ¥ L63b 1.18 1.518 S99 xGmls 1.85 -1.590
SkS x Sk5058 -0.92 0.803 L 53b x Sk5058 -2.53 1.038
SK5 x Sk5140 -2.01 3.035 L33b x Sk5140 1.79 -3.905
SkS x Sk5215 2,39 -7.336* L 13b x §k5215 0.76 -3.610
5kS £ Sk3238 0.33 1.321 L33b x Sk8238 -2.27 3.031
Sk5 x Gm18 -5.66* -4.376 Li3bx Gml3s -3.66* 4.441
S§d7 x Sk9 -B.78* -3.731 S1:5058 x Sk5140 -2.65 2.106
Sd7 x Le3b 2.42 -3.300 51:5058 x Sk5215 2,59 -3.982
5d7 x Sk5058 0.86 2.402 Si:5058 x Sk8238% 7.89*% -.484
5d7 x Sk5140 042 3.834 81.5058 x Gm18 -3.45* -1.156
Sd7 x Sk5215 1.84 -0.362 S1.5140 x SkS215 -1.64 1.6Z5
5d7 x Sk8238 -1.42 -4.71 S1.5140 x Sk8238 1.04 -1.776
Sd7xGmi8 2.77 1.922 515140 x Gm18 2.20 -2.266
Sk9 x L63b 2.32 0.788 515215 x Sk8238 -10.12* 3.219
Sk9 x Sk5058 -1.86 -0.726 §15215 x Gm18 2.55 5.763
Sk9 x Sk5146 0.85 -2.653 $18238 x Gm18 3.33 -2.738
LSD §; 0.05 3.45 6.08
LSD 5,-S;, 0.05 5.22 7.50
LSD Sy-8, 0.05 4.76 6.35

*, Significant at 0.05 {evel of probability.

ZANCO 3:29-45.
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