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ABSTRACT

Twenty new yellow maize inbred lines were crossed to two testers (Sk-3 and SC 177) during 2017

season. The resulting forty crosses and two checks (SC168 and TWC 368) were evaluated in two trials during
2018 season. The first trial for grain yield, days to 50% silking and plant height traits was conducted at Sakha and
Sids Research Stations, the second trial in nursery late wilt field under two nitrogen levels (60 and 120 unit) at
Sakha Research Station. The mean squares due to lines (L), testers (T), lines x tester (L x T) and their interaction
with locations in the first trial and nitrogen levels in the second trial were significant for most traits. The non-
additive gene effects were the most important component control the inheritance of all studied traits except days
to 50% silking. The best inbred line for general combining ability effects was L-7 for days to 50% silking, L-19
for taller plants and grain yield while, inbred line L-5 was the best for late wilt resistance. The desirable hybrids
for specific combining ability effects were L-20 x Sk-3 and L-16 x SC 177 for grain yield and late wilt resistance.
Two single crosses L-10 x Sk-3 and L-20 x Sk-3 were significantly out-yield compared to the check SC 168.

Meanwhile, one three-way cross L-5 x SC 177 was significant out-yield than check TWC 368. These hybrids
could be considered as promising crosses in the hybrids breeding program and require further testing.
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INTRODUCTION

Maize (Zea mays L.) is one of the most important
cereal crops in Egypt, in terms of cultivated area, total
production and cash value. The soil borne vascular wilt
pathogen Cephalosporium maydis is the most economical
disease of maize in Egypt. The disease was first identified
in the early sixties by Samra et al. (1962 and 1963). It
recorded as single or infected plants in a restricted area
(Sabet et al. 1962). Later on, it has been spread out over all
growing areas with variable percentage depending on
maize genotype and pathogen. The best technique to
control this disease is through developing genetically
resistance genotypes. The late wilt disease causes severe
losses in yield of susceptible maize cultivars. So, resistance
to late wilt disease is one of the most important evaluation
tests to restriction hybrids in Egypt. Fertilization is a vital
tool to increase grain yield and resistance to diseases in
maize. Mosa et al. (2010) reported that the low and high
nitrogen levels exhibited the lowest values for resistance to
late wilt disease, while the optimum nitrogen level was
coupled with the highest values of resistance. Information
on the combining ability among maize genotypes is vital in
increasing the effectiveness of hybrid development. The
conception of general and specific combining ability was
suggested by Sprague and Tatum (1942). Information
about type of gene action is so important for the breeder to
design the breeding program. Nair et al. (2004) and Abd
El-Kareem (2013) found that additive gene effects played a
vital role in the inheritance of resistance to late wilt and
grain yield, while Amer et al. (2002), Abd-Elaziz (2010),
Osman (2014) and Mosa et al. (2016) illustrated that non-
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additive gene effects were predominant in the inheritance
of late wilt disease and grain yield. Barakat and Osman
(2008) found that non-additive gene effects played an
important role in the inheritance of days to 50% silking,
plant height and resistance to late wilt disease, While,
additive gene effects played an important role in the
inheritance of grain yield. Mosa et al. (2017) found that
non-additive gene effects were the most important
component in the inheritance of grain yield and late wilt
resistance. The objectives of this study are-: 1) Estimate
general and combining ability effects for days to 50%
silking, plant height, grain yield and resistance to late wilt
disease. 2) Determine the effect of nitrogen fertilization on
resistance to late wilt disease. 3) Identify the superior
hybrids in grain yield and resistance to late wilt disease.

MATERIALS AND METHODS

Twenty new yellow maize inbred lines, derived
from diverse genetic sources by self-pollination, visual
selection for agronomic traits and pest resistance of the lines
per se among and within ear to row progenies in breeding
field at Sakha (SK) Research Station. In 2017 growing
season, the 20 new yellow inbred lines were crossed with
two testers; one inbred line Sk-3 and one single cross SC
177. The resulting forty crosses and two commercial cross
SC 168 and three way-cross TWC 368 were evaluated in
two trials during 2018 season. The first trial was conducted
at Sakha and Sids Research Stations. Randomized complete
block design (RCBD) with four replications was used at
both locations. The plot size was one ridge, 6 m length, 80
cm apart and 25 cm between hills. Two kernels were planted
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per hill then thinned to one plant per hill before the first
irrigation. All agricultural practices were applied as
recommended at the proper time. Data were recorded on
number of days to 50% silking, plant height (cm) and grain
yield ardab/feddan (ard/fed) (One ardab= 140 kg, one feddan
= 4200 m?) adjusted to 15.5% grain moisture content. The
second trial for resistance to late wilt disease was performed
in two separate trials under two nitrogen levels 60 and 120
kg N/fed, respectively in disease nursery under artificial soil
inoculation by the pathogen Cephalosporium maydis at
Sakha Research Station in 2018 season. Annually in same
place, different isolates of Cephalosporium maydis were
used to reinfection disease nursery to increase the efficiency
of selection. RCBD with four replications was also used.
Plot size was one row, 2 m length, 80 cm width, 20 cm
between hills and two seeds were planted per hill — thinned
later to one plant per hill before the first irrigation. Data were
taken on percentage of resistance to late wilt disease after 35
days from flowering. The nitrogen fertilizer was applied in
two equal doses, at the first and the second irrigation in the
late wilt trial. Combined analysis across two locations in the
first trial and across two nitrogen levels in the second trial
was performed when homogeneity of variance was detected
according to Snedecor and Cochran (1980). Combining
ability analysis was computed according to line X tester
analysis procedure of Kempthorne (1957).

RESULTS AND DISCUSSION

The combined analysis of variance for days to 50%
silking, plant height and grain yield across two locations
are presented in Table 1. Mean squares due to the locations
(loc.) were highly significant for days to 50% silking, plant
height and grain yield, indicating that these traits were
influenced by different environment conditions in different
locations. Crosses(C) and interaction C x Loc. mean
squares were highly significant for previous traits. Thus,
crosses varied in these traits and the crosses were differed
from one location to another.

Table 1. Combined analysis of variance for days to
50% silking, plant height and grain yield
across two locations.

Mean squares

SOV f Days to 50% silking Plant height Grain yield
Locations(Loc.) 1 142.74** 140835.2** 12221.84**
Rep/Loc. 6 14.31 96.94 16.99
Crosses (C) 41 13.95** 496.58**  64.68**
C x Loc. 41 6.39** 449.03**  21.33**
Error 246 1.32 101.27 11.01

** Significant at the 0.01 levels of probability.

Table.2, showed that the mean squares due to
nitrogen level (N) was highly significant for late wilt
resistant, indicating that the nitrogen dose effect on
resistance to late wilt disease.

Table 2. Combined analysis of variance for late wilt
resistant across two nitrogen levels.

Sov df  Late wilt resistance %
Nitrogen levels (N) 1 720.42**
Rep/N 6 2.94

Crosses (C) 41 8.74**

CxN 41 2.77*

Error 246 1.72

*, ** Significant at the 0.05 and 0.01 levels of probability, respectively.
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This result is agreement with Mosa et al. (2010).
Crosses mean squares were highly significant and the
mean squares of the interaction C x N was significant. This
implied that the resistance of crosses differed by the
different nitrogen levels.

The line x tester analysis for days to 50% silking,
plant height and grain yield across the two locations are
presented in Table 3. The mean squares due to lines (L),
testers (T) and L x T interaction were highly significant for
these traits except for (T) for grain yield and L x T for days
to 50% silking, indicating the presence of wide diversity
among lines and testers for these traits and line
performance differed from one tester to another. The mean
squares due to L x Loc was highly significant for days to
50% silking, plant height and grain yield proving the point
that lines performance was affected by change locations. T
x Loc and L x T x Loc mean squares were significant for
plant height and grain yield, respectively.

Table 3. Line x tester analysis of 40 crosses for three

traits over two locations.
Mean squares

SOV Df Says 10509 silking Plant height Grain yield
Dnes() 18 2390 5000T%*  98.17%*
Testers (T) 1 13.61%* 425590 2343
LxT 19 152 207.79%%  26.18%*
LxLloc. 19 11.66% B62.24%%  2277%*
TxLloo 1 361 337350  28.34
LxTxLoc 19 147 96.94 18,13
Emor 234 130 100.64 10.70

*,** Significant at the 0.05 and 0.01 levels of probability, respectively.

In Table 4, the mean squaresdueto L, T, L X T and
L x N were significant or highly significant for resistance
to late wilt disease.

Table 4. Line x tester analysis of 40 crosses for late wilt
resistant across two nitrogen levels.

SOV df Late wilt resistance %
Lines (L) 19 11.69**
Testers (T) 1 24.75**

L xT 19 3.76**

LxN 19 2.97*

TxN 1 0.03
LxTxN 19 2.27

Error 234 1.66

*,** Significant at the 0.05 and 0.01 levels of probability, respectively.

The assessment of genetic components for days to
50% silking, plant height and grain yield across two locations
are presented in Table.5. The additive gene effects (K2 GCA)
were important component controlling inheritance of days to
50% silking. While, the non-additive gene effects (K? SCA)
was the most important in inheritance plant height and grain
yield. The magnitudes of the K* SCA x Loc interaction was
larger than K? GCA x Loc for grain yield, indicating that the
non-additive gene effects influenced more by changing
locations than additive gene effects for this trait. Meanwhile,
the reverse was obtained for days to 50% silking and plant
height. Meanwhile in Table. 6, the result showed that, the non-
additive gene effects (K2 SCA) were more important than
additive gene effect (K2 GCA) in the inheritance of resistance
to late wilt disease. The interaction K2 SCA x N were larger
than K2 GCA x N, meaning that non-additive gene effects
were more influenced by nitrogen level than additive gene
effects. Similar results were obtained by El-Itriby et al. (1984),
Mahmoud and Abd EI-Azeem (2004), Abd-Elaziz (2010),
Osman (2014), Mosa et al. (2016) and Mosa et al. (2017) .
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Table 5. Genetic components for three traits over two
locations.
Genetic components Days to 50% silking Plant height Grain yield

K?>GCA 012 2.89 031
K?SCA 001 13.85 1.00
K?GCAXx Loc 013 4364 0.16
K?SCAXx Loc 0.04 0.92 185

Table 6. Genetic components for late wilt resistance

across two nitrogen levels.
Genetic components Late wilt resistance %

K>GCA 0.16
K2SCA 0.18
K2GCAxN 0.01
K2SCA x N 0.15

Mean performance of 40 crosses (20 single crosses
and 20 three-way crosses) and two checks (SC 168 and
TWC 368) across two locations for days to 50% silking,
plant height and grain yield and late wilt resistance across
two nitrogen levels are presented in Table 7.

Table 7. Mean performance of crosses and two checks
for days to 50%silking, plant height and grain
yield across two locations and late wilt

resistance across two nitrogen levels.

Days to Plant  Grainyield Late wilt
50% silking height (cm) (ard/fed) resistance %
Sk SC Sk SC Sk SC Sk SC
3 177 3 177 3 177 3 177
62.2 609 26532621 301 294 889 88.6
63.3 59.8 269.0 258.1 306 27.0 888 896
61.0 619 257.32604 239 26.7 909 90.0
594 59.0 258.0 256.6 26.2 258 90.0 899
61.4 61.6 260.5259.6 256 338 904 874
624 60.1 26812468 264 26.2 903 894
5908 61.8 247.9261.1 257 30.7 895 884
59.3 59.8 253.8 2476 269 26.2 895 894
61.1 62.6 264.9 2684 322 257 879 904
619 610 267.8 2584 357 302 865 88.1
62.1 60.8 263.9 2575 278 259 89.6 90.1
63.6 60.6 27052611 258 299 905 88.6
62.0 621 27332724 250 257 908 90.8
59.1 59.6 264.6 266.3 25.7 269 90.1 90.0
60.5 61.0 269.0 2715 26.7 302 90.1 889
634 613 26242585 263 302 90.1 883
60.8 62.1 258.6 277.1 252 276 904 90.3
59.4 61.0 260.5270.0 244 269 908 90.0
62.0 63.1 26552769 295 30.7 89.0 89.1
625 61.6 277.9260.0 351 288 881 89.3

63.6 254.4 315 84.3
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Days to 50% silking, 16 single crosses were
significantly early than the check SC 168 while 18 three
way-crosses were significantly early than the check TWC
368. The earliest single cross was L-14 x Sk-3 (59.1 days)
and the earliest three-way cross was L-4 x SC 177 (59.0
days). For plant height, single crosses ranged from 247.9
cm for L-7 x Sk-3 to 277.9 cm for L-20 x Sk-3. While,
three-way crosses ranged from 246.8 cm for cross L-6 x
SC 177 to 277.1 cm for cross L-17 x SC 177. For grain
yield, single crosses means ranged from 23.9 ard/fed for
cross L-3 x Sk-3 to 35.7 ard/fed for cross L-10 x Sk-3.
While for three-way crosses means ranged from 25.7
ard/fed for crosses L-9 x SC 177 and L-13 x SC 177 to
33.8 ard/fed for cross L-5 x SC 177. Two single crosses
(L-10 x Sk-3 and L-20 x Sk-3) were significantly out-yield
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compared to the check SC 168. Meanwhile, one three-way
cross (L-5 x SC 177) was significant out-yield than check
TWC 368. The percentage of late wilt resistance for single
crosses ranged from 86.5% (L-10 x Sk-3) to 90.9% (L-3 x
Sk-3), the best single crosses for resistance were L-3 x Sk-
3, L-13 x Sk-3 and L-18 x Sk-3 while, three-way crosses
ranged from 88.1% (L-10 x SC 177) to 90.8% (L-13 x SC
177), the best three-way crosses were L-3 x SC 177, L-9 X
SC 177, L-13 x SC 177 and L-17 x SC 177. These hybrids
could be considered as promising crosses in the hybrids
breeding program and require further testing.

General combining ability for the studied inbreeds
and testers for the four traits are illustrated in Table 8.

Table 8. Estimates of general combining ability effects of
twenty inbred lines and two testers for days to
50% silking, plant height and grain yield across
two locations and late wilt resistance across two
nitrogen levels.

Inbred Days to Plant Grain Latewilt
line 50%silking height  vield resistance%
L-1 1.15%* 134 1.04 -0.21
L-2 -0.41 -3.41 -0.30 -0.08
L-3 2.21%* 6.53**  0.29 0.17
L-4 -1.04** -3.60 0.49 -0.33
L-5 0.28 2.02  -350**  1.35**
L-6 0.78** 3.15 -1.72* 0.92**
L-7 -1.98** -191  -1.98* 0.60
L-8 -1.91** -1.78 -1.58 0.48
L-9 -0.29 153 -1.82* 0.79*
L-10 0.09 234  3.61**  -1.33**
L-11 1.65** 2.03 -1.56 0.73*
L-12 -0.54 -10.60**  0.29 -0.65*
L-13 -0.98**  -9.97** -252%* 0.48
L-14 0.71* 5.90* 1.22 -0.15
L-15 -1.91%* -6.10%  -2.32** 0.67*
L-16 -0.85** -4.41 -1.37 0.23
L-17 0.34 197 2.91%* -1.02**
L-18 1.65** 9.40**  0.28 0.29
L-19 0.96** 9.59**  6.96** -2.15**
L-20 0.09 -4.03 1.58 -0.77*
LSD ai 5% 0.55 491 1.60 0.63
9 1% 073 647 210 0.83
5% 0.79 6.95 2.26 0.89
LSDO-G 105 104 915 298 117
Tester
Sk-3 -0.23** -3.65** 0.27 -0.28**
SC 177 023** 3.65%*  -0.27 0.28**
LSD ai 5% 0.17 155 0.50 0.19
g 1% 0.23 2.04 0.66 0.26
5% 0.25 2.19 0.71 0.28
LSDOri 195 032 280 0.94 0.37
*, ** Indicating significant at 0.05 and 0.01 levels of probability,
respectively.

The desirable general combining ability effects
(GCA) for days to 50% silking were found in inbred lines L-
4, L-7, L-8, L-13, L-15, L-16 and tester Sk-3. Inbred lines L-
3, L-14, L-18, L19 and Tester SC 177 showed positive
significant GCA for taller plants, so these genotypes are good
for breeding to silage yield while, L-12, L-13 and tester Sk-3
showed negative significant GCA for plant height. Theses
inbred lines are good for breeding to short plants. The
positive significant GCA for grain yield was obtained in L-
10, L-17 and L-19, so these inbred lines are good general
combiners for grain yield. For late wilt resistance, five inbred
lines L-5, L-6, L-9, L-11, L-15 and tester SC 177 showed
desirable positive significant GCA and could be used in
breeding program for late wilt resistance.

The desirable crosses of specific combining ability
effects for three traits over two locations and late wilt over
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two nitrogen levels are in Table. 9. The desirable crosses
for specific combining ability effects were L-4 x Sk-3, L-
17 x Sk-3, L-18 x Sk-3, L-1 x SC 177, L-2 x SC 177 and
L-10 x SC 177 for earliness, L-5 x Sk-3, L-8 x Sk-3, L-17
X Sk-3, L-1 x SC 177, L-7 x SC 177 and L-16 x SC 177 for
short plant height, L-2 x Sk-3, L-10 x Sk-3, L-20 x Sk-3,
L-5x SC 177, L-12 x SC 177 and L-16 x SC 177 for grain
yield and L-7 x Sk-3, L-12 x Sk-3, L-20 x Sk-3, L-3 x SC
177, L-4 x SC 177 and L-16 x SC 177for resistance to late
wilt disease. General, the desirable crosses for specific
combining ability effects were L-20 x Sk-3 and L-16 x SC
177 for grain yield and late wilt resistance.

Table 9. The desirable crosses for days to 50% silking,
plant height and grain yield across two locations
and late wilt resistance across two nitrogen levels.

Days to 50% Plant Grain Late wilt
Silking height yield resistance%o
L-4 x SK-3 L-5x SK-3 L-2 x SK-3 L-7xSK-3
L-17 x SK-3 L-8x SK-3 L-10xSK-3  L-12xSK-3
L-18 x SK-3 L-17xSK-3  L-20xSK-3  L-20xSK-3
L-1xSC177 L-1xSC177 L-5xSC177 L-3xSC177
L-2xSC177 L-7xSC177 L-12xSC177 L-4xSC177
L-10xSC177 L-16xSC177 L-16xSC177 L-16xSC177
REFERENCES

Abd-Elaziz, M. A. A. (2010). Response of some corn
genotypes to late wilt disease. M.Sci. Thesis, Fac.
Agric. Cairo Univ. Egypt.

Abd El-Kareem, M. E. K. (2013). A comparative study
among three types of testers to evaluate new yellow
inbred lines of maize for yield, its components and
late wilt resistance. Ph.D. Thesis, Fac. Agric.
Kafrelsheikh Univ. Egypt.

Amer, E. A.; H. E. Mosa and A. A. Motawei (2002). Genetic
analysis for grain yield to downy mildew and late wilt
and kernel rot diseases on maize. J. Agric. Sci.
Mansoura Univ. 27: 1965-1974.

Barakat, A. A. and Osman, M. M. A. (2008). Evaluation of
some newly developed yellow maize inbred lines for
combining ability in two locations. J. Agric. Sci.
Mansoura Univ. 33(7):4667-4679.

El-ltriby, H. A.; M. N. Khamis; R. M. El-Demerdash and H.
A\ El-Shafey (1984). Inheritance of resistance to late
wilt (Cephalosporium maydis) in maize. Proc. 2™
Mediterranean Conf. Genet. Cairo, March, pp. 29-44.

Kempthorne, O. (1957). An Introduction to Genetic Statistics.
John Wiley and Sons Inc., New York.

Mahmoud, A. A. and Abd EI-Azeem, M. E. M. (2004).
Estimates of general and specific combining ability of
some yellow maize inbred lines using top-crosses.
Ann. Agric. Sci. Moshtohor, 42(2):427-437.

Mosa, H. E. and A. A. Motawei (2005). Combining ability of
resistance to late wilt disease and grain yield and their
relationships under artificial and natural infections in
maize. J. Agric. Sci. Mansoura Univ. 30: 731-742.

Mosa, H. E.; A. A. Motawie and A. M. M. Abd El-Aal
(2010). Nitrogen fertilization influence on combining
ability for grain yield and resistance to late wilt
disease in maize. J. Agric. Res. Kafrelsheikh Univ.
36: 278-291.

Mosa, H. E.; S. M. Abo El-Hares and M. A. A. Hassan
(2017). Evaluation and classification of maize inbred
lines by line x tester analysis for grain yield, late wilt
and downy mildew resistance. J. of Plant Production,
Mansoura Univ. 8(1): 97:102.

Mosa, H. E.; I. A. I. EI-Gazzar and M. A. A. Hassan (2016).
Combining ability and type of gene action analysis of
yield and yield components for some white maize
inbred lines. Annals of Agric. Sci. Moshtohor, 54:
291-296.

Nair, S. K.; B. M. Prosanna; R. S. Rathore; T. A. S. Setty; R.
Kumar and N. N. Singh (2004). Genetic analysis of
resistance to sorghum downy mildew and rajasthan
downy mildew in maize (Zea mays L.). Field Crops
Res. 89: 379-387.

Osman, M. M. A. (2014). Type gene estimation action for
grain yield in some new white maize (Zea mays L.)
inbred lines using top cross. J. Plant Production,
Mansoura Univ. 5(2):183 — 192.

Osman, M. M. A. and M. H. A. Ibrahim (2007). A study on
combining ability of new yellow maize inbred lines
using line x tester analysis. J. Agric Sci. Mansoura
Univ. 32(2):825-830.

Sabet, K. A.; A. S. Samra; M. K. Hingorani and F. A. Fadle
(1962). Further studies on stalk and root rots of maize
in U.AR., F.A.O. Plant Prot. Bull. 10:132-133.

Samra, A. S.; K. A. Sabet and M. K. Hingorani (1962). A
new wilt disease of maize in Egypt. Plant Dis. Rept.
46:481-483.

Samra, A. S.; K. A. Sabet and M. K. Hingorani (1963). Late
wilt disease of maize caused by Cephalosporium
maydis. Phyto-pathology, 53:402-406.

Snedecor, G. W. and W. G. Cochran (1980) Statistical
Methods. 7" lowa State Univ. Press. Ames, lowa,
USA.

Sprague, G. H. and L. A. Tatum (1942). General vs specific
combining ability in single crosses in corn. Journal
American Society of Agronomy. 30:923-932.

ALY a3l da glaal) g o gant) J guanal o) jiuall dualid) 5,3 N Mw (and ASMAN) 5 81 083
il ae Ll ae Gl ae daaa g gulad) g daaa dma (Cea o A e daaa g Ul allae (ube
4o 30 Cigaal) 38 e — AlEal) Junalaal) E gay dgaa — Apalll) 33 &iga anid
A £ agd) Caad YWY ange JIA (VVY a8 Gt 5 V7 L ALY LS (e () e Apalll 800 (e 6l jiaa B AL Yo (g (gl

s Sy g iy (s (8 a5 ool Jemnal (IS4 5adll Y VA e A (4 yad (8 TIA (o ladll (DB Cmgll s VIA (il (52 il cpmell GlliS
Lelia g Jin (& (O Cum g aaS VY oy 0 58 aaS 1o ) s 5l danil) G (plina coni ALl J gl (el T i) il A5 Dyl ¢ (adans
g e lin (o 25 1 LS ) ad (iSays B Al i 5 i apanll Ll 159 A pall cpnd sl il el Joe o s s e (8 il
ae A laele Al Ciad Clbeall myan 855 (8 aSaiall g il e jal) Judl) il il cilS bl b Lagiy Jelil) 5 CHELISH 5 YD aad Hll cpall
Jsmane s ol Jsha iheal V3-J A 53 30 52 %0+ sl (in ala¥) oe Bheal CaSEY) e Ao 558 Juadl V-0 A < jelal 50 2 960+ seka i ALY
gl Jpanadaal WY Gia x V1-d 5 ¥ Ll x Yood s cadliy) e dalalls i) & cngl) Jumil A J g (goa jal e glaall dial 0 AL 5 o guall
S0 DN Cpagl Liadd 5 VA Gos B Jlad) cpad e ogoall Jgemna 8 B gina 8ol ) YA XY oo 5 Tl Y oo Gpingll ael | AT § g (joa jal e dladl)

inndl) AKaY (5 AT JLEAY dmaai o5 pdie aell o3 Jlic] (Says FUA Caoa 40,8l cpaa ce 4 gima 3l ) VYV Caa x©

48



