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ABSTRACT

Among the insects infecting the maize (Zea mays L.) in Egypt. pink stem
borer is considered one of the most important, because it causes decreased in the
yield special early sowing in April and delaying sowing in July. Eight diverse
inbred lines were crossed in a half diallel in 2002 growing scason to estimate
heterosis and combining ability. The 8 parents and their 28 F,’s were evaluated in
two experiments at Sakha Agriculture Research Station during the growing
season 2003, Percentage of resistance to infested plants, percentage of resistance
to dead hearts and grain yield under artificial infestation by pink stem
borer(Sesamia certica Led) were analyzed in the first experiment, while grain
yield under non infestation was analyzed in the second one. The variances for
general combining ability GCA and specific combining ability SCA were
significant for all traits. However, additive gene effects was preponderant for
percentage of resistance to infested plants and percentage of resistance to dead
hearts, while non additive gene effects overcome the additive gene effects for
grain yield under infestation and non infestation with pink siem borer. The inbred
L121 considered as a good combiner for percentage of resistance to; infested
plants and dead hearts, while inbred Sk6241 was a good combiner for grain yield
under infestation and non infestation with pink stemn borer. These two lines could
be used in maize breeding program to make crosses have high yielding ability and
resistant to damage with pink stem borer. The best single crosses showed
desirable SCA effects for most studied traits were L121 x 8k7266, Gm1004 x
Sk8249, Sk 6241 x Sk9115, Sk7266 x Sk8249, L121x Sk9115, Sk7266 x Sk9074
and Sk6241 x Sk9108 Highly significant correlations were detected between
grain yield under infestation conditions and percentage of resistance to, infested
plants and dead hearts. Also correlation coefficient between grain yield under
infestation and non infestation with pink stem borer showed highly significant in
positive direction. The highest cross revealed heterotic effect relative to
commercial check 8.C 155 were S.C Sk624 1x Sk9108 for percentage of resistant
to infested plants, dead hearts and grain yield under infestation condition and 5.C
Li21xGm1004 for grain yield under non infestation.

INTRODUCTION

Depending on the goals of a breeding programune, various procedures
and breeding schemes may be utilized to screen and identify maize germplasm
having resistance to pink stem borers. Once resistant plants are idetified. inbred
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lines of families may be used to produce hybrids or varietics possessing improved
levels of resistance. Sources of resistance may also be developed for use in
improving yield performance and stability in existing materials. Screening and
breeding for improved resistance may be done using natural or artificial
infestations. But most entomologists working on host plant resistance are
convinced that artificial infestation is usually superior and far more efficient than
other techniques for identifying resistant plants / genotypes (Ortega ef al., 1980
and Milm 1983a,b). At present, there are few data on combining ability in maize
for resistance 10 pink stem borer PSB, § crefica attack in Mid-East and Africa
(prevalent regions). Motawei (1996) found that the combining ability (GCA and
SCA) were not significant for resistance damage caused by the pink stem borer
under artificial and natural infestation conditions. Butrdn er af, (1998)
determined that the genetic control of field corn cars resistance to PSB was
additive, although they found a dominant component in the cob. Butrén ef a/.,
(1999) found that the variance of general combining ability (GCA) showed
significant differences for yield under infestation and non infestation condition
with PSB and yield loss. There were also significant differences among specific
combining ability (SCA)and reciprocal effects for yield under non infested plants
but not so for yield under infestation conditions and yield loss. Low correlation
cocfficient between SCA effects for yield under infested and non infested
conditions showed that yield under infested is the best trait for eévaluating the
level of defense against pink stem borer attack. Al-Naggar ef al.,(2000) revealed
the absence of maternal effects in controlling resistance to Sesamia cretica under
arlificial infestation .Both additive and non additive gene effects have equal
importance in coutrolling the percentage of dead hearts, but additive played a
greater part than non additive gene effects in controlling the percentage of
infested plants. Variances due to parents vs crosses were significant under
artificial infestation indicating the presence of heterosis for the percentage
infested plants and dead hearts. Galal ef al., (2002) revealed that dominance and
additive x dominance pene effects represent the major portion and conditioning
the resistance to pink stem borer under natural and artificial infestation, while,
additive, additive x additive and dominance x dominance gene effects were low in
magnitude and could be negligible. El-Shenawy ef af., (2002), Amer (2003) and
Mosa (2003) found that the non additive gene effects controlled the inheritance of
grain yield.

The objectives of this work were to estimates GCA and SCA effects,
heierosis and identify superior genotypes of resistance to .S, cretica in maize and
high yielding ability.

MATERIALS AND METHODS

The experiments reported herein were carried out in 2002 and 2003
growing seasons at Sakha Agriculture Research Station. Eight diverse yellow
maize inbred lines; L £21, Gm 1004, Sk 6241, Sk 7266, Sk 8249, Sk 9074, Sk
9108 and Sk 9115 were chosen for this study. Sources of these inbred lines are
shown in Table (1).
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Tabie (1): Sources of the studied inbred lines.

NO Inbred line Source
1 L 121 Introduced from USA
2 Gm 1004 Exotic, Subtropical
3 Sk 6241 Exotic, P X79-5264
4 Sk 7266 Exotic, Tep-5 x Ac 8045
5 Sk 8249 Exotic, DMR pop yellow 2612
6 Sk 9074 Exotic, DMR pop yellow 203
7 Sk 9108 Exotic, DMR pop yellow 149
8 Sk 9115 Exotic, DMR pop yellow 115

A half diallel cross set involving eight parents was made during 2002
growing scason. Two experiments were conducted at the same place and time
during 2003 growing season. In each experiment, the eight parental inbred lines
and their 28 F, crosses and one check variety (SC155) were grown in randomized
complete block design with two replications. Each plot consisted of one row of 2
m long and 80 cm width. Hills were spaced at 20 cm with three kernels per hill
and thinned latter to one healthy plant per hill before the first irrigation giving
plant density of 26000 plants / fad. The ordinary agricultural practices were done
as usuval in the production of maize during the growing season .All plants / plot
after thinned in the first experiment were artificially infesied by newly hatched
larvae of the pink stem borer 8. eretica artificially reared in the corn Borer Res.
Lab., Maize Res. Sec., ARC, Giza, Egypt. Infestation was done using the
Bazooka as a mechanical dispenser, such that each plant reccives approximately
6-8 larvae at the early whorl stage of plant development (25 days after sowing).
Sowing date in the two experiments were on 25 June. These sowing dates were
intentionally chosen to coincide with the time of minimum natural infestation and
also to coincide with the time of laying eggs in the laboratory with the ideal
growth stage for  artificial infestation by S cretica. Data were recorded on:
percentage of resistant to infested plants, percentage of resistant to dead hearts,
the two traits were recorded in the infested experiment at 15 to 20 days after
infestation. Grain yield per plot was transformed to Ard/Fad, after adjusting the
data based on 15.5% moisture content and shelling percent of infested and non
infested experiments. The ordinary analysis of variance for RCBD was firstly
performed according to Snedecor and Cochran (1980).General and specific
combining ability estimates were obtained by employing Griffing’s (1956) diallel
cross analysis designated as method 2 model 1 .Heterosis was also determined
according to Paschal and Wileox (1975).

RESULTS AND DISCUSSION

Analysis of variance for percentage of resistance to infested plants,
percentage of resistance to dead hearts and grain yield under infestation and non
infestation with pink stem borer for ¢ight inbreds and their F,crosses are shown in
Table 2. Highly significant genotypes meaa squares were detected for all traits.
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meaning the wide diversity between the parental materials used in this study.
Significant parent (P) mean squares were found for percentage of resistance to
dead hearts. Mean squares due to crosses (C) were highly significant for all traits
except percentage of resistance to infested plants, Highly significant were found
for P vs C, indicting that the '

Table (2): Analysis of variance for percentage of resistance to infested plant,
percentage of resistance to dead hearts and grain yield under
infestation and non infestation with pink stem borer for eight
inbred and F1 crosses.

Sources of | Percentage of | Percentage of| Grain yield Ard/Fad uader
. d.f | resistance to | resistanceto | Non
variation infested plants | dead hearts Infestation infestation
Replications | 1 607.17 259.75 4.64 29.36
Genotypes | 35 1135.22" 124529 21529 242.65
Parents(P) | 7 862,12 747.35" 5.05 18.57
Crosses (C) | 27 768.49 859.76 6620 95,35
PvsC 1 12948.63° | 15140.18° | 57124 5788 31
GCA 7 141157 1690 81 88.02 176.47
SCA 28 1066.13~ 1133.91 247.10° 259,197
Error 35 489.97 297.04 17.99 24.12
GCA/SCA 132 1.49 0.37 0.68

"7 significant at the 0.05 and 0.01 fevels of probability, respectively.

Fy mean values were significantly higher than parental means for all
traits, which mean the presence of heterosis.

Mean performance of 8 inbred lines per se and their mean from 7 F,’s to
other 7 inbred for percentage of resistance to infested plants, percentage of
resistance to dead hearis and grain yield under infestation and non infestation
with pink stem borer are presented in Table 3. The parental inbred lines L 121
and SK 9108 had the higher mean per se for percentage of resistance to, infested
plants and dead heart caused by S crefica, while the reverse was obtained for
inbred line Sk8249 which showed the highest susceptibility. The inbred lines L
121 and Sk 6241 produced the highest mean from 7 Fy’s to other 7 inbred for
percentage of resistance to infested plants and percentage of resistance to dead
heart. The inbred lines Sk9108 showed the highest mean per se for grain yield
under infestation conditions, the inibred line Sk 6241 had the highest mean per se
under non infestation conditions, while the inbred line Sk 9115 exhibited the
lowest mean per se for grain yield under infestation and non infestation with pink
stem borer. Line Sk 6241 and Sk 9108 produced higher F;crosses for grain yield
under artificial infestation, while the inbred lines L 121 and Sk 9108 produced
higher F;crosses under non-infestation, Mean over all crosses was higher
compared with per se mean over all pareats for the studied traits, indicating the
superiority -of F, hybrid in all traits over its parents.also indicating that the
heterosis lead to increased insect resistance.
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The yield reduction of per se mean over all the inbred parents under
infestation compared to that under non infestation was 38.21%. while the yield
reduction of mean over all crosses under infestation relative to non infestation
with pink stem borer was 11.26%. El-Sherif and Mosiafa (1987) found that yield
reduction was relatively high in the inbred lines than that in single crosses. Lynch
et al., (1980) reported 2.9 and 5.8% vield reduction with artificial infestations of 1
and 8 egg masses per plant, respectively, at the whotl stage of plant growth.

Table (3): Mean performance of 8 inbred lines and their mean from 7 F;s to

other 7 inbreds for percentage of resistance to infested plants,

percentage of resistance to dead hearts and grain yield under

infestation and non infestation with pink stem borer.

Percentage of | Percentage of Grain yield Ard/Fad under
resistance to | resistance to dead . . .

Iﬂlli';‘r:d infested plants bearts Infestation | Non infestation

Per se Mean Perse Mean Per se Mean Perse Mean
mean jover7Fis{ mean lover7Fis| mean |over7Fs| . ngan | overTFgs

Li121 50 72.20 75 9198 | 434 | 2632 | 623 | 3341
CGnloM | 1825 | 5537 | 2539 | B065 [ 446 | 2505 ) 1003 | 3024
Sk-6241] 2784 | 7299 | 5511 | 8951 6.97 30.18 | 1473 ! 3249
Sk-7266{ 10.10 { 5140 | 2828 | 6207 | 645 | 2075 | 646 | 2301
Sk8249) 555 | 5946 1 2222 | 8581 | 507 } 2589 | 698 | 2589
Sk-9074( 49.16 | 6047 | 575 | 7898 | 524 | 27.18 { 1049 | 32.89
Sk-9108( 6192 | 662 | 6192 ) 8608 | 701 [ 29.15 | 762 | 33.18
Sk-9115] 2020 | 6294 | 4848 | 7787 | 219 | 2908 | 576 | 2967

Mean | 3037 | 6262 ! 4673 | 8l6l | 527 26,7 853 1 30.09

3 0.565 0.530 0.076 0.399

r .correlation coefficient between per se means of the inbred parents and their
means from 7 F;'s to other 7 inbreds.

The correlation coefficients (r) between per se means of the inbred lines
and their mean from 7F,’s to other 7 inbred were not significant for all traits.
However its positive for all traits except grain yield under infestation conditions.
Butrén ef al., (1997) and Al-Naggar et al., (2000) pointed out that field corn
resistance to pink stem borer was transmitted from inbred to hybrids.

Heterosis percentage relative to high parent (H.P) and constant parent
(C.P) are presented in Table 4. Fifteen crosses showed significant to highly
significant heterotic effects over high parent (H.P) in positive direction for
percentage of resistance to infested plants and percentage of resistance to dead
hearts, while all crosses exhibited positive highly significant heterotic effects over
high parent (H.P) for grain yield under infestation and non infestation. On the
other hand, five crosses exhibited significant heterotic effects relative to constant
parent for both percentage of resistance to infested plants and percentage of
resistance to dead hearts, as well as nine and seven crosses for grain yield under
infestation and non infestation, respectively. The highest cross that revealed
heterotic effect relative to S.C.155 were SK6241xSK9108 for percentage of
resistant to infested plants and dead hearts and grain yield under infestation
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conditions and L121xGril004 for grain yield under non infestation. In gencral,
the best crosses exhibited desirable heterotic effects relative to S.C,155 for ail
traits were Sk6241xSk9108, Sk6241xSk9115 and L12ixSk9115.11 could be
concluded that the three crosses could be used as good hybrids for resistance 1o
S.certica and high yielding ability in maize breeding program. Al-Naggar et al.,
(2000) found that.out of 21F;’s. 20 and 5 crosses showed significantly negative
(desirable) estimates of heterosis relative to high parent for percentage of dead
hearts and percentage of infested plant, respectively Many investigators reported
high heleroses for grain yield of inaize (Akhtar and Singh 1982, Abdel-Sattar ef
al., 1999 and Mosa 2003).

Table (4): Estimates of hetcrosis % relative to high pareat (H.P) and
constant parent (C.P) for percentage of resistance to infested
plants, percentage of resistance to Jead hearts and grain yield
under infestation and non infestation with pink stem borer.

Percentage of | Percentage of Graip vield Ard/Fed under

resistance to | resistance to dead Infestation Non Infestation

Cross infested plants | bearts
HP CP HP CcP HP C.P HP CP
LI21 xGmlo4 | S6a6 | 3903 | 2592 | 2935 |38 1766 | 31385 | 29597
xSk624t | 5454 | 3714 | 1726 | 3073 [32697° | 1046 | 113307 [ 199
xSk 7266 700" | 508 | 3333 | 3696 27906 | 924 | 29040° | 2126
xS5k8249 00 | 125 [ 2592 { 2935 [345757 | 16107 | 22393 | 2944
1559074 694 | 509 | -1389 | 1154 [413.06° | 018 | 28455 | 25947
x5Kk9108 2332 1 3553 | 3333 | 3696 [23576 | -1265 | 37244 | 1239
xSk 9115 700" | 5086 [ 2666 | 3001 [61962° ] 2928 | 49117 | 1498"
Gmi0D4 x Sk6241 | 6163 | 2012 | 5877 | 1984 |2%236 | 883" [ 11575" | 078
xSk 7266 1523 [ 72547 | 2004 | 903" | 1000° | 52117 | 9332° | 3946~

-

3391 | 29385 | 3696 |42890° | 612 1 17078° | <1520°

xSk8249 31343

xSk9074 2430 | 846 | 4492" 1 1433 [3g740"[ 519 | 164257 | ‘13457
xSk9108 057 | 1052 | 415 | 3073 [3%4. 13.10° | 28783° | 2144
18k 9115 1475271 -1125 | 6759 | 1128 ] S9843 ) 15627 | 15144 | 2126 |
SK 6241 x Sk 7266 | 112937 | 521 2959 [ 217 [272457] ae | 573" | -3y
xSk8249 159417 | 2818 | 51200 | 1413 | 265097 | 556 | 6517 | -2403"
xSko074 4690 | 2818 | 5457 | 217 (3m74" | 225 | 13441 | 780
xSko108 5342 | 68610 | 6149" | 3697 [43338°W 3878 | 15845 | iBRS”
xSk 9115 22327 | 974 | 8145 | 3696 40406 | 3043 | 16999° | 2406
Sk7266 xSk8249 | 80" | 2190 | 217857 | 2312 [ 256747 | 14587 | 2965 | 28106
ISKO0T4 4265 | 2447 | 4130 | 1128 267137 | -1210° | 18408 | 69
xSI9108 S81E | 5404 | 2503 | 364l | 143087 | 3674 | 1RLTS | -3296"
xSk 9115 7529 | 3714 | 5274 [ -6862" | 183107 | 3221" | 12616 | 5438

[Sem®xsu9074 | 17 [ 1125 | %04 | 272 |38664 | 534 | 17521 | 936
497 [ 1537 | 3727 | 1642 J40696" | 330 | 30249° | 424

9115 T2&T | 3801 | 30610 | 00001 (44437 | 244 | 2270 | B3
Sk L8k 9168 | -1117 | 237 | 312 1128 |392187 | 2286 | 23126° | 849
| XSke1s 2493 | 901 | 3664 | 761 [330417 [ -1618" | 226407 | 689

[ Sk9108x 9118 | 3546 | 4888 | 5251° | 2935 [385307 [ 2626" | 32598 | 134
. significanl at 0.05 and 0.01 level of probability, respectively.
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Regarding to Table 2,mean squares for both general and specific
combining ability (GCA and SCA) were found to be significant for percentage of
resistance to infested plants and highly significant for percentage of resistance to
dead hearts and grain yield under infestation and non infestation with pink stem
borer. It is evident that, both additive and non additive gene effects were involved
in determine the performance of single progeny, However, additive gene effects
seems to play an imporiant role in the expression of percentage of resistance to
infested plants by pink stcm borer and dead hearts where the ratio of GCA/SCA
found te be more than unity for both traits. This result supports the findings of
Butron ef al., (1997) where they reported that gencral combining ability was more
importaiit thiay specific ohe for damage caused by pink stem borer. Al-Naggar et
al., (2000) found that additive gene effects played a much greater role than non
additive gene effects in the genetic control 6f fnaize resistance to the pink stem
borer. However non additive genetic effects were more imporiant component in
the expression of grain yield under infestation and non infestation with pink stem
borer where the same ratio GCA/SCA was less than unity as pointed out in Table
2 . This result agrees with the findings of Turgut er af., (1995), Butrén et al.,
(1999), Geeth and Jayaraman (2000), EI-Shenawy et a/., (2002), Amer (2003) and
Mosa (2003).

Estimates of the general combining ability effects for the eight inbred
lines are shown in Table 5. The inbred line L121 showed the best combiner lines
for percentage of resistance to infested plants and dead hearts caused by S.cretica,
this line could be used as donor of PSB resistance in maize breeding programme.
The inbred line Sk6241 considered as good combiner for grain yield under
infestation and non infestation conditions, this line could be used in maize
breeding program to make crosses having high yielding ability and resistance to
damage with pink stem borer, while Sk9108 and Sk9074 exhibited favorable
GCA effects for grain yield under infestation and non-infestation conditions,

respectively.

Table (5): Estimates of GCA effects of the parental inbreds for percentage of
resistance to infested plants, percentage of resistance to dead
hearts and grain yield under infestation and non infestation with
pink stem horer.

Percentage of | Percentage of | Grain yield Ard/Fad
Inbred line resistance to resistance to under
infested plants | dead hearts [ Infestation | Non- infestation
L121 10.622° 12.907 -0.356 1.857
Gm 1004 -7.507 -4.947 -1319 0.397
Sk-6241 6.746 7.197 2773 2913
Sk-7266 -11.913° -17.37 -3.928" -5.380"
Sk-8249 -7.183 -1.97 0,608 -3.256
Sk-9074 2.248 0.302 0.331 2.344
Sk-9108 8.804 6.157 2.060° 1.977
Sk-9115 -1.817 -2.269 1.048 -0.851
L.S.D g 0.05 9.39 731 1.80 2.08
0.01 12.63 9.84 2.42 2.80

", significant at 0.05 and 0.01 level of probability, respectively .
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Estimales of the specific combining ability cffects for the F,’s are
presented in Table 6. Four, six. eleven and nine crosses exhibited significant to
highly significant SCA effects for percentage of resistance to; infested plants.
dead hearts, grain yield under infestation and non infestation with pink stem
borer, respectively. The best single crosses showed desirable SCA effect for most
studied traits were L121xSk7266, Gm1004xSk8249, Sk6241xSk9115, Sk7266x
Sk8249, L121xSk9115. Sk7266xSk9074 and Sk6241x5k9108, These crosses
might be of interest in breeding program aimed to obtain new single crosses.
inbred lines and synihetic varicties for resistance of damage caused by the pink
stem borer and gives high yield.

Table (6): Estimates of SCA effects of 28 Fy's for percentage of resistance to
infested plants, percentage of, resistance to dead hearts and grain

__vield under infestation and non infestation with pink stem borer.
Resistance to | Resistance | Grain yield Ard/Fad under
Cross infested to dead i Non
plants hearts Infestation | ;1 festation
T L121 x Gm1004 19.749 12611 1916 13949
xSk 6241 4436 1477 5402 1312
xSk 7266 30.822 30,595 6.794 3432
*Sk8249 £$.908 9.637 1.621 -1.305
xSk9074 -14.867 22499 4972 10829
*Sk9108 1469 7063 0.114 T 6854
xSk 9115 20,726 10.48 12,189 105217
Gm 4 x Sk6241 9708 11.376 1.159 3.162
xSk 7266 -20.574 28932 -3.800 £0.939
xSk8249 34675 33.046 8573 4710
xSkD074 10.901 14.105 4.586 0327
xSk9108 5.506 20371 7787 11.2200
Sk 9115 3,854 14.59 9477 0.362
SK 6241 x Sk 7266 8.983 1733 5171 474
xSk8249 17.19 4235 1.331 0632
xSk9074 7759 7516 79718 3.96
xSk9108 23.981 12773 1061 7871
| xSk9115 29.601 21.19 9.379" 12.401
Sk 7266 x Sk 8249 32313 35371 5599 6.333
ko074 24334 2445 5.339 7525
xSk9108 -26.468 -16.226 -3.038 D437
%8k 9115 6324 3131 £.798 4.466
Sk 8249 x Sk 9074 {535 2.797 3.831 4475
xSk9108 7.91 6.942 5.134 . 664
_xSk9115 -11.549 338 522 3418
Sk 9974 x Sk 9108 -11.521 0918 8761 5.122
Sk 9115 5.528 6.66 £0.740 7438
Sk 9108 x Sko115 21432 16.68 8969 6.022
LSPSij 0.05 28.8 2243 5.52 6.39
.91 38.74 30.16 742 859

sigmificant at 0.05 and 0.01 levels of probability. respectively .
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Correlation coefficient between grain yield under artificial infestation
by pink stem borer and other studied traits for genotypes are shown in Table 7.
Highly significant correlations were recorded between grain yield under
infestation conditions and percentage of resistance to, infested plants and dead
hearts, indicating that the increased in percentage of resistance to infested plants
or percentage of resistance to dead hearts caused by pink stem borer lead to
increased in grain yield under infestation condition. Also means that the artificial
infestation techmique with pink stem borer could be valuable for prediction of
combining ability of the best inbred lines and their superior hybrid combination
for use in maize breeding programs o saving much efforts and costs to the
breeder. Highly significant positive correlation coefficient was found between
grain yield under infestation and non infestation with pink stem borer. Therefore,
grain yicld under infestation and non infestation conditions were related, then, it
would be adequate to use the yield of non infested plants as an estimation of yield
under infestation conditions, Or used grain yield under infestation conditions to
select the genotypes with high yield when the insect attack is important. Butron ef
al., (1999) found that the low correlation coefficient between SCA effects for
yield under infested and non infested conditions showed that yield under infested
conditions is the best trait for evaluating the level of defense against pink stem
borer attack.

Table (7): Correlation cocfficient between grain yield under artificial
infestation by pink stem borer and other studied traits for

genotypes.
Teait Grain-yield un.der
infestation conditions
Percentage of resistance to infested plants 0.74"
Percentage of resistance to dead hearts 0.752:
Grain yield under non infestation condition 0.887

" significant 0.01 levels of probability.
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